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Abstract: The purpose of this paper is twofold. First, we show the importance of having a developed Market for Technology and how innovation
affects countries’ economic development. Second, using the main innovative indicators, we describe the current Market for Technology in Chile
and discuss its possible impact on the country’s economic development.
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1. Introduction
Innovation management has proven to be an important factor in
economic development in the last few decades, and its importance is
expected to increase exponentially in the era of Artificial Intelligence (IA) and Automatization. Therefore, governments and companies
have attempted not only to improve the knowledge and understanding of present innovative output processes, but also to determine
how to adapt them better for the future. In particular, recent studies
show that IA will change our lives significantly: 51% of the jobs will
be automated in 2030; 15% of the new sold cars in 2030 will be fully
automated; and cities will become intelligent, and our future everyday
lives will be different due to the predominance of the Internet of
Things (IoT) (Mckinsey & Company, 2016).
In this context, characterized by increasing competition in the product market, shorter product life cycles and very fast development of
IA, companies cannot produce everything by themselves. As a consequence, new ways to manage innovation have emerged, but not all
countries seem to be conscious of the importance of this change and
its implications. In particular, companies have switched from innovating only through internal R & D to buying and selling technology
and know-how in Markets for Technology (MFT). To be efficient and
competitive, companies have increasingly begun to rely on networks,
new entrants and technology-based firms. These new relationships
mean that, each year, MFT become more and more important for
countries’ economic development.
Although the US and Europe have produced studies to quantify the
importance of MFT (Arora et al., 2001; Athreye & Godley, 2007;
Robbins, 2009) and their main determinants (Arora & Fosfuri, 2003;
Gambardella et al. 2007; Zuniga & Guellec, 2009; De Leon et al.,
2017), there are still no such studies for Chile. We believe that the
main reason for this lack of studies is Chile’s traditional deficit regarding innovation and, as a result, the absence of comprehensive
indicators to measure innovation processes. Therefore, we consider
that there are two things that are highly needed for Chile. The first
is to create awareness about the impact that innovation has on most
important economic variables; and the second is to demonstrate the

low level of development of Chile’s Markets for Technology or, at
least, the absence of indicators that might demonstrate the opposite.
The rest of the paper is organized as follows. Section 2 will review the
literature that relates innovation with the main economic variables
and the theory regarding MFT. Section 3 will summarize the situation
in Chile regarding the main innovative indicators. We conclude in
Section 4.

2. The importance of Innovation and the development of
Markets for Technology (MFT)
The literature has shown that innovation is positively correlated with
countries’ economic development and total productivity (Hall & Rosenberg, 2010). Since Adam Smith, in the 18th century, economists
have been interested in the role that innovation plays in economic development (Agrawal, 2001). In that vein, Solow (1957) and Fagerberg
(1994) conclude that innovation is a key contributor to economic
progress. Romer (1990) shows that technology, the development of
human capital, and R&D are important inputs for economic growth.
On the empirical side, Wu (2011), using data from China, finds that
R&D intensity has a positive effect on innovation and, in turn, that
innovation affects a country’s economic growth positively. Pradhan
et al. (2016), using panel data from the euro zone between 1961 and
2003, provide results along the same lines. Furthermore, Rouvinen
(2002), using data from the OCDE, concludes that R&D expenditures
take, on average, four years to influence economic growth, and he
shows causality between R&D investment and the TFP and not in the
other way around.
In studies related to productivity, Griliches (1987) shows that R&D
activities can explain 75% of productivity growth rates. Benavente (2006), Alvarez et al. (2010) and Crepon et al. (1998) show that
R&D expenditures are positively related to firm size, market share and diversification, and they find a positive correlation between
productivity and higher innovation performance. In a similar study
for Italy, Parisi et al. (2006) demonstrate that the innovation process
has a positive impact on productivity and that R&D expenditures
are strongly and positively related to the likelihood of introducing
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new products in the market. Thus, they conclude that R&D affects
productivity growth because it facilitates the understanding of new
technologies.
Therefore, based on previous results, there appears to be a consensus
regarding the positive impact of innovation on economic progress
and productivity. Since managers know the crucial role of innovative
technology knowledge in firm performance and economic growth,
they have put much effort into protecting it. In fact, according to
OROPO (2015), in June 2015, there were approximately 20 million
patents in the world. However, patenting does not imply receiving
benefits from the innovation since companies do not use the most of
their patents. For instance, a survey made by the Japan Patent Office shows that more than 60% of Japanese patents are not used at all,
while 30% are used internally and almost the 10% are licensed (JPO,
2004). Given the great number of unused patents and the cost that
that implies, companies have shift to a more open model of innovation, whereby they can buy the technology that they need to push
forward the innovative process, or they can sell the patented technology to benefit from it somehow. In that sense, licensing agreements
have become an important way to transfer technology. In particular,
licensing consists of an agreement between the patent holder (licensor) and the other party (licensee), through which the licensor allows
the licensee to make, sell and use the patent without transferring its
ownership through the Markets for Technology (MFT)1 (Granstrand
et al., 1997). Due to technological convergence, increasing interdependence of different technologies, and the resulting need to rely on
diverse technological components for downstream products and services MFT has dramatically expanded in the last two decades providing access to third- party technologies.
Several studies have noticed the increasing trend toward MFT and
have quantified their extension during the last two decades. In particular, Arora and Gambardella (2001) estimate that in the mid- 1990s,
the annual value of transactions in the market for technology was
$25-35 billion in the United States and about $35-50 billion globally.
Robbins (2009) estimates the size of the 1997 worldwide technology
market at about $31.8 billion. Athreye and Cantwell (2005) quantify
the 2000 world technology market at $90-100 billion. A survey by the
British Technology Group (2006) estimates the size of the market for
technology to be $25 billion in North America, $6.6 billion in Europe
and $8.3 billion in Japan. Therefore, at the aggregate level, markets for
technology have grown significantly over the last decades, and they
appear to be most developed in the United States, followed by Japan
and then Europe. There is no such study for Chile.
The development of MFT is important for a country because they
allow the diffusion of innovative knowledge and, thus, offer opportunities to innovate beyond internal R&D and, in turn, to develop
economically. If we follow economic theory, R&D has a positive
effect on the growth of sales and, in turn, on the growth of companies

(García-Manjón & Romero-Merino, 2012). However, sometimes
investing in internal R&D and patent protection is time-consuming,
companies could not have the necessary inventory capacities (e.g. human capital or infrastructure), the financial resources for developing
the product, or the legal capacities to settle patent infringement lawsuits in court. Moreover, maintaining patents over time implies a cost
and, depending on the use that a company makes of the patent, the
cost may be worth it or not. In this sense, licensing-in can facilitate the
process. In general terms, licensing agreements are positive for society since they provide strategic advantages for licensors and licensees.
On the demand side, licensees can benefit from acquiring externally
developed and proven technologies (Atuahene-Gima, 1993); from reducing the risks and costs related to product development (Lowe &
Taylor, 1999); and from adopting more diversified and less integrated
R&D structures (Chesbrough, 2003). On the supply side, licensors increase the possibilities of recovering the investments and generating
revenue from innovations (Arora & Ceccagnolli, 2006; Teece, 1986);
achieving rapid market penetration (Lei & Slocum, 1991); and facilitating the development of complementary products (Shepard, 1987).
Given its advantages, licensing has become the most important option to transfer technology (Anand & Khanna, 2000; Arora & Fosfuri,
2003). In fact, given its significance, the U.S. Department of Justice
has defined markets for technology as “markets that consist of intellectual property that is licensed and its close substitutes” (U.S. Department
of Justice, 1995).
Despite the growth in their use, licensing agreements are still confidential in most countries, and it is not compulsory for companies
to report them as a separate item on their income statements. As a
consequence, innovation at the country level is still measured using
R&D expenditures or the number of patents granted in a given year,
regardless of whether the patents are used and without knowing what
company is using this knowledge. These practices make it difficult to
measure the effect of innovation on a country’s economic development and productivity rate.

3. Literature Review: MFT in Chile
3.1. Actual economic situation in Chile
Although Chile has sustained economic growth over time, in the
last decades, that growth has accelerated, with a primary focus on
the extraction of natural resources, mainly mining (De Gregorio,
2009). However, nowadays, the Chilean economy is facing a deep
slowdown in terms of GDP per capita. Using data from the Central
Bank, Figure 1 shows that between 1980 and 2011, Chile’s per capita
GDP increased steadily. However, over time, the increases became
smaller, so in economic terms, the Chilean economy was actually
slowing down. Moreover, we observe that economic growth was
lower than 3% in the last three years and that the Central Bank’s
projections indicate that the rate will not exceed 4% in the next five
years.

(1) Markets for technology refer to transactions for the use, diffusion and creation of Intellectual Property Rights (IPR).
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Figure 1: GDP per capita PPP (USD, FMI) and growth rate.

(a) GDP per capita PPP

(b) Growth Rate

Source: Own elaboration based on data from the Central Bank of Chile.

In terms of productivity, Bravo-Ortega et al. (2014) find that Chilean
companies that invest more in R&D are more likely to become export
companies and that R&D spending affects productivity in two different
ways: (i) directly and (ii) indirectly through exports. Using data from the
World Bank and Fernández-Arias (2014) for IADB, we estimate the relationship between productivity and expenditures in R&D as a percentage
of the GDP of different countries between 1986 and 2011. Figure 2 shows
the low average productivity of Chilean companies. These results are consistent with those obtained by Benavente (2004) for the period between
1985 and 2000. In particular, we observe the comparison of both estimates in Table 1, where Model 1 corresponds to the model estimated by
Benavente (2004) and Model 2 to the one that we estimated. Finally,
the econometric model can be observed in Equation 1.

Table 1: Results

Source: Authors’ own elaboration based on Benavente (2004) and data from
the World Bank and Fernández-Arias (2014).

Using data from Fernández-Arias (2014), we can observe the productivity of Chile and of other Latin American countries since 1960.
Chile’s productivity decreased by 21% between 1960 and 2011 and by
0.6% since 2000. If we compare Chile with Latin America, we observe
that Chile’s productivity has surpassed the Latin American average
since the 1980s, as shown in Figure 3.
Figure 3: TFP Chile and Latin America (1960 - 2011)

Figure 2: Relationship Between Productivity and R&D Expenditure (1996 - 2011)

Source: Authors’ own elaboration based on data from Fernández-Arias (2014).

Note: Natural Logarithm of the TFP constructed as the average of the natural logarithm of the TFP per year, between 1996 and 2011; data obtained from Fernández-Arias (2014). R&D constructed as the average of R&D as a percentage of GDP
between 1996 and 2011, for the countries and periods for which there was information in the World Bank database.

Source: Authors’ own elaboration based on data from the World Bank and
Fernández-Arias (2014).

Furthermore, using the same data from Fernández-Arias (2014), we can
observe Chile’s productivity as a percentage of the United States’. In Figure 4, we compare it with the average productivity in Latin America
(including Chile), the rest of the world, and East Asia as a percentage of
the United States’ productivity. It is easy to observe that, in all cases, there
has been a large drop in productivity in relation to the United States, with
Latin America the most affected. Chile is currently well above the average
for the region and the world average, but below that of East Asia.
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Figure 4: TFP Chile, Latin America, East Asia and Rest of the World as
Percentage of United States TFP (1960 - 2011).

Finally, Corbo and Gonzalez (2014) estimate the contribution
of TFP to GDP growth in Chile in the last 30 years using data
from the Central Bank and the Instituto Nacional de Estadísticas
(INE) of Chile (Table 2). It can be seen that the contribution is
negative in the last fifteen years, after having had good productivity in the 1990s.

Source: Authors’ own elaboration based on data from Fernández-Arias (2014).

Table 2: Sources of Growth 1987-2011

Source: Corbo and Gonzalez (2014)

Regarding the relationship between innovation and employment,
Benavente and Lauterbach (2008) using data from 1998 to 2001,
show that product innovation positively influences employment in
Chile. Also, Alvarez et al. (2011a), using data from Chilean companies, conclude that product innovation could be positively related to
an increase in employment, independent of the size of the firm. Furthermore, they analyze the relationship between innovation and employment and find that R&D internal expenditures positively affect
employment for both qualified and non-qualified workers. Moreover,
Zuniga and Crespi (2013) analyze the impact of innovation strategies
on the increase in employment in three countries: Argentina, Chile
and Uruguay. In particular, they distinguish three different strategies:
internal R&D only; only buying R&D (licensing in patents or know
how, etc.); and internal R&D and buying R&D simultaneously. They
find that companies with only internal R&D have a greater and significative positive effect on the employment rate, followed by companies that implement a mixed strategy (internal R&D and buying
R&D). In particular, Figure 5 shows the unemployment rate in Chile in the last thirty years, with data from the Central Bank of Chile.
Even though the unemployment in Chile seems to be quite volatile, it
is important to note that the variations correspond to small percentage changes, with a slight downward trend in the last thirty years.
Moreover, unemployment has remained between 5.5% and 7.5% over
the last five years.

Figure 5: Unemployment Rate in Chile (1985-2017)

Source: Authors’ own elaboration based on data from the Central Bank of Chile.

3.2. Actual situation in Chile regarding the development of MFT
In the last three decades, innovation management has become a very
important part of the agenda in developed countries. Governments and
companies have put great effort into acquiring the knowledge and un-
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derstanding to complement the existing indicators of innovation process outputs. Indeed, it is important to know not only the input needed
to innovate—R&D expenditures—but also the output of the innovative
process. For this purpose, the most common indicators at the country
level are: (i) the number of annual patent applications; (ii) annual patent
grants; (iii) annual licensing agreements; (iv) active patents and licenses
(portfolio); and (v) annual licensing revenues (Abud et al., 2013). The
above five indicators will help us to understand the entire innovation
process since the input represented by the R&D expenditures to their
economic implication represented by revenues.
Regarding the innovative input measures at the country level, R&D
expenditures in Chile are low. In fact, Alvarez et al. (2011b) state
that analyzing Chile is interesting because of its delayed development
relative to the rest of the developing countries in terms of initiatives and policies to innovate: Chile’s R&D expenditures represent just

the 0.68% of GDP, a percentage that represents less than 40% of the
OECD average and that situates Chile just ahead of Mexico, Argentina, Poland and Turkey (OECD, 2007). In the same vein, Maloney
and Rodríguez-Clare (2007) offer evidence that Chile suffers from
an R&D investment deficit. In particular, Figure 6 shows the level of
R&D in OECD member countries, divided into public and private
investment in 2001. In that figure, we see that R&D investment in
Chile is half the OECD average. Given this, experts assert that, given
the per capita income level of the country, R&D investment in Chile
should be much higher (Alvarez et al., 2011b). Following the same
path, Cruz (2008) argues that although Chile present a low level of
innovation, the country has been advanced slowly. Finally, Canales &
Álvarez (2017) show that there are obstacles, such as financial restrictions and the low availability of human resources and information on
markets and new technologies, that reduce the likelihood of innovation of Chilean companies.

Figure 6: R&D intensity as a Percentage of GDP (2001)

Source: Benavente et al. (2005)

Regarding the output measures, Chile does not provide comprehensive or comparable information for all of them. Regarding the first and
the second measures—the number of annual patent applications and
the annual patent grants—information is available from the National
Institute of Intellectual Property (INAPI). The number of annual patent applications tripled in the period from 1991 to 2010; in 2009 and
2010, they showed a dramatic decrease, and, after recovering, they
have decreased slightly again in the last two years. In addition, the
number of resident patent applications grew very slowly over time,
averaging 290 applications per year between 1990 and 2017 (Figure 7). In general terms, more than 90% of the applications are from

non-residents in the country, generally from the US and Europe, and
most of the requests come from multinational pharmaceutical firms
and chemical companies (around 60%). This scenario differs from
that in developed countries. In Figure 8, we observe a breakdown
of the applications for patents, industrial designs, utility models and
trademarks. Here, we see that most of the patent and industrial design
applications come from non-residents, while most of the applications
for trademarks and utility models are initiated by residents. Figure 9
shows patents by sector and by the resident vs non-resident classification. Most of the patent (both resident and non-resident) belong to
the chemical and mechanical engineering sectors.
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Figure 7: Evolution of Patents Applications in Chile

Source: Authors’ own elaboration based on data from National Institute of Intellectual Property (INAPI),
Ministry of Economy, Development and Tourism of Chile
Figure 8: Evolution of Patents Applications, Utility Models, Designs and Trademarks in Chile: Resident vs Non Resident

Source: Abud et al. (2013)
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Figure 9: Patents Applications by sector: Resident vs Non Resident.

Source: Abud et al. (2013)

Regarding annual licensing agreements, in Chile, there is the option
for residents and foreigners to register every licensing agreement with
the National Institute of Intellectual Property (INAPI). Registering
the agreement provides the parties involved with some advantages
if they have legal problems with a third party. The records consists
of simple statements in which the parties and the subject matter are
reported, without disclosing the total content of the contract or the
price of the transaction. In 2016, only 7% of the total marginal registration requests received by Inapi corresponded to licenses. Despite
this low number, evidence has shown that more established licensing
agreements exist in Chile than just the ones registered. In particular,
Reyes and Teresa, in a thesis published in 2008, ran a survey of the patents holders, asking them if they have licensed the technology. They
found that while, in 2007, there were just 14 licensing agreements registered, 60 patents holders responded that they had licensed their technology. This method of giving only general information regarding
these contracts is common even in countries in which Markets for
Technology are more developed.
Regarding the active number of patents and licenses, there is no
official site where one can find this information. To the best of our
knowledge, Reyes and Ripamonti (2008) use only an approximate
number. Through their survey of patent holders, they estimate that
the percentage of patents used in Chile are between the 58% and the
78% of the total patents and that the percentage of patents licensed is
between 8% and 24%. Both estimates are within the same range as in
developed countries.
Regarding the last indicator, annual licensing revenues, no study has
tried to estimate this amount. This is due to the low number of licenses registered with the INAPI and the lack of interest in making the
economic terms of these contracts public.

4. Conclusions
Researchers have always been interested on the relationship between
innovation and the main economic indicators. Although it seems
that there is a consensus regarding the positive effect of innovation
on economic development, productivity and employment, it is quite
difficult to analyze the relationship because innovation is measured
by using only an input measure: R&D expenditures. In this paper,
we summarize output indicators to proxy innovation, and we analyze
them in the context of Chile to understand how MFT are developed
there. Regarding the input measure, we show that Chile has always
presented a deficient amount of R&D expenditures. In fact, Chile
R&D expenditures are half the average of the OCDE countries’. Regarding the output measures, Chile does not provide comprehensive
or comparable information for all of them. In particular, we found
information only on the number of annual patent applications and
annual patent grants, available from INAPI, and these indicators are
not very promising. In fact, most of the patent applications and patent
grants have been initiated by non-residents. Regarding the annual licensing agreements, the active number of patents and licenses, and
the annual licensing revenues, Chile has no official indicators and
no official way to record these data. Therefore, we conclude that the
Markets for Technology in Chile are not developed: we could find
no indicators to prove otherwise, and the scarce official information
available shows a serious national innovation deficit.
However, given the fast development of IA and the automatization
era, as well as all the interesting challenges that are facing our societies, companies will need to manage innovation in an effective
way in order to remain competitive in the product market. Even the
more traditional companies will be forced to switch from innovating
strictly through internal R&D to adopting an open approach that
allows them to buy and sell technology in the Markets for Technology.
The extent of the Markets for Technology has dramatically increased in developed countries over the last decades, thus facilitating
the diffusion of technological knowledge. Since licensing has been
the most demanded option for transferring technology, most of the
studies that quantify the development of MFT have focused on the
aggregate quantity of royalties and fixed fees charged in the market.
Therefore, Chile should consider ways to record the data needed
to facilitate research and, of course, the diffusion of the innovative
knowledge that will be necessary to remain competitive.
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