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Abstract

This doctoral thesis contributes to the existing corporate finance literature by investigating the
incentives that affect the decisions of firms to undertake R&D investment and by examining
the impact of financial constraints on the levels of R&D expenditure of AIM-listed firms in the
UK. The thesis comprises six chapters. The first chapter provides an introduction to the
research, followed by an overview of the Alternative Investment Market (AIM) in Chapter 2,
from which several promising ideas were derived. Chapter 3 investigates the incentives that
influence a firm’s decision to carry out R&D investment. The key empirical findings from a
dynamic logistic regression suggest that large sized firms are better at generating innovative
activities, that young firms tend to be more likely to innovate, that competitive markets are
better at stimulating innovative activities, and that corporate income tax rates have a positive
impact on this probability. Chapter 4 explores the impact of financing constraints on the levels
of expenditure by directly examining the role that working capital plays in buffering the path
of R&D spending from transitory finance shocks. Using a system GMM estimator, the
empirical findings suggest that working capital buffers R&D levels from transitory financial
shocks, thus avoiding the high adjustments costs associated with any change in levels of R&D
investment. Chapter 5 investigates the impact of the proceeds from the disposal of fixed assets
on the R&D expenditure of AIM-listed firms. Using several estimation approaches, and in
contrast to prior literature, the main findings of this chapter suggest that there is a negative
association between R&D expenditure and the cash raised from voluntary asset sales, indicating
severe binding financing constraints. Practical implementations, promising ideas for future
research, and the main findings of this research are summarized in the concluding chapter of

the thesis.
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1 Introduction

1.1 Research Background

The capital structure irrelevance principle, proposed by the works of Modigliani and Miller
(1958) and later Miller and Modigliani (1961), suggests that, in perfect capital market
conditions, external and internal sources of capital are considered to be perfect substitutes.
Accordingly, it is proposed that corporate financing and investment decisions are entirely
independent in such a situation. Not surprisingly, by relaxing the assumption, a large body of
research has shown that corporate decisions on both investing and financing are closely related,
and that decision-making is a complex process. As illustrated by the financial constraint
literature', the higher the costs of external sources of finance, the lower the level of corporate
investment (Myers and Majluf, 1984). On the other hand, corporate investment may also affect
corporate financing decisions, especially when considering the nature and type of investment
(Bond and Meghir, 1994).

According to the financial constraint literature, and based on the required type of investment,
when considering the availability of and accessibility to means of finance, firms are classified
into two types: finance-constrained and finance-unconstrained. Financial managers in both
types of firm face two broad questions: what investment should the firm make and how should
this investment be financed (Brealey et al., 2011). According to Bodie et al. (2011), investment
is defined as “The current commitment of money or other resources in the expectation of
reaping future benefits”. In competitive environments, companies are required to invest in
assets that allow them to increase profitability and market share and to confront competition.

These assets can be categorised into two types: tangible assets (such as machinery and plant)

! Please refer to section 4.3.2 for further illustrations.
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and intangible assets (for example, research and development (R&D), patents and brand
names). Companies can finance their investments either internally, externally or by using both

sources. Figure 1-1 below illustrates the investment types and sources of funds.

Debt

Equity Retained
Earnings

Means of finance

Investments

Tangible Assets Intangible Assets

Machinery Equipment Patents Brand Names

Plants RE&D

Figure 1-1: Investment types and sources of funds.

Among other types of investments, and due to the importance of the technological changes in
recent decades, R&D investment has become a core capital expenditure for a large number of
firms. It has been stated officially and internationally that “Research and Experimental
Development comprise creative work on a systematic basis in order to increase the stock of
knowledge, including knowledge of man, culture and society, and the use of this stock of

knowledge to devise new applications” (Bosworth et al., 1993).

Researchers have classified R&D as an important driver for the long-run growth of both firms
and economies, and as a critical input for innovation. R&D and the utilization of new

technology, for creating new products and developing new production processes, are used to
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provide product differentiation which leads to competitive advantage over competitors, as well
as to enhance the growth of society by creating more employment and income opportunities

(Rothaermel, 2008; Miyamoto, 2014).

Unlike other types of investment, R&D is characterized by its riskiness and the high degree of
uncertainty associated with it?. Further, it offers little or no collateral value, and is linked with
high levels of asymmetric information problems, making it more prone to financing constraints
(Himmelberg and Petersen, 1994; Brown et al., 2012). In addition, this type of investment
involves salary payments to highly skilled and trained workers (e.g. engineers and scientists),
who require considerable firm-specific training, and cannot be fired in the case of any

temporary cutting back on R&D activity in response to any financing shocks?>.

The attention of researchers and policymakers has been drawn to the importance of R&D.
Accordingly, governments have started introducing several schemes as incentives to promote
R&D activities at corporate levels. Researchers have studied the factors that influence the
decisions to undertake such investment, as well as the determinants that affect the level of

expenditure on it.

More precisely, little research has focused on the factors that influence a firm’s decision to carry
out R&D investment, and of this, much has been rooted in the industrial organization
framework (Tirole, 1988; Symeonidis, 1996; Hall and James, 2009), examining external factors

influencing R&D activity; for instance, the concentration of the industry in which the firm is

2R&D is considered a risky and uncertain investment, as the success of its output is not guaranteed, and will only
generate profits with a time lag in the case of success.

3 If the cut in R&D is temporary and is due to financing shocks, firms should bear the costs of hiring and training
new workers in the future. Potentially, more costly, firms should bear in mind that fired R&D workers know
valuable information and commercial secrets (firm-specific) that they would not want imparted to other
competitors. So the dissemination of information that fired workers may transfer to competitors is considered as
being too costly for firms, as such a situation would damage the value of the innovation being undertaken by these
firms (Himmelberg and Petersen, 1994; Brown, ef al., 2012; Brown, et al., 2013).
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competing (Shrieves, 1978; Kamien and Schwartz, 1982; Takahashi, 1999). Another branch of
research has considered the effect of internal factors on firms’ R&D activities, for example their
resources and capabilities when carrying out R&D activity (Del Canto and Gonzalez, 1999).
However, less attention has been devoted to government incentives to encourage R&D
activities. The lack of research on the role of fiscal policy in R&D activities lies behind this
research, which assesses the role that the R&D schemes introduced by the UK government and

corporate tax rates plays in firms’ decisions to carry out R&D activities.

On the other hand, and considering the financing menu, empirical research on firms’ level of
R&D expenditure is based almost exclusively on the availability of internal cash flow and tested
on large and mature firms (Grabowski, 1968; Hall, 1992; Himmelberg and Petersen, 1994;
Bhagat and Welch, 1995). These studies find evidence that firms’ level of R&D is mainly linked
to the availability of internal cash flow. However, since riskiness and the lack of collateral value
are two characteristics of R&D, it has been found that debt finance (as an external source of
funds) is not a realistic source of funds to finance R&D (Switzer, 1984; Hall, 1992; Piga and
Atzeni, 2007; Brighi and Torluccio, 2009; Wang and Thornhill, 2010). It has been widely
accepted that equity is the only realistic source of external funds to finance R&D investment

(Brown and Petersen, 2009; Chen et al., 2010; Brown et al., 2012).

While the vast majority of the existing research on both the incentives for and determinants of
R&D has been mainly conducted on large and mature firms, small and young ones have been
given little attention and have been clearly overlooked. Furthermore, the focus has mainly been
on US firms, with little attention paid to listed firms in other developed economies, particularly
the UK. The lack of research on the factors that affect firms’ decisions to undertake R&D
activities in the UK, and whether the sources of finance matter, is a puzzle. There is a dearth of

knowledge on whether financing constraints are important for R&D expenditure in Britain. This
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has been the motivation for this research to be conducted on and devoted to young and small
listed firms in particular. Such an investigation might dramatically alter the conclusions
regarding the importance of fiscal policies and the impact of financing constraints on corporate

R&D activities.

1.2 Development in entrepreneurial finance

Although typical financing sources for listed firms are mainly in the form of debt, equity and
returned earnings, difficulties faced by entrepreneurs in raising funds have led to the recent
developments in entrepreneurial finance and the offer of alternative financing options,
especially in the aftermath of the recent financial crisis. Angel networks, corporate venture
capital (CVC), crowdfunding, mini-bonds, and initial coin funding are examples of the new
trends in entrepreneurial financing* (Adhami et al., 2017; Block et al., 2017; Bottiglia and

Pichler, 2016; Mietzner et al., 2017).

Initially, angel networks and corporate venture capital were the first and more traditional
financing means for innovative start-up businesses that were facing difficulties in accessing
external finance. Angel networks are networks of affluent individuals who provide equity
capital for early-stage high growth ventures under the networks of business angels. Similarly,
corporate venture capital (CVC) refers to the investment of large corporate funds in external
start-ups or growth firms. These means are considered as solutions for financing businesses that
are looking to grow and require extra network access and management support (Block et al.,

2017).

4 Please refer to Bottiglia and Pichler (2016), Adhami et al. (2017), Block et al. (2017) and Mietzner et al. (2017)
for more comprehansive reviews on recent developments in entrepreneurial finance.
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On the other hand, crowdfunding is an alternative financing tool for ventures, which mainly
comes in four different types, based on debt, equity, reward and donation. The practice of
crowdfunding is achieved by pooling small amounts of money from many people to support a

particular project, typically via the internet (Block et al., 2017).

The most recent trends in entrepreneurial finance are mini-bonds and initial coin funding. Mini-
bonds are a special SME bond segment from public bonds. They emerged as a consequence of
banks’ unwillingness and inability to provide debt finance in the wake of the recent financial
crisis. The rise of this trend in entrepreneurial finance is considered as a financing solution,
especially for innovative firms whose survival might be threatened by financing constraints
(Bottiglia and Pichler, 2016). Initial coin funding, on the other hand, is an unregulated means
of funds that has recently become available to start-up businesses, through which they can avoid
the rigorous process required by banks or venture capitalists. This new financing trend allows
businesses to acquire the required funds through cryptocurrencies, in exchange for a 'token',
which can be used to acquire services or products in the future, or can be sold on the secondary

market (Adhami et al., 2017).

It is worth noting that crowd motivations for debt-based, equity-based crowdfunding and angel
networks are purely financial (to achieve financial rewards), while donation-based crowd
motivation is social, and based on the reward of product-related goals; that is, for future delivery
of a service or a product. The motivations of the corporate venture capital (CVC) equity
providers are financial, strategic and technological; for example, the strategic goals of accessing

new markets or technology.
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1.3 Data and methodology

The flowchart in Figure 1-2 shows the research process adopted to conduct this study. The
process starts by a comprehensive and critical review of the existing research on the field of
corporate finance. The importance of this step is not only to understand the core and relevant
context of the study, but also to identify the existing gaps, which helps to derive the proposed
ideas of this research. Accordingly, promising ideas are translated into testable hypotheses and

empirical model formulation.

The data used in this thesis are secondary, which have been electronically collected through
different economic and financial data providers. More precisely, the accounting and financial
data of the AIM-listed firms for the period 1999-2014 were extracted from the Datastream and
Worldscope databases via Thomson One Banker Analytics. The list of active and inactive firms
was publicly available and obtained from the Worldscope database via Datastream and the main
website of the London Stock Exchange (LSE). The economic figures relating to tax rates and
R&D incentive schemes were retrieved from the main website of Her Majesty’s Revenue &

Customs department (HMRC), and were publicly available.

R&D activities mainly take place in high-tech industries. The initial dataset comprised 747
firms listed under AIM manufacturing and services industries, over the period between 1999
and 2014. In the empirical analysis, the sample size varied in accordance with the aim and
objectives of the study, the form of the model utilised, as well as the required adopted estimation
approach. More details of each sample size are given in each of the empirical investigations

separately.
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Figure 1-2: Flowchart of the adopted research process.
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The dataset of this thesis is defined as panel data, having dimensions of both time-series and
cross-sectional data. In the context of empirical corporate finance research, rich structuring of
the dataset by pooling company-year observations is more preferable than pure time series or
cross-sectional data. Such a structuring allows for better control of the potential estimate biases
in accordance with the existence of the dynamic generation process, the heterogeneity among
individuals, and endogeneity problems. However, based on the nature of each empirical

investigation, several models have been formulated and estimated.

The empirical models in this thesis are analysed using several estimation techniques. These
techniques are Ordinary Least Squares (OLS), Least Squares Dummy Variable (LSDV),
Dynamic Logistic Regression, Difference Generalized Method of Moment (Difference-GMM)
and System Generalized Method of Moment (System-GMM) estimations. The choice of
estimator for each empirical study mainly depends on the panel size, model specification,

generation process and the variable types.

In each study, several robustness tests are carried out to statistically evaluate the sensitivity of
the main results. In all cases, if inadequacy in the statistics of models is observed, the models
are either reformulated or re-estimated using more appropriate estimation techniques.
Accordingly, the results of the models estimation are reported and interpreted in accordance
with prior research findings, theoretical predictions and research hypotheses. Overall, the steps
followed in structuring the overall thesis and its three stand-alone empirical chapters (chapters
3, 4 and 5) are adopted to ensure that the conclusions and findings of the study are reliable and

solid enough to enrich the existing literature.

10|Page



1.4 Structure and storylines of the thesis

The thesis comprises six chapters. Chapter 2 briefly presents an overview of the Alternative
Investment Market (AIM) in the UK. It covers the benefits that a firm may achieve by becoming
a public company, the balanced admission criteria of AIM, and a comparison between AIM and
the Main Market on the London Stock Exchange (LSE). The chapter also contains information
on corporate tax rates applied in the UK and the tax benefits of being listed on AIM.
Furthermore, it reviews the incentives for innovation in the UK represented by R&D tax relief

and R&D tax credit schemes. Finally, it considers the motives for choosing AIM.

Chapter 3 comprises the first original research of the thesis. This empirical work investigates
the incentives that influence a firm’s decision to carry out R&D investment. Most empirical
research on this topic has examined the effect of market factors, while others have investigated
the impact of firm-specific factors. Accordingly, the aim of this research is to investigate the
effect of government tax policies on R&D activities. Its intended contribution is to focus on an
analysis of the role of micro, miso and macro-level factors on R&D investment. Specific
hypotheses on the effect of these factors on the probability of a firm to carry out R&D
investment are derived and tested on a sample of 630 AIM-listed firms. Using a dynamic
logistic regression model to control for initial condition problems, the findings suggest that the
larger the size of the firm, the higher the probability that it will undertake innovative activities;
that young firms tend to have a higher probability of innovating, that competitive markets are
better at stimulating innovative activities; and that corporate tax rates have a positive impact on

this probability.

Chapter 4 is the second chapter to contain original work. This empirical research investigates

the determinants of R&D expenditure on AIM; the effect of financing constraints on R&D
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investment; and the role that working capital (as a store of liquidity) plays in maintaining a

stable R&D path in the presence of financial constraints.

In this chapter, we address the often ignored role of working capital on R&D investment, as we
aim to examine the role that this plays in buffering the path of R&D spending in face of
transitory finance shocks for young and small firms listed on AIM. Working capital is defined

as current assets minus current liabilities, and measures a firm's net position in liquid assets.

In this chapter, our basic argument proceeds as follows. As R&D investment is associated with
high adjustment costs, it is expensive for firms to change their level of R&D investment, so
they will seek to maintain a stable R&D investment path, other things being equal. Financial
constraints may impede this objective whenever firms are not able to offset cash-flow
fluctuations with external funds. Even constrained firms, however, can offset the impact of
cash-flow shocks on R&D investment by adjusting working capital, even by setting working
capital investment to negative levels. These actions provide short-run liquidity, allowing firms

to maintain a stable path of R&D investment relative to cash flow and finance shocks.

In order to examine the aim of this study, specific testable hypotheses have been derived and
tested on a sample of 235 UK firms listed on AIM. When using the dynamic system-GMM
estimator, the findings suggest that firms appear to maintain a stable level of R&D investment
spending by drawing down liquidity from working capital when the availability of finance is
low, and by building up liquidity in the form of working capital when finance is readily
available. However, the results show that, regardless of the applied splitting criteria, that are
dividend pay-out ratios, all firms are found to be financially constrained. Indeed, the differences
in dividend pay-out among firms helps to differentiate between the uses of typical financing

means.
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Chapter 5 presents the third original piece of research. It extends the previous chapter by
considering the impact of the disposal of fixed asset proceeds on the level of R&D expenditure.
In this chapter, we examine the importance of financial constraints on corporate R&D
expenditure by directly examining the role that the disposal of fixed asset proceeds plays in
determining the level of R&D spending of the AIM-listed firms. The hypothesis on the impact
of these proceeds was derived and tested on a sample of 235 firms. Using several estimation
approaches, and in contrast to the previous literature, the research finds a negative association
between R&D expenditure and cash raised from voluntary asset sales, indicating severe binding
financing constraints. These findings highlight the importance that financing constraints have
in their negative impact on corporate R&D investment. To the best of knowledge, this study is
the first that emphasizes the importance of financing constraints on the R&D investment of

AlIM-listed firms.

Finally, chapter 6 concludes the main findings, highlights the contributions of the original
research, and presents the implications of the study and its limitations. Moreover, it presents

the recommendations and proposed ideas for future research on firms listed on AIM.
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Chapter 2

The Alternative Investment Market (AIM)
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2 The Alternative Investment Market (AIM)

Although firms aim to sustain growth through the initial capital provided by backing investors,
this is insufficient to sustain the required capital. Therefore, firms often join a public equity
market as a stepping-stone to achieve their desired growth and development. Once a firm
decides on listing, by observing the admission criteria of the appropriate markets, it is required
to decide on a market that best fits the criteria and supports its needs in the short and long run.
However, it may not be ready for a traditional listing; for instance, on the UK Main Market.
Firms at early stages of development would aim to join a market that support their needs, but

requires fewer regulations and admission requirements.

Therefore, the Alternative Investment Market (AIM) plays an essential role in the funding
environment. It bridges the gap for growing firms that seek to enhance their business to benefit
from external finance from capital markets. AIM is a sub-market of the London Stock Exchange
(LSE). It was launched on 19 June 1995, as one of the world’s leading growth markets. It
provides an equity market for firms from a wide range of sectors around the world and allows
small firms to float stocks with a much flexible regulatory system than other applicable

regulatory systems of more established markets.

Although there are other markets available, for example NASDAQ, firms choose to join AIM
for a number of key reasons. First, it offers a balanced regulatory environment, which is
specifically tailored to fit the needs of small and growing firms. Furthermore, it gives firms
access to a diverse and wide range of investors, such as the international investor base.
Moreover, AIM provides firms with a large number of expert advisers, thus acts as an aid in the

process of joining the market, and supports them during their time of being listing in the market.
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Therefore, investors, firms and scholars have recognised AIM as the market of choice for small

and growing firms, which fosters financial growth opportunities (Nielsson, 2013).

Since the launch of the market in 1995, AIM has helped more than 3500 firms to finance their
growth opportunities, through raising over £90 billion (London Stock Exchange, 2015). The
stock exchange comprises small and growing firms that fit the requirements at early stages of
development and supports their ongoing needs (Nielsson, 2013). Benefits for firms joining a
public market can be in the form of raising capital at admission and throughout their time on
the market. In addition, listing on a public market allows firms to create market shares, and to

expand their number of shareholders.

Furthermore, a market helps firms to obtain an objective market value for their business, as well
as encouraging employees’ long-term motivation, by enhancing share schemes, and by
increasing attention through the public market. Moreover, a market increases the ability to
expand and make acquisitions by using quoted shares as currency (i.e. paper as opposed to
cash). Joining a market is also considered as a significant approach to enhancing status with
suppliers and customers (Fabozzi, 1981; Sanger and McConnell, 1986; London Stock

Exchange, 2015).

As summarized in table 2-1, between the two major markets in the UK, small firms aim to be
listed on AIM rather than the Main Market. The main differences between the admission criteria
are that, first, a more established market requires applicant firms to have at least three years’ of
audited records before listing to ensure that the issuer has representative financial information.
As aresult, this provides investors with a reasonable assessment of the new applicant firm and
its future performance and prospects. However, other applicants may not have representative

historical financial records to make them eligible for listing in established markets. AIM does
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not require firms to have any audited records, so allowing less established and high growth
firms (with confident future growth prospects) to benefit from the more flexible regulatory

environment and to achieve growth by being admitted to a public market.

Second, the more established market requires firms to have a certain level of revenues to be
listed, in order to ensure that the applicant firms are well established and of relatively low risk.
However, less established firms can be listed on a stock market to finance their growth
opportunities, and find AIM to be the most beneficial market, thus acting as a stepping-stone
for those that seek official listing through simplified admission criteria. Third, this market does
not specify the level of a firm’s stocks that are in public hands, unlike the criteria of other
markets (that is, this market does not impose any restrictions on the size of the investor base).
Furthermore, the market does not have any minimum requirements for public flotation (giving

the applicant flexibility to issue equity as they require, with no minimum requirements).

Moreover, considering the ongoing criteria, AIM does not require prior approval of the firm’s
stockholders for most of its transactions, which gives firms more flexibility in the process of
making important transactions. Furthermore, AIM obliges a firm to appoint a nominated
advisor (Nomad?®) at all times, to assess the criteria for listing, and to ensure awareness of the
assigned responsibilities when it is quoted. However, it has been observed that AIM is a less
regulated market in comparison to the official list of other markets, thus requiring applicants to

have the same level of transparency as the more established markets.

> The exchange requires the Nomad to be able to assess the suitability and the reputation of the firm, its potential
advisers and directors, and to confirm that a firm is appropriate for AIM and potential investors. Further to the
assessment of the firm’s appropriateness, the Nomad must provide it with guidance throughout the flotation
process, and should prepare it for life on the public market (AIM). The Nomad might be an accountancy firm,
corporate finance firm or an investment bank, which is approved by the exchange to act in such a capacity.
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As observed, from the ongoing financial information requirements UK listed firms (on both
AIM and the Main Market) are obliged to report more frequently in comparison to the other
markets, indicating that firms’ performance and progress in the UK are more transparent.
Furthermore, investors can easily obtain details on performance, as they have access to more

frequent historic performance records (financial records).
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Table 2-1: Differences between admission criteria and continuing obligations for the Main Market and AIM in the UK.

Differences between admission criteria and continuing obligations for the Main Market and AIM in the UK.

London

Main Market AIM
Audited track record Three year track record required No minimum requirement
Profits No minimum requirement No minimum requirement
Assets/Equity No minimum requirement No minimum requirement
An entity’s business must be supported by
Revenues revenue earnings by at least 75% No minimum requirement

(track record for three-year period)

Market capitalisation

£700K

No minimum requirement

Financial information requirements

International Financial Reporting
Standards (IFRS) or equivalent

International Financial Reporting
Standards (IFRS) or equivalent




Investors

Minimum number of shareholders

No minimum requirement

No minimum requirement

>25% of the listed shares to be held in public

No minimum requirement

Major transaction disclosure

Minimum shares traded on market hands
Minimum public float £700K No minimum requirement
v
Sponsor/equivalent® 4 Nominated advisor required at all time (key
advisor)
Ongoing requirements-financial
information
Annual financial reports v v
Half yearly reports v v
Prior shareholder approval of major
transactions v x
Not for most transactions
v v

6 As part of the IPO process, the listing authority requires a listing document to be reviewed by a relevant regulator.
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Although AIM-traded SMEs comprise the minority of the SME population of the UK market,
AIM presents a stepping stone to those who aim to achieve further growth and development by
joining a public market. As reported in table 2-2, the total SME population in the UK was
around 5.687 million in 2017, representing 99 percent of all businesses (5.695 million).
Breaking down UK businesses based on the number of employees, the figures show that micro-
businesses account for 96 percent of the total population, 3.5 percent are small-businesses, 0.5

percent are medium-businesses and only 0.1 percent are large ones (Rhodes, 2017).

Table 2-2: Unlisted businesses in the UK by number of employees, 2017.

Micro Small Medium large Total
0-9 employees | 9-49 employees | 49-250 employees | >250 employees | businesses
Actual
Number? 5445 208 34 7 5695
Percentage 96% 3.5% 0.5% 0.1% 100%
of total

Considering the motivations for investors on the AIM market, that is the supply side of AIM
finance. The UK government has introduced several schemes to support investors who invest
in risky and high growth AIM firms, which helps firms to reach their required capital and
achieve their desire growth. As summarized in table 2-3, unlike the Main Market, both types of
investors (individual and institutional) in AIM can benefit from a set of five different schemes

(London Stock Exchange, 2017; European Commission, 2017).

Individual investors in AIM firms can benefit from capital gains tax gift relief and
entrepreneurs’ relief. In the first type of relief, if shares of an AIM trading firm are transferred

(gifted), the deemed capital gain on it can be postponed until they are disposed of by the

7 Figures reported are in 1000s.

21|Page



transferee. In the second type, individual investors® can reduce the rate of capital gains tax from

28 to 10 per cent.

The enterprise investment scheme (EIS) can benefit individual investors who invest in new
AIM firms by a 30 per cent initial income tax relief on investment, as well as exemption from
the capital gains tax on disposals for the original gross investment. Third, the inheritance tax
allows individual investors to benefit from 100 per cent exemption from inheritance tax in
respect of transfer value; that is, the shares that rise in value following the death of the

shareholder.

The relief for loss, however, is designed to benefit both individual and institutional investors.
In this type of relief, if investments in AIM shares are disposed of for less than their initial cost,
investors can relieve the arising losses against capital gains during that year or in the subsequent
one. In this relief, the cap on the amount of losses that can be relieved is restricted to £50,000

or 25 per cent, whichever is the higher. However, separate rules apply for institutional investors.

Finally, the Venture Capital Trust scheme allows individuals and institutional investors (of
business angels and venture capital trusts) to benefit from exemption from tax on dividends,
and exemption from capital gains tax on the disposal of shares in a venture capital trust (30 per
cent income tax relief on amounts of up to £200,000 invested in new ordinary shares issued by

venture capital trusts and held for five years).

8 Certain conditions need to be met; please see a guide to AIM UK tax benefits (London Stock Exchange, 2017).
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Table 2-3: UK tax incentives for investors in London Stock Exchange

UK tax incentives for investors in London Stock Exchange®

AIM MAIN
Individual Investors Corporate Investors Individual Investors Corporate Investors
— Capital gains tax (CGT)
— Gift relief v x x x
— Entrepreneurs’ relief
— Enterprise Investment
Scheme (EIS) v x x x
— Inheritance tax (IHT)
— Business property v x x x
relief
— Relief for losses v v x x
— Venture Capital Trusts v v x x
(VCTs).

% Please refer to A guide to AIM tax benefit (London Stock exchange, 2017) for further and more in depth details of the introduced schemes.
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Based on official statistics of the London Stock Exchange, the flexibility of the regulatory
environment of AIM has resulted in attracting a large number of foreign firms'® to join the
market. As presented in table 2-4, the number of traded foreign firms increased from 3 in 1995
to 219 in 2014. The percentage distribution of international firms and the number of admissions,
as shown in tables 2-4 and 2-5, demonstrate that percentage increases were observed during the
year 2004; subsequently, as a consequence of the amendments to the market regulations and

intensive marketing campaigns, this resulted in a more broadly based market.

The trend of foreign listing on AIM is mainly explained by AIM’s flexible regulatory
environment compared to other equity markets; the simplicity of its listing process; the tax
incentives offered to firms and investors; and the fact that AIM has competitive strength in
capital raising options, as it lies within the city of London financial services (Arcot et al., 2007;

London Stock Exchange, 2018).

10 Based on the statistics of the London Stock Exchange, foreign listings include firms from across six continents
and 100 countries.
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Table 2-4: Distribution of foreign firms listed on AIM during 1995-2014.

Year Number of Firms Percentage distribution (%)
UK International Total UK International  Total

1995 118 3 121 97.5 25 100
1996 235 17 252 93.3 6.7 100
1997 286 22 308 92.9 7.1 100
1998 291 21 312 93.3 6.7 100
1999 325 22 347 93.7 6.3 100
2000 493 31 524 94.1 5.9 100
2001 587 42 629 93.3 6.7 100
2002 654 50 704 92.9 7.1 100
2003 694 60 754 92.0 8.0 100
2004 905 116 1021 88.6 11.4 100
2005 1179 220 1399 84.3 15.7 100
2006 1330 304 1634 81.4 18.6 100
2007 1347 347 1,694 79.5 20.5 100
2008 1233 317 1,550 79.5 20.5 100
2009 1052 241 1,293 81.4 18.6 100
2010 967 228 1,195 80.9 19.1 100
2011 918 225 1,143 80.3 19.7 100
2012 870 226 1,096 79.4 20.6 100
2013 861 226 1,087 79.2 20.8 100
2014 885 219 1,104 80.2 19.8 100
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Table 2-5: Distribution of new admissions of foreign firms on AIM during 1995-2014.

Year Number of admissions Percentage distribution (%)
UK International Total UK International Total
1995 120 3 123 97.6 2.4 100
1996 131 14 145 90.3 9.7 100
1997 100 7 107 93.5 6.5 100
1998 68 7 75 90.7 9.3 100
1999 96 6 102 94.1 5.9 100
2000 265 12 277 95.7 4.3 100
2001 162 15 177 91.5 8.5 100
2002 147 13 160 91.9 8.1 100
2003 146 16 162 90.1 9.9 100
2004 294 61 355 82.8 17.2 100
2005 399 120 519 76.9 23.1 100
2006 338 124 462 73.2 26.8 100
2007 197 87 284 69.4 30.6 100
2008 87 27 114 76.3 23.7 100
2009 30 6 36 83.3 16.7 100
2010 76 26 102 74.5 25.5 100
2011 67 23 90 74.4 25.6 100
2012 47 24 71 66.2 33.8 100
2013 7 22 99 77.8 22.2 100
2014 95 23 118 80.5 19.5 100
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Based on the data employed'!, the total sample was 1859 listed firms (both active and inactive)
throughout the period 1999 to 2014. As summarized in Figure 2-1, during the study 1393 new
listings were added to the market, yet the majority were recorded during the years 2004 to 2006.
However, 922 firms were delisted from the records with the majority being recorded during the
period of the global financial crisis and afterwards. Among all the listed records, 929 are active
firms and 930 are dead ones. The average age of active firms is 7 years, while that of the dead

ones is 3.85 years.

It worth noting that the reasons for delisting are not purely bankruptcy or liquidation. Based on
the recent investigation of Pour and Lasfer (2013), a significant number of AIM firm delistings
were voluntary, when firms decided to become privately traded rather than publicly. This type
of information, however, was not available for this research. However, it is acknowledged that
it is required for reader information, and that further investigation would be considered

advantageous in future research.

' We construct our research sample on all active and inactive firms listed on AIM. The dataset of the thesis covers
all publicly listed firm included on the Worldscope database and the London stock exchange official website, over
the period 1999-2014.
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LISTED AND DELISTED FIRMS OF Al DURING 1995-2014
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Figure 2-1: Listed and delisted firms of AIM between 1999 and 2014.

The high number of new listings observed from 1999 to 2001 is explained by the dot.com boom
period, when many new listings were recorded for internet and high technology stocks.
However, the number declined in 2002, as a consequence of the burst of the dot.com bubble,
when 36 new listings were recorded for companies moving from the main market to AIM. The
globalization period of the AIM market is represented by the year 2003, which explains the
renewed increase in the number of new listings. In this period, AIM regulations allowed for
dual listing, by which firms listed on certain designated exchanges were able to obtain a
secondary listing on AIM (with the target of Commonwealth countries). The increasing number
of new listings was due to the dual listing of mining, oil and gas exploration companies from
Commonwealth countries (mainly Canadian and Australian firms). By 2007, the marketing
campaigns had paid off, making AIM a more broadly based market. As shown in records of

2006 and 2007, many of the new listings were now recorded for mining and oil companies from

28| Page



Russia, and close-end investment entities from emerging markets (for example, China and
India). Finally, the high level of delisting observed in 2007 and subsequently was due to the

recent financial crisis and it consequences (Arcot et al., 2007; London Stock Exchange, 2018).

The distribution size of the sample firms is shown in Figure 2-2, based on employment
thresholds'?, and indicates that the majority of firms are classified as micro, small and medium
size enterprises, at 5, 23 and 41 percent respectively. However, large enterprises under this

threshold represented 31 per cent of the full sample throughout the period.

180
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No. of Firms

B Medium < 250

Large >= 250

Figure 2-2: Distribution size of AIM-listed firms during 1999-2014.

The 1859 firms are distributed among 69 industries, as shown in table 2-6; the majority of the
firms are divided between Metal Mining, Business Services and Engineering & Management

Services.

12 Based on the employment thresholds, firms with fewer than 10 staff are defined as micro enterprises, while those
with fewer than 50 staff are defined as small enterprises, those with fewer than 250 medium sized, and if the
number of staff exceeds 250 as large (European Commission, 2018).
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Table 2-6: Distribution of the AIM-listed firms across all industries.

Division

01

02

07

08

09

10

12

13

14

15

16

17

20

22

23

24

25

26

27

28

29

30

31

Industry

AGRICULTURAL
PRODUCTION-CROPS
AGRICULTURAL
PRODUCTION-
LIVESTOCK

AGRICULTURAL
SERVICES

FORESTRY

FISHING, HUNTING,
AND TRAPPING

METAL MINING

COAL MINING

OIL AND GAS
EXTRACTION
NONMETALLIC
MINERALS,
FUELS

GENERAL BUILDING
CONTRACTORS

HEAVY
CONSTRUCTION.

SPECIAL TRADE
CONTRACTORS

FOOD AND KINDRED
PRODUCTS

TEXTILE MILL
PRODUCTS

APPAREL AND OTHER
TEXTILE PRODUCTS

LUMBER AND WOOD
PRODUCTS

FURNITURE AND
FIXTURES

PAPER AND ALLIED
PRODUCTS

EXCEPT

PRINTING AND
PUBLISHING
CHEMICALS AND
ALLIED PRODUCTS

PETROLEUM AND COAL
PRODUCTS

RUBBER AND MISC.
PLASTICS PRODUCTS

LEATHER AND
LEATHER PRODUCTS

Number of Firms Percentage Distribution (%)
Inactive Active Total Inactive Active Total

3 4 7 43 57 100
0 1 1 0 100 100
1 2 3 33 67 100
1 1 2 50 50 100
0 1 1 0 100 100
33 103 136 24 76 100
5 10 15 33 67 100
27 79 106 25 75 100
9 16 25 36 64 100
9 10 19 47 53 100
2 2 4 50 50 100
3 3 6 50 50 100
12 10 22 55 45 100
4 2 6 67 33 100
7 5 12 58 42 100
1 3 4 25 75 100
8 3 11 73 27 100
4 6 10 40 60 100
15 4 19 79 21 100
41 37 78 53 47 100
1 5 6 17 83 100
2 3 5 40 60 100
2 1 3 67 33 100
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32

33

34

35

36

37

38

39

40

41

42

44

45

46

47

48

49

50

51

52

53

54

55

56

57

STONE, CLAY, AND
GLASS PRODUCTS

PRIMARY METAL
INDUSTRIES

FABRICATED
PRODUCTS
INDUSTRIAL
MACHINERY AND
EQUIPMENT

ELECTRONIC & OTHER
ELECTRIC EQUIPMENT

TRANSPORTATION
EQUIPMENT

INSTRUMENTS AND
RELATED PRODUCTS
MISCELLANEOUS
MANUFACTURING
INDUSTRIES

RAILROAD
TRANSPORTATION

LOCAL & INTERURBAN
PASSENGER TRANSIT

TRUCKING AND
WAREHOUSING

WATER
TRANSPORTATION

TRANSPORTATION BY
AIR

PIPELINES,
NATURAL GAS

TRANSPORTATION
SERVICES

METAL

EXCEPT

COMMUNICATIONS

ELECTRIC, GAS &
SANITARY SERVICES

WHOLESALE  TRADE-
DURABLE GOODS

WHOLESALE  TRADE-
NONDURABLE GOODS

BUILDING MATERIALS
& GARDEN SUPPLIES

GENERAL
MERCHANDISE STORES

FOOD STORES

AUTOMOTIVE DEALERS
& SERVICE STATIONS

APPAREL AND
ACCESSORY STORES
FURNITURE AND

HOMEFURNISHINGS
STORES

27

33

31

NA

26

18

10

23

41

35

14

16

50

74

66

11

NA

38

27

23

13

57

33

38

54

45

57

47

29

100

75

36

33

NA

89

68

30

78

54

100

67

67

100

83

43

67

63

46

55

43

53

71

25

100

64

67

NA

11

32

70

22

46

33

100

33

100
100

100

100
100
100

100

100
100
100
100
100
100
NA
100
100
100
100
100
100
100
100
100

100

100
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EATING AND DRINKING

58 PLACES 21 10 31 68 32 100
MISCELLANEOUS

59 RETAIL 13 9 22 59 41 100
DEPOSITORY

60 INSTITUTIONS 6 9 15 40 60 100
NONDEPOSITORY

61 INSTITUTIONS 13 8 21 62 38 100
SECURITY AND

62 COMMODITY BROKERS 31 38 69 45 55 100

63 INSURANCE CARRIERS 6 7 13 46 54 100
INSURANCE ~ AGENTS,

64 BROKERS & SERVICE 7 3 10 70 30 100

65 REAL ESTATE 49 29 78 63 37 100
HOLDING & OTHER

67 INVESTMENT OFFICES 56 52 108 52 48 100
HOTELS AND OTHER

70 LODGING PLACES 6 7 13 46 54 100

72 PERSONAL SERVICES 2 2 4 50 50 100

73 BUSINESS SERVICES 175 159 334 52 48 100
AUTO REPAIR,
SERVICES, AND

75 PARKING 3 2 5 60 40 100
MISCELLANEOUS

76 REPAIR SERVICES 2 0 2 100 0 100

78 MOTION PICTURES 13 10 23 57 43 100
AMUSEMENT &

79 RECREATION SERVICES 42 13 55 76 24 100

80 HEALTH SERVICES 11 3 14 79 21 100

81 LEGAL SERVICES NA NA NA NA NA NA
EDUCATIONAL

82 SERVICES 3 1 4 75 25 100

83 SOCIAL SERVICES 1 2 3 33 67 100
MUSEUMS, BOTANICAL,

84 ZOOLOGICAL GARDENS 1 0 1 100 0 100
MEMBERSHIP

86 ORGANIZATIONS NA NA NA NA NA 100
ENGINEERING &
MANAGEMENT

87 SERVICES 64 60 124 52 48 100

89 SERVICES, NEC 4 5 9 44 56 100

Total 929 930 1859 50 50 100
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Other than the balanced regulatory environment offered by AIM, firms who are listed on this
market can gain benefits in relation to the corporate income tax rates applied in the UK. As
shown in Figure 2-3, in the UK the high tax rates on corporate income declined from 30% in
1999 to 21% in 2014. The rate is much lower in the UK than other developed countries; for
example, 39% in the US. Similarly, the low tax rate (applied to firms with small profits) is also
among the lowest in developed countries and is considered attractive specifically for small firms
with relatively small profits. The reasonable tax rates applied are especially designed to govern

and support firms’ growth.

35% UK corporate tax rates

30% | 30%—30%—30%—30%—30%—30%—30%—30%—30%

28%—28%—28%

o 26%

25% 24%
23%

A2 21— 90,2 09—20%—30%

20% | 20%—20%—20% 20%

19%—19%—19%—19%—19%
15%

10%

UK Low UK High
5%

0%

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Figure 2-3: The UK’s corporate tax rates from 1999 to 2014 (OECD, 2015).

Notes:
UK Low refers to the small profits tax rate applied to firms with profits of < £300,000.
UK High refers to the main tax rate (top rate) applied to firms with large profits (i.e. = £300,000).

The designed rates and rules of AIM allowed a large number of firms to join this market in
order to achieve growth. Achieving growth can be obtained in two ways, either organically or
by making acquisitions. Both ways require a demand for cash, albeit in different ways.
Acquisition may require firms to have high up-front cash levels. However, in an organic

approach, growth makes firms increase their demand for working capital.
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In simple terms, firms raise money through stock issuing or by increasing debt. In stock issuing,
money is obtained by inviting investors to participate in the equity share capital of the business.
Increasing debt is generated by borrowing from banks. Money raised in either process can be
used differently. Firms may use raised fund to reduce pressure on working capital, reduce their
dependency on bank finance, pay down significant creditors, or to finance promising investment

opportunities.

Based on the nature of a firm and its investments, it may not wish to raise money by issuing
equity. Obtaining funds through banks can be more convenient. Firms with risky investments
(for example, research and development) which have low collateral value may prefer raising
funds through equity issuing, which is considered to be more flexible, to finance their

investments, and avoid rigorous structuring processes by banks.

R&D is becoming a core investment in many firms. In some industries, it is strategically crucial
for firms to invest in it in order to maintain their competitive advantage. The critical importance
of R&D can be shown by the creation of new products or the development of new production
processes that are part of the success of a firm. This investment takes a number of years to be
completed. Firms cannot cutback their investments until projects are completed, since they are
associated with high adjustment costs. In AIM specifically, a significant number of firms have
invested in R&D'. Table 2-7 shows the distribution of the firms based on whether they are
carrying out R&D activities or not, across all industries. Twenty-nine percent of the total of
listed firms have invested in R&D, of which the majority are quoted under manufacturing (two-

digit SIC 20-39) and service (two-digit SIC 73) industries.

13 Firms invest in R&D to obtain process and/or product innovations that lead to competitive advantage. Product
innovations create new goods and services, while process innovations yield reductions in the cost of producing
existing services and products (Tirole, 1988).
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Table 2-7: Distribution of the AIM-listed firms based on whether they are carrying out R&D
activities or not, across all industries.

Division

01

02

07

08

09

10

12

13

14

15

16

17

20

22

23

24

25

26

27

28

29

30

Industry

AGRICULTURAL
PRODUCTION-CROPS
AGRICULTURAL
PRODUCTION-
LIVESTOCK

AGRICULTURAL
SERVICES

FORESTRY

FISHING, HUNTING, AND
TRAPPING

METAL MINING

COAL MINING

OIL AND GAS
EXTRACTION
NONMETALLIC
MINERALS, EXCEPT
FUELS

GENERAL BUILDING
CONTRACTORS

HEAVY CONSTRUCTION.

SPECIAL TRADE
CONTRACTORS

FOOD AND KINDRED
PRODUCTS

TEXTILE MILL
PRODUCTS

APPAREL AND OTHER
TEXTILE PRODUCTS

LUMBER AND WOOD
PRODUCTS

FURNITURE AND
FIXTURES

PAPER AND ALLIED
PRODUCTS

PRINTING AND
PUBLISHING
CHEMICALS AND

ALLIED PRODUCTS

PETROLEUM AND COAL
PRODUCTS

RUBBER AND  MISC.
PLASTICS PRODUCTS

Number of Firms

Percentage Distribution (%)

Innovative
Activity
(R&D)

Innovative
Activity
(R&D)

2 5
0 1
1 2
0 2
1 0
15 121
0 15
10 96
2 23
0 19
2 2
2 4
5 17
2 4
2 10
1 3
2 9
5 5
3 16
61 17
3 3
1 4

Total

136

15

106

25

19

22

12

11

Innovative
Activity
(R&D)

29

33

100

11

50
33
23

33

25
18

50

78
50

20

No

Innovative
Activity
(R&D) Total

71

100

67

100

89

100

91

92

100

50

67

77

67

91

75

82

50

84

22

50

80

100

100
100
100
100
100
100

100

100
100
100
100
100
100
100
100
100
100
100
100
100

100
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31

32

33

34

35

36

37

38

39

40

41

4

44

45

46

47

48

49

50

51

52

53

54

55

56

57

LEATHER AND LEATHER
PRODUCTS

STONE, CLAY, AND
GLASS PRODUCTS

PRIMARY METAL
INDUSTRIES

FABRICATED
PRODUCTS
INDUSTRIAL
MACHINERY AND
EQUIPMENT

ELECTRONIC & OTHER
ELECTRIC EQUIPMENT

TRANSPORTATION
EQUIPMENT

INSTRUMENTS AND
RELATED PRODUCTS
MISCELLANEOUS
MANUFACTURING
INDUSTRIES

RAILROAD
TRANSPORTATION

LOCAL & INTERURBAN
PASSENGER TRANSIT

TRUCKING AND
WAREHOUSING

WATER
TRANSPORTATION

TRANSPORTATION BY
AIR

PIPELINES,
NATURAL GAS

TRANSPORTATION
SERVICES

METAL

EXCEPT

COMMUNICATIONS

ELECTRIC, GAS &
SANITARY SERVICES

WHOLESALE TRADE-
DURABLE GOODS

WHOLESALE TRADE-
NONDURABLE GOODS

BUILDING MATERIALS &
GARDEN SUPPLIES

GENERAL
MERCHANDISE STORES

FOOD STORES

AUTOMOTIVE DEALERS
& SERVICE STATIONS

APPAREL AND
ACCESSORY STORES
FURNITURE AND

HOMEFURNISHINGS
STORES

36

61

50

14

13

16

11

NA

30

21

20

11

14

16

50

74

66

11

NA

38

27

23

13

33

36

33

50

80

82

29

76

57

NA

21

22

13

15

25

67

64

67

50

20

18

71

24

43

100

100

100

100

100

NA

100

79

78

87

85

75

100

100

100

100

100

100
100
100

100

100
100
100

100

100
100
100
100
100
100
NA
100
100
100
100
100
100
100
100
100

100

100
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EATING AND DRINKING

58 PLACES 0 31 31 0 100 100
MISCELLANEOUS

59 RETAIL 1 21 22 5 95 100
DEPOSITORY

60 INSTITUTIONS 3 12 15 20 80 100
NONDEPOSITORY

61 INSTITUTIONS 1 20 21 5 95 100
SECURITY AND

62 COMMODITY BROKERS 1 68 69 1 99 100

63 INSURANCE CARRIERS 0 13 13 0 100 100
INSURANCE AGENTS,

64 BROKERS & SERVICE 0 10 10 0 100 100

65 REAL ESTATE 3 75 78 4 96 100
HOLDING &  OTHER

67 INVESTMENT OFFICES 7 101 108 6 94 100
HOTELS AND OTHER

70 LODGING PLACES 0 13 13 0 100 100

72 PERSONAL SERVICES 1 3 4 25 75 100

73 BUSINESS SERVICES 166 168 334 50 50 100
AUTO REPAIR,
SERVICES, AND

75 PARKING 0 5 5 0 100 100
MISCELLANEOUS

76 REPAIR SERVICES 0 2 2 0 100 100

78 MOTION PICTURES 0 23 23 0 100 100
AMUSEMENT &

79 RECREATION SERVICES 6 49 55 11 89 100

80 HEALTH SERVICES 2 12 14 14 84 100

81 LEGAL SERVICES NA NA NA NA NA NA
EDUCATIONAL

82 SERVICES 0 4 4 0 100 100

83 SOCIAL SERVICES 1 2 3 33 67 100
MUSEUMS, BOTANICAL,

84 ZOOLOGICAL GARDENS 0 1 1 0 100 100
MEMBERSHIP

86 ORGANIZATIONS NA NA NA NA NA NA
ENGINEERING &
MANAGEMENT

87 SERVICES 44 80 124 35 65 100

89 SERVICES, NEC 2 7 9 22 78 100

Total 546 1313 1859 29 71 100
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Small firms who invest highly in R&D may find it more attractive to join a UK public market
(AIM), since the applied tax procedure for R&D in the UK is considered among the best in the

world (please refer to section 3.1, table 3-1).

After reviewing the balanced regulatory environment and the admission criteria of AIM, the
attractive corporate income tax rates, the R&D tax relief scheme, and the R&D tax credit
incentive applied in the UK, how these incentives affect a firm’s decision to undertake R&D
activities will be investigated. Furthermore, how AIM-listed firms finance their R&D
investments and whether the investments of the small listed firms are facing binding financial

constraints will be investigated.

The research is focused on UK-listed firms, with special attention paid to small and young
firms, since the financial constraints on corporate investment are more severe in market-based
economies (for example, the UK and USA) than in bank-based economies (for example,
European countries). Bond et al. (2003) suggest that, among the European financial markets,
the UK is the weakest in channelling funds towards firms with more promising investment
opportunities, due to the arm’s-length relationship between finance providers and companies.
Thus, the market-based UK financial system may give rise to financial constraints amongst UK-
listed firms.

Few studies have concentrated on how finance affects the R&D expenditure of small size and
high growth firms. The financing constraints that are present may also influence R&D levels.
Since AIM in the UK is as developed as the capital markets in the US, the lack of evidence on
R&D determinants in the UK is a puzzle, and calls into question whether small firms listed on

AIM face binding financing constraints on their R&D investments.
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Chapter 3

Incentives of innovation on the AIM market
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3 Incentives of innovation on the AIM market

3.1 Introduction

In the current economic environment, innovation is considered as a major source of competitive
advantage'®, and is achieved through intensive research and development (R&D) expenditure
and the utilization of new technology. For firms to provide some differentiation that would lead
to competitive advantage, that is to create new products or develop new production processes,
they invest in R&D, which is a critical input for innovation. As a consequence, the innovation
factor has a growing importance for society as a whole, which will benefit from the progress of
firms in terms of generating new services and products, and consequently creating further
employment and income opportunities, which all contribute to societies’ needs and wants

(Miyamoto, 2014; Rothaermel, 2008).

There are various ways in which firms can carry out innovative activities; for instance, through
constant internal investment, thereby generating the minimum requirements (sufficient critical
mass) for further innovative developments'®. These internal activities include R&D investment,
as indicated by Hay and Morris (1991), but also others which are executed outside the structured
area of R&D activities, and are interconnected with other functions of the firm, such as

engineering works, quality control or design improvement (Del Canto and Gonzalez, 1999).

On the other hand, firms can execute innovative activities through external sources, by adopting

the new technology developed by other industries (Dahlander and Gann, 2010; Huizingh,

14 The business term “competitive advantage” refers to the attributes that allow an organization to perform at a
higher level than its rivals. These attributes can be, for example, geographical location, highly skilled employees,
or the application of new technology in creating new products or production processes. (Porter, 1990).

15 1t is important to distinguish between process innovations and product innovations. Product innovations create
new services and goods, while process innovations yield reductions in the cost of producing existing services and
products (Tirole, 1988).
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2011). The classic way is via license agreements. However, one could also argue that the
adoption of external sources is embodied in capital equipment and intermediate inputs (Pavitt,
1984; Tirole, 1988), the intermediate mechanism between the market and organizations can be
achieved by R&D cooperation between firms (Veugelers, 1997; Del Canto and Gonzalez, 1999;

Laursen and Salter, 2006).

Internal development of innovation has some advantages over external acquisition. However,
cooperation is difficult to achieve as it generates competitive advantage. There is no dependence
on third parties for development activities and it eliminates any potential restrictions on firms
to make improvements in their existing technology, regardless of its high risk (Tirole, 1988;
Cassiman and Veugelers, 2006; Vega-Jurado et al., 2008). In reality, the success of the vast
majority of firms is due to their superior technological and innovation capability. It is therefore
logical to understand why academics, as well as policymakers, are focusing on understanding

the factors and the determinants that facilitate these internal mechanisms.

One of the key determinants of technological change is knowledge accumulation, which is
chiefly presented through investment in R&D. Researchers have provided an extensive body of
empirical evidence on the theoretical argument that R&D investment has a significant positive
effect on the growth of economies at both aggregate and disaggregate levels'®. The recognition
of the importance of R&D, for the long-run growth of economies and for living standards within

society, has drawn the attention of policymakers and been reflected in government policies.

In the UK, the government has introduced special tax schemes to encourage firms to conduct

R&D activities, namely R&D tax relief and R&D tax credit, on top of the continuous reductions

16 As explained by endogenous growth theory, research and development makes a significant contribution to
economic growth; see, for example, Arrow (1962), Cohen and Levinthal (1989), Romer (1990) and Laincz (2009).
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in corporate tax rates. These schemes are UK tax incentives aimed at reducing a firm’s tax bill
and/or at allowing a firm to claim payable cash credits as a proportion of their qualifying
spending'” on R&D, therefore reducing the cost of corporate R&D, and encouraging firms to

invest in R&D.

The rationale for the introduction of these schemes by the UK government was due to the
country’s spending on R&D as a proportion of gross domestic product, which was lagging
behind many other countries, especially during the period 1981-1999 (HMRC, 2015; The
World Bank, 2016). However, owing to the importance of R&D in building a modern
knowledge-based economy and improving productivity, the UK government has made an effort
to increase the amount spent on R&D by firms. For this purpose, it introduced the two relief

schemes for firms incurring expenditure on this type of investment (HMRC, 2015).

There is one scheme for large firms and another for Small and Medium Enterprises (SMEs). A
general comparison and overview of the R&D tax relief and R&D tax credit schemes are
presented in Table 3-1. The first scheme was introduced in 2000 for SMEs, giving both tax
relief and tax credit, while separate schemes for large firms came into being in 2002 for tax

relief and in 2013 for R&D tax credit.

17 The definition of qualifying R&D expenditure is reasonably broad, and qualifying R&D activities cover the
whole range of firm operations (see the definition of R&D for tax purposes (HMRC, 2015)).
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Table 3-1: General comparison of R&D tax schemes in the UK.

SME™ R&D Scheme
Enhanced deduction rate | R&D expenditure credit
Active date from on qualifying R&D (payable credit rate)
expenditure
01/04/2000 150% 16%
01/08/2008 175% 14%
01/04/2011 200% 12.5%
01/04/2012 225% 11%
01/04/2014 225% 14.5%
01/04/2015 230% 14.5%
Large firm R&D scheme

01/04/2002 125% No payable credit
01/04/2008 130% No payable credit
01/04/2014 130% 10%
01/04/2015 130% 11%

Although the UK government introduced policies to motivate firms to undertake R&D
activities, no research has been devoted to assess the impact of these government policies on
such activities, with very little special focus on young and small listed firms (the government’s

target group).

18 For a firm to fall within the definition of an SME it must have a staff headcount of below 500, and have either
less than €100 million turnover, or less than €86 million gross balance sheet assets; that is, approximately less than
£85 and £73 million in turnover and balance sheet total respectively.
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3.2 Research aim and objectives

Despite the renewed interest in the impact of R&D investment on the growth of firms and
economies, relatively little is known about the determinants of firms’ innovative activities,
either in the UK or in other developed countries. This chapter aims to fill the gap and investigate

the incentives and the determinants of the innovative activities of AIM-listed firms.

Most of the recent empirical and theoretical research has focused on the factors influencing
R&D activity at the firm level. A great amount of research on the factors behind R&D activities
was rooted in an industrial organization framework (Tirole, 1988; Symeonidis, 1996; Hall and
James, 2009). Studies focused on the external factors for carrying out R&D activity; for
instance, the degree of concentration of the industry in which the firm operates (Shrieves, 1978;
Kamien and Schwartz, 1982; Takahashi, 1999). Another stream of research has focused on the
effect of internal factors on a firm’s R&D activities; for example, resources and capabilities in
carrying out R&D activity (Del Canto and Gonzalez, 1999). This chapter aims to evaluate the
effect of government policies on firms’ R&D activities, explaining why firms pursue such

promising and risky investments.

The empirical results of this research are of high importance, providing a clearer view of the
factors that influence a firm’s decision to undertake R&D investment, and measuring the role

that government policies have on firms’ decisions to perform R&D activities.

To the best of the researcher’s knowledge, no such investigations have been made on the effect
of fiscal policy on R&D activities. Investigating the effect that such policy has on the carrying
out of R&D investment in the UK is of great importance, especially for firm managers and
policymakers, and calls into question whether these government incentives play a significant

role in motivating firms to undertake R&D activities. The second contribution of this research
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is that most of previous research conducted on the incentives for carrying out R&D investment
has been almost exclusively based on the investigation of large and mature firms. Thus, in this
work we contribute to the literature by investigating the determinants of and the incentives for
carrying out R&D activity for small and young firms in particular, owing to their important

contributions to society and the economy.

The third contribution of this research lies in the applied methodology; that is, the dynamic
logistic model that controls for the initial condition issues with unobserved heterogeneity.
Previous research has not considered the role of the dynamic process in the probability of
undertaking R&D expenditure, nor has controlled for the initial condition issues. In addition,
this work will contribute to the literature related to corporate tax changes and R&D tax schemes

on corporate financing and investment policies.

45|Page



3.3.1 Introduction

Traditionally, in the economic literature on industrial organizations, one of the most important
questions has been the connection between market structure, industry characteristics and
innovation. From this theoretical perception, it is assumed that the differences between firms'
innovative activities are illustrated by the industry’s structural characteristics. In this respect,
sources of inter-industry that have been studied with regard to the varied innovative strategies
are technological strategy, demand growth intensity and appropriability!® conditions (Tirole,
1988; Takahashi, 1999; Lopez, 2009). The effect of some firm characteristics are also
considered, but are relatively limited to firm size and other variables, for instance diversification
or profitability and liquidity, which are relatively correlated with size (Grabowski, 1968;

Adams, 1970; Hundley et al., 1996, Cohen, 2010).

On the other hand, unlike industrial organisational and from another theoretical perspective, the
resource-based perspective, research has also been conducted on the effect of internal resources
and capability on innovation strategies. This research has devoted efforts to developing models
and frameworks to analyse the firm environment rather than organizational factors in
determining the relationship between internal firm characteristics and innovation activities (Del
Canto and Gonzalez, 1999; Galende and de la Fuente, 2003; Webster, 2004). The view of the
resource-based perspective is that innovation does not come merely by surveying external
characteristics for market opportunities, but by looking in-depth internally, to form and build
the core competencies of the firm. It states that incentives to innovate are also found in the

funding resources of the firm, which are simply heterogeneous between firms. Hence,

19 Appropriability is defined as the environmental factors that govern an innovator's ability to obtain profits
generated from inventions or innovations (Lopez, 2009).
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innovation is relatively tied to particular resources and can be explained as a function of a firm’s

internal resources (Arrow, 1962; Kamien and Schwartz, 1982; Becker, 2013).

Instead of explaining the determinants of innovation and the incentives to innovate from
industrial structure and resource-based perspectives only, this analysis also considers fiscal
policy incentives as possible causes of innovativeness. In order to do this, we will distinguish
three types of determinants that could influence a firm’s decision to carry out R&D activity:
firm-specific factors, market structure factors, and fiscal policy factors. However, for
simplicity, these factors will be classified into micro-level, meso-level, and macro-level factors.
Figure 3-1 illustrates the theoretical model which is the map for this work and which is the

object of the empirical tests of the research.

Micro-level factors
» Financial resources
» Internal/External
(Financial autonomy)
(Del Canto and Gonzalez, 1999)
» Equity/Debt
(Leverage)
(Czarnitzki and Kraft, 2009)
» Firm size
(Kamien and Schwartz, 1982)
» Firm age
(Huergo and Jaumandreu, 2004)

Meso-level factors Taking up internal

» Market concentration (HHI) _— .
(Kamien and Schwartz, 1982) R&D activity

Macro-level factors
» Tax policies
» Corporate tax rate
(Czarnitzki et al., 2011)
» R&D tax relief
(Atanassov and Liu, 2014)

Figure 3-1 : Factors determining internal R&D investment activity.
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3.3 Theoretical framework and hypotheses derivation

3.3.2 Micro-level factors

3.3.2.1 Financial Resources

Financial resources include retained earnings, debt, equity and working capital (Scherr, 1989;
Bond and Meghir, 1994). The availability of a firm’s financial resources can affect its decision
to undertake internal R&D activity. According to the imperfect capital market and agency
literature, internal funds are much favoured by firms over external funds. Thus, the availability
of internal funds should be more positively related to R&D investment than external sources.
If internal funds are exhausted, and external funds are needed, investment in R&D will be
ideally financed through equity rather than debt (Wang and Thornhill, 2010; Martinsson, 2010;

Brown et al., 2012).

First, the lack of internal sources of funds can limit a firm’s capacity to support its R&D activity
and expenses, whereas a firm’s internally generated cash flow can make these activities more
possible (Grabowski, 1968; Hall, 1992; Himmelberg and Petersen, 1994; Bhagat and Welch,
1995; Carpenter and Petersen, 2002). Internal funds are more preferable than external funds
because of the asymmetric information problem; that is, when the firm’s management and
external capital markets do not have the same information available about the firm (Myers and

Majluf, 1984).

Internal management (insiders) have more information about their internal projects, including
R&D, due to disclosure issues to capital markets, than outsiders. Information about the R&D
projects of a firm should not be fully revealed, as this would become a signal to competitors,
which could result in losing the opportunity to maintain control over innovative activity.

Consequently, a firm would not be able to convert its innovative activity (innovation) into a

48 |Page



source of competitive advantage. The control and demands for information required by the
providers of external funds, therefore, offer an example of the pecking order theory of capital

structure (Myers and Majluf, 1984; Myers, 1984).

The principle of this theory is centred on the idea that in the presence of the information
asymmetry problem, if firms try to issue risky securities, outside investors will interpret this
effort as a sign that the firm is overvalued. Based on this, investors will reasonably discount the
price of a firm’s security, leading to a negative market reaction. According to this theory, firms
will prefer to finance their investment opportunities by available internal funds, debt issuance,
and equity issuance in that order, creating a hierarchy of finance (Oliner and Rudebusch, 1992),
and according to which firms will prefer to finance their R&D activities by their own available

internal funds rather than external sources of funds.

Second, a firm’s capital structure that is based on debt can dampen the incentive to undertake
R&D activities. Theories that support this argument can be found in transaction-cost economics
and the agency theory (Jaffee and Russell, 1976; Fazzari ef al., 1988; Williamson, 1988; Wang
and Thornhill, 2010). Williamson (1988) and Wang and Thornhill (2010) state that the
determinants of financing a project through debt or equity depend mainly on the characteristics
of the assets. Accordingly, equity is suggested to be the ideal financing means, especially when
a firm is investing in firm-specific assets (for example, R&D investment), and debt is more
appropriate to finance non-specific or re-deployable assets. Assets have a higher resale value
and are easily redeployed if they have a low degree of firm specificity, so debt providers have
the option of forcing assets sales or liquidation if the company fails to meet its debt obligations

(Wang and Thornhill, 2010).
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As the asset-specificity of R&D investment is high, implying a low resale value, the protection
offered to debt providers against this type of investment is low and affords limited protection.
Thus, debt providers can intervene in the conduct of management to avoid risky investments.
Equity funding, which does not impose restrictions and so allows for much greater discretion,
is considered as the preferred financing channel for projects where asset-specificity is high
(Switzer, 1984; Hall, 1992; Brown and Petersen, 2009). Thus, the greater the intervention power
of the debt providers in the firm, the greater their capacity to direct activities towards less risky
investment, and therefore investment in R&D is expected to be lower (Scellato, 2006; Casson

et al., 2008; Czarnitzki and Kraft, 2009).

Moreover, in the cases of large firms, especially the ones that operate in mature sectors, Jensen
(1986) states that these firms have a greater incentive to over-invest in projects, for example
R&D, even if they do not generate value for shareholders. Consequently, debt providers impose
more restrictions on firm managers to act more in the shareholders’ interests; that is, by
overriding decisions that would reduce a firm's productivity and profitability. Furthermore,
researchers argue that firms would need to reduce their financial obligations in order to reduce
the risk of financial distress and bankruptcy. Because firms’ financial obligations are
represented by debt interest payments, research assumes that they would try to limit their use

of debt.

Despite the fact that the success of R&D investment may lead to better financial performance
(Cohen and Levinthal, 1989; Fazzari and Petersen, 1993; Wang and Thornhill, 2010), which
would lead to a future stream of cash flows that would make financing through debt relatively
cheaper, firms place more emphasis on factors that might threaten their survival. Thus, firms
with high levels of leverage would reduce their investment in risky activities in order to reduce

the risk of financial distress and bankruptcy.
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Taking the previous empirical findings, along with the roles of external and internal financing,

into consideration, the proposed hypotheses are as follows:

H1: High levels of equity and internally generated funds increase the probability that a firm

will undertake R&D investment.

H2: High levels of debt decrease the probability that a firm will takes up R&D investment.

3.3.2.2 Firm Size

There has been growing interest in the role of firm size?® in R&D activities and the undertaking
of them. This effect has been frequently studied, and the empirical evidence varies significantly.
First, according to the Schumpeterian hypothesis, large firms are deemed to be comparatively
more innovative than small ones, with the latter devoting little expenditure to this (Smyth et al.,
1972; Kamien and Schwartz, 1982; Acs and Isberg, 1991; Babutsidze, 2016). The economies
of scale in this activity, or the existence of the required critical mass, make research and
development difficult for small firms (Shefer and Frenkel, 2005). Furthermore, firm size is also
considered as an indicator of firm power in the market, which would facilitate innovation by

better ability to finance research and development (Symeonidis, 1996).

As pointed out by Nelson (1959), Cooper (1964) and Graves and Langowitz (1993), other
factors favour larger firm size; for example, the lower probability of risk of failure owing to the
fact that larger firms are more able to diversify their R&D projects. Equally, the successful

R&D activities of large firms are more profitable due to their larger market. Furthermore, large

20 Firm size can be measured by total assets, sales or by number of employees.
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firms hire many highly skilled workers and scientists, who can interact and discuss their ideas,
and rely on the expertise of colleagues at particular points when needed (Vaona and Pianta,

2008; Herrera and Sanchez-Gonzalez, 2013).

On the other hand, several studies have failed to show the suitability of the Schumpeter
hypothesis on the favouring of large sized firms (Cooper, 1964; Smyth et al., 1972; Cohen et
al., 1987; Shefer and Frenkel, 2005; Pla-Barber and Alegre, 2007). Others have proposed an
intermediate point; that is, medium size firms (Kamien and Schwartz, 1982; Laforet, 2008). In
this sense, Acs and Audretsch (1988) state that although small and medium sized firms spend
less on R&D than large firms, they produce a significant number of innovations, especially if
comparison is on a per-employee basis. Similarly, Tether (1998) shows that small firms are
much more innovative than large ones. As argued by the employment literature, while large
firms often follow the rationalisation mode, small ones have a greater tendency to increase their
rates of growth and employment opportunities. However, as these growths are associated with
innovativeness, small firms are expected to be more innovative than large ones (Rothwell,

1984).

In addition, considering the types of innovation being undertaken by firms, Baumol (2002) and
Baumol (2004) discriminate between firm innovation based on breakthrough and incremental
innovations. In his research, Baumol revealed that breakthrough revolutionary innovation
comes predominantly from small sized firms, while large sized ones contribute by their
incremental innovation/improvement. The rationale behind these findings is that the innovative
activities of large sized firms are carefully designed to avoid unnecessary losses or surprising
outcomes; that is, keeping the risk level at a minimum hinders the imagination and risk taking

of large firms.
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On the other hand, small firms are marked by breakthrough innovations as a result of their being
guided by risk taking entrepreneurs/investors, who seek to achieve high marginal growth and
profit on their initial investments. Consequently, Baumol et al. (2007) conclude their research
recommendations by emphasizing more support for small sized firms owing to their

contribution in leading modern economies, through their breakthrough outcomes.

Furthermore, Cooper (1964), and Hitt ef al. (1991) argue that small firms have positive effects
on R&D activities, with these effects illustrated by their better networks of communication and
better coordination between units. In addition, Tether (1998) states that small-size firms are
more effective at generating innovative products, whilst large-sized ones are more effective at

large scale production and product distribution.

Del Canto and Gonzalez (1999) argue that this relationship may depend on the characteristics
of the industry in which the firm is operating and on the type of innovative activity and
innovation being developed. Thus, Acs and Audretsch (1987) and Shefer and Frenkel (2005)
argue that large-sized firms tend to stress innovation activities in sectors where capital and
advertising are relatively intensive, as well as in sectors that are marked by high concentration.
On the other hand, small firms tend to have a relative advantage in innovation in sectors that
are in their early growth stages, and in those that are less concentrated (Tether, 1998). This
argument is illustrated by the fact that these sectors are associated with low R&D costs and

capital inputs (Rothwell, 1984).

The findings for UK firms have varied with regard to the positive relationship between R&D
activity and firm size (for example, Smyth et al., 1972; Tether, 1998). Taking the findings of
the previous empirical studies into consideration, we conclude that the effect of firm size on the

willingness to carry out R&D activity is complex and cannot be simplified in a single
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hypothesis. Considering that firms listed on the AIM market are small-size ones, the proposed

hypothesis is as follows:

H3: The greater the size of the firm, the greater the probability that it will undertake R&D

investment.

3.3.2.3 Firm age

One of the factors that has an effect on the growth process of firms, and which has received
little empirical attention in the context of innovation, is experience as measured by firm age.
Firm experience, ideally measured as cumulative output or proxied by time, has to some extent
been used in the studies of firm survival and some studies of learning by doing. However, it has
been relatively ignored in the innovation literature. Serensen and Stuart (2000) were among the
first to examine the relationship between firm age and innovation activity. They investigated
the impact of firm age on innovation and its quality, providing evidence that older firms
generate significantly more innovations. They state that the competence to produce new
innovations appears to improve with age, “but these gains in organizational competence come
at a price, namely, an increasing divergence between organizational competence and current

environmental demands”.

Moreover, and in another context, Huergo and Jaumandreu (2004) also investigated the impact
of firm age on innovation. Their research concludes that young firms tend to have the highest
probability of innovation, while the oldest ones tend to present a lower probability of innovative
activity. They also show that firms of an intermediate age present a high probability of

innovation, and that those that are exiting the market are the ones that present the lowest level
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of process innovation. They conclude that there is a nonlinear relationship between age and

innovative activities.

These studies vary in support for the idea that the quality and quantity of firms’ innovation
activities change over time as they accumulate experience, and that this relationship may vary
across industries. However, Balasubramanian and Lee (2008) examined the effect of firm age
on innovation activities in accordance with the heterogeneity of technological changes across
industries. They conclude that ageing has a negative effect on innovation, and that the effect
varies with the level of technological activity. Furthermore, they suggest that younger firms are

more likely to be better at contributing to innovation than older ones.

It is clear that little research has analysed the effect of firm age on innovation, and that there is
no consensus. This chapter contributes to the literature by assessing the probability of
innovation being carried out with firm age being one of the factors that influences a firm’s
decision to perform R&D activity. T