Review of Economics and Institutions

Review of ISSN 2038-1379 DOI 10.5202/rei.v1i1.4
ECONOMICS
and
INSTITUTIONS JCC
Vol. 1 - No. 1, Spring 2010 — Article 4 www.rei.unipg.it

The Financing of Innovative Firms

Bronwyn H. Hall
University of California, Berkeley
University of Maastricht

Abstract: To what extent are new and/or innovative firms fundamentally different from
established firms, and therefore require a different form of financing? The theoretical
background for this proposition is presented, and the empirical evidence on its
importance is reviewed. Owing to the intangible nature of their investment, asymmetric-
information and moral-hazard, these firms are more likely to be financed by equity than
debt and behave in some cases as though they are cash-constrained, especially if they
are small. Recognizing the role for public policy in this area, many countries have
implemented specific policies to bring the cost of financing innovation more in line with
the level that would prevail in the absence of market failures.

JEL classification: G32, 032, 038
Keywords: R&D, financing, innovation, liquidity constraints, venture capital, moral hazard,
asymmetric information

This paper has been published as European Investment Bank Papers, Vol. 14 (2009),
No. 2, 8-28. The Review of Economics and Institutions is grateful to the EIB for having
authorized its reproduction here.

1 Introduction

In a market-based economy, those who create and manage firms
(entrepreneurs) are usually not the same individuals as those who have
the means to finance this activity. This fact implies that there is likely to
exist an information gap between those asking for funds and those
supplying them. As will be discussed in more detail below, economists
refer to the extra costs thus induced as arising from the problems of
“asymmetric-information” and “moral-hazard”. Both of these are expected
to raise the costs of obtaining finance from sources external to the firm.
And although this will be true to some extent for all firms, the problem is
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particularly salient in the case of new firms and firms undertaking
innovative activities.

Three different levels of difficulty need to be distinguished: the
problems of existing innovating firms in acquiring sufficient funds for
their investments, the reluctance of non-innovators to undertake
innovation due to its high cost, and the problems faced by new start-up
firms. Although all of these difficulties arise from the same ultimate set of
causes, the empirical analysis of each will differ substantially and the
possible range of policy solutions will differ. In particular, the first case, on
which most of the econometric literature has focused, is subject to
marginal analysis, whereas the second two cases involve the overcoming
of (often substantial) fixed costs of entry into innovation.

This paper reviews the theoretical and empirical economic literature on
the financing of innovation and draws some conclusions with respect to
policy designed to ameliorate some of the problems'. Section2 of the
paper discusses the characteristics that make innovation investment
different from ordinary investment. Then the theories of asymmetric-
information and moral-hazard as applied to financing innovation are
reviewed, followed by a summary of the empirical evidence on this topic.
The concluding section discusses implications for public policy.

2 Why is Investment in Innovation Different?

Investment in innovation usually consists of Research and
Development spending (R&D), design and marketing expenses for
bringing a new product to market, investment in the necessary new capital
equipment, and investment in training’. The relative importance of each of
this varies with the industry and type of innovation, although the most
important spending in most sectors is R&D, accounting for more than
50 percent of innovation expenditures.

From the perspective of investment theory, innovation investments
have a number of characteristics that make them different from ordinary
investment. First and most importantly, most of the expenditures, with the
exception of those on new capital equipment, consist of worker wages and
salaries. From considerable survey evidence over the past 50 years, we
know that in practice 50 percent or more of the R&D portion of this

! The paper draws from — and updates — an earlier survey (Hall, 2002).

? For example, the European Community Innovation Survey Wave 4 (CIS4) asks whether
the firm has the following types of innovation expenses: 1) internal R&D; 2) external
R&D; 3) acquisition of new capital equipment or software; 4) acquisition of external
knowledge or know-how including licenses, IP rights, etc.; 5) training; 6) marketing; and
7) other expenses associated with launching new products or processes, such as design
and engineering.
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investment goes toward paying scientists and engineers, who are usually
highly educated. Their efforts create an intangible asset, the firm’s
knowledge base, from which profits in future years will be generated.
Added to this knowledge base is the specific human capital created by
worker training in new products and processes and the knowledge
created by design and marketing investments. To the extent that all this
knowledge is “tacit” rather than codified, it is embedded in the human
capital of the firm’s employees, and is therefore lost if they leave or are
fired.

This fact has an important implication for the conduct of R&D
investment and to a lesser extent, innovation investment more broadly.
The focus in the discussion below is on R&D as it is the measure on which
empirical research has usually been based. Because part of the resource
base of the firm itself disappears when knowledge workers leave or are
fired, firms tend to smooth their R&D spending over time, in order to
avoid having to lay them off. This implies that R&D spending at the firm
level will behave as though it has high adjustment costs (confirmed
empirically for the US by Hall et al., 1986; Lach and Schankerman, 1988),
with two consequences, one substantive and one that affects empirical
work in this area. First, the equilibrium required rate of return to R&D
may be quite high simply to cover the adjustment costs. Second, and
related to the first, is that it will be difficult for empirical studies to
measure the impact of changes in the costs of capital on such investment,
because such effects can be weak in the short run due to the sluggish
response of R&D to any changes in its cost.

The above conclusion needs to be tempered somewhat by the
observation that in the recent past, the variance of R&D spending growth
in publicly traded US firms has increased somewhat, for at least two
reasons. The first is the increased importance of the ICT sector, where
there is fairly rapid obsolescence of R&D outputs, and a consequent
reduction in the incentives to safeguard human capital (Hall 2006). The
second is that markets for technology have become somewhat more
important, which reduces the need to keep firm’s entire knowledge in-
house (Arora et al., 2001). Nonetheless, it remains true that the variance in
R&D investment growth rates is about one quarter to one fifth that for
ordinary investment.

A second important feature of R&D investment is the degree of
uncertainty associated with its output. This uncertainty tends to be
greatest at the beginning of a research program or project, which implies
that an optimal R&D strategy has an options-like character and should not
really be analyzed in a static framework. R&D projects with small
probabilities of great success in the future may be worth continuing even
if they do not pass an expected rate of return test. The uncertainty here can
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be extreme and not a simple matter of a well-specified distribution with a
mean and variance. There is evidence such as that in Scherer (1998) that
the distribution of profits from innovation sometimes takes the form of a
Pareto distribution where the variance does not exist’. When this is the
case, standard risk-adjustment methods will not work well. Looked at
from the perspective of standard finance theory, the variance of a portfolio
constructed from such assets is unbounded so the usual diversification
analysis does not apply.

High uncertainty of returns to innovation has been exacerbated in the
recent past by the rise of network, or “winner-take-all” industries, such as
software or Web-based services. Examples such as Microsoft, Goggle,
Yahoo, eBay, and now Facebook are familiar — these are characterized by
very high returns to the initial investment, but there are a number of
similar entrants who either fail or never reach critical mass and settle for a
small niche of the market. In fact, the high returns experienced by a few
firms do succeed in attracting a number of entrants, but there is no
guarantee that it is the “right” number.

An important characteristic of uncertainty for the financing of
investment in innovation is the fact that as investments are made over
time, new information arrives, which reduces or changes the uncertainty.
The consequence of this fact is that the decision to invest in any particular
project is not a once and for all decision, but has to be reassessed
throughout the life of the project. In addition to making such investment a
real option, the sequence of decisions complicates the analysis by
introducing dynamic elements into the interaction of the financier (either
within or without the firm) and the innovator.

The final characteristic of R&D as investment that has implications for
financing is tha the “capital” thus created is intangible. Not only is it
intangible, but as discussed above, much of it is in the form of human
capital embedded in the heads of the employees. Such capital typically has
relatively low salvage value because it is also idiosyncratic — for example,
the fact that the firm owning the capital goes out of business is a signal
that its value turned out to be low. Except for the type of effort now
underway to harvest patents from such firms (e.g., Ocean Tomo or
Intellectual Ventures), there is little market for distressed intangible assets.
The human capital involved goes with the employee, and usually he or
she will capture any residual value from that in the form of wages in
future employment. Thus debt instruments that are secured by the value
of the capital asset are not likely to provide a useful source of funding for

® The simplest Pareto distribution is a one-parameter probability distribution with the
property that under certain values of the parameter the variance of the outcomes drawn
according to such a distribution is infinitely large.
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R&D. See Harhoff (2009) for a description of recent efforts to change this
situation via the creation of patent funds for the commercial exploitation
of unused inventions.

Summarizing, R&D and other innovation investments have the
following characteristics: (i) they need to be smoothed in order to retain
valuable employees and their knowledge; (ii) they are highly uncertain
and information about success or failure is revealed over time; and (iii)
they create an idiosyncratic intangible capital with a limited resale market.
The next section of the paper reviews the theory of investment in the light
of these characteristics and discusses the implications of the theory for the
financing of innovation.

3 Theoretical Framework: Is Finance Different for
Innovative Firms?

What follows focuses on the analysis of ongoing innovative firms rather
than new start-ups. The greater part of empirical work has been
performed using data on these kinds of firms, partly because they perform
the great bulk of R&D and partly due to data availability*. The start-up
problem will be discussed later in the paper.

The usual starting point for the analysis of any type of investment
financing is the “neo-classical” marginal profit condition, suitably
modified to take the special features of R&D into account. This condition
sets the marginal product of capital equal to the rate of return on
investment in that capital. Ignoring adjustment costs and uncertainty for
the moment, the discrete time cost-of-capital condition is the following:

1-6
MPK = C = Py _u Pra (1)

1-p)

That is, the marginal product of capital (MPK) that is used during
period t is equal to its price less what the firm would receive from selling
the capital at t+1 (which is (1-8) pw1), discounted by the required rate of
return p. p is the return received by the investor, which is after corporate
taxes are paid but before any personal or capital gains taxes are paid.

The above formulation implicitly contains three factors that will affect
R&D financing: the rate at which the knowledge capital thus created
depreciates or becomes obsolescent, the required rate of return, and rate of
change of the real R&D price (the price of R&D inputs relative to the price

* Firms with more than 250 employees account for 90 percent of R&D worldwide (OECD,
2007).
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of the firm’s output). It is obvious that higher depreciation rates increase
the cost of capital, while lower post-corporate-tax required returns, as in
the case of an R&D tax credit, would lower it. In addition, if R&D is
expected to become relatively more expensive tomorrow (pt1 > pr), this
lowers the cost of capital today but this effect is relatively small in
practice.

The required rate of return in the equation above is the return after
corporate taxes have been paid. However, as Auerbach (1984), among
others, has shown, the marginal source of financing used by the firm will
also impact the required rate of return that a prospective investor
perceives. He analyzed the US case, where interest expense is deductible
to the corporation, and the tax on capital gains has generally been lower
than that on dividends. The same type of analysis would apply whenever
profits from longer holding periods are taxed at a lower rate than those
from shorter holding periods. The table below shows the cost of financing
based on source of finance that he derived; in general, tax considerations
suggest that debt finance will be cheapest, followed by retained earnings,
and lastly by new share issues.

Table 1 - Tax-Adjusted Financing Cost

Source of Cost of finance Assumptions

finance

Debt p (1-1) Interest is deductible at the corporate level

Retained p (1-tp)/(1-tc) Avoids personal tax on dividends in favour of eventual
earnings capital gains tax

New share p /(1-tc) Eventual capital gains tax paid

issues

p=required return; T = corporate tax rate; Tp = personal tax rate; Ttc = capital-gains tax rate

Source: Auerbach (1984).

Obviously the story does not end here. Implicitly in constructing this
table I have assumed that there is a single risk-adjusted rate of return
available, but we have already seen that this is unlikely to be true, given
the degree of uncertainty faced by innovating firms. That is, some
innovation investments are so risky that a simple risk-adjustment based
on the variance of returns is not available. In addition, different types of
investors are likely to prefer different risk profiles. Bondholders will care
more about salvage value (which also favours tangible over intangible
assets), whereas equity holders may see an unbounded upside to the
returns and may therefore prefer risk.

Two other major reasons for differences in the required rate of return
across financing source have been the subject of considerable theoretical
and empirical interest, on the part of both industrial organization and
corporate finance economists: asymmetric-information and moral-hazard.
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These factors are widely viewed as driving a wedge between the cost of
internal and external sources of finance, a wedge that is likely to be larger
in the case of innovation investment than it is for ordinary investment.

One of the implications of the well-known Modigliani-Miller theorem
(1958, 1961) was that a firm choosing the optimal levels of investment
should be indifferent to its capital structure, and should face the same
price for all types of investment (including investments in creating new
products and processes) on the margin. The last dollar spent on each type
of investment should yield the same expected rate of return (after
adjustment for non-diversifiable risk). A large literature, both theoretical
and empirical, has questioned the bases for this theorem, but it remains a
useful starting point.

Of course, there are a number of reasons why the theorem might fail to
hold in practice. First, uncertain returns in combination with incomplete
markets imply that insurance over all outcomes is not available. Second,
the cost of capital may vary across the source of the funds either for non-
tax reasons or for tax reasons. Finally, the cost of capital may also vary
across type of investment (tangible and intangible) both for tax and for
other reasons.

Summing up, with respect to innovation investment, economic theory
advances a plethora of reasons why there might be a gap between the
external and internal costs of capital; these can be divided into three main
types, of which the first two arise from market failures: (i) asymmetric-
information between innovator and investor; (ii) moral-hazard arising
from the separation of ownership and management; and (iii) tax
considerations that drive a wedge between external and internal finance.
The following three sections treat each of these in turn.

3.1 Asymmetric-Information Problems

In the R&D setting, the asymmetric-information problem refers to the
fact that an inventor or entrepreneur frequently has better information
about the nature of the contemplated innovation project and the likelihood
of its success than potential investors. Therefore the marketplace for
financing the development of innovative ideas looks like the “lemons”
market modelled by Akerlof (1970). In his model, the good (used) cars
sells for a lower price in order to compensate the buyer for the possibility
that the car is a lemon. In this setting, the seller of potential returns to
R&D or innovation offers a higher return (lower price) to compensate the
buyer for the possibility that the project is not as good as is claimed. The
lemons' premium for R&D or innovation will be higher than that for
ordinary investment because investors have more difficulty distinguishing
good projects from bad when the projects are long-term R&D investments
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than when they are short-term or low-risk projects (Leland and Pyle,
1977).

In the most extreme version of the lemons model, the market for R&D
projects may disappear entirely if the asymmetric-information problem is
too great. Informal evidence suggests that some potential innovators
believe this to be the case in practice. Reducing information asymmetry
via fuller disclosure is of limited effectiveness in this arena, due to the ease
of imitation of inventive ideas. Firms are reluctant to reveal their
innovative ideas to the marketplace and the fact that there could be a
substantial cost to revealing information to their competitors reduces the
quality of the signal they can make about a potential project (Bhattacharya
and Ritter, 1983; Anton and Yao, 1998). Thus the implication of
asymmetric-information coupled with the costliness of mitigating the
problem is that firms and inventors will face a higher cost of external than
internal capital for R&D due to the lemons’ premium. When the level of
R&D expenditure is an observable signal subject to external audit, as it is
under current accounting rules in several countries, we might expect that
the lemons' problem is somewhat mitigated, but certainly not eliminated.

Asymmetric-information problems can sometimes be mitigated by
reputations developed through repeated interactions and this setting is no
exception. There are several forms of reputation-building observed. One of
the important roles played by specialized Venture Capital (VC) funds is
precisely to supply informed monitoring of early stage technology start-
ups, but experienced VCs will also have developed a reputation for
honouring nondisclosure agreements that will enable them to gather
better information about projects being proposed. On the other side of the
transaction, serial entrepreneurs often face less difficulty in obtaining
financing for new ventures, presumably because they have developed a
reputation in prior start-ups.

3.2 Moral-Hazard Problems

Moral-hazard in R&D investing arises in the usual way: modern
industrial firms normally have separation of ownership and management.
This leads to a principal-agent problem when the goals of the two conflict,
which can result in investment strategies that are not share value
maximizing, and hence can lead to under or over-investment. Two
possible scenarios may co-exist: one is the usual tendency of managers to
spend on activities that benefit them but not necessarily their firm
(growing the firm beyond efficient scale, nicer offices, etc.) and the second
is a reluctance of risk-averse managers to invest in uncertain R&D
projects.

http://www.rei.unipg.it/rei/article/view/4 8
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Agency costs of the first type may be avoided by reducing the amount
of free cash flow available to the managers by leveraging the firm, but this
in turn forces them to use the higher cost external funds to finance R&D
(Jensen and Meckling, 1976). Empirically, there seem to be limits to the use
of the leveraging strategy in R&D-intensive sectors. See Hall (1990, 1994)
for evidence that the leveraged-buyout (LBO) and restructuring wave of
the 1980s, viewed by most researchers as driven by the need to reduce free
cash flow in sectors where investment opportunities were poor, was
almost entirely confined to industries and firms where R&D was of no
consequence. One reason for this fact may be that over-investment in R&D
and innovation is not usually a major problem for ongoing managerial
firms and therefore the discipline of cash-flow limiting leverage is
unnecessary for restraining these kinds of investment.

According to the second type of principal-agent conflict, managers are
more risk averse than shareholders and avoid innovation projects that will
increase the riskiness of the firm. If bankruptcy is a possibility, managers
whose next best opportunity is a job with lower compensation than their
present job and potential bondholders may both wish to avoid variance-
increasing projects that shareholders would like to undertake. The
argument of the theory is that long-term investments can suffer in this
case. The optimal solution to this type of agency cost would be to increase
the long-term incentives faced by the manager rather than reducing free
cash flow. Many innovative firms make heavy use of stock option
compensation for this reason, although this solution comes with its own
incentive problems.

In the case of start-up firms, there is often a third type of principal-
agent conflict, involving overconfidence on the part of the entrepreneur.
When there is uncertainty and the probability of innovation success is
revealed only gradually over time, the possibility of asymmetric-
information and moral-hazard in the investor-innovator relationship
creates further problems for achieving the optimal contract. For example,
it is often observed that entrepreneurs or R&D managers wish to continue
projects that investors would like to terminate (Cornelli and Yosha, 2003),
presumably because the possibility of an ultimate benefit to the
entrepreneurs looms large and they do not face the investment cost in the
case of failure. If they are also over-confident (as is often the case), they
will be even more biased toward continuation. Asymmetric-information
about the project will imply that the investor has relatively more difficulty
than the innovator even in determining the probability of success. The
combination of information rents and agency costs will lead to inefficient
funding of projects over time (waiting too long to cancel them or
cancelling them too soon) as well as to inefficiently low levels of funding.

Copyright © 2010 University of Perugia Electronic Press. All rights reserved 9



Bronwyn H. Hall: The Financing of Innovative Firms

In a recent paper, Bergemann and Hege (2005) have analyzed these
tradeoffs in a multi-stage investment financing decision under changing
uncertainty, with renegotiation allowed. They look at the choice between
relationship financing (where the investor is able to monitor the progress
of the project accurately) and arm’s length financing (where the investor
must rely on the innovator for information). Investors are able to speed up
or slow down the rate of financing, depending on the progress of the
project and their expectations of success. In general, Bergemann and Hege
find that agency costs will lead to non-optimal stopping rules for projects,
stopping them too soon on average. Surprisingly, arm’s length contracts
can lead to higher project values, because in these the investor can commit
in advance to a stopping rule, which eliminates any benefit to the
entrepreneur from attempts to prolong the project.

3.3 Taxes and the Source of Funds

As discussed earlier, tax considerations that yield variations in the cost
of capital across source of finance have been articulated by Auerbach
(1984) among others. In many tax systems including that in the US,
interest is deductible against earnings and the proceeds from equity held
for longer periods is taxed at a lower rate. Therefore the cost of financing
new investment by debt has been effectively lower than that of financing it
by retained earnings, which is in turn less than that of issuing new shares’.
However, based on the discussion above, this ranking of the financing
costs is unlikely to hold for the intangible assets created by innovation
investment. Low salvage values relative to the original investment makes
these assets unsuitable for debt finance in spite of the tax advantage, so
that firms whose investments are mostly intangible will rely more heavily
on retained earnings and equity.

Differential tax treatment not only obtains for the sources of funds but
also for their use. The specific tax treatment of R&D and other innovation
investments in most OECD economies is very different from that of other
kinds of investment. Because R&D, marketing costs, training costs, etc. are
expensed as they are incurred, the effective tax rate on the corresponding
assets is lower than that on either plant or equipment, with or without
various tax credits in place. The economic depreciation of innovation
assets is considerably less than the depreciation allowed for tax purposes -

° A detailed discussion of tax regimes in different countries is beyond the scope of this
survey, but it is quite a common feature in several countries for long term capital gains
on funds that remain with a firm for more than one year to be taxed at a lower rate than
ordinary income. Yet even if the tax rates on the two kinds of income are equal, the
inequalities will hold. Only in the case where dividends are not taxed at the corporate
level (which was formerly the case in the UK) will the ranking given above not hold.
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which is 100 percent - so that the required pre-tax rate of return for such
investment would be lower relative to ordinary investment. In addition,
some countries offer a tax credit or subsidy to R&D spending and
occasionally to other activities such as employee training, which can
reduce the after tax cost of capital even further®.

Thus the conclusions from the theoretical analysis of firm-level
investment in innovation is that the presence of either asymmetric-
information or a principal-agent conflict or both implies that new debt or
equity finance from sources external to the firm will be relatively more
expensive for R&D and innovation than for ordinary investment, and that
considerations such as the lack of collateral further reduce the possibility
of debt finance. Together, these arguments suggest an important role for
retained earnings in the R&D investment decision. In addition, retained
earnings may serve as a signal of future profitability. Hall (1992) and
Himmelberg and Petersen (1994) have argued that positive cash flow may
be more important for R&D than for ordinary investment, a proposition
that has since received empirical support (see Section 4).

A final important conclusion from the theory above is that whatever
problems are created for the financing of innovative firms by asymmetric-
information and moral-hazard are likely to be exacerbated in the case of
young firms and start-ups. These firms are often the most reliant on
external sources of finance and of course they have not yet developed
reputations that would allow them to signal their quality adequately.
Evidence that this is true in practice as well as theory is provided in
Section 4.5.

4 Empirical Evidence

Almost all of the empirical evidence for the presence of a wedge
between internal and external finance, and the consequent
underinvestment in innovation that is discussed in this section uses R&D
investment as a proxy for long term investment or investment in
innovative activities. There are good reasons for this — R&D is frequently
the only measure of innovation that has been observed over long time
periods at the firm level and it is highly related to innovative activities, at
least in the manufacturing sector. The recent wave of innovation surveys
in Europe and elsewhere is beginning to provide us with alternative
measures, although thus far it appears that R&D still has greater
predictive power for firm performance than the newer measures, at least
where it is observed (Mairesse et al., 2006). Later in this section some
results obtained using the innovation surveys will be presented.

¢ See Hall and Van Reenen (2000) and Warda (2008) for details.
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In the discussion below, the empirical studies in this area are divided
into two groups: those based on variations of an investment equation
derived from economic theory (Sections 4.1 and 4.2), and other studies —
mostly financial-market studies based on stock-price announcement
effects on the impact of various corporate-governance settings on the
financing of innovation (Section4.3). The section concludes with a
discussion of the evidence on the resulting capital structure of innovating
firms.

4.1 Investment-Equation Studies

For a firm already operating, the presence of “liquidity” constraints on
their investment (ordinary as well as innovation and R&D investment)
implies that they are unable to obtain funds from external sources to
finance all the investment that they would undertake if they had sufficient
funds available within the firm. Thus the usual way to examine the
empirical relevance of the arguments in the previous section is to estimate
R&D investment equations and test whether liquidity constraints or excess
sensitivity to cash-flow shocks are present and perhaps more pronounced
than for ordinary investment. This approach builds on the extensive
literature developed for testing ordinary investment equations for
liquidity constraints (Fazzari et al., 1988; Arellano and Bond, 1991). It
suffers from many of the same difficulties as the estimates in the
investment literature (lack of good instruments to isolate supply shocks,
measurement error, unobserved differences across firms, and so forth),
plus one additional problem that arises from the tendency of firms to
smooth R&D spending over time.

The ideal experiment for identifying the effects of liquidity constraints
on investment is to give firms additional cash exogenously, and observe
whether they pass it on to shareholders or use it for investment and/or
R&D. If they choose the first alternative, either the cost of capital to the
firm has not fallen, or it has fallen but they still have no good investment
opportunities. If they choose the second, then the firm must have had
some unexploited investment opportunities that were not profitable using
more costly external finance. A finding that investment is sensitive to cash
flow shocks that are not signals of future demand increases would allow
rejecting the hypothesis that the cost of external funds is the same as the
cost of internal funds. However, lack of true experiments of this kind
forces researchers to use econometric techniques such as instrumental
variables to attempt to control for demand shocks when estimating the
investment demand equation, with varying degrees of success.

http://www.rei.unipg.it/rei/article/view/4 12
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The methodology for the identification of R&D investment equations is
based on a simple supply and demand heuristic, as shown in Figure 1.

Figure 1 - Financially Unconstrained Firm

1.2

Demand for funds

Rate of return/Cost of funds

cost of Supply of funds shifted ol

internal

funds \
0

The curve sloping downward to the right represents the demand for
R&D investment funds and the curves sloping upward the supply of
funds. Internal funds are available at a constant cost of capital until they
are exhausted, at which point it becomes necessary to issue debt or equity
in order to finance more investment. When the demand curve cuts the
supply curve in the horizontal portion, a shock that increases cash flow
(and shifts supply outward) has no effect on the level of investment.

However, if the demand curve cuts the supply curve where it is
upward sloping, it is possible for a shock to cash flow to shift the supply
curve out in such a way as to induce a substantial increase in R&D
investment. Figure 2 illustrates such a case, where the firm shifts from
point A to point B in response to a cash flow shock that does not shift the
demand curve.

R&D Investment
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During the past several years, various versions of these methodologies
have been applied to data on the R&D investment of US, U.K., French,
German, Irish, and Japanese firms and possibly others. The firms
examined are typically the largest and most important manufacturing
firms in their economy. For example, Hall (1992) found a large positive
elasticity between R&D and cash flow, using an accelerator-type model
and a very large sample of US manufacturing firms. The estimation
methodology here controlled for both firm effects and simultaneity.
Similarly and using some of the same data, Himmelberg and Petersen
(1994) looked at a panel of 179 US small firms in high-tech industries and
found an economically large and statistically significant relationship
between R&D investment and internal finance.

Figure 2 - Financially Constrained Firm
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Rate of return/Cost of funds

cost of Supply of funds shifted ou

B
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R&D Investment

More recently, ]J. Brown et al. (2009) have shown that both cash flow
and the issuance of public equity are very important for younger US firms
during the period 1990-2004, while they have little impact on mature
firms” R&D investment. They focus on the high-technology sector (drugs,
office and computing equipment, communications equipment, electronic
components, scientific instruments, medical instruments, and software),
which accounts for almost all of the increase in R&D during this period,
and use Euler-equation methods with fixed firm effects and industry-level
year dummies to remove most of the variation due to unobserved
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differences in firm characteristics and demand shocks across industry’. A
novel finding in this paper and a companion paper by J. Brown and
Petersen (2009) is the increased importance of public-equity issuance in
financing R&D in the United States, which doubtless reflects a shift in
expectations on the part of investors during this period that lowered the
cost of this kind of capital to the firm.

Harhoff (1998) found weak but significant cash-flow effects on R&D for
both small and large German firms, although Euler-equation estimates for
R&D investment were uninformative due to the smoothness of R&D and
the small sample size. Combining limited survey evidence with his
regression results, he concludes that R&D investment in small German
firms may be constrained by the availability of finance. Bond et al. (1999)
find significant differences between the cash flow impacts on R&D and
investment for large manufacturing firms in the United Kingdom and
Germany. German firms in their sample are insensitive to cash flow
shocks, whereas the investment of non-R&D-doing UK firms does
respond. Cash flow helps to predict whether a UK firm does R&D, but not
the level of that R&D. They interpret their findings to mean that financial
constraints are important for British firms, but that those which do R&D
are a self-selected group that face fewer constraints. This is consistent with
the view that the desire of firms to smooth R&D over time combines with
the relatively high cost of financing it to reduce R&D well below the level
that would obtain in a frictionless world. That is, some firms do not find it
worthwhile to begin an R&D program that they expect will have to be
curtailed in the future due to financial constraints.

Mulkay et al. (2001) perform a similar exercise using large French and
US manufacturing firms, finding that cash-flow impacts are much larger
in the US than in France, both for R&D and for ordinary investment.
Except for the well-known fact that R&D exhibits higher serial correlation
than investment (presumably because of higher adjustment costs),
differences in behaviour are between countries, not between investment
types, suggesting that they are due to differences in the structure of
financial markets rather than the type of investment, tangible or
intangible. This result is consistent with evidence reported in Hall et al.
(1999) for the US, France, and Japan during an earlier time period, which
basically finds that R&D and investment on the one hand, and sales and
cash flow on the other, are simultaneously determined in the United States

7 The Euler equation for investment is an equilibrium condition derived from the firm’s
value maximization problem. It expresses the tradeoff between investing today and
having one more period of production from the capital versus investing tomorrow and
forgoing today’s production.
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(neither one “Granger-causes” the other)®. In the other countries, however,
both types of investment are causal for sales and cash flow, with little
feedback from sales and cash flows to the two types of investments. Using
a non-structural R&D investment equation together with data for the US,
UK, Canada, Europe, and Japan, Bhagat and Welch (1995) found similar
results for the 1985-1990 period, with stock returns predicting changes in
R&D more strongly for the US and UK firms. Thus in all the countries
studied, R&D investment is a predictor of increased performance
contemporaneously (measured as sales, cash flow, or stock returns),
whereas in the US and the UK, there is immediate feedback from the
performance measures to R&D investment, which can be due either to
liquidity effects or the positive demand signal from increased sales or cash
flow.

Bougheas et al. (2001) examine the effects of liquidity constraints on
R&D investment using firm-level data for manufacturing firms in Ireland
and also find evidence that R&D investment in these firms is financially
constrained, in line with the previous studies of US and UK firms.

4.2 Studies Using Innovation-Survey Data

Recently a number of authors, mostly in Europe, have combined
innovation survey data and firm financial data in order to look more
closely at the relationship between innovative activities and the presence
of financial constraints. This endeavour is welcome given the fact that the
prior work was confined only to R&D investment, but it has suffered to
some extent from the fact that in order for a firm to experience financial
constraints related to innovation, they must at least want to be an
innovator, leading to substantial simultaneity between the two’. Various
approaches are taken to mitigate this problem in the studies described
below.

Savignac (2008) and Hajivassiliou and Savignac (2008) examine a
simultaneous model of the two discrete states (facing financial constraints
and innovating) directly, using a large sample of French firms. They do
indeed find simultaneity between the two: binding financing constraints
discourage innovation and at the same time innovative firms are more
likely to face binding financing constraints. Using data on UK firms,
Canepa and Stoneman (2008) find that the cost and availability of finance

¥ Granger causality is a definition of causality in a time-series context that is due to the
late Clive Granger. One variable “Granger-causes” another if its prior values but not its
current values help to predict the variable in the presence of the variable’s own history.

° This difficulty is compounded by the fact that the skip patterns in some versions of the
innovation surveys mean that non-innovating firms are never asked whether they faced
financial constraints that prevented them from innovating.
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matters for innovation, especially for high-technology firms and for the
smaller firms in their sample.

W. Brown (1997) argues that existing tests of the impact of capital
market imperfections on innovative firms cannot distinguish between two
possibilities: (i) capital markets are perfect and different factors drive the
firm's different types of expenditure or (ii) capital markets are imperfect
and different types of expenditure react differently to a common factor
(shocks to the supply of internal finance). He then compares the sensitivity
of investment to cash flow for innovative and non-innovative firms in the
UK. The results support the hypothesis that capital markets are imperfect,
finding that the investment of innovative firms is more sensitive to cash
flow.

Magri (2009) also compares the cash flow sensitivity of innovative and
non-innovative firms, this time for Italian firms. She finds that investment
in small innovative firms is more sensitive to cash flow than in small non-
innovative firms, but that there is no difference for large firms. Note that
this analysis is for ordinary investment rather than for innovation
investment itself, but it is still suggestive of financial constraints for
smaller innovating firms.

Jensen and Webster (2009) look at the cyclical response to macro-
economic conditions of success in commercialization of new products and
services by Australian firms. The most important macro-economic
determinant of success is the cost of bank overdrafts (lower is better,
obviously), followed by the interest rate, and the cost of R&D. In general,
commercial success is pro-cyclical in their sample, although others have
found some evidence that research itself (as opposed to development) is
counter-cyclical.

4.3 Corporate-Governance Structure and the Financing of
R&D

The challenge for direct tests of the relationship between management
and ownership structures and firm investment strategies is that in any
given firm, the two have co-evolved to be adapted to one another, and
therefore observed correlations do not admit much of a causal story. In
particular, any attempt to look at variations in performance that result
from variations in strategy and governance will struggle with the fact that
selection for “fitness” tends to eliminate some of the experiments one
might like to see.

The usual way around this problem is to look for announcement effects,
that is, for market reaction to information surprises or news that firms
have not yet adapted to. The event study methodology is described in
detail in Campbell et al. (1997). Briefly, it involves computing the returns
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to an investor from holding a share of stock in a firm during the 3 to 5 day
period around the time that some news that affects the firm is revealed
publicly. The returns computed are “abnormal,” that is, they are adjusted
for the overall market returns during the same period.

Both Alam and Walton (1995) and Zantout (1997) find higher abnormal
returns to firm shares following new debt issues when the firm is more
Ré&D-intensive. The argument is that the acquisition of new sources of
financing is good news when the firm has an asymmetric-information
problem because of its R&D strategy. Similarly, Szewczyk et al. (1996) find
that investment opportunities (as proxied by Tobin’s q) explain Ré&D-
associated abnormal returns, and that these returns are higher when the
firm is highly leveraged, implying a higher required rate of return for debt
finance in equilibrium. Of course, in both of these cases, the evidence is
non-experimental and the links between the theory and the empirical tests
somewhat tenuous, but the results are suggestive.

Evidence on the importance of agency costs as they relate to R&D takes
several forms. Several researchers have studied the impact of anti-
takeover amendments (which arguably increase managerial security and
willingness to take on risk while reducing managerial discipline) on R&D
investment and firm value. Johnston and Rao (1997) find that such
amendments are not followed by cuts in R&D, while Pugh et al. (1999)
find that adoption of an Employee Stock Ownership Plan (ESOP), which is
a form of anti-takeover protection, is followed by R&D increases. Cho
(1992) finds that R&D intensity increases with the share that managerial
shareholdings represent of the manager’s wealth and interprets this as
incentive pay mitigating agency costs and inducing long-term investment.

Some have argued that institutional ownership of the managerial firm
can be conducive to more R&D by reducing the agency costs due to free-
riding by owners that is a feature of the governance of firms with diffuse
ownership structure. Others however have held that such ownership pays
too much attention to short-term earnings and therefore discourages long-
term investment'.

There is some limited evidence that this may indeed be the case. Eng
and Shackell (2001) find that firms adopting long-term performance plans
for their managers do not increase their R&D spending but that
institutional ownership is associated with higher R&D. In addition, R&D-
performing firms tend not to be held by banks and insurance companies,
at least in the US These types of firms are presumed to be poor at
monitoring R&D performance. Majumdar and Nagarajan (1997) find that

10 Institutions such as mutual and pension funds often control somewhat larger blocks of
shares than individuals, making monitoring firm and manager behaviour a more
effective and more rewarding activity for these organizations.
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high institutional-investor ownership does not lead to short-term
behaviour on the part of the firm; in particular, it does not lead to cuts in
R&D spending. Francis and Smith (1995) find that diffusely held firms are
less innovative, implying that monitoring alleviates agency costs and
enables investment in innovation.

In a study of German manufacturing firms, Czarnitzki and Kraft (2009)
use patent data as an indicator of innovative activity and find the opposite
result. Companies with dispersed ownership are more active in
innovation as measured by patent applications, but patenting falls as
leverage increases. They interpret this result as suggesting that leverage
acts as a disciplinary device that restrains overinvestment by managers.
Although they attempt to control for the endogeneity of leverage using
instrumental variables, the instruments (lagged cash flow and tangible-
asset intensity) are arguably also related to unobserved determinants of
innovative activity; in the absence of independent measures of over- or
under-investment, it is difficult to know whether leverage is a discipline
device or merely an indicator that the firm is not as innovation intensive
as some others.

In general, the evidence summarized above is fairly clear and indicates
that long term incentives for managers can encourage R&D and that
institutional ownership does not necessarily discourage R&D investment.
However, it is fairly silent on the magnitude of these effects, and whether
these governance features truly close the agency cost-induced gap
between the cost of capital and the return to R&D.

4.4 Capital Structure and R&D

Another way to look at the financing-innovation nexus is to examine
the capital structure that results from the financing decisions of R&D-
intensive firms. Here the evidence that debt is disfavoured is quite clear.
Work using US data such as Friend and Lang (1988) and Hall (1992) shows
a clear negative correlation between R&D intensity and leverage. The
same is true of unpublished results for European firms (Hall et al., 2009).

Although leverage may be a useful tool for reducing agency costs in the
firm, it is of limited value for R&D-intensive firms. As discussed above,
because the knowledge asset created by R&D investment is intangible,
partly embedded in human capital, and ordinarily very specialized to the
particular firm in which it resides, the capital structure of R&D-intensive
firms customarily exhibits considerably less leverage than that of other
firms. Banks and other debt holders prefer to use physical assets to secure
loans and are reluctant to lend when the project involves substantial R&D
investment rather than investment in plant and equipment. In the words
of Williamson (1988), “redeployable” assets (that is, assets whose value in
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an alternative use is almost as high as in their current use) are more suited
to the governance structures associated with debt. Additional empirical
support for this idea is provided by Alderson and Betker (1996), who find
that liquidation costs and R&D are positively related across firms. The
implication is that the sunk costs associated with R&D investment are
higher than that for ordinary investment.

In addition, servicing debt usually requires a stable source of cash flow,
which makes it more difficult to find the funds for an R&D investment
program that must be sustained at a certain level in order to be
productive. For both these reasons, firms are either unable or reluctant to
use debt finance for R&D investment, which may raise the cost of capital,
depending on the precise tax treatment of debt versus equity. Confirming
empirical evidence for the idea that limiting free cash flow in R&D firms
by issuing debt is a less desirable method of reducing agency costs is
provided by Chung and Wright (1998), who find that financial slack and
R&D spending are positively correlated with the value of growth firms,
but not correlated with that of other firms. Czarnitzki and Kraft (2009) find
that more leveraged German firms have lower innovation output
(measured by patents), especially when ownership of the firm is
dispersed.

In the view of some observers, the LBO wave of the 1980s in the United
States and the United Kingdom arose partly because high real interest
rates meant that there were strong pressures to eliminate free cash flow
within firms (Blair and Litan, 1990). For firms in industries where R&D is
an important form of investment, such pressure should have been reduced
by the need for internal funds to undertake such investment and indeed
Hall (1993, 1994) and Opler and Titman (1993) find that firms with high
R&D intensity were much less likely to do an LBO. Opler and Titman
(1994) find that R&D firms that were leveraged suffered more than other
firms when facing economic distress, presumably because leverage meant
that they were unable to sustain R&D programs in the face of reduced
cash flow.

In related work using data on Israeli firms, Blass and Yosha (2003)
report that R&D-intensive firms listed on the US stock exchanges use
highly equity-based sources of financing, whereas those listed only in
Israel rely more on bank financing and government funding. The former
are more profitable and faster-growing, which suggests that the choice of
where to list the shares and whether to finance with new equity is indeed
sensitive to the expected rate of return to the R&D being undertaken. That
is, investors supplying arms-length finance require higher returns to
compensate them for the risk of a “lemon”.
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4.5 Young Innovative Companies

Before leaving this topic, I briefly review the evidence on the financing
of young innovative firms and start-ups. At the macro-economic level and
beginning with Rajan and Zingales (1998), a number of studies have
related the overall financial development level with measures such as the
entry of new firms in a country. Using a set of 16 countries including the
US, European, and mid-level developing countries in Eastern Europe and
Latin America, Aghion et al. (2007) show that the level of financial
development in a country (private credit and the size of market
capitalization) strongly influences entry and post-entry growth of small
firms but has little impact on large-firm growth.

These authors highlight the differences in the level of market
capitalization between the US, the U.K., and a few Nordic countries on the
one hand and continental Europe on the other. Although to some extent
the growth of small firms and stock markets are endogenously related in
that they grow together, the methodologies chosen by Rajan-Zingales and
Aghion et al. are designed to minimize the identification problem that
results, which makes their results robust. This work does not relate
directly to innovative firms per se, but it is suggestive, as these are often
very prominent among new firms, especially in the manufacturing sectors
that are studied by these authors.

An entirely different approach that looks directly at the cash flow
impact on entrepreneurial firms was pursued by Holtz-Eakin et al. (1994).
Using tax data on US entrepreneurs (sole proprietors) some of whom
received inheritances, they were able to show that the reception of funds
from inheritance increased entrepreneurial survival and that those that
survived grew faster, suggesting that such firms were financially
constrained prior to the cash influx. Turning to R&D-doing and innovative
small firms in particular, in most of the work reviewed in section 4.1,
when the authors have looked have found greater financial constraints for
these firms than for the larger firms in their samples. For examples, see
Himmelberg and Petersen (1994) and Brown et al. (2009).

Of course, looking at smaller firms that have successfully entered but
face some financial constraints is only part of the story. We would also like
to know about entry that never takes place, or failure to innovate due to
constraints. Here the innovation surveys can be helpful, especially if they
survey non-innovative firms carefully. For example, Canepa and
Stoneman (2008) found that finance mattered especially for the smaller
innovative firms in their UK sample, as does Magri (2008) for Italian firms.
Audretsch and Lehmann (2004) examined the financing of young
innovative firms on the German Neuer Markt, finding a negative
correlation between bank debt and venture capital financing. They also
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show that the VC-backed firms have much higher growth rates. They
argue that these two findings show the importance of financiers willing to
risk capital for the success of young innovative firms, especially in a
country like Germany where bank finance dominates.

5 Conclusions and Policy Implications

A number of conclusions have emerged from this body of theoretical
and empirical work, conclusions that are fairly consistent across the
various samples and methodological variations. It is perhaps important to
emphasize that the market failures catalogued and explored here are
confined to those due to the separation of owner and manager, or
financier and entrepreneur. However, the principle public policy
argument for subsidizing innovative firms may be different, as it is based
on the social benefits to be derived from the unpriced knowledge
spillovers from such firms. That is, the problem of inappropriability of the
returns to investment in knowledge that was pointed out long ago by
Arrow (1962) and Nelson (1959). The arguments and evidence here are in
addition to these.

First, there is solid evidence that debt is a disfavoured source of finance
for R&D investment. Second, the “Anglo-Saxon” economies, with their
thick and highly developed stock markets and relatively transparent
ownership  structures, typically exhibit more sensitivity and
responsiveness of R&D to cash flow than continental economies. Third,
and much more speculatively, this greater responsiveness may arise
because they are financially constrained, in the sense that they view
external sources of finance as much more costly than internal, and
therefore require a considerably higher rate of return to investments done
on the margin when they are tapping these sources. However, it is
perhaps equally likely that this responsiveness occurs because firms are
more sensitive to demand signals in thick financial equity markets; a
definitive explanation of the “excess sensitivity” result awaits further
research.

Finally, there is now considerable evidence that young and/or small
firms are more likely to face financial constraints than large established
firms, a result that is not surprising, if the source of the problem is a
“lemons” premium. Presumably such firms have a weaker track record on
which investors can base their evaluations.

There are a number of policy implications from the results discussed in
this paper. One implication is for governments to design policies
conducive to lowering the cost of financing innovation, which many
governments have done. The chief instrument in this area is a simple tax
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credit or subsidy, in some cases targeted towards small firms. Others
include various programmes that are project related or targeted towards
pre-commercial research and development (e.g., see David et al., 2000) for
an international survey of this literature; Czarnitzki and Hussinger (2004)
for a detailed study of R&D subsidies in Germany; and Hall and Maffioli
(2008) for a survey of such programs in Latin America and their
evaluation).

One of the problems in designing policy in this area is that different
countries face different problems. For example, although one can argue
that financing constraints are not absent in the United States, it is fairly
clear that the rise of the VC industry has mitigated the problem, at least
for high technology start-ups (including those in green technologies). In
other countries, creating such an industry may be more of a challenge. In
Israel, for example, it appears to have been kick-started successfully by the
government, but only on the second try (Gilson 2003; Avnimelech and
Teubal, 2004).

Several European governments have also attempted to behave
somewhat as VCs towards their own start-ups and small innovative firms.
In Germany, more than 800 federal and state government financing
programs have been established for new firms in the recent past (OECD
1995). In 1980, the Swedish government established the first of a series of
investment companies (along with instituting a series of measures such as
reduced capital-gains taxes to encourage private investment in start-ups),
partly on the United States model. By 1987, the government share of
venture capital funding was 43 percent (Karaomerliolu and Jacobsson,
1999). Recently, the UK has instituted a series of government programs
under the Enterprise Fund umbrella which allocate funds to small and
medium-sized firms in high technology and certain regions, as well as
guaranteeing some loans to small businesses (Bank of England, 2001).

In a recent theoretical paper, Takalo and Tanayama (2008) argue that
government R&D subsidies based on screening of firms and projects can
serve as important signals to private-equity markets and venture
capitalists of the quality of the recipients, which will reduce to some extent
the “lemons” premium demanded by non-government investors. Lerner
(1999) studied US recipients of Small Business Innovation Research (SBIR)
grants and concluded the same: Receiving such a grant enabled firms to
obtain more resources elsewhere, and in addition such firms grew faster
afterwards, when compared to a matched sample of firms that did not
receive funds from SBIR. This suggests an important role for government
policy in screening firms for funding.

For established firms, estimates of cash-flow sensitivity point to
differences between the US and UK on the one hand and continental
European countries on the other, with the former more sensitive than the
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latter, so in principle US and UK firms should be more subject to financial
constraints. But there is little evidence that this leads to lower innovative
activity, in fact somewhat the contrary, so other forces must be at work,
too. The largest of these firms in all countries and the ones that perform
the greatest amount of R&D tend to compete with each other in
international markets, so that it is not likely that the behaviour of firms
from different countries can diverge too far.

http://www.rei.unipg.it/rei/article/view/4 24



REVIEW OF ECONOMICS AND INSTITUTIONS, Vol.1, Issue 1 - Spring 2010, Article 4

6 References

Aghion, P., Fally, T., & Scarpetta, S. (2007). Credit Constraints as a Barrier
to the Entry and Post-Entry Growth of Firms. Economic Policy, 22 (52),
731-779. d0i:10.1111/7.1468-0327.2007.00190.x

Akerlof, G.A. (1970). The Market for 'Lemons': Quality, Uncertainty, and
the Market Mechanism. Quarterly Journal of Economics, 84 (3), 488-500.
do0i:10.2307 /1879431

Alam, P., & Walton, K.S. (1995). Information Asymmetry and Valuation
Effects of Debt Financing. Financial Review, 30 (2), 289-311.
do0i:10.1111/7.1540-6288.1995.tb00834.x

Alderson, M.J. & Betker, B.L. (1996). Liquidation Costs and Accounting
Data. Financial Management, 25 (2), 25-36. d0i:10.2307 /3665987

Anton, ].J., & Yao, D.A. (1998). The Sale of Intellectual Property: Strategic
Disclosure, Property Rights, and Incomplete Contracts. Working paper,
The Wharton School, University of Pennsylvania, USA.

Arellano, M., & Bond, S. (1991). Some Tests of Specification for Panel Data:
Monte Carlo Evidence and an Application to Employment Equations.
Review of Economic Studies, 58 (2), 277-297. d0i:10.2307 /2297968

Arora, A., Fosfuri, A., & Gambardella, A. (2001). Markets for Technology.
Cambridge, MA: MIT Press.

Arrow, K.J. (1962). Economic Welfare and the Allocation of Resources for
Invention. In Nelson, R. (Ed.), The Rate and Direction of Inventive Activity.
Princeton, NJ: Princeton University Press.

Audretsch, D.B., & Lehmann, E.E. (2004). Financing High-Tech Growth:
The Role of Banks and Venture Capitalists. Schmalenbach Business
Review, 56 (4), 340-357.

Auerbach, A.]. (1984). Taxes, Firm Financial Policy, and the Cost of
Capital: An Empirical Analysis. Journal of Public Economics, 23 (1-2), 27-
57. d0i:10.1016/0047-2727(84)90066-5

Avnimelech, G. & Teubal, M. (2004). Emergence and Development of
Venture Capital in Israel and the Role of Policy: A Macro /
Microeconomic Perspective. In Bartzokas, A., & Mani, S. (eds.), Financial
Systems, Corporate Investment in Innovation and Venture Capital. London,
UK: Edward FElgar.

Bank of England (2001). Finance for Small Firms — An Eighth Report. London:
Domestic Finance Division, Bank of England.

Copyright © 2010 University of Perugia Electronic Press. All rights reserved 25


http://dx.doi.org/10.1111/j.1468-0327.2007.00190.x
http://dx.doi.org/10.2307/1879431
http://dx.doi.org/10.1111/j.1540-6288.1995.tb00834.x
http://dx.doi.org/10.2307/3665987
http://dx.doi.org/10.2307/2297968
http://dx.doi.org/10.1016/0047-2727(84)90066-5

Bronwyn H. Hall: The Financing of Innovative Firms

Bergemann, D., & Hege, U. (1998). Venture Capital Financing, Moral
Hazard, and Learning. Journal of Banking and Finance, 22 (6), 703-735.
doi:10.1016/50378-4266(98)00017-X

Bhagat, S., & Welch, I. (1995). Corporate Research and Development
Investments: International Comparisons. Journal of Accounting and
Economics, 19 (2-3), 443-470. d0i:10.1016/0165-4101(94)00391-H

Bhattacharya, S., & Ritter, J.R. (1983). Innovation and Communication:
Signalling With Partial Disclosure. Review of Economic Studies, 50 (2),
331-346. d0i:10.2307 /2297419

Blair, M.M., & Litan, R.E. (1990). Corporate Leverage and Leveraged Buyouts
in the Eighties. Washington, DC: Brookings Institution.

Blass, A.A., & Yosha, O. (2003). Financing R&D in Mature Companies: An
Empirical Analysis. Economics of Innovation and New Technology, 12 (5),
425-447. d0oi:10.1080/1043859022000029249

Bond, S., Harhoff, D., & Van Reenen, J. (1999). Investment, R&D, and
Financial Constraints in Britain and Germany. Institute of Fiscal Studies
Working Paper, 99/5, London.

Bougheas, S., Gorg, H. & Strobl, E. (2001). Is R&D Financially
Constrained? Theory and Evidence from Irish Manufacturing. Review of
Industrial Organization, 22 (2), 159-174. d0i:10.1023/ A:1022905102446

Brown, J.R., & Petersen, B.C. (2009). Why Has the Investment-Cash Flow
Sensitivity Declined so Sharply? Rising R&D and Equity Market
Developments. Journal of Banking and Finance, 33 (5), 971-984.
d0i:10.1016/j.jpankfin.2008.10.009

Brown, J.R., Fazzari, SM., & Petersen, B.C. (2009). Financing Innovation
and Growth: Cash Flow, External Equity, and The 1990s R&D Boom.
Journal of Finance, 64 (1), 151-185. doi:10.1111/{.1540-6261.2008.01431.x

Brown, W. (1997). R&D Intensity and Finance: Are Innovative Firms
Financially Constrained? London, UK: London School of Economics
Financial Market Group.

Canepa, A., & Stoneman, P. (2008). Financial constraints to innovation in
the UK: evidence from CIS2 and CIS3. Oxford Economic Papers, 60 (4),
711-730. d0i:10.1093/ oep / gpm044

Campbell, J.Y., Lo, A.W., & MacKinlay, A.C. (1997). The Econometrics of
Financial Markets. Princeton, NJ: Princeton University Press.

Cho, S. (1992). Agency Costs, Management Stockholding, and Research
and Development Expenditures. Seoul Journal of Economics, 5 (2), 127-
152.

http://www.rei.unipg.it/rei/article/view/4 26


http://dx.doi.org/10.1016/S0378-4266(98)00017-X
http://dx.doi.org/10.1016/0165-4101(94)00391-H
http://dx.doi.org/10.2307/2297419
http://ideas.repec.org/s/taf/ecinnt.html
http://dx.doi.org/10.1080/1043859022000029249
http://dx.doi.org/10.1023/A:1022905102446
http://dx.doi.org/10.1016/j.jbankfin.2008.10.009
http://dx.doi.org/10.1111/j.1540-6261.2008.01431.x
http://dx.doi.org/10.1093/oep/gpm044

REVIEW OF ECONOMICS AND INSTITUTIONS, Vol.1, Issue 1 - Spring 2010, Article 4

Cornelli, F., & Yosha, O. (2003). Stage Financing and the Role of
Convertible Debt. Review of Economic Studies, 70 (1), 1-32.
doi:10.1111/1467-937X.00235

Czarnitzki, D., & Hussinger, K. (2004). The Link Between R&D Subsidies,
R&D Spending, and Technological Performance. ZEW Discussion Paper,
04-56. Mannheim, Germany.

Czarnitzki, D., & Kraft, K. (2009). Capital Control, Debt Financing and
Innovative Activity. Journal of Economic Behavior and Organization, 71 (2),
372-383. d0i:10.1016/j.jebo.2009.03.017

Chung, K.H., & Wright, P. (1998). Corporate Policy and Market Value: A
Theory Approach. Review of Quantitative Finance and Accounting, 11 (3),
293-310. d0i:10.1023 / A:1008385900638

David, P.A., Hall, B.H., & Toole, A.A. (2000). Is Public R&D a Complement
or Substitute for Private R&D? A Review of the Econometric Evidence.
Research Policy, 29 (4-5), 497-529. d0i:10.1016/5S0048-7333(99)00087-6

Eng, L.L., & Shackell, M. (2001). The Implications of Long Term
Performance Plans and Institutional Ownership for Firms' Research and

Development Investments. Journal of Accounting, Auditing and Finance,
16 (2), 117-1309.

Fazzari, SM., Hubbard, R.G., & Petersen, B.C. (1988). Financing
constraints and corporate investment. Brookings Papers on Economic
Activity, 1, 141-206. d0i:10.2307 /2534426

Francis, J., & Smith, A. (1995). Agency Costs and Innovation: Some
Empirical Evidence. Journal of Accounting and Economics, 19 (2-3), 383-
409. doi:10.1016/0165-4101(94)00389-M

Friend, 1., & Lang, L.H.P. (1988). An Empirical Test of the Impact of
Management Self-Interest on Corporate Capital Structure. Journal of
Finance, 43 (2), 271-281. d0i:10.2307 /2328459

Gilson, R.J. (2003). Engineering a Venture Capital Market: Lessons from
the American Experience. Stanford Law Review, 55, 1067-1103.

Hajivassiliou, V., & Savignac, F. (2008). Financial Constraints and a Firm’s
Decision and Ability of Innovate: Establishing Direct and Reverse
Effects. Documents de Travail 202, Banque de France.

Hall, B.H. (1990). The Impact of Corporate Restructuring on Industrial
Research and Development. Brookings Papers on Economic Activity, 1990,
85-136. d0i:10.2307 /2534781

Hall, B.H. (1992). Investment and Research and Development at the Firm
Level: Does the Source of Financing Matter? NBER Working Paper,
W4096.

Copyright © 2010 University of Perugia Electronic Press. All rights reserved 27


http://dx.doi.org/10.1111/1467-937X.00235
http://dx.doi.org/10.1016/j.jebo.2009.03.017
http://dx.doi.org/10.1023/A:1008385900638
http://dx.doi.org/10.1016/S0048-7333(99)00087-6
http://dx.doi.org/10.2307/2534426
http://dx.doi.org/10.1016/0165-4101(94)00389-M
http://dx.doi.org/10.2307/2328459
http://dx.doi.org/10.2307/2534781

Bronwyn H. Hall: The Financing of Innovative Firms

Hall, B.H. (1993). R&D Tax Policy During the Eighties: Success or Failure?
Tax Policy and the Economy, Volume 7, Cambridge: MITT Press, 1-36.

Hall, B.H. (1994). Corporate Capital Structure and Investment Horizons in
the United States, 1976-1987. Business History Review, 68 (Spring, 1994),
110-143. d0i:10.2307 /3117017

Hall, B.H. (2002). The Financing of Research and Development. Oxford
Review of Economic Policy, 18 (1), 35-51. d0i:10.1093/oxrep/18.1.35

Hall, B.H. (2006). Measuring the Returns to R&D: The Depreciation
Problem. Annales d’Economie et de Statistique, 79/80.

Hall, B.H., Griliches, Z., & Hausman, J.A. (1986). Patents and R&D: Is there
a Lag? International Economic Review, 27 (2), 265-283. d0i:10.2307 /2526504

Hall, B.H., & Maffioli, A. (2008), Evaluating the Impact of Technology
Development Funds in Emerging Economies: Evidence from Latin
America. European Journal of Development Research, 20 (2), 172-198.
doi:10.1080/09578810802060819

Hall, B.H., Mairesse, ]., Branstetter, L., & Crepon, B. (1999). Does Cash
Flow Cause Investment and R&D: An Exploration Using Panel Data for
French, Japanese, and United States Firms in the Scientific Sector. In
Audretsch, D., Thurik, A.R., (Eds.), Innovation, Industry Evolution and
Employment. Cambridge, UK: Cambridge University Press.

Hall, B.H., Thoma, G., & Torrisi, S. (2009). The Market Value of Patents and
R&D:  Evidence from European Firms. UC Berkeley, University of
Maastricht, University of Bologna, and University of Camerino,
manuscript.

Hall, B.H., & Van Reenen, J. (2000). How Effective Are Fiscal Incentives for
R&D? A New Review of the Evidence. Research Policy, 29 (4-5), 449-4609.
d0i:10.1016/50048-7333(99)00085-2

Harhoff, D. (1998). Are there Financing Constraints for R&D and
Investment in German Manufacturing Firms? Annales d’Economie et de
Statistique, 49/50, 421-456.

Harhoff, D. (2009). The Role of Patents and Licenses in Securing External
Finance for Innovation. EIB Papers, 14 (2), 74-97.

Himmelberg, C.P., & Petersen, B.C. (1994). R&D and Internal Finance: A
Panel Study of Small Firms in High-Tech Industries. Review of Economics
and Statistics, 76 (1), 38-51. d0i:10.2307 /2109824

Holtz-Eakin, D., Joulfaian, D., & Rosen, H.S. (1994). Sticking it out:

Entrepreneurial Survival and Liquidity Constraints. Journal of Political
Economy, 102 (1), 53-75. d0i:10.1086 /261921

http://www.rei.unipg.it/rei/article/view/4 28


http://dx.doi.org/10.2307/3117017
http://dx.doi.org/10.1093/oxrep/18.1.35
http://dx.doi.org/10.2307/2526504
http://dx.doi.org/10.1080/09578810802060819
http://dx.doi.org/10.1016/S0048-7333(99)00085-2
http://dx.doi.org/10.2307/2109824
http://dx.doi.org/10.1086/261921

REVIEW OF ECONOMICS AND INSTITUTIONS, Vol.1, Issue 1 - Spring 2010, Article 4

Jensen, M.C., & Meckling, W. (1976). Theory of the Firm: Managerial
Behavior, Agency Costs, and Ownership Structure. Journal of Financial
Economics, 3 (4), 305-360. doi:10.1016 /0304-405X(76)90026-X

Jensen, P.H., & Webster, E. (2009). Macroeconomic Conditions and Successful
Commercialization. Intellectual Property Research Institute of Australia,
University of Melbourne, wp2009n08

Karaomerliolu, D.C., & Jacobsson, S. (1999). The Swedish Venture Capital
Industry — an Infant, Adolescent, or Grown-Up? Goteborg, Sweden:
Chalmers Institute of Technology.

Lach, S., & Schankerman, M. (1988). Dynamics of R&D and Investment in
the Scientific Sector. Journal of Political Economy, 97 (4), 880-904.
do0i:10.1086 /261632

Leland, H.E., & Pyle, D.H. (1977). Informational Asymmetries, Financial
Structure, and Financial Intermediation. Journal of Finance, 32 (2), 371-
387. d0i:10.2307 /2326770

Lerner, J. (1999). The Government as Venture Capitalist: The Long-Run
Effects of The SBIR Program. Journal of Business, 72 (3), 285-318.
doi:10.1086/209616

Magri, S. (2009). The Financing of Small Innovative Firms: The Italian
Case. Economics of Innovation and New Technology, 18 (2), 181-204.
doi:10.1080/10438590701738016

Mairesse, J., Mohnen, P., & Kremp, E. (2006). The Importance of R&D and
Innovation for Productivity: A Re-Examination In Light Of the French
Innovation Survey. Annales d’Economie et de Statistique, 79/80,
forthcoming.

Majumdar, S.K., & Nagarajan, A. (1997). The Impact of Changing Stock
Ownership Patterns in The United States: Theoretical Implications and
Some Evidence. Revue d’'Economie Industrielle, 82 (82), 39-54.
d0i:10.3406/rei.1997.1686

Miller, M.H., & Modigliani, F. (1961). Dividend Policy, Growth, and the
Valuation of Shares. Journal of Business, 34 (4), 411-433.
doi:10.1086 /294442

Modigliani, F., & Miller, M.H. (1958). The Cost of Capital, Corporation
Finance and the Theory of Investment. American Economic Review, 48 (3),
261-297.

Mulkay, B., Hall, B.H., & Mairesse, ]J. (2001). Investment and R&D in
France and in the United States. In: Deutsche Bundesbank (Ed.),
Investing Today for the World of Tomorrow. Frankfurt, Germany: Springer
Verlag.

Copyright © 2010 University of Perugia Electronic Press. All rights reserved 29


http://dx.doi.org/10.1016/0304-405X(76)90026-X
http://dx.doi.org/10.1086/261632
http://dx.doi.org/10.2307/2326770
http://dx.doi.org/10.1086/209616
http://dx.doi.org/10.1080/10438590701738016
http://dx.doi.org/10.3406/rei.1997.1686
http://dx.doi.org/10.1086/294442

Bronwyn H. Hall: The Financing of Innovative Firms

Nelson, R.R. (1959). The Simple Economics of Basic Scientific Research.
Journal of Political Economy, 67 (3), 297-306. d0i:10.1086/258177

OECD. (1995). Venture Capital in OECD Countries. Paris, France:
Organization for Economic Cooperation and Development.

OECD. (2007). OECD Science, Technology and Industry Scoreboard 2007.
Paris, France: Organization for Economic Cooperation and
Development.

Opler, T.C., & Titman, S. (1994). Financial Distress and Corporate
Performanc. Journal of Finance, 49 (3), 1015-1040. d0i:10.2307 /2329214

Opler, T.C., & Titman, S. (1993). The Determinants of Leveraged Buyout
Activity: Free Cash Flow vs. Financial Distress Costs. Journal of Finance,
48 (5), 1985-1999. d0i:10.2307 /2329077

Pugh, W.N., Jahera Jr., ].S.,, & Oswald, S. (1999). ESOPs, Takeover
Protection, and Corporate Decision Making. Journal of Economics and
Finance, 23 (2), 170-183. doi:10.1007 /BF02745951

Rajan, R.G., & Zingales, L. (1998). Financial Development and Growth.
American Economic Review, 88 (3), 558-586.

Savignac, F. (2008). Impact of Financial Constraints on Innovation: What
Can Be Learned from a Direct Measure? Economics of Innovation and New
Technology, 17 (6), 553-569. d0i:10.1080/10438590701538432

Scherer, F.M. (1998). The Size Distribution of Profits from Innovation.
Annales d’Economie et de Statistique, 49/50, 495-516.

Szewczyk, S.H., Tsetsekos, G.P., & Zantout, Z.Z. (1996). The Valuation of
Corporate R&D Expenditures: Evidence from Investment Opportunities
and Free Cash Flow. Financial Management, 25 (1), 105-110.
d0i:10.2307 /3665906

Takalo, T., & Tanayama, T. (2008). Adverse Selection and Financing of
Innovation: Is there Need for R&D Subsidies? Bank of Finland and
University of Jyvaskyla; HECER.

Warda, J. (2008). B-Index for R&D Cost: International Comparison. Paris,
France: Organization for Economic Cooperation and Development.

Williamson, O.E. (1988). Corporate Finance and Corporate Governance.
Journal of Finance, 43 (3), 567-591. d0i:10.2307 /2328184

Zantout, Z.Z. (1997). A Test of the Debt Monitoring Hypothesis: The Case
of Corporate R&D Expenditures. Financial Review, 32 (1), 21-48.
doi:10.1111 /j.1540-6288.1997.tb00413 .x

http://www.rei.unipg.it/rei/article/view/4 30


http://dx.doi.org/10.1086/258177
http://dx.doi.org/10.2307/2329214
http://dx.doi.org/10.2307/2329077
http://dx.doi.org/10.1007/BF02745951
http://dx.doi.org/10.1080/10438590701538432
http://dx.doi.org/10.2307/3665906
http://dx.doi.org/10.2307/2328184
http://dx.doi.org/10.1111/j.1540-6288.1997.tb00413.x

	The Financing of Innovative Firms
	1 Introduction
	2 Why is Investment in Innovation Different?
	3 Theoretical Framework: Is Finance Different for Innovative Firms?
	3.1 Asymmetric-Information Problems
	3.2 Moral-Hazard Problems
	3.3 Taxes and the Source of Funds
	4 Empirical Evidence
	4.1 Investment-Equation Studies
	4.2 Studies Using Innovation-Survey Data
	4.3 Corporate-Governance Structure and the Financing of R&D
	4.4 Capital Structure and R&D
	4.5 Young Innovative Companies
	5 Conclusions and Policy Implications
	6  References

