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ABSTRACT

There has been significant theoretical and empirical research
on the causes and effects of research and development (R&D)
spending; however, the incentives of individual firms to
engage in such an investment, especially firms that differ in
characteristics and the institutional settings they operate
in, are not well understood. This monograph adds to the
literature on the economics of technical change, with a
primary focus on research spending as the key input in
innovation, in two ways. First, it provides an overview and a
critical appraisal of the literature on the drivers of research
spending, especially focusing on the extant empirical studies
in recent years. Second, it provides estimation results from
the determinants of research spending across a large sample
of mostly emerging nations using data at the firm level.
Based on these findings, implications for technology policies
and directions for future research are discussed.
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1

Introduction

The importance of technological change for the growth and well-being
of nations cannot be overstated (Chu, 2021; Jones, 1995). Ever since
the invention of the wheel and the ability to light the fire, humans have,
actively or passively, engaged in and benefitted from new and improved
technologies. Another way to gauge the importance of technological
change might be to envision the extinction of the human race in the
absence of medical breakthroughs to combat famines and pandemics.
Arguably, technologies have also been proven effective in preventing or
ending military conflicts. Moreover, economic recovery, the launching
of sustainable economic growth, addressing social and financial crises,
pandemics, global challenges, or other similar problems are to a large
extent conditioned by the stimulation of high-technology and innovative
solutions (Mazzucato, 2013). A relatively recent development to address
such problems is the growth of digital technologies, notably artificial
intelligence (AI). A number of these technologies are labor-saving (Ace-
moglu and Restrepo, 2019, 2020; Acemoglu et al., 2020; Graetz and
Michaels, 2018), and thus they enhance productivity and growth. At
the same time, ethical concerns of Al for society, including privacy and
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surveillance, and the degree it can supplant human judgment are a
mounting concern (Pazzanese, 2020).

Many dimensions of the process of technological change have been
studied with an emphasis on the input, output and attendant institu-
tions. While these studies are all important in fostering technological
development and innovation, our understanding and measurement of
them differs. Sequentially, R&D inputs are the fundamental ingredient
in this process, and this dimension forms the focus of the current work.

The relationship between technological change and economic growth
has been well-documented by the emergence of endogenous economic
growth theories (Aghion and Howitt, 1992; Romer, 1990). These studies
show that countries investing more in research and development (R&D)
tend to grow faster and achieve higher levels of economic and social
prosperity than those that invest less. Noteworthy is the fact that a
number of papers have focused on innovation and technological change
to explain cross-country differences in the levels of development and
growth performance (see Dosi, 1990; Freeman, 1989; Goel and Ram,
1994; Verspagen, 1991). Besides the impact on economic growth at the
macro level, the effects of R&D and innovation on employment and
productivity at the firm level have been studied by researchers (see, for
example, Bhattacharya and Rath, 2020; Cirera and Sabetti, 2019).

This monograph adds to the literature on the economics of technical
change in two ways.! First, it provides an overview and a critical
appraisal of the literature on the drivers of research spending, especially
focusing on the extant empirical studies in recent years. Second, it
provides a unique insight into the empirical determinants of research
spending using micro or firm-level data on research spending decisions
across a very large sample of mostly emerging nations. Firm-level
information on research enables the consideration of many characteristics
(e.g., size, vintage, ownership, etc.) of firms that perform research.

R&D as an input may be measured in terms of the number of re-
searchers involved in research, as well as the level and type of research
spending. R&D intensity is one of several indicators used to measure

! A number of surveys of the overall literature exist. Some of these include: Cohen
and Levin (1989), Fagerberg et al. (2005), Kamien and Schwartz (1982), Nelson
(1959), Reinganum (1989).
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progress toward achieving an innovation. Investment in research spend-
ing is needed for the advancement of innovation in all fields of study
and across all technologies (Gulbrandsen and Aanstad, 2015). Alterna-
tively, research participation can capture research competition, even at
a small level of research investment, as well as the ability to innovate
and/or imitate. Furthermore, policymakers in many nations, especially
emerging economies, would be more interested in fostering research
participation to facilitate technology absorption (as compared to the
concentration of research spending among a few, likely multi-national,
firms). Whereas overall research spending can be ascertained from the
outside (by third parties) too, information on research participation by
firms is possible only via surveys of individual firms.

Some features of R&D cause resource allocation issues. For instance,
due to four key characteristics of R&D, noted by Jones and Williams
(2000), an optimal level of R&D investment in an economy is not always
achieved (also see Olmos-Petiuela et al., 2016). These characteristics are
in fact distortions in the market. They are: (i) the surplus appropriability
problem (i.e., the inability to garner all fruits of one’s research efforts);
(ii), knowledge spillovers (i.e., others can learn from your knowledge
by little or no effort); (iii) creative destruction (i.e., the process of
new technologies superseding existing ones (also see Mazzucato, 2013;
Schumpeter, 1962)); and (iv) duplication externalities (i.e., many firms
pursuing the same invention, with the “winner” reaping all or most
rewards), also see Dasgupta and David (1994). The implications of these
broad distortions have been better understood at the economy-wide
level and our use of firm-level data will provide some micro-level insights
(Hobday, 2005; Ortega-Argilés et al., 2009).

To place the contributions of this monograph in perspective, it is
important to understand that firm-level information on R&D activity
and innovative performance is generally difficult to obtain, given the
effort involved in conducting and documenting individual surveys. This
is especially challenging in the case of secretive and proprietary infor-
mation that typically characterizes research activity (Mueller, 1966).
Whereas aggregate variables allow one to control for the crucial influence
of institutions in the innovation process (North, 1990), firm-specific
attributes account for equally important factors (Utterback, 1971), such
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as vintage or experience (Huergo and Jaumandreu, 2004) and size (Acs
and Audretsch, 1987; Cohen and Klepper, 1996; de Jong and Marsili,
2006; Martinez-Ros and Labeaga, 2002; Nooteboom, 1994). For example:
What drives research spending at the firm level? Are larger firms more
likely to spend on R&D? What about older firms? How can nations
fruitfully benefit from R&D? Answers to these and similar questions
would feed into answers to broader questions like why some nations are
more innovative than others (Shane, 1992).

In addition, it is important to understand that research needs to
be supported by various actors (public sector, firms, nongovernmental
community) that are willing to make significant investments in many
areas. Moreover, appropriate institutional environments (antitrust, reg-
ulatory, and intellectual property policies; venture capital; and other
factors) and economic and political conditions are important. However,
introducing reforms and initiatives with the desire to enhance so-called
innovation networks between knowledge producers and users are alone
not enough. There is an important role for the government to play as
well in the generation of new knowledge.

Since the relationship between science and technology that was
put forward by Bush (1945), and the creation of the National Science
Foundation in the United States in 1953, the U.S. federal government has
supported scientific research for societal benefit far beyond the purposes
of national defense. This has institutionalized government support for
scientific research with the belief that this would contribute to economic
growth by lessening barriers that bring about market failures in the
private provision of new knowledge (see Takalo et al., 2013).

Finally, the interplay of private and public research activities, along
with the role of institutions, is important. This topic has been studied
by Goel and Rich (2005) by borrowing from the structure-conduct-
performance paradigm developed in the industrial organization litera-
ture. Their framework is a useful way to think about the big picture
and sets up potential avenues for government intervention. We argue,
in many cases, the so-called innovation eco-systems are populated by
actors who do not do research and therefore lack the ability to innovate.

The rest of this monograph is organized as follows: We begin by
presenting a schematic diagram that describes our vision about what
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constitutes R&D, its various dimensions, and the key players involved
in such activity. Next, we offer an extended overview of the literature
on the causes and effects of technical change, including the drivers of
research spending. We then discuss micro-level data sets on technical
changes and R&D activity, with special attention given to the Enterprise
Surveys (ES) dataset organized through the World Bank. We employ the
ES dataset in modeling cross-country firm-level R&D decision-making.
Finally, we provide some recommendations for technology policy and
suggest some directions for future research.
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