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Abstract 
Mexico has not performed well in scientific research and innovation despite the fact that investment in 
this field has grown. However, despite this, a part of technological development and innovation is a 
result of the generation of knowledge of higher education institutions (HEIs) and public research 
institutes (PRIs). This productivity can be measured using a bibliometric analysis that takes as an 
information source the international index databases such as Scopus and Web of Science. The other 
part, the consequences of this productivity in technological development and in the innovations 
developed, are not easy to measure. In order to meet this objective, it is necessary to search different 
sources of information, such as industrial protection databases, to construct indicators to measure the 
relationship between knowledge generation and technological development. 

1 INTRODUCTION 

1.1 Problem Statement 
Despite advances in investment, Mexico has not performed well in scientific research and innovation 
and is still far from being considered one of the main countries producing science and technology. 
Faced with this, the need for an appropriate evaluation of the impacts, efficiency, performance and 
contribution of investment in science and technology in public universities is relevant. 

The bibliometric analysis is a methodology that can be used to measure the generation of knowledge, 
which is one of the main activities of the HEIs. For them, the international index databases such as 
Scopus and Web of Science can be taken as sources of information. However, this is only one part of 
the problem, that of measuring the production of knowledge, but it is far from reflecting the impact that 
this research has on technological development and on innovations developed or adopted by regional, 
national and international companies. 

The relationship between knowledge generation and technological development is not easy to 
measure since there are no sources of information or indicators that clearly reflect technological 
development. There are sources of information, such as databases of industrial protection, but they 
are insufficient because none of them measures how many of the inventions become innovations that 
generate social and economic welfare. 

The main objective of this work is to show how the generation of knowledge of Higher Education 
Institutions (HEIs) and public research institutes (PRIs) is translated into technological development 
and innovation. For this we rely on an evaluation, in the period 2009-2015, on the performance of 
Sonoran HEIs and PRIs that have maintained links with Small and Medium Enterprises (SMEs) in the 
state. The selected companies are those that have been supported by the National Council for 
Science and Technology (CONACYT) Innovation Incentives Program. 

Measurement of impacts will allow to provide information to different actors (companies, HEIs, 
government) that supports decision making in the strategic lines each of them wants to develop and 
strengthen. 

The generation of knowledge and technological development, as the crucial vector of economic 
development it is, are closely linked to HEIs. So much so that the innovation ecosystems of the 
regions are sustained by the research and development carried out by HEIs and public research 
institutes (PRIs).  
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1.2 Context of the problem 
Scientific research and development (R&D) and innovation projects play a key role in the technological 
and socio-economic development of countries. Nevertheless, the ability of a country to generate and 
benefit from an innovation policy, depends on planning and pursuing a quite complex system named 
Triple Helix (TH) model, as pointed out recently by the OCDE[1]. This model of innovation system is 
based on a relationship between higher education institutions (HEIs) and public research institutes 
(PRIs), government and business sector (see Figure 1).  

Since its beginning, the TH model had been the basis of several theoretical and empirical studies to 
understand and assess the dynamic of multiple University–Industry–Government relations which is 
assumed to be responsible for creation of knowledge, technology transfer and knowledge 
capitalization.  

The TH model considers that this triad may play significant role in the establishment of innovation 
policies with a strong economic growth and social transformation effects. [2]. But to achieve those 
goals, the TH model requires a significant HEIs transformation, from just being a teaching institution to 
become teaching and research institution, along with novel legislative and specific bylaws to regulate 
the relationship of university, industry or private sector and government. The evolution of academic 
institutions from teaching to research-teaching distinctiveness, started in the late 19th century with the 
founding of the Massachusetts Institute of Technology (MIT) in 1862 and Stanford University in 1891 
[3].  

Since then, the academic activities has been based on highly qualified research groups involved in 
producing innovative knowledge. It was this capability of producing new knowledge that gave these 
universities the power to create new technologies and successfully transfer them to already existing 
industries, which is clearly the case of MIT, or to create new industries (as Stanford has done), with 
significant impact on the regional economic development. The transformation phenomenon 
experienced by HEIs is part of an academic evolution process towards a new development phase 
described as the entrepreneurial university institution, resulting in a coherent teaching, research and 
economic expansion enterprise. The entrepreneurial university allows generating regional economic 
growth and plays a primary, rather than a secondary, social role in the transition from an industrial-
based society to a knowledge-based society [3]. 

In the last twenty years, Mexico has experienced significant progress in this regard, through the 
evolution of its government policies that have been oriented to stimulate and support the triple helix 
model. The main part of these policies are the constitution of funds to financiate innovation projects 
linked to academia, business and government. The administrator and regulatory institution is the 
National Council of Science and Technology (CONACYT). Since 2009 was created the Innovation 
Incentives Program (IIP) to support that type of linked projects. From then until 2013, more than half 
billion dollars have been granted to a total of 2951 projects presented by companies from different 
productive sectors (Fig. 1). 

 
Figure 1. Number of innovation projects and funded amount by CONACYT through Innovation Incentives 

Program from 2009 to 2013. Source: CONACYT, 2013 [4]. 
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The present work seeks to evaluate the performance of higher education institutions (HEIs) and public 
research institutes (PRIs) that have made links with small companies linked through projects 
subsidized by the IIP. At the same time, analyze the impacts achieved in the business sector derived 
from the generation of scientific knowledge and the results eventually transferred to society by the 
institutions. 

2 METHODOLOGY 
The methodological framework is built on the bibliometric analysis of scientific articles published by 
researchers from higher education institutions (HEIs) and public research institutes (PRIs) in journals 
indexed in the Scopus database. The HEIs and PRIs considered are those that have established 
relationships with small companies linked through projects subsidized by the IIP. 

The analysis started by identifying all publication of the HIEs and PRIs faculty members which 
appeared as either first-authored or co-authored and the number of citations to the faculty’s 
publications. Only original peer-reviewed articles were selected. The Scopus databases was used 
because is considered one of the most complete and trustable scientific information databases 
available [5].  

In addition, the generation of patents of these academic institutions is analyzed through searches 
made in the Espacenet database. It is important to mention that only was considered the HEIs and 
PRIs campuses located in the state of Sonora, since some of them are national in scope. 

The information used here was collected directly from primary sources, applying a survey to Sonoran 
SMEs that have benefited from IIP resources. In order to carry out the information collection, an 
instrument was developed that consisted of a structured questionnaire with closed and open 
questions, consisting of 39 questions organized in 5 sections, to be used in the application of the 
survey. The main topics of the questionnaire were: general data, linkage, innovation and technology 
transfer, product identification, and billing and investment. The field operation was carried out during 
the months of May to September of this year. 

3 RESULTS 
The results obtained are presented and discussed in three sections: academia-enterprise linkages; 
generation of knowledge and technological development in HEIs and PRIs, and impacts of the 
linkages on the companies. The first section presents the findings regarding the academic institutions 
that are being linked to the small companies through projects subsidized by the IIP, indicating 
obstacles and areas to improve those linkages. The second section shows which are the institutions 
that in addition to being linked are generating intellectual property through the patent way. The third 
section shows the impacts and capacities that have been improved in small enterprises as a result of 
linkages with institutions through projects supported by the IIP. 

3.1 Academia-enterprises linkages 
The survey shows that local small firms prefer to link with local HEIs and PRIs than those of other 
states (Fig. 2). The Universidad de Sonora (Unison), Instituto Tecnológico de Hermosillo (ITH), 
Universidad Estatal de Sonora (UES), Tecnológico de Monterrey (ITESM) and Instituto Tecnológico 
de Sonora (Itson) are notable for their level of involvement, in terms of number of companies with 
which they have been linked.  (Fig. 3). 

 
Figure 2. Linkage that the SMEs of Sonora have sustained with educational institutions. Source: own 
elaboration based on a survey of companies supported by the IIP from CONACYT in Sonora, 2017. 
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Figure 3. Sonoran educational institutions with which the SMEs have been linked. Source: Idem Fig. 2. 

The companies point out that have been three different types of obstacles in order to carry out 
effective linking activities, identifying among the main ones that the institutions do not respond with the 
desired agility, the lack of information about the services they offer, the lack of infrastructure, among 
others (Fig. 4). In this sense, companies identify some aspects that academic institutions can improve 
in their participation in projects related to the business sector, highlighting the improvement in the 
agility of their procedures, the delivery of results in a timely manner, and improve technical 
performance of their technical personnel (Fig. 5). 

 
Figure 4. Main obstacles that companies declare to be linked to the education sector. Source: Idem Fig. 2. 

 
Figure 5. Aspects that academic institutions can improve in their participation in projects related to the 

business sector. Source: Idem Fig. 2. 
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3.2 Generation of knowledge and technological development in HEIs and PRIs 
Although it is true that the companies benefiting from the economic resources of the IIP indicate that 
they have been linked to the execution of projects in collaboration with 17 academic institutions from 
the state of Sonora, the results of the bibliometric analysis in Scopus indicate that only 9 of them have 
been productive in the publication of scientific articles in indexed journals (Fig. 6). Although in most 
cases academic institutions have shown advances in productivity, Unison, Centro de Investigación en 
Alimentación y Desarrollo (CIAD) and Itson stand out as the ones that have increased their production 
the most. It is observed that in 2009, when the IIP started, there was a slight decrease, but from 2010 
the increases in scientific publications continue. However, when analyzing the proportion in which 
articles have been produced in the period 2009-2015 with respect to the 6 previous years, the 
influence of IIP on this performance is not clearly evident.  

 
Figure 6. Scientific articles published by Sonoran HEIs and PRIs linked to IIP projects. Source: Scopus. 

The analysis of the generation of patents reported by Espacenet shows that of the 17 institutions that 
have had links with small companies through projects supported by the IIP, only two have had 
patenting activity: CIAD and Unison ( Fig. 7). 

 
Figure 7. Patents per year of HEIs and PRIs in Sonora that have been linked to IIP projects.  

Source: Scopus. 
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3.3 Innovation in the small firms 
The results of the survey applied to small enterprises indicate that most of them have made product, 
process, organizational innovations, and about half have also have made innovations in marketing 
(Table 1). Of these innovations, SMEs report that an average of 30% comes from projects linked to 
academic institutions. 

Table 1.  Type of innovations made by SMEs benefiting from IIP support. 

Kind of innovations made No Yes Total 
Shared projects 
with academic 

institutions 

Product 17% 83% 100% 30% 

Process 30% 70% 100% 30% 

Organizational 30% 70% 100% 39% 

Commercialization 48% 52% 100% 22% 

In analyzing in particular each type of innovation that companies claim to have generated, it is 
observed that 37% of product innovations come from projects linked with the support of the IIP (Fig. 
8), while the process innovations that come from this type of projects represent 44% (Fig. 9). Respect 
to organizational innovations, 56% have been generated from IIP projects (Fig. 10), while marketing 
innovations represents a 42% which can be attributed to this linkage scheme (Fig. 11). 

 
Figure 8. Product innovations made by companies as a result of projects related to HEIs and PRIs. 

Source: Idem Fig. 2. 

 
Figure 9. Process innovations made by companies as a result of projects related to HEIs and PRIs.  

Source: Idem Fig. 2. 
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Figure 10. Organizational innovations made by companies as a result of projects related to HEI and PRIs. 

Source: Idem Fig. 2. 

 
Figure 11. Innovations in marketing made by companies as a result of projects related to HEIs and PRIs. 

Source: Idem Fig. 2. 

3.4 Impacts on firms from linkages 
Questioning the companies about linking activity with academic institutions, they pointed out some of 
the obstacles and areas of opportunity mentioned above. However, they also identify positive effects 
from this academia-industry relationship. In terms of capabilities, they highlight new skills to generate 
improvements or development of new products and processes, more collaboration capacity, more 
research and technological capacities, a better use of productive techniques, equipment, inputs and 
components, better preparation for planning and execution of projects, and better investment capacity 
(identification of potential needs) (Fig. 12). 

 
Figure 12. Capabilities that were improved in companies as a result of linking activities associated  

with projects in collaboration with academic institutions. Source: Idem Fig. 2. 
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Enterprises also indicate different types of positive impacts in them, standing out a higher product 
supply, an increase in quality, generation of innovations and intellectual property, and an increase in 
sales (Fig. 13). 

 
Figure 13. Impacts declared by companies as a result of linking activities associated with projects in 

collaboration with academic institutions. Source: Idem Fig. 2. 

4 CONCLUSIONS 
Undoubtedly, one of the most relevant public policy objectives for the government of a country is the 
achievement of tangible results of investment in research and technological development and in the 
mechanisms that drive this development. One of these mechanisms is the promotion of the company-
academia relationship. This study shows that Sonora can be an example that investment for linkage 
can be productive. Although the budget for R & D is rather small compared to developed countries, 
resources destined to the promotion of the academia-company linkage in projects of technological 
development and innovation, have brought evident benefits for the small companies, which have 
benefited from the positive effects on innovation, quality and sales. 

In this process there are still many unfinished goals and unresolved problems (eg, more support for 
academic institutions), but the results indicate that the firm-academia link can be very productive in 
terms of competitiveness and economic development. 

The study identifies, we believe, that there are also obstacles to that relationship, but it is also clear 
that there are areas of opportunity that need to be explored. 
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