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Summary. — The main objective of this paper is to explore the impact of financial sector reforms, financial deepening, and intellectual
property protection on the accumulation of knowledge for one of the world’s largest developing countries. The findings indicate that
increased intellectual property rights protection is associated with higher knowledge accumulation. While financial deepening facilitates
the accumulation of ideas, the implementation of a series of financial liberalization policies is found to have a non-linear effect. The re-
sults show that financial liberalization will exert a beneficial impact on technological deepening only if the financial system is sufficiently
liberalized.
� 2009 Elsevier Ltd. All rights reserved.
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1. INTRODUCTION

Recent literature on endogenous growth theory suggests
that there is a strong positive correlation between R&D activ-
ity and economic growth (Aghion & Howitt, 1998; Aghion,
Howitt, & Mayer-Foulkes, 2005; Grossman & Helpman,
1991; Jones, 1995a, 2002; Laincz & Peretto, 2006; Segerstrom,
1998). 1 However, although the relevant literature has empha-
sized the role of R&D in stimulating productivity growth,
studies so far have not explored how financial liberalization
and financial deepening affect innovative activity. Little atten-
tion has also been paid to understanding how patent protec-
tion influences knowledge creation. Better access to finance
facilitates the adoption of modern technology to boost the
development of the knowledge and technology-intensive
industries through reducing moral hazard problems and pro-
viding efficient credit facilities. On the other hand, the funda-
mental objective of having a better patent protection
framework is to promote the creation and diffusion of technol-
ogy by providing the inventors with some monopolistic power.

This study is related to two strands of literature. One has ex-
plored the effects of intellectual property protection on eco-
nomic growth (e.g., Falvey, Foster, & Greenaway, 2006;
Gould & Gruben, 1996; Park & Ginarte, 1997). The other
strand has tried to assess the impact of financial reforms or
financial deepening on economic growth (e.g., Ang, 2008;
Arestis & Demetriades, 1997; Beck & Levine, 2004; Bekaert,
Harvey, & Lundblad, 2005; Demetriades & Hussein, 1996;
Edison, Levine, Ricci, & Sløk, 2002; Mavrotas & Son, 2006;
Rioja & Valev, 2004; Rousseau & Vuthipadadorn, 2005).
However, none of these studies has attempted to examine
the roles of finance or intellectual property rights protection
in determining growth rates via the channel of knowledge pro-
duction. 2

Moreover, although the literature has identified both finance
and patent protection as important determinants for innova-
tive activity, these two factors have often been analyzed in iso-
lation and so far no attempt has been made to assess them in
an integrated framework. In line with this, Liodakis (2008) ar-
gues that both intellectual property protection and finance
have emerged to be the two pillars of the development of tech-
nological innovations in the recent years, highlighting the
importance of considering them under a single framework.

This consideration is important given that banks may not
want to finance risky innovative activities unless the protection
framework of intellectual property rights is sufficiently strong.
Thus, the provision of finance for innovative activities may be
constrained by the appropriability conditions. On the other
hand, the law makers may not want to strengthen the protec-
tion framework unless a proper institutional framework is in
place in the financial system. Similarly, Kanwar and Evenson
(2009) show that a country is able to provide a higher level of
patent protection if the government has better access to finan-
cial resources. Thus, finance and patent protection may be
strongly associated, and the consideration of these factors in
an integrated framework is necessary to provide a more com-
plete analysis.

We aim to enrich the existing literature by providing further
evidence on how finance and protection of intellectual prop-
erty affect ideas production, drawing on the experience of
one of the largest developing economies in the world. We fo-
cus our analysis on the Indian experience due to several rea-
sons. Research on the relationship between R&D and
growth has focused exclusively on the United States and
OECD countries due to the lack of R&D data for developing
countries. Despite the fact that they suffer more from a knowl-
edge gap, so far there has been little evidence documented for
developing countries. India is an ideal candidate in this con-
text given that it is one of the world’s fastest growing develop-
ing countries. Its large population, representing about 17% of
the world total, together with a substantial pool of workers en-
gaged in R&D, provides an adequate basis for the use of an
R&D-induced endogenous growth framework to test the
underlying hypotheses.

We focus on documenting case studies evidence since this
approach is more useful in disentangling the complexity of
the financial and legal environments and economic histories
of an individual country, and is therefore helpful in identifying
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reasons for growth variations within the country (Ang, 2007).
By analyzing case studies, the econometric findings of this pro-
ject can be related to the prevailing institutional structure, and
therefore inform academic as well as policy debate. Moreover,
the availability of long time series data on R&D going back as
far as 1950 provides an added incentive for this research given
that R&D data are particularly scant. In this connection, it is
worth noting that a majority of the OECD countries have data
starting only from 1970 (see, e.g., Coe & Helpman, 1995). The
availability of a set of sufficiently long time series data allows
for a meaningful time series investigation. This is important gi-
ven that economic growth is a long-run phenomenon, which
necessitates analyzing the evolution of the variables of interest
over time in order to relate the findings to policy designs (So-
low, 2001).

More importantly, India’s recent financial sector and patent
system reforms provide an ideal testing ground for further
analyzing the relationship between finance, patent protection,
and knowledge production. There was little intervention in the
financial system of India during the 1950s and 1960s. How-
ever, the government gradually imposed more controls by rais-
ing statutory liquidity and cash reserve requirements over the
1970s and 1980s. Furthermore, several interest rate controls
were implemented in the late 1980s. A series of comprehensive
financial sector reform policies were undertaken in 1991 as
part of broader economic reform. These were aimed at chang-
ing the entire orientation of India’s financial development
strategy from one of repression toward encouraging a more
open, market-type system. Since then, interest rates were grad-
ually liberalized and statutory liquidity requirements signifi-
cantly reduced so that markets could play a greater role in
price determination and resource allocation.

The industrial licensing requirements that restricted entry
and expansion of both domestic and foreign firms were relaxed
in the same year. The equity market was formally liberalized in
1992, although the first country fund was set up earlier in
1986, allowing foreign investors to access the domestic equity
market directly. Capital account restrictions were also re-
duced. The regulatory framework was strengthened signifi-
cantly in 1992. In addition, entry restrictions were
deregulated in 1993, resulting in the establishment of more pri-
vate and foreign banks. Consequently, regulations on portfo-
lio and direct investment were eased. The exchange rate was
also unified in 1993–94 and most restrictions on current ac-
count transactions were eliminated in 1994 (see also Ang, in
press-a, 2009b).

India has a long history of patent system policy, which can
be traced back to Act VI of 1856 on Protection of Inventions.
However, under this Act, the Indian patent system has failed
to stimulate the development of domestic inventions. A major-
ity of the patents were filed by foreigners, who enjoyed signif-
icant monopolistic power in the market. In view of these
limitations, the Patents Act of 1970 was enacted with the
objective of promoting more domestic inventions and reducing
the monopoly power of foreign firms. This led to some restric-
tions on patentable items and duration of protection.
Although this policy change was strongly supported by
domestic firms, there was no significant variation in the num-
ber of patents filed by domestic residents over the next two
decades. In 1989, under significant external trade threats from
developed countries, India reversed its position and agreed to
include intellectual property rights in the negotiations of the
General Agreement on Tariffs and Trade (GATT).

Furthermore, following the economic liberalization
launched in the early 1990s, India has attached greater impor-
tance to developing an intellectual property rights protection

system. This was mainly motivated by the objective of attract-
ing more foreign research which would potentially benefit the
domestic research sector. This pro-patent reform position has
subsequently led to the establishment of the 1999 Patents
(Amendment) Act. More recently, India has revised its patent
policy to conform to the Trade Related Aspects of Intellectual
Property Rights (TRIPS) requirements. The Patent Act was
further revised in 2005 to include more patentable items such
as pharmaceutical and agricultural chemical products. The sig-
nificant increase in patent applications in the recent years re-
flects the filing of inventions which were not patentable
under the 1970 Act.

It is probable that one of the key indicators of the impact of
these reforms has appeared in the form of a significant varia-
tion in innovative activities. As such, these policy changes pro-
vide an appropriate historical setting to analyze the subject at
hand. The rest of the paper is organized as follows. Section 2
sets out the R&D-induced endogenous growth models. The ef-
fects of finance and patent protection on innovative activity
are tested based on a semi-endogenous growth model with
appropriate modifications. Specifically, we incorporate two
institutional factors—liberalization or deepening of the finan-
cial system and the patent protection framework—into our
analysis of the determinants of ideas accumulation. Section 3
discusses the construction of variables and data sources. Sec-
tion 4 describes the estimation techniques. Section 5 performs
the empirical analysis and presents the results. Section 6
checks the robustness of the results. The last section concludes.

2. A SIMPLE KNOWLEDGE CREATION FUNCTION
AND ITS EXTENSIONS

(a) The ideas production function

The R&D-based endogenous growth models of Jones
(1995a), Kortum (1997) and Segerstrom (1998) can be summa-
rized as follows:

Y t ¼ Ka
t ðALÞ1�a

t ; 0 < a < 1; ð1Þ
and

gA ¼
_At

At
¼ kX d

t A/�1
t ; 0 < d � 1; / < 1; ð2Þ

where Yt is total output, Kt is physical capital, At is total factor
productivity (TFP) or the stock of knowledge in the economy,
Lt is labor force, Xt is R&D input such as R&D personnel or
R&D expenditure, k is a research productivity parameter, d is
the research duplication parameter (0 if all innovations are
duplications and 1 if there are no duplicating innovations),
and / measures the extent of externalities in the process of
R&D. An increase in the level of R&D input should increase
the growth rate of ideas production, but the relationship is not
monotonic since the rate of discovery will decrease with the le-
vel of knowledge given that it is increasingly difficult to find
the next new ideas so that / < 1 (Jones, 1995b). Eqn. (2) sets
out the analytical framework underlying our empirical model-
ing strategy. We will augment this analytical expression to
consider the potential effects of finance and patent protection
on inventive activity, as discussed below.

(b) Finance and innovative activity

In their seminal work, McKinnon (1973) and Shaw (1973)
noted that financial repression policies were largely accountable
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for the poor economic performance of developing countries in
the 1960s, where low saving and credit rationing were widely
observed. Investment suffered in terms of both quantity and
quality as funds were allocated at the discretion of policy mak-
ers. They proposed that distortions in financial systems, such
as loans issued at artificially low interest rates, directed credit
programs, and high reserve requirements would reduce saving,
retard capital accumulation, and prevent efficient resource
allocation. The elimination of these distortions would there-
fore foster growth.

Recent developments in the theories of endogenous growth
that consider financial factors are in line with the McKinnon–
Shaw thesis. Financial liberalization facilitates inventive activ-
ity for a number of reasons. In the work of de la Fuente and
Marı́n (1996), the relationship between finance and growth is
analyzed in a model of product innovation in which efficiency
of the financial system arises endogenously. Risk aversion and
private information in R&D activity lead to a moral hazard
problem, and this makes innovative activity unattractive for
risk-averse entrepreneurs. This problem, however, can be mit-
igated through improved monitoring by the financial systems,
which allow intermediaries to offer better insurance terms.
Hence, more efficient financial systems should yield a higher
level of innovative activity (see Ang & Madsen, 2008).

Using a product variety model, Blackburn and Hung (1998)
argue that firms have incentives to hide successful R&D activ-
ity to avoid repaying their loans. Such a problem of moral
hazard gives rise to the enforcement of an incentive-compati-
ble loan contract through a costly monitoring system. In their
model, greater financial liberalization allows financial interme-
diaries to diversify among a large number of projects that re-
duces delegation costs significantly. Lower costs of monitoring
therefore spur innovative activity and technological deepen-
ing. Furthermore, in the endogenous growth model developed
by Aghion et al. (2005), it is argued that firms can conceal the
results of successful innovations and thereby avoid repaying
their creditors. A low degree of creditor protection makes
fraud an inexpensive option, and this limits firms’ access to
external finance, which discourages the production of new
ideas. Financial reforms and deepening may increase the hid-
ing costs through providing better laws and institutions. This
makes credit more readily available to entrepreneurs and al-
lows them to undertake innovative activity. More recently,
in the Schumpeterian growth models with credit constraints
developed by Aghion and Howitt (2009, chap. 6), financial
development results in lower screening and monitoring costs,
thus mitigating agency problems and increasing the frequency
of innovations.

While the positive impact of financial deepening is clear, the
view regarding how financial liberalization influences knowl-
edge generation is not universal. Some counter arguments sug-
gest that financial liberalization may not necessarily lead to
higher innovative activity. For instance, Stiglitz (1994) argues
that government intervention by the way of repressing finan-
cial systems can reduce market failures and improve the over-
all performance of an economy. For example, keeping interest
rates at low levels can raise the average quality of borrowers.
Imposing credit constraints can also encourage the issue of
more equity to finance business expansion. This lowers the
cost of capital. Furthermore, directed credit programs can
channel resources to high technological spill-over sectors. Sim-
ilarly, Mankiw (1986) proposes that government intervention,
such as providing a credit subsidy and acting as a lender for
certain borrowers, can substantially improve the efficiency of
credit allocation. Hence, the impact of financial liberalization
on ideas accumulation is theoretically ambiguous.

(c) Patent rights and innovative activity

Intellectual property rights protection may play an impor-
tant role in stimulating growth through influencing the incen-
tives to innovate. Gould and Gruben (1996) argue that
intellectual property rights will increase the rate of innovative
activity through the provision of an environment conducive to
the accumulation of knowledge. Jaffe and Lerner (2004) pro-
pose that, in principle, patent protection may provide ade-
quate incentives for the creators of new technology to
innovate, through protecting their future profits, thereby stim-
ulating technological inventions. Maskus (2000) and
O’Donoghue and Zweimüller (2005) argue that greater patent
protection facilitates the accumulation of knowledge, given
that the information in patent claims is available to future
innovators or that patent policy is also useful in counteracting
entrepreneurs’ inclination to pursue suboptimal innovations.

However, the theoretical effect of patent protection on eco-
nomic growth is not always unambiguous, and there are coun-
ter arguments as well. For instance, using a dynamic general
equilibrium model, Segerstrom, Anant, and Dinopoulos
(1990) show that increasing the duration of patents can either
stimulate or retard innovative activity. This is because while
longer patents tend to increase the return on R&D, they also
require more resources to be channeled to produce the existing
products. Using a dynamic general equilibrium model of the
international product life cycle, Lai (1998) shows that
strengthening the level of patent protection will lead to an in-
crease in the rate of product innovation if foreign direct invest-
ment is the channel of international technology diffusion.
However, the opposite effect is obtained if production is chan-
neled through imitation.

Studies have also shown that patent protection may retard
technological innovation. For instance, Gilbert and Newbery
(1982) show that strong protection of intellectual property
rights may provide incentives for a monopoly to patent new
technologies before potential competitors in order to prevent
entry of other firms and preserve its market share. This will re-
duce the rate of technical innovation. Using a dynamic general
equilibrium model, Helpman (1993) shows that stronger pro-
tection increases the rate of innovation only in the short run
due to higher profitability. In the long run, however, it lowers
the rate of innovation as firms tend to produce old-technology
products that take away resources from innovative activity.
More recently, Boldrin and Levine (2008) argue that patent
protection can be used as a tool to hurt competitors, as the
grant of a monopoly over a new invention may block the
development of another equally useful innovation, thereby
retarding technological development. Since innovators’ prop-
erty rights can still be protected even without patents and
copyrights, they argue that intellectual monopoly is an unnec-
essary evil. In line with this, Jaffe and Lerner (2004) argue that
in reality many companies have been granted patents for triv-
ial inventions or have exploited their intellectual property
rights by threatening to sue the actual innovators.

Based on the above discussion, the standard knowledge pro-
duction function can be extended to consider how finance (Ft)
and patent laws (Pt) impact on knowledge production in the
economy of India, and this yields:

gA ¼
_At

At
¼ kX d

t A/�1
t P p

t F h
t ; 0 < d � 1; / < 1; ð3Þ

where Pt is measured by the extent of intellectual property
rights protection and Ft is measured by financial liberalization
or financial depth. The expected sign for p cannot be deter-
mined a priori as discussed above. h is expected to carry a
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positive sign when Ft is measured by financial depth; but its sign
is indeterminate when Ft is measured by financial liberaliza-
tion. If both finance and intellectual property rights protection
have no effect on ideas production (i.e., p = h = 0), the model
reduces to the standard semi-endogenous growth model.

In steady state, theory predicts that the growth rate of At

will be constant (see Ha & Howitt, 2007). Thus, this equation
can be solved to see that At is proportional to Xt, Ft, and Pt

after taking logs, as follows:

ln At ¼ b0 þ b1 ln X t þ b2 ln P t þ b3 ln F t þ et; ð4Þ
where b0 ¼ ln k=ð1� /Þ, b1 ¼ d=ð1� /Þ, b2 ¼ p=ð1� /Þ,
b3 ¼ h=ð1� /Þ and et is a stochastic error term. R&D input
(Xt) will be measured by R&D personnel and R&D expendi-
ture, patent protection will be measured by an index of intel-
lectual property rights protection (Pt), and finance (Ft) will
be measured by an index of financial liberalization or financial
depth. 3 These are two different variables capturing different
aspects of finance that could impact on innovations. While
the above discussions suggest that financial deepening is likely
to increase the provision of credit and hence facilitates ideas
production, how financial liberalization affects innovation is
unclear. Although the financial liberalization thesis of McKin-
non (1973) and Shaw (1973) predicts a positive effect of finan-
cial liberalization on growth, alternative propositions of
Mankiw (1986) and Stiglitz (1994) do not suggest positive
growth effects following financial reforms. Furthermore, a
growing empirical literature finds mixed results regarding the
effect of financial liberalization on growth (see Eichengreen,
2002 for a recent survey). Therefore, b1 is expected to carry
a positive sign whereas the expected signs for b2 and b3 are
ambiguous. The latter depends on how finance is measured.
Eqn. (4) will be tested using annual time series data for India
over the period 1950–2006. Construction of variables and data
sources will be discussed in the following section.

3. DATA

(a) Patent data

Inventive output can be measured by the number of patents
filed by domestic residents, as suggested by Kortum (1993).
The domestic stock of inventive output or knowledge (At) is
constructed based on the number of patent applications filed
at the Indian Patent Office by domestic residents. 4 Patent
applications filed by Indian Residents at the US Patent and
Trademark Office are also considered in the robustness check
section. Patent stock is computed using the perpetual inven-
tory method with a depreciation rate of 10%. Data over the
period 1919–2006 are used to get as precise a measure as pos-
sible of the knowledge stock in 1950. The initial knowledge
stock is set equal to the number of patents in 1919 divided
by the depreciation rate plus the average growth in patents
over the period 1919–2006, which is the steady-state capital
stock in the standard neoclassical growth models (see, e.g.,
Coe & Helpman, 1995). The patent data are obtained from
the World Intellectual Property Organization (WIPO).

For the measurement of patent rights protection (P t), we use
the patent rights index compiled by Ginarte and Park (1997).
The index covers five dimensions: (1) patentability of various
kinds of inventions, (2) membership in international patent
arrangements, (3) provisions for loss protection, (4) enforce-
ment mechanisms, and (5) duration of the patent term. Each
dimension is assigned a value ranging from zero to one. The
unweighted sum of these five values provides an indication

of the overall level of intellectual property rights protection,
with higher values reflecting greater level of protection. The
data are obtained from Park and Wagh (2002) and the up-
dated patent rights index database of Ginarte and Park
(1997) that provides data up to 2005. Missing years are inter-
polated and data before 1960 are assumed to be constant since
there was no change in the patent laws of India during the per-
iod 1950–60.

(b) R&D measures

We use both R&D labor and real R&D expenditures as the
proxies for R&D input (X t). Missing data between years are
linearly interpolated. The former refers to the number of scien-
tists and technicians engaged in R&D activity, and the latter is
deflated by an unweighted average of a wage index and the
GDP deflator (see, e.g., Coe & Helpman, 1995). The R&D
data are collected from various publications of “R&D Statis-
tics” of the Department of Science and Technology and Plan-
ning Commission, Government of India. The average daily
wage index is obtained from various issues of the “Yearbook
of Labor Statistics” published by the International Labor Of-
fice and the GDP deflator is compiled from various issues of
“National Account Statistics” published by the Government
of India.

(c) Financial liberalization and financial depth

This study uses a broad-based financial liberalization index
compiled by Abiad et al. (2008). 5 They consider seven policy
dimensions as the inputs to construct the summary index: (1)
credit controls and reserve requirements; (2) interest rate re-
straints; (3) entry barriers in the banking sector; (4) prudential
regulations and supervision; (5) privatization in the financial
sector; (6) restrictions on international capital flows; and (7)
securities market policy. Along each dimension, a score of
zero, one, two, or three is assigned, indicating fully liberalized,
partially liberalized, partially repressed, and fully repressed,
respectively. The aggregation of these seven components is
used to obtain an overall measure of financial liberalization.
Following the same coding procedure, data before 1973 and
after 2005 are extended using information obtained from the
Annual Report and the Report on Currency and Finance of
the Reserve Bank of India. Financial depth is measured using
the ratio of private credit to GDP (see, e.g., Ang, 2008; Ang &
McKibbin, 2007; Baltagi et al., 2009).

Time series plots of the variables are presented in Figure 1.
Except for the index of financial liberalization for which zeros
are recorded for some years (when there is full financial repres-
sion or no financial liberalization), all variables are expressed
in natural logarithms in the estimations. The accumulation of
patents shows a steady increase during the first two decades.
This process was accelerated following the economic reforms
in the early 1990s. Both R&D personnel and real R&D expen-
diture exhibit a strong increasing trend over the last few dec-
ades. Evolution of the patent protection index matches
closely with the policy changes in favor of a stronger frame-
work, which mainly took place from the mid-1990s onwards.
The composite financial liberalization index also coincides
rather well with the actual policy changes that took place in
India. The major reform occurred in 1991 when the central
bank launched a series of liberalization programs, as reflected
by an upward swing in the series since the early 1990s. Finally,
unlike the radical changes that occurred in the policy environ-
ment of the financial system, the process of financial deepening
appears to be much more steady and consistent.

FINANCIAL REFORMS, PATENT PROTECTION, AND KNOWLEDGE ACCUMULATION IN INDIA 1073



Author's personal copy

4. ESTIMATION TECHNIQUES

The dynamic adjustment of the ideas accumulation process
can be characterized by the following conditional error-correc-
tion model (ECM), which can be used to test for the existence
of a long-run relationship using the Autoregressive Distrib-
uted Lag (ARDL) bounds test developed by Pesaran, Shin,
and Smith (2001):

D ln At ¼ a0 þ b0 ln At�1 þ
Xk

j¼1

bj ln DET j;t�1

þ
Xp

i¼1

c0iD ln At�i þ
Xp

i¼0

Xk

j¼1

cjiD ln DET j;t�i þ et; ð5Þ

where At is patent stock, and DETt is a vector of the determi-
nants of innovative activity, which includes X t, P t and F t. The
above equation can be estimated by OLS since Pesaran and
Shin (1998) have shown that the OLS estimators of the
short-run parameters are consistent, and the ARDL-based
estimators of the long-run coefficients are super-consistent in
small sample sizes. Hence, valid inferences on the long-run
parameters can be made using standard normal asymptotic
theory. The main advantage of this approach is that it can
be applied to the model regardless of whether the underlying
variables are I(0) or I(1).

Eqn. (5) can be used to test for the existence of a long-run
relationship using the ARDL bounds test developed by Pesa-
ran et al. (2001). The test involves a simple F-test for the joint
significance of coefficients on lagged levels terms of the condi-
tional ECM (H 0 : b0 ¼ b1 ¼ � � � ¼ bk ¼ 0). The test for cointe-
gration is provided by two asymptotic critical value bounds
when the independent variables are either I(0) or I(1). The low-
er bound assumes all the independent variables are I(0), and
the upper bound assumes they are I(1). If the test statistics ex-
ceed their respective upper critical values, the null is rejected
and we can conclude that a long-run relationship exists. The
long-run level relationship is then estimated using an ARDL
model with (k + 1) variables, where the orders of the model
are chosen by searching across the (p + 1)k+1 ARDL models
using the SBC criterion, as detailed in Pesaran and Shin
(1998).

5. EMPIRICAL RESULTS

(a) The effects of finance and patent law on knowledge
accumulation

Table 1 presents the results for the patent stock equation
estimated using the ARDL procedure. The cointegration test
results indicate that the null hypothesis of no level patent stock

Patent stock (ln A)
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R&D labor (ln X)
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Patent law index (ln P)
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Financial liberalization (F)
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Financial depth (ln F)
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Figure 1. Time series plots of variables (1950–2006).
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equation is rejected at the conventional levels of significance.
This provides strong support in favor of the existence of a
long-run relationship between knowledge accumulation and
its determinants. 6 It is evident that the R&D variables enter
the equation significantly at the 1% level with the expected
sign. This finding is consistent with innovation-based endoge-
nous growth models which predict that R&D plays an impor-
tant role in bolstering innovative activity. Hence, more
spending in R&D is likely to promote inventive activity that
may in turn induce higher economic growth.

With regard to intellectual property protection, our results
suggest that increased patent protection appears to be benefi-
cial for technological innovations. The patent law index enters
all specifications significantly with a positive sign. In particu-
lar, a 1% increase in the index of intellectual property rights
protection tends to increase knowledge accumulation by, on
average, 0.56% when financial depth is used to proxy the avail-
ability of credit (Model A and Model C). The relationship ap-
pears to be one-to-one when the index of financial
liberalization is considered (Model B and Model D). The re-
sults seem to suggest that stronger patent protection tends to
boost the incentive to innovate, and thus stricter enforcement
of intellectual property is an effective strategy to stimulate
ideas accumulation in India. This result confirms the hypoth-
eses of Gould and Gruben (1996), Maskus (2000) and
O’Donoghue and Zweimüller (2005), which propose that the
rate of technical innovation increases with greater patent pro-
tection in the long run. Our results are broadly in line with the
survey evidence of Levin, Klevorick, Nelson, and Winter
(1987) and the empirical findings of Kanwar and Evenson
(2003) and Kanwar (2007).

Interestingly, while financial deepening is found to have a
beneficial impact on knowledge accumulation, the direct effect
of financial liberalization is found to be deleterious. The coef-
ficients are strongly significant at the 1% level. The results are
also found to be robust to the use of alternative financial depth
indicators such as M2 over GDP and M3 over GDP. The use
of three alternative coding procedures for the financial liberal-
ization index as detailed in Ang (in press-a) has also been con-

sidered. They give, by and large, very similar findings and
therefore the results are not reported here to conserve space.
The finding of a positive effect of financial deepening lends
some support to the R&D-induced endogenous frameworks
of de la Fuente and Marı́n (1996), Blackburn and Hung
(1998), Aghion et al. (2005) and Aghion and Howitt (2009).
The finding of a negative effect of financial liberalization is
consistent with the financial repression thesis of Stiglitz (1994).

The results underscore the importance of deepening the
financial system of India in order to stimulate productivity
growth via the channel of facilitating innovative activity.
Although financial repression may not be desirable, the evi-
dence presented in this paper seems to provide some support
to the argument that some form of financial restraint may help
in boosting the availability of finance that facilitates innova-
tion. However, as noted by Honohan and Stiglitz (2001),
financial restraints are more likely to work well in environ-
ments with strong regulatory capacity. Although the legal sys-
tem in India was originally based on the British model that
emphasizes protection of property rights, India ended up with
a much lesser effective institutional framework since the legal
system was modified in a way that benefited the small number
of Europeans who settled in and ran the economy (Mishkin,
2006). This pinpoints the importance of strengthening the
existing institutional framework in order to create a robust
financial system that allows efficiency gains to be reaped, sus-
taining economic growth in the long run. Unrestricted expan-
sion in credit without adequate prudential regulation and
supervision may induce instability in the financial system with
potentially devastating effects.

(b) Financial liberalization and knowledge accumulation: a
further examination

The evidence presented in the previous section suggests that
while financial deepening tends to stimulate knowledge accu-
mulation, financial liberalization works in the opposite direc-
tion. The finding that financial liberalization tends to retard
technological development is intriguing, and therefore a fur-
ther analysis is warranted. Firstly, the results are obtained
by entering these two finance variables separately in the
regressions. Nevertheless, given that financial liberalization
and financial deepening are two distinct aspects of finance
emphasized in this paper, it would be interesting to see if
the results remain robust to the inclusion of these two vari-
ables in the same specification. As is evident in columns (1a)
and (1b) of Table 2, while the coefficients of financial liberal-
ization are highly statistically significant and have the sign
consistent with our previous findings, financial depth enters
the equations significantly only in one of the two cases and
the significance level of its coefficient is considerably weaker.
These findings suggest that the effect of financial liberalization
on knowledge accumulation is statistically stronger than that
of financial depth.

Next, we test whether there is a threshold effect in the rela-
tionship between financial liberalization and knowledge accu-
mulation by including the squared term of financial
liberalization in the specification. The results reported in col-
umns (2a) and (2b) show that both the linear and non-linear
terms of financial liberalization enter the equations signifi-
cantly, providing evidence in favor of the presence of a thresh-
old effect. The results further imply that financial liberalization
will exert a beneficial impact only if the financial system is
adequately liberalized. The turning point is found to be in
the range of 6–6.5, a level that has been achieved since the
mid-1990s. Thus, it appears that financial liberalization has

Table 1. ARDL estimates and bounds tests (1950–2006)

Dep. = patent stock
(At)

Model A Model B Model C Model D

Intercept 1.321*** 6.003*** 7.695*** 8.912***

(0.000) (0.000) (0.000) (0.000)
R&D labor 0.512*** 0.241***

(0.000) (0.000)
Real R&D expenditure 0.368*** 0.186***

(0.000) (0.000)
Patent law 1.093*** 0.556*** 0.953*** 0.563***

(0.000) (0.000) (0.000) (0.000)
Financial liberalization �0.052*** �0.037***

(0.000) (0.000)
Financial depth 0.361*** 0.346***

(0.000) (0.002)
ARDL bounds test
statistic

4.49** 5.18** 4.09* 6.28***

Notes: The test statistics of the bounds tests are compared against the
critical values reported in Pesaran et al. (2001). The estimation allows for
an unrestricted intercept and no trend. The 10%, 5% and 1% critical value
bounds for the F-test are (2.72, 3.77), (3.23, 4.35), and (4.29, 5.61),
respectively.
* Indicates 10% level of significance.
** Indicates 5% level of significance.
*** Indicates 1% level of significance.
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negatively affected technological accumulation and innova-
tions only in the early stages of development.

Moreover, we also examine how the effect of R&D activity
on knowledge accumulation is shaped by financial reforms by
including an interaction term between research activity and
the financial liberalization index. The results in columns (3a)
and (3b) suggest that the beneficial effect of R&D on knowl-
edge stock can be enhanced through liberalization, although
the direct effect of financial liberalization is negative.

Our estimates may be subject to endogeneity bias given that
the measures of R&D may be affected by the strength of pat-
ent protection and the extent of credit constraint. We address
this issue in the following ways. First, we consider a lagged
measure of R&D activity since the decision to conduct re-
search activity is unlikely to be driven by future finance and
patent protection, which are often hard to predict. Second,
we regress Eqn. (4) using the vector error-correction model
(VECM) so that all the underlying variables are treated as
endogenous variables. The results reported in columns (4)
and (5) show that our findings regarding how finance and pat-
ent laws affect patent accumulation remain largely
unchanged. 7

6. ROBUSTNESS

(a) Alternative estimators

The sensitivity of the results in Table 1 based on the ARDL
estimator is assessed using the following alternative single-
equation estimators: (1) unrestricted error-correction model
(UECM); (2) fully modified OLS (FM-OLS); and (3) dynamic
OLS (DOLS) procedures. The UECM estimator involves esti-
mating the long-run parameters by incorporating adequate
dynamics into the specification to avoid omitted lagged vari-
able bias. In implementing this procedure, we follow Bewley
(1979) by using the instrumental variable technique to correct
the standard errors so that valid inferences can be drawn. In-
der (1993) suggests that lagged level variables can be used as
the instruments for the first-different current terms to correct
for endogeneity bias. The FM-OLS procedure involves the
use of the Wald tests where the resulting test statistics are
“fully modified” by semi-parametric corrections for serial cor-
relation and for endogeneity. This “fully modified” procedure
has been found to work well in finite samples, a feature which
is particularly appealing given the small sample size used in the
present study.

The key advantage of the DOLS procedure is that it allows
for the presence of a mix of I(0) and I(1) variables in the coin-

tegrated framework. The estimation involves regressing one of
the I(1) variables on the remaining I(1) variables, the I(0) vari-
ables, leads (p) and lags (�p) of the first difference of the I(1)
variables, and a constant. By doing so, it corrects for potential
endogeneity problems and small sample bias, and provides
estimates of the cointegrating vector which are asymptotically
efficient.

The results are reported in Table 3. Although the magnitude
of the coefficients shows some variations, the qualitative as-
pects of the results are, by and large, consistent with those ob-
tained using the ARDL estimator. The finding that R&D
stimulates knowledge creation remains unchanged, regardless
of whether it is measured by R&D labor or real R&D expen-
diture. In addition, we continue to find a positive and signifi-
cant effect of patent protection. The finding that financial
deepening facilitates inventive activity whereas financial liber-
alization does the opposite also remains unaltered. We there-
fore conclude that the results are insensitive to the choice of
estimator.

(b) Alternative patent measure

The analysis so far considers the accumulation of patent
applications filed at the Indian Patent Office by domestic res-
idents as the measure of knowledge stock. To provide a sensi-
tivity check, we use the accumulation of patent applications
filed by Indian residents at the US Patent and Trademark Of-
fice as an alternative measure for knowledge stock in this sec-
tion. The increase in the internationalization of R&D activity
has rendered a significant number of the patents being filed in
the United States, although the research activity is conducted
locally. However, although international patents are com-
monly used in the literature, they provide only an incomplete
view of the aggregate inventive activities since most Indian
firms do not systematically patent abroad. The average num-
ber of international patent applications filed over the last dec-
ade was less than one fifth of the domestic patent applications
filed. International patents in this case mainly reflect the bilat-
eral trade activities or technological collaborations between
India and the United States, given that most Indian firms
applying for international patents are mainly US companies
with foreign subsidiaries in India. Since this research is mainly
concerned with the effects of domestic finance and patent pro-
tection within India, the use of domestic patents is more
appropriate. The estimates reported in Table 4 show that
our core results remain largely unchanged by the consider-
ation of this alternative measure, perhaps reflecting that the
patents filed at the US office are often duplicates of the domes-
tic patents.

Table 2. A further examination on the effect of financial liberalization on knowledge accumulation (1950–2006)

Dep. = patent stock (At) (1a) (1b) (2a) (2b) (3a) (3b) (4a) (4b) (5a) (5b)

Joint effects Non-linearity Fin. Lib. � R&D Lagged R&D VECM estimate

Intercept 1.16 8.92*** 2.56*** 8.22*** 2.58*** 8.51*** 1.52*** 7.84*** 1.58 8.01
R&D labor 0.53*** 0.45*** 0.44*** 0.51*** 0.50***

Real R&D expenditure 0.21** 0.31*** 0.18*** 0.36*** 0.32***

Patent law 0.96*** 0.51** 0.62*** 0.29* 0.81*** 0.39** 0.96*** 0.76*** 1.26*** 1.63***

Financial liberalization �0.08*** �0.07*** �0.12*** �0.13*** �0.36** �0.25*** �0.09*** �0.09*** �0.13*** �0.23***

Financial depth �0.03 0.39*

(Financial liberalization)2 0.01*** 0.01***

Financial liberalization � R&D 0.02* 0.05***

* Indicates 10% level of significance.
** Indicates 5% level of significance.
*** Indicates 1% level of significance.
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(c) Alternative estimation periods

Our results may be sensitive to the estimation period cov-
ered. To this end, we consider the following estimation peri-
ods: (1) 1960–2005; (2) 1970–2005; (3) 1980–2005; and (4)
1960–2000. The consideration of alternative estimation peri-
ods is important for two reasons. Firstly, the annual R&D
data for the early years have been obtained by linear interpo-
lation. Secondly, the patent law index shows a dramatic in-
crease since the mid-1990s. The results reported in Table 5
show that the positive effects of R&D input and patent protec-
tion remain highly significant in all cases. Not surprisingly, the
influence of patent law is found to be substantially smaller if
the sample period is restricted to 1960–2000. The coefficients
are found to be 0.417 and 0.247 in regressions (7) and (8),
respectively, but remain highly significant. This robustness
check suggests that our key findings regarding how knowledge
accumulation is related to financial factors and patent protec-
tion are not significantly driven by the estimation period con-
sidered, although patent law has played a more important role
in the recent years.

(d) Control variables

To provide some further robustness checks for the results,
we also control for transitional dynamics, macroeconomic
instability, distance to the technology frontier, accumulated
knowledge or patent stock generated by the rest of the world,
and trade liberalization in the estimation. First, transitional
dynamics are measured by the ratio of real investment to real
GDP. The implications of transitional dynamics for growth
have been highlighted in the models of Mulligan and Sala-i-
Martin (1993), Peretto (1999) and Peretto and Smulders
(2002). However, the empirical model in this paper is esti-
mated under the assumption that India has been growing
along its balanced growth path. To the extent that the econ-
omy of India may be out of its steady-state growth path, we
cannot rule out the possibility that the estimates may have
been affected by transitional dynamics.

Second, macroeconomic stability has often been argued to
be an important factor for growth in the fast growing Asian
economies (see, e.g., Fischer, 1996; Nelson & Pack, 1999).
We use the standard deviation of the 12-month inflation rate
as the measure of macroeconomic instability. The use of this
measure is based on the assumption that periods of highly vol-
atile exports, government revenues, public debts, financial and
political instability tend to be associated with high inflation
variability.

Third, Bernard and Jones (1996) argue that changes in inno-
vative activity may also depend on technological catch-up.
Countries which are relatively backward can grow faster by
utilizing technologies developed in the leading country. To al-
low for this, we include a proxy for distance to the frontier,
which is measured by the difference between total factor pro-
ductivity (TFP) of the world technology leader (the United
States) and TFP of India. TFP is recovered from Eqn. (1) as
ðY t=Ka

t L1�a
t Þ

1=ð1�aÞ, where real output (Yt) is measured by gross
domestic product at constant prices, real capital stock (Kt) is
the sum of non-residential buildings and structures (3% depre-
ciation rate) and machinery and equipment (17% depreciation

Table 3. Alternative estimates for the knowledge accumulation function (1950–2006)

Dep. = patent stock (At) Model A Model B Model C Model D
Rt = R&D labor

Ft = financial
liberalization

Rt = R&D labor
Ft = financial

depth

Rt = real R&D
expenditure

Ft = financial liberalization

Rt = real R&D
expenditure

Ft = financial depth

I. UECM
Intercept 1.486*** 7.843*** 7.709*** 8.951***

R&D (Rt) 0.515*** 0.149** 0.377*** 0.180**

Patent law (Pt) 0.974*** 0.394*** 0.803*** 0.518***

Finance (Ft) �0.085*** 0.546** �0.092*** 0.317**

II. FM-OLS
Intercept 1.295*** 5.956*** 7.699*** 8.945***

R&D (Rt) 0.514*** 0.245*** 0.369*** 0.184**

Patent law (Pt) 1.093*** 0.547*** 0.948*** 0.561***

Finance (Ft) �0.053*** 0.374*** �0.037*** 0.361**

III. DOLS
Intercept 1.742*** 4.965*** 7.972*** 9.368***

R&D (Rt) 0.501*** 0.309*** 0.325*** 0.131*

Patent law (Pt) 1.091*** 0.784*** 0.909*** 0.291*

Finance (Ft) �0.049*** 0.259** �0.062*** 0.387***

* Indicates 10% level of significance.
** Indicates 5% level of significance.
*** Indicates 1% level of significance.

Table 4. Estimates based on alternative patent measure (1950–2006)

Dep. = patent
stock (At)

Model A Model B Model C Model D

Intercept �17.916*** �10.913*** 1.152*** 2.446***

R&D labor 1.528*** 1.121***

Real R&D
expenditure

1.101*** 0.899***

Patent law 2.279*** 1.277*** 1.809*** 1.290***

Financial
liberalization

�0.095*** �0.054***

Financial depth 0.489*** 0.343**

** Indicates 5% level of significance.
*** Indicates 1% level of significance.
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rate), Lt number of workers, and capital’s share of income (p)
is assumed to be 0.3.

Fourth, international knowledge may transmit across bor-
ders independently of the trade channel (see Bottazzi & Peri,
2007). In this case, the accumulation of patent stocks in the
rest of the world may allow ideas to travel freely across bor-
ders. The world stock of knowledge available to India is sim-
ply the sum of all patent stocks across the world excluding
India. Finally, trade liberalization is included in the equation
because the literature often stresses outward orientation as
an important factor behind the growth successes among the
Asian growth miracles (see, e.g., Radelet, Sachs, & Lee,
2001). It is proxied by the tariff rate (the ratio of import duties
to total imports).

These additional control variables are first entered sepa-
rately and then jointly in equations (6) and (12), although
the latter may give rise to some multicollinearity problems. Gi-
ven that R&D labor and real R&D expenditure give similar re-
sults, we consider only the latter here since it is a more broad-
based measure of R&D. The results reported in Table 6 indi-
cate that the consideration of these additional conditioning
variables does not alter our previous findings in any significant
manner. Specifically, the investment ratio, which captures the
effect of transitional dynamics, enters equations (1) and (7)
positively and significantly. However, we do not find any sta-
tistically robust association between macroeconomic instabil-
ity and the accumulation of ideas. The finding of a positive
effect of the distance to the frontier in three of four cases is
consistent with the idea that countries which are relatively
backward can grow faster by utilizing technologies developed
in the leading country. Moreover, the finding of a positive ef-
fect of the world patent stock in most cases suggests that accu-
mulated ideas from other countries could be used as the basis
to generate further innovation in India. This finding is consis-
tent with the “standing on shoulders” hypothesis of Jones

(2002). Finally, openness to international trade tends to stim-
ulate knowledge accumulation in India, and its effect is found
to be statistically significant in all cases.

7. CONCLUSIONS

This paper has assessed the impact of finance and intellec-
tual property protection on knowledge accumulation using an-
nual time series data for India over the period 1950–2006. The
study was motivated by the significant increase in the degree of
financial liberalization observed across the developing world,
and the lack of any previous attempts to jointly analyze the ef-
fect of finance and patent protection on knowledge in develop-
ing countries. The study contributes to the existing body of the
literature by investigating the unique experience of India,
where its recent financial sector and patent system reforms
provide an excellent case for further analysis. Amidst active
debate on these reforms in India, the present study also pro-
vides timely information to guide policy formulation in devel-
oping countries.

Using the ARDL bounds cointegration techniques, the
empirical evidence showed a significant long-run relationship
between knowledge accumulation and its determinants. After
documenting these basic cointegration results, we derived the
long-run estimates using the ARDL estimator and several
other estimators were also considered for robustness checks.
The results suggest that while financial deepening facilitates
the accumulation of ideas, financial liberalization appears to
have a non-linear effect where knowledge accumulation first
decreases with the degree of financial reforms, then stabilizes,
and eventually increases. The evidence presented in this paper
also showed that stronger intellectual property protection has
a beneficial effect on motivating innovation and technological
deepening. Overall, the results are insensitive to the choice of

Table 5. Estimates of alternative estimation periods (1950–2006)

Dep. = patent stock (At) (1) (2) (3) (4) (5) (6) (7) (8)

1960–2005 1970–2005 1980–2005 1960–2000

Intercept 7.879*** 8.938*** 8.203*** 8.663*** 7.893*** 8.621*** 8.187*** 9.132***

Real R&D expenditure 0.306*** 0.168*** 0.194*** 0.158*** 0.279*** 0.168*** 0.278*** 0.153***

Patent law 0.916*** 0.603*** 0.964*** 0.779*** 0.988*** 0.773*** 0.417** 0.247**

Financial liberalization �0.023*** �0.007 �0.017** �0.019***

Financial depth 0.336*** 0.179* 0.175 0.327***

* Indicates 10% level of significance.
** Indicates 5% level of significance.
*** Indicates 1% level of significance.

Table 6. Controlling for the effects of other macroeconomic variables (1950–2006)

Dep. = patent stock (At) (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Intercept 8.68*** 7.57*** 6.94*** �12.29** 7.53*** 1.29 9.82*** 8.63*** 7.72*** 0.71 9.23*** �0.84
Real R&D expenditure 0.30*** 0.41*** 0.34*** 0.01 0.35*** 0.18* 0.15*** 0.24*** 0.17*** �0.09 0.12* 0.22
Patent law 0.83*** 0.92*** 1.03*** 0.91*** 1.04*** 0.66** 0.57*** 0.55*** 0.96*** 0.39*** 0.62*** 0.65**

Financial liberalization �0.03*** �0.04*** �0.19** �0.07*** �0.04*** �0.05**

Financial depth 0.25*** 0.28** 0.37*** 0.58*** 0.56*** 0.75***

Transitional dynamics 0.53*** 0.28 0.69*** �0.02
Macroeconomic instability �0.05 0.02 �0.03 0.07
Distance to the frontier 0.79*** �0.31 1.12*** 0.47***

Rest of world patent stock 1.41*** 0.53 0.63* 0.71***

Trade liberalization 0.22* 0.16** 0.24*** 0.21*

* Indicates 10% level of significance.
** Indicates 5% level of significance.
*** Indicates 1% level of significance.
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estimation techniques, different measures of R&D input, alter-
native estimation period, different patent measure, and the
inclusion of other relevant macroeconomic variables.

The findings of this paper have important policy implica-
tions for developing countries. To the extent that financial
deepening has a positive effect in generating innovations while
financial sector reforms may act in the opposite direction in
the early stages of development, it is critical to develop a ro-
bust financial system with adequate provision of both credit
and prudential regulations in order to motivate inventive
activity. Moreover, given that more stringent patent policies
are likely to have a positive impact on technological deepen-
ing, although it is a costly exercise, conforming to interna-
tional requirements toward enforcing more stringent
intellectual property rights may provide greater incentives
for innovation in developing countries. Moreover, the results
also show that R&D is an important determinant for innova-
tion-based growth, providing some support to the notion that

R&D-based endogenous growth models are useful in explain-
ing the growth phenomenon in the context of a developing
economy.

Our study should be seen in the context of a burgeoning the-
oretical and empirical literature on R&D-induced endogenous
growth models. While the empirical results presented in this
study are intriguing, more analysis is warranted. We hesitate
to generalize the findings of this study to other developing
countries since the results may be unique to the experience
of India due to its own institutional and historical settings.
Further case studies are desirable to gain more insight into
the effect of finance and patent protection on ideas production,
particularly with the developing countries’ experience, using
the framework established in this paper. To what extent the
findings in this paper are specific to the experience of India
or can be applied to other developing countries is left for fu-
ture research when R&D data for other developing countries
become more widely available.

NOTES

1. There is an active debate concerning the functional relationship
between R&D and growth. Jones (1995b) dismisses the first-generation
growth models of Romer (1990) and Aghion and Howitt (1992) by showing
that the TFP growth rates in the G5 economies have not increased during
the post WWII period, despite a significant increase in the number of R&D
workers. His ideas production model assumes diminishing returns to
knowledge so that a positive growth in R&D is required for sustaining a
positive TFP growth. However, the Schumpeterian growth models of
Aghion and Howitt (1998), Peretto (1998) and Howitt (1999) retain the
assumption of constant returns to knowledge from the first-generation
models, but argue that the effects of the increasing level of resources
devoted to R&D are sterilized by the concomitant increase in product
variety in the economy. See Ha and Howitt (2007) for more details.

2. Some exceptions include Kanwar and Evenson (2003) and Kanwar
(2007), who study the effects of intellectual property protection on the
share of R&D expenditure in GNP, and Lerner (2009), who examines the
impact of patent system on patent applications. Our study, however,
focuses on the impact of patent protection on the stock of ideas. Empirical
evidence on the effect of finance on R&D investment is generally limited to
firm-level analysis (see, e.g., Hall, 1992; Himmelberg & Petersen, 1994).
An exception is the recent study by Ang (in press-b), who shows that
financial reforms in Korea tend to increase the generation of new ideas.

3. For our purposes, financial deepening refers to the improvement in the
extent and efficiency of a financial system where “extent” refers to the ease
of access to financial services and “efficiency” refers to the effectiveness of

the system in reducing information and transaction costs. Financial
liberalization refers to the process of eliminating or significantly alleviating
government-imposed financial system restrictions such as entry barriers,
credit and interest controls, and capital flow restrictions (see Section 3(c)
for more details).

4. The four largest components of patent applications by domestic
residents in India over the last decade are mechanical (22%), chemical
(21%), drug (17%), and electrical (14%) inventions.

5. We are grateful to Abdul Abiad for providing the financial liberal-
ization data.

6. The integration properties of the variables are examined using the
conventional Augmented Dickey-Fuller and Phillips-Perron tests, as well
as the procedure of Lee and Strazicich (2003) that allows for the presence
of structural breaks. In all cases, the variables are found to be either
stationary, i.e., I(0), or integrated at order one, i.e., I(1), fulfilling the
prerequisites for the use of the ARDL bounds test. The results are not
reported but are available upon request.

7. We have attempted to regress R&D measures on finance and patent
protection, following the approach of Kanwar and Evenson (2003) and
Kanwar (2007). This, however, yields unsatisfactory regression results
since the coefficients of both finance and patent protection turn out to be
statistically insignificant.
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