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Abstract

This paper evaluates the Innovation Stimulus Program (PEIl) in Mexico through its contribution to the Baja California
Regional Innovation System (SRI) between 2009 and 2013. Using additional behavior methodologies, we analyzed the
within-company effect and the network effect, as well as the degree of connectivity and number of interactions between
stakeholders from the worlds of business, science, and government involved in the SRI. The results reveal that by making
funding for innovative projects subject to connections between actors from the realms of business and science, the PEl is
helping fortify the SRI by incentivizing 15% of its interactions.
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INTRODUCTION

The policies enacted through science and technology (S&T) stimulus programs impact corporate competitiveness and
productivity in accordance with the regional structures in place to support science. They are mainly designed to foster
innovation and get innovation into the productive system, although they have a wide array of effects, because each region
is unique.

In 2009, Mexico launched the Innovation Stimulus Program (PEI, in Spanish), encouraging companies that want to be
more competitive and improve their processes and products to interact with Institutes of Higher Education (IHE). This
undertaking has driven learning and prompted major changes within the companies that have taken part, not to mention
had an impact on the Regional Innovation System (SR, in Spanish).

> In 2009, A. Calderon (2009) evaluated the aggregate results of the first PEI, with an emphasis on design, but without
considering the regional aspect. In 2013, the National Social Development Policy Assessment Council (Coneval, 2013)
evaluated the PEI at the nationwide level between 2011 and 2013, although the results were not wholly attributable to the
PEI intervention, because although the approved projects were scientifically and technologically far-reaching, for only
48% of them was it possible to conclude that the support from the National Science and Technology Council (Conacyt)
had been decisive to their success.

In order to take a closer look at region-wide impacts, in this paper, we will analyze the PEI in the time period 2009-2013 in
the Mexican state of Baja California. The idea is to learn about the impacts on companies that participated in the program
and how they reflect back on the SRI, through the creation of knowledge networks between the companies benefiting
from the program and the science and technology structure underlying innovation. The PEI's centralized funding structure
means that each region tries to obtain the highest allocations possible to shore up specific aspects of their development,
such as: productive specializations, innovative vocations, support for clusters, and human resource training for the
disciplines in highest demand (FCCYT, 2006).

Aiming to demonstrate that the PEI does indeed help strengthen the SRI, by incentivizing projects that boost interaction,
in the first section, we review the background of the program, followed by a literature review of the nature of SRIs and the
economic advantages of interacting within a network that give rise to innovative dynamics. In the third section, we
introduce the methodologies to analyze additionality and social networks, which are relevant to studying the conduct and
interactions of companies and the IHEs, and, in the fourth section, we analyze the results, stressing interactions and
connectivity across the network. Finally, we discuss the results and offer our conclusions, underscoring the degree to
which the PEI has truly contributed to the connections in the system.

BACKGROUND

On the Mexican Fiscal Stimulus (EF) Program for Technology Development
and Innovation (DTI) to the Innovation Stimulus Program (PEI)

The Fiscal Stimulus (EF) program in Mexico was born of an initiative from the Mexican Association of Applied Research
and Technology Development Executives (ADIAT) in an effort to increase private investment in domestic research and
development (R+D) spending and tie it to the IHEs (Sanchez, 2008). To do so, they proposed a tax credit of 20% on
annual R+D investment for large companies and 35% for small- and medium-sized enterprises. Nevertheless, the
program did not lead to the expected results, and from the beginning it ended up benefiting large companies, mainly
multinational, in an outsized fashion, as in 2005 they received 60% of the stimulus associated with the program. Its
greatest weakness was its lax rules for which projects could be considered R+D, meaning that on many occasions,
marginal innovations or innovations developed in other countries received support (OCDE, 2010).

Between 2001 and 2006, the number of participating companies grew from 193 to 1,045; the number of projects went
from 679 to 1,616, and the stimulus money granted increased from 416 million to 4 billion pesos, with mainly large and
foreign-capital-funded companies in the automotive, chemical, information technology, pharmaceutical, metal-mechanics,
food, electronics and electrical sectors benefiting, altogether accounting for a little over 80% of the stimulus money



approved in 2006 (Camara de Diputados, 2011). The diagnosis found that Mexican companies were reinvesting little in
research and lacked the human resources needed to do so, so their products were low-productivity and did not have a
direct impact on their international competition. When companies fail to consolidate in the education-science-technology-
innovation chain, their demand for technological innovation and scientific knowledge is very low. This is rooted in
systemic failures of coordination, and the high costs of the innovation system prevent strategic networks and alliances
between companies and IHEs from emerging.

The key recommendations made were to add in new tax credits, but also to set more rules to prevent large and
multinational companies from behaving opportunistically. To do so, the system to evaluate the projects companies
submitted underwent changes, with new methods to validate the information companies provided and give preferential
treatment to MSMEs, further encouraging ties between them and the IHEs, to make the formation of partnerships more
efficient and rapid.

In 2009, the PEI was implemented with the supplementary economic stimuli. The beneficiaries were all of the Mexican
companies enrolled in the National Registrar of Science and Technology Companies and Institutions (RENIECYT), which
are companies that work on Research, Technology Development, and Innovation (RTDI) on their own, in partnership with
an IES, and/or in partnership with national research centers and institutes (Cl).

The PEI is composed of three sub-programs: INNOVAPYME, which supplements investments by micro-, small-, and

medium-sized enterprises with public money;> and INNOVATEC, which incentivizes investment in RTDI for large

companies. Both help companies obtain patents, products, processes, or novel services that will improve their
competitiveness and in so doing foster the competitive advantages of each region or state in the country. And, third,
PROINNOVA, which drives the flow of knowledge across corporate entities of all sizes and IHEs and Cls, and fuels the
creation and maintenance of innovation networks or strategic alliances to develop projects, in knowledge precursor fields
that translate into high-added-value products, processes, or services with a regional, sectoral, and social impact.

The PEl is centrally managed by Conacyt, with support from the Secretariats of Economic Development (SEDECOS) and
the State Science and Technology Councils, which are in charge of releasing the calls for applications, providing
guidance to companies, and organizing and checking up on the assessment process.

Table 1. PEI Support Amounts in Fiscal Year 2013

Percentage of support with respect fo eligible project spending in fiscal year 2013

Individual project IES/CHied project Maximum amount of
support per company
Mode Company size % of company % of company ¥ of IS/ Total
spending spending spending

INowPtME  MSMES 25 40 80 21 millon
INNOVATEC Lorge companies 7 30 75 36 million
PROINNOVA MSMEs Not applicable 65 80 27 millian
Large companies Not applicable 40 80 27 million

Source: 2013 program briefing workshops.

LITERATURE REVIEW

The innovation-systems approach recognizes that innovation no longer exists in isolation, but is rather now part of a
social construct with visible economic effects, in which the knowledge-creating institutions that were heretofore not
recognized in the market in reality facilitate the movement of innovations into the companies that use them (Nauwelaers,
1995).

The constant interaction between supply and demand leads to a feedback process, as part of the supply is influenced on
a daily basis by the demand for knowledge, to incorporate it into different realms of the economy, leading to interactive
learning among the different players involved in the production and exchange of knowledge.

Both approaches aim to involve the actors to participate in the knowledge-creation dynamics. Although the channels of
exchange are open, they are limited because the agents choose how and with whom to relate, based on trust and on their
needs, taking into account risks, costs, and benefits. A networks-vision makes it possible to understand the forms,
channels, and means by which the different members of the system engage in exchanges in the regions, based on social
capital and existing institutional capabilities (Méndez, 2002).

In recent years, regions and the companies based in them have undergone a reconceptualization, because due to the
effects of globalization and market openness, mounting competition has revamped their roles. The debate is open on two
fronts: the first is centered on a company's internal capacity to adapt to new changes, aiming to improve its ability to
innovate in the production process, or its ability to access new markets in unconventional ways, and/or produce new,
improved, and redesigned goods (Maskell and Malmberg, 1999). The latter pays attention to the economic success of
some regions and their increased specialization in international trade, so rather than focusing on companies individually,
the stress is placed on the productive systems in which the companies operate with external bonds and relationships
(Lawson, 1999). The concepts of smart regions or territories that learn are linked to the role of knowledge and collective
learning as strategic resources, where proximity is the relevant factor to generate these dynamics (Audretsch and
Feldman, 1996).

An innovative territory becomes a primary source of resources thanks to decisions and actions that make this possible
(Rozga, 2006); and is characterized by the presence of a specialized productive system, where a good portion of
companies are working on technological innovation. Territories that learn reflect the potential capacity of local actors to



creatively mobilize existing resources, a the result of the knowledge accumulated in private and public, educational, and
research institutions, to foster specialized business and regional partnerships.

In 1979, Z. Grilinches evaluated the contribution of R+D to the total productivity of factors in the economy of the United
States. This study permitted A. Jaffe (1989) to modify the production function to analyze the importance of geographical
proximity in the capture and harnessing of technological externalities, concluding that the existence of research at
universities does indeed have significant effects on dispersion. This, in turn, allowed L. Anselin et al. (1997) to review the
degree of spatial spillover between university research and high-tech innovations in the United States, finding that large
companies are less innovative than those that are not.

Analyzing the drivers of innovative capacity in the regional Spanish R+D system, Baumert and Heijs (2002) concluded
that innovation-generation in a region is positively dependent on the innovative efforts made over the size of technology
businesses, the degree of innovative culture, and existing cooperation. Nevertheless, estimating the connectivity between
Spanish SRIs with a factor and cluster analysis, X. Alberdi et al. (2014) concluded that asymmetric behavior generates
different system failures and justifies the design of tailored corrective measures in each region observed.

In Mexico, E. Santos (2006) evaluated to what degree the fiscal stimulus program generated an additionality effect on
corporations' behavior in R+D activities and collaboration with other enterprises and educational and research institutions.
Their results signal that at the first level, companies exhibited additionality when they developed significant organizational
capabilities; at a second level, it led to lessons learned for selecting projects and better organizing them to diminish time
and costs.

Meanwhile, Calderdn (2009) evaluated the first call for applications by the innovation stimulus program on the immediate
additionality effects on spending on technology research and development at companies, with an emphasis on the impact
of the program on number patent registrations as the indicator of innovation. To do so, the study draws a comparison
between two results for a single company: 7) when the company is exposed to intervention, and 2) when the company is
not. It also compares the performance of participating companies with a similar group of companies that were eligible to
take part in the program but chose not to. These results point to a positive and significant impact on the additionality of
Technology Research and Development Spending (TRDS) in companies with 250 or fewer employees, but with no
additionality on the likelihood of patent filings.

Ruiz (2008) analyzed the creation of innovative environments through productive capacity-building thanks to state efforts,
linking regional environments to international innovation networks built through foreign investment. Thus, the study
concluded that the companies with the greatest capacity to innovate were those with economies of agglomeration, where
the State had contributed to shaping innovative inputs, meaning that a network development scheme would make it
possible to implement them on a wider scale.

G. Ahuja's (2000) pioneering work performed an evaluation of the effect of network relationships on innovative activities at
97 leading companies in the Western European chemicals industry, and concluded that although both indirect and direct
ties have a positive impact on innovation, the indirect ties are an efficient and effective way to maximize network benefits,
because they represent benefits without the cost of maintenance for companies.

U. Canter et al. (2010) evaluated the influence of geographical and cognoscitive proximity on knowledge trickle-down
effects in three SRIs over a three-year time period, finding that an ample regional knowledge base augments knowledge
flows and the incentives for actors to interact with each other.

In Mexico, R. Casas and M. Luna (2001) reviewed the process by which potentially favorable knowledge networks are
built for regional innovation, beginning with public strategies and actions designed to foster collaboration with IHEs. They
conclude that although spaces for innovation are built in geographical proximity to the stakeholders, they can grow to
regional, national, and international dimensions, depending on their degree of connectivity.

METHODOLOGY
Impact Approach

First, we look at the effect of the PEI inside of companies using the additional behavior methodology, and then conduct a
social network analysis to specify the degree of interaction between companies and IHEs and Cls in the regional space
(Lundvall, 2005).

The concept of additionality justifies State intervention in order to furnish sufficient investment to incentivize innovation
projects (Busom, 1991), in light of market failures that inhibit investment due to imperfections in the capital market; the
difficulty involved in appropriating the benefits of innovation because of how easy it is for other companies to copy
innovations; and the high cost of learning facing companies that want to develop new products (Grossman, 1990).

Interaction and coordination across agents within an SRI happens in recognition of the market failings that are inherent
obstacles to the innovation process itself (Heijs, 2012). However, governmental leverage can go beyond merely offsetting
low private-sector investment in R+D (Griffiths, 2012) and can actually seek to change the behavior of the agents so that
they interact more and better (Larosse, 2011).

Stimulating the SRI generates regional social capital that helps forge bonds and shared rules that facilitate interaction
within and across groups (Schuller, 2005). As a consequence, the most significant additionality effect in an SRI is the
fostering of collaboration across companies, governmental agencies, IHEs and Cls (Falk, 2006), via effects on
investment, engagement, and competitiveness (Mungaray et al., 2013).

Data Sources

The minutes of the State Evaluation Subcommittee (SEE, in Spanish) of the PEI in Baja California, Mexico were used to
construct a database for the time period 2009-2013, looking at the projects that were approved in each round of calls for
applications. Only those that had some type of partnership pursuant to the network methodology described here were
considered, leading to a total of 157 projects. The SEE is charged with reviewing the project applications to see if they are



relevant and meet the criteria for quality, implementation, and impact. If they pass, they are sent for evaluation by three
experts chosen from Conacyt’'s Registry of Accredited Evaluators (RCEA). These minutes summarize the information
related to the allocation of funds to finance the program, the scores given by the evaluators, and the amounts approved
per project.

To identify the level of additionality, information was gathered from a sample of 63 beneficiaries (designed with a
confidence level of 95%), to which an electronic survey was administered for each project. To analyze the networks, an
adjacency matrix was constructed to identify the relations between the actors, processed in the UCINET 6 program to find
where networks exist via a graphic construction. This made it possible to identify levels of connectivity and centrality in
the relations, interactions, choices, and structures built by the individuals and organizations to which they belong, making
social capital prevail over human or individual capital (Wasserman and Faust, 1994; Velazquez and Gallegos, 2005;
Souza and Villavicencio, 2011).

ANALYSIS OF RESULTS
Local Research Support Infrastructure

Increasingly, State support for research in Mexico has become centralized in Conacyt’'s federal governmental money
management system. In order to access this money, everyone from state and municipal authorities to universities,
corporations, and individuals must enroll in the RENIECYT.

Research capacity to find innovative solutions to the challenges and problems facing society and corporations is
measured by the number of professional scientists belonging to the National System of Researchers (SNI, in Spanish),
whose quality of productivity is evaluated by their peers. In Baja California, the number of scientists enrolled in the SNI
grew in the time period 2009-2013 by 17%, going from 508 to 609 researchers, and propelling Baja California to eighth on
the national ranking, home to 3.1% of the country’s researchers. Level 3 and the field of physical mathematics grew the

most, with growth rates of 17% and 46%, respectively.’

In 2013, there were 28 IHEs in Baja California offering 194 graduate school programs. Of them, only 82 were recognized
in the National Quality Graduate Program Registry (PNPC): 34 are federal programs run by public research centers and
technology institutes; 45 are housed at the Autonomous University of Baja California (UABC), and only two are private
institutions. As a result, the number of Conacyt grants for quality programs in Baja California grew from 56% to 81% for
master's degrees and fell 13% for doctoral degrees, placing Baja California fifth on the list of number of grants
nationwide.

Between 2009 and 2013, 157 PEI projects were funded in Baja California for a total cumulative amount of 446 million
pesos, putting Baja California in seventh place in Mexico. Of these, 57 projects were in INNOVAPYME, 45 in
PROINNOVA, and 36 in INNOVATEC. The cumulative approval rate was 45% of the proposals, with standout
performance among micro- and small enterprises in the telecommunications, information technology, food and beverage,
agroindustry, and pharmaceutical industries, and among large companies in the aerospace and food and beverage
sectors, with 49%.



Table 2. Research Substrate in Baja California

Year 2009 2010 2 2012 2013

National Science and Technology Instifufions and Companies Registry

Registered headquarters 194 7 29 243 236
Headquarters of private non-profit institutions 5 5 30 3 5
Individuals 19 2 9 19 2
IHES AND IHE CAMPUSES 14 15 1 1 12
Research centers ? ? 2 ? 2
Public odmin. Dept. 3 5 6 ] b
Total 257 320 374 304 307
National System of Researchers

Condidate 83 81 90 96 93
Level 1 263 %2 263 27 315
Level 2 123 124 126 139 148
Level 3 39 39 46 4 53
Total 508 506 526 566 609

Fondos de financiamiento pora CyT

Basic science Projacts 2 26 26 25
Amounts 326 41.8 4.8 474
Sectorl funds Frojects 4 7 7 9 3
Amounts 15.12 9.8 539 357 21
Institutional funds ~ Projacts . 4 . ] 1
Amounts - 7 - 15 255
FORDECYT Frojacts 2 2 2
Amounts 12 54 6.4
FOMIX Projects 7 24 14 13 14
Amounts i 155 82 116 636
PEI Frojacts i) 37 8 34 3
Amounts 72 96 93 85 100
Total Frojacts 89 100 7 87 62
Amounts 178.72 3 282.1 199.1 763.7

Source: reated by the authors using information from Conacyt.

Additionality Indicators
Investment

The factor known as known as project additionality elucidates whether a public policy is truly acting as an incentive for
companies to engage in science and technology activities. The fact that 61% of the projects would have been carried out
anyway with or without governmental support indicates that the public policy was decisive for 39% of the innovation and
development projects. To access the grants, 100% of the companies had to change their original protocols to adapt to the
criteria and rules for technology content, degree of engagement with others, outputs, and project users. Some companies
submitted applications for more than one project, and many would have been performed anyway even without
governmental support, merely as these companies’ response to their priorities and growth strategies, market
diversification, or short-term production problems. Projects that did not end up being carried out were related to long-term
needs that could be postponed.

Networking

The companies with the most projects approved include Honeywell, in aeronautics and the automotive sector, with 20
projects; Argus, Hielo Cachanilla, and Fevisa, with 8 projects each; Skyworks with 7; and SBL Pharmaceutical with 6.
Altogether, there are 157 projects with 189 partnerships, not least because in order to win a grant from PROINNOVA,
applicants are required to present at least one or more partnership with an IHE or CI, which did push 72% of the projects
to improve their engagement with others. This led to the forging of lasting relationships; the facilitation of knowledge
exchange; the creation of more innovative and higher-quality outputs; and the rethinking of processes that help to make
production more efficient. By creating an environment of endogenous innovation born of entrepreneurial initiative and
networking across different agents and the environment in which the innovation process takes place, the SRI is made
ever stronger (Mungaray and Palacio, 2000). Several companies went even further, and opted to invite researchers from
different IHEs or Cls for summer research stays, or even to develop other projects outside of the project grants they
received, as was the case of Skyworks.

Interaction with researchers and students

Seventy-two percent of the projects received support from an outside researcher and the rest were performed using the
company’s own staff. On average, three researchers took part in each project, with a range of between 1 and 12



researchers per project, and a total of 111 researchers participating in performing studies, conducting specific analysis, or
using laboratories. Fifty-eight percent of the projects involved students: 18 undergraduate students in 7 projects, 17
master's degree students in 11 projects, and 5 doctoral students in 3 projects. This participation comes with a dual
benefit: the immediate, because they are able to put their knowledge and training into action. And the medium-term,
because people received training in specialized profiles for the future. It is interesting to note that 35% of the projects
were performed by the public state university, the UABC, while the top-performing private institution was behind 21% of
the projects.

Dissemination

Local or regional conferences were the most frequently-used method of disseminating researcher, either to share project
results or to give updates on how they were developing. These sorts of opportunities are essential to the SRI, because
the flow of information motivates other companies to engage in similar business endeavors and triggers innovation.
Interviews or media reports reach a much wider audience, and help to create a perception among the citizenry as to the
benefits of science and technology for corporate innovation.

Competitiveness

A new product directly boosts corporate revenue in the medium term, after it is launched to market, and helps the
company attain a better market position, whether the product is entirely novel or an improvement over an already-existing
one. Fifty-one percent of the projects resulted in at least one new product thanks to the research, with a range of between
1 and 23 products per project; the spillover effect within the company into new ideas or improvements in other products
leads to synergies that can have even more far-reaching effects.

A new process within a company can prompt at least two effects: 1) raise the level of productivity by changing or
improving how things are done, or 2) lead to savings on man-hours or reduce the amount of inputs used. In both cases,
the cost of the final product is decreased and the products attain a better market position. The survey shows that 114 new
products resulted from the projects. Most companies only obtained 1 new product, but in the most extreme case, one
company developed 23. In 74% of the projects, employment rose or is expected to rise in the future.

Network Indicators

The system is composed of 62 companies, 18 universities, and 6 research centers (14 local and 10 foreign), for a total of
82 actors. The group of companies can be broken down into three categories: 35 micro- and small enterprises, 15
medium-sized, and 12 large. Most of the relationships in the network are two-way, because there are reciprocal
connections between companies and IHEs in the projects with more than one partnership. By making the company the
project coordinator, the projects become centralized in a way that does not encourage IHE-IHE relations, because the
relations only exist separately between IHEs and companies. This corporate weight fragments projects where each
university plays its own role, because each university will only know about a small piece of the larger project they are
working on. This mechanism serves to protect information on the companies' strategies and projects, because even when
they sign confidentiality agreements with the IHEs, there is a natural tendency to put protections in place in light of
scholars' propensity for disseminating knowledge through publication.

Network connectivity

The total number of connections that the PEI could possibly have generated in the time period 2009-2013 was 7,656. Of
them, 65% are between companies, 10% between IHEs, and 25% between companies and IHEs. Given the rules of the
PEI game, which do not incentivize company-to-company connections, the total number of possible connections falls to
2,679, and as such, in the 382 connections made between players taking part in the PEI, the SRI connectivity index in
Baja California amounts to 15%.

The analysis of the coverage of PEI projects approved with respect to the companies enrolled in the RENIECYT produces
a network coverage index of around 8% and 10% per year. Some of the reasons that companies choose a partnership
with an educational institution in particular include trust, reputation, specialization, and the speed of forming the
relationship. A network with many connections means that individuals are highly connected and exposed to more diverse
information (Hanneman, 2002). By having more resources and different prospects for problem-solving, they are able to
mobilize their resources faster.

Figure 1. Analysis of Connectivity of the SRI




Source: Created by the authors with data from the PEL

Table 3. Percentage of Coverage of Companies in Baja California for the PEI 2009-2013

Year Company headquarters Companies % of coverage of Pl with
registered benefitting from PEl respect to RENIECYT

2009 194 15 8

2010 47 20 8

0 19 3 8

012 43 Wi 9

013 130 23 10

Source: (reated by the authors with data from PEl and Conacyt.

The actor with the most connections in the network is the state public university UABC, with 80 connections, which places
it at the center of the innovation system. The other standout case is that of Honeywell, with 14, and Syworks, with 13.
More connections mean more trust and better potential for future relationships with new actors in the network.

Table 4. Connections among Actors Involved

Nom. of actors Number of Normalized

in the range Heto/ Weasure connections connections

1 UABC 80 10.2

1 CETYS 45 57

1 um 18 23

2 CICESE, HONEYWELL 14 1.8

1 SKYWORKS 13 1:F

1 TTESM 10 1.3

4 FEVISA, UAG, ARGLS, U RIVIERA 8 1

3 U. DE MONTEM, HIELO C, 1. T. DE MEXICALI 7 0.9

5 SPERANTUS, CIDESI, BAIA LABS, IPN, C ING. Y DES. IND. 5 0.6

1 MAXMAR, INST DS PUB., U. A. AG ANT. N, ESYSTEMS, CET-MAR, GFO 4 05
LOG MEX, UPBC, ITSON, SBL PHARM, U. POL. DE BC, U. A. DE COAH

7 INNV SISTEM, BUS TODO, PLAMEX, AL Y BIOD, MEGAINNOY, 3 0.4
TARAGDZA, SERV PORT

13 IND MAIZ , ELEVADORES, CIDETEQ, FRUVEMEX, ITT, SMK, GPPPI, ED. 2 0.2

SUP TEC., €5 TECH, ENREMEX, ULTRAKLT, SERENA, FURUKAWA
Source: (reated by the authors with data from the PEL.

Intermediation

The most connected actors have a positional advantage and more options to meet their needs and access more
resources from the network. The fact that UABC has such a high degree of intermediation (36%) makes it a bridge actor,
with more control over information, communication, and the relations between other actors. With the right strategy, this
could continue to grow in the short term.



Table 5. Intermediation Between Network Nodes

Num. Institution Number of pairs of nodes % of infermediation degree
copable of connecting

1 LABC 3467 36
2 CETYS 1787 19
3 um 1607 17
4 SKYWORKS 437 5
5 HONEYWELL 9 4
b CICESE 131 3
7 UPRC 188 3
8 1.T. De Mexicali 152 3
9 LG 200 2
10 PN 180 2
n ITESM 158 2
12 RESTD 146 5

Source: (reated by the authors with data from the PEL.

For a country like Mexico, it is very meaningful for a public state university (UABC) to have such a high degree of
intermediation within an SRI. In the absence of connections between companies, the university can serve as a strategic
bridge for networking among companies, as it is the largest gathering space for the demand for innovation on the part of
corporations. This has made way for graduate projects focused on industry, widely disseminated in developing
economies, where different companies agree to collaborate on training personnel by taking part in joint graduate school
programs, which further raises the level of intermediation (McWilliam et al., 2002). Such is the case of UABC and
Skyworks.

Degree of closeness

The high degree of closeness indicates that the nodes were very much able to connect with the rest of the actors in the
network with little effort, which is an indicator of learning, help, or influence within an SRI (Hanemman, 2002). This is
because IHEs are the group that foster the most nodes with other actors in the network, with 14 nodes, while companies
were located in the middle category, mainly.

It is well known that spatial concentration stimulates both formal and informal communication, facilitating the rapid spread
of information and collective learning as the factors behind the success of regional competitiveness predicated on
continuous innovation. Proximity emphasizes the importance of the agglomeration effect and helps foster shared
practices and facilitate the flow of different types of knowledge as a central aspect of the SRI. IHEs and Cls with a high
degree of closeness create better access to companies in exchange processes and spearhead innovation business,
because they are the biggest promoters of the dynamics of proximity and exchange with companies or IHEs outside of
the SRI.

Table 6. Degree of Closeness of the Nodes in the Network

Number of actors in Actors Degree of ~ Average
the category coseness  closeness
14 UABC, CETYS, UTT, SKYWORKS, HONEYWELL, CICESE, 1. T. DE MEXICALI, High 1.09
SPERANTUS, C5 TECH, FEVISA, SERV PORT, ITESM, UADG, C ING. Y DES.
IND
59 1. POL DE BC, PLAMEX, SERENA, GPPPI, LI RIVIERA, AL Y BIOD, CIDESI, Medium 6.87

BAIA LABS, GPO LOG MEX, UPBC, SBL PHARM, SUKRASOFT, SMK,
GASMART, UR DE MEX, TILE EXPRESS, EMP DE CARN, FURUKAWA, BUS
TODO, WOF SER, 1C3, GRM MA, AERODESIGN, SERVAX, PAGASA, ARGUS,
INN TEC PESG, IPN, INNV SISTEM , ESYSTEMS, ELEVADORES, GRUPO
TRESS, ETCETERA, LIBER D MEX, CRISTAPURO, HIELD C, EMIANORT,
CONEC MOD, ENREMEX, SYPTEL, FLOWER, SAMSUNG, INNOVA ORG,
SAL DE MEX, SAL DE MEX, NIHON, INV HID, CLINICA NUT, BAIAGD,
TARAGOTA, FRUVEMEX, LAB SILANES, OST GUERR, IND MAIZ, ITSON,
HOSF. INF, TB SOL, IDEA3, TEC COM E IDENT, CIDETEQ

15 . DE MONTEM, 1. A. DE COAH, INST OS PUB., MEGAINNDV, U A. AG Low 1.17
ANT. N, ULTRAKUT, ED. SUP. TEC., MEDIMEXICD, ITT, CET-MAR, PROD MAR
BAJA, MAXMAR, L. A. de CHAP, OF DE INV TECN

Source: (reated by the authors with data from the PEL.




DISCUSSING THE FORMATION OF A REGIONAL INNOVATION
SYSTEM (SRI) IN BAJA CALIFORNIA

The proximity term elucidates the innovation process through the links between science and industry and the
relationships between users and producers in the innovation system. This interest in proximity is tied to burgeoning
evidence that technological learning at corporations is a function of the existing conditions in the education system, their
capacity to develop technology, and their ability to network with the local environment (Cimoli, 2000); but above all, their
potential to forge frequent and regular interactions with inhabitants in the area (Nardi and Pereira, 2006). Proximity makes
it possible to form bonds between institutions or individuals that share common spaces, generates dynamics and
relationships with specific interests, and improves actors' local capacity to take initiative in response to events. These
dynamics help actors develop the capacity to learn and, when induced by a catalyst agency, which may or may not be
governmental, make this learning lasting and help it grow over time.

Both J. Ramos (2011) and A. Mungaray et al. (2011) observed that the engagement between institutions of higher
education and the business community are underpinned by greater interaction around useful knowledge that fosters
better connectivity in R+D and augments competitiveness. Although it is not possible to speak of a fully organized SRI in
Baja California yet, in the time period 2009-2013, there was indeed a public policy framework with short-, medium-, and
long-term goals. The State Science and Technology Program (PECyT BC, 2010) is one manifestation of that, and the
Research, Innovation, and Technological Development System of the State of Baja California (SIIDEBAJA) is another, a
mechanism to strengthen intra- and inter-agent connections via economic incentives such as Conacyt's PEI and, to a
lesser extent, local resources. However, the strengths of the region in terms of Cls, IHEs, researchers, the business
sector, and regional science policy act as such because the PEI fosters greater linkages for collaboration among actors
through the research and innovation projects it supports.

Although it would be important to understand total connectivity in all of the ways through which companies, IHEs, and Cls
undertake relationships and exchanges, the results show that the PEI contributes to 15% of the relationships in the SRI.
They can be divided into those that are newly arisen and those that the program is merely reinforcing, where there was
already prior contact, because in some cases, universities and companies are constantly collaborating to present joint
projects in more than one call for applications. What is important about the PEI is that it allows networks to emerge
horizontally in the system, without any one actor being dominant over another, which is beneficial in terms of its
objectives, and keeps negotiation processes open. The foregoing is also very important because it stimulates companies
to access science and technology products through the market without upsetting university autonomy and research
freedom. Due to the prestige of the regional institutions and because they have the staff, infrastructure, and study
program that are pertinent to corporations' needs, most of the links companies forge are with IHEs or Cls located in the
region, and only a very small percentage with external actors.

CONCLUSIONS

Although a good percentage of the projects would have been carried out even without governmental support, compared
to the results of Mungaray et al. (2013), the results of the program have improved, as the percentage of projects that
would have been canceled if they had not received governmental support rose from 18 to 39%. Likewise, the subsidies
awarded to companies changed the perception of ties and the diversification of these ties, encouraging projects to invest
more and pushing them to be more productive. The annual evaluation process drives companies to obtain better results,
either by changing their projects or accepting suggestions for them to improve, or by tracking and evaluating overall
results. Although social arbitrage is a practical way for knowledge to become support for corporate competitiveness,
business sectors unaccustomed to arbitrating their decisions have been slow to accepted it, but they have started to,
thanks to links with the academic sector, which has for a long time arbitrated its projects and outputs.

From the perspective of the SRI in Baja California, the PEI helped companies stay on a technology track in the long run,
because it is well known that it is the first projects that get sacrificed to market or investment uncertainties, while those
that are only short-term would continue anyway without governmental support. A second immediate impact is seen in
improved human capital capabilities thanks to the growth of cooperation networks with other companies and with IHEs
and Cls, which undoubtedly prompt long-term synergies. Being chosen as a company to receive government support for
R+D has a positive impact on a company's corporate image, raises the perception of reliability, and sends signals that a
company is solid and innovative.

The PEI provides the same opportunities to access the network for both large and small companies, leveling the playing
field in terms of the opportunities and benefits of belonging to them. The network structure is open, because new
relationships emerge with every call for applicants, although relationships may repeat if new collaborations arise. In
reality, this policy is solving one of the coordination problems inherent to an SRI, because the network incentivizes the
demand side for companies and the supply side for IHEs, helping both avoid the natural aversion to cost and risk involved
in forging these partnerships.

The relationships that the PEI fosters between companies and IHEs are becoming the most important institutional means
of connectivity for research, because the rules of operation are clear, the objectives are concrete, and the deadlines do
not go beyond the end of the fiscal year. This makes it a fund that is simple to manage in administrative terms and
motivates all parties involved to keep up their ends of the bargain. On the part of the IHEs, researchers make sure they
meet their commitments on time and work hard to make sure that they keep up good relationships with the companies;
stay up-to-date in how to solve problems; create expectations of even higher income for future projects; and make sure
they have a good reputation with Conacyt, which is the main funder of the research. On the part of corporations, they live
up to their roles as project coordinators and want to make sure they have a good reputation with the fund, hoping to
benefit from future calls for applications and to access more funding to innovate in their products and processes.

The PEI has made strides forward in recent years in tracking and overseeing projects, thanks to the implementation of a
platform that manages the information of everyone involved, from the time the project applies for the grant to when it
wraps up, with calendars listing submission deadlines. By keeping strict control over the ways in which and the volume of
resources allocated the PEI makes it possible to grow with more resources. In the future, it will be important to evaluate
and listen to feedback from the first wave of corporate and university beneficiaries to look at the weighted long-term
impact as a function of success attained.



Some topics upon which to reflect, both for the PEI and for the different institutions involved, include company
engagement, as of the 67 that have gone through the program, only 26 (38%) have done so more than once. Why are the
rest not applying to the program a second or third time? Another topic is what is going on internally at the IHEs and Cls:
how is the PEI changing the incentives for research activities and what effect is it having on graduate students?

Observations in the field point to a situation in which innovations are developed without patents or innovations with
expired patents for products meant for new traditional markets; also, that there are entrepreneurial scientists at the
corporations and at the IHEs who have different concepts than the students (Etzkowitz et al., 2000). A third observation is
that there are more interactions than can be measured, because the number of researchers doing business ventures as
individuals at the IHEs is on the rise, and these practices are frequently kept out of sight. As a result, as the number of
PEI projects rises, it creates a positive impact on linkages and technology transfer, but a negative impact on the
competitiveness of some of the graduate students, because in response to higher income from the PEI, some
entrepreneurial scientists do not sustain the SNI; it keeps students around longer who are working for non-academic
reasons, and puts pressure on the length of graduate programs, affecting institutional objectives.

This sort of business venture among entrepreneurial scientists and the burgeoning number of master's degree and
doctoral degree holders in the sciences working at corporations does help generate closer relationships, but in the near
future it could lead to a new competitive relationship between members of the SRI in Baja California. On another note, the
fact that companies are able to engage in dialogue on partnerships through innovation will make the PEI necessary to
support projects between companies that nowadays are not considered. Both processes will forge new synergies that will
drive the SRI to evolve to new levels. For the time being, the evidence of growing collaboration between corporations and
IHEs and Cls in information exchange, service provision, use of infrastructure, research development, or technology
transfer via the PEI indicates that the program has had a positive effect on generating lasting ties and interactions that will
allow the SRI to continue evolving.
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! Autonomous University of Baja California, Mexico. E-mail addresses: moctezuma@uabc.edu.mx; slopez56@uabc.edu.mx; and
munagaray@uabc.edu.mx, respectively.

2 To define industrial-sector companies, the PEI uses the definition from the Secretariat of the Economy, which in Mexico, says that micro-
companies have up to 10 workers and up to 4 million pesos in annual turnover; small companies have between 11 and 50 employees and
annual turnover of up to 100 million pesos; and medium-sized enterprises have between 51 and 250 employees and up to 250 million in annual
turnover (Secretaria de Economia, 2013).

> The National System of Researchers (SNI) distinguishes those scientists and technologists who perform especially quality work, train new
researchers, or shore up their research lines. Depending on the quality and maturity of a researcher’s contributions, the distinctions are divided
into candidate and researcher, level 1, 2, and 3 (SNI, 2017).
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