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Abstract

Technological capabilities are of great importance for the social and economic development of a country,
especially in developing countries such as Mexico, and in strategic sectors like agribusiness. Seventy-one
companies from the manufacturing sector of the agri-food industry in the Laja-Baj D region are studied in order
to analyze the internal factors that encourage the development of technological capabilities. A model is proposed
to analyze the variables that influence technological capacity, such as, cultural capital, social capital, information
technologies, investment in R&D, age and size. The results show that social capital, investment in R&D, age and
size are variables that help explain the level of technological capability. This has implications for academia,
business, and the government.
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1. Introduction

Studies on technological capabilities are extremely relevant, not only to industrialized countries but also to
developing ones. This is due to the fact that the environment is forcing companies to develop skills that allow
them to implement technological changes in order to stay competitive. The pressure to improve products and
services (especially from international competition), the macroeconomic environment, and the availability of
ever more efficient and complex technologies are some of the factors that influence the development of
technological capabilities (Lall, 1992).

Contrary to the traditionalist approach, which minimizes the importance of technological development in
developing countries, this study is based on evolutionary theories because: a) they emphasize on learning in
order to generate technical change; b) there are differences between the capabilities of companies to assimilate
the technologies and to generate technological changes; c) differences exist not only at the macro-level, but also
between sectors and companies (Lugones, Gutti & Le Clech, 2007; Bell & Pavitt, 1995; Dosi, 1988).
Evolutionary theories state that “technological knowledge is not shared equally among firms, nor is it easily
imitated by or transferred across firms. Transfer necessarily requires learning because technologies are tacit, and
their underlying principles are not always clearly understood” (Lall, 1992; p. 166). The simple viewpoint
considers that the acquisition and accumulation of capital goods and knowing how to operate that technology has
limited studies on technological capacities in these countries, especially in certain sectors.

The development of technological capabilities is a fundamental pillar for the economic and social development
of a country, because it raise productivity levels, quality, and efficiency in the use of resources, generating
improvements in products and processes, expansion into new markets with more value-added products and
services, all of which enhance the competitive edge of the organization. However, companies face a series of
obstacles before they may improve their technological capabilities; firstly, they must possess a mixture of
resources and skills in order to generate technical change, which are not easy to acquire, transfer nor share (Lall,
1992), and secondly, because technological development implies an economic risk for the companies and the
investment may not lead to the planned benefits (Whitfield, 2012) and may in fact incur hidden costs (costs that
are unlikely to be recovered), which may be a disincentive for innovation.

Due to the fact that companies in developing countries do not have the same level of maturity in their
technological capabilities as their counterparts in industrialized countries, they obtain greater performance
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despite having the same technology because they have reached high levels of efficiency in their operations,
functions and routines (Lall, 1992). As such, the technological capabilities of a company should be analyzed with
a distinct focus to that assumed in developed countries. Technological capabilities should be analyzed based on a
more ad hoc assessment, depending on the context and the industry to which it belongs.

Accordingly, the objective of this study is to analyze the internal factors that encourage the processes of
technological capability development in agri-food companies. The analysis was undertaken at the
microeconomic level, based on resource-based view of the firm, without neglecting the environmental (Note 1)
factors that influence the development of technological capabilities.

The current research is centered on the agri-food industry due to the great importance that it has for the economy
of the Laja-Baj D region of the State of Guanajuato and for the difficulties that have presented themselves in
order to compete internationally. According to the latest census data, the agri-food industry in the Laja-Baj D
region generates 40% of jobs, over 30% of the production, and more than 50% of the inversion in the state
(INEGI, 2009). Even though the agri-food industry has grown in the last ten years, the number of companies has
decreased, and small businesses have not survived new market conditions, increasing the inequality between
subsectors of the industry (Mart i & Estrada, 2011).

Another reason to focus this study on the agri-food industry is the lack of studies on underdeveloped countries
that analyze the technological capabilities of the sector. Dutrénit, Vera-Cruz and Arias (2003) mention that little
attention has been placed on analyzing the factors that stimulate the process of technological capacity
development and that we do not yet understand the differences in technological capacities per industrial sector.
In light of this issue, it is necessary to find the elements that may ignite the development of technological
abilities of the agri-food sector.

This paper is organized into four sections. The first section is an introduction to the issue and the objective of the
study. The second section offers the theoretical foundation of technological capabilities and the hypotheses are
stated. Subsequently, the methodology and measurement of variables are presented. The results and discussion
are shown in the fourth and fifth sections respectively. The paper ends with conclusions drawn from the results.

2. Theoretical Background
2.1 Resource Based View of the Firms

The Resource Based View of the Firm sustains that companies must base their strategies on the resources and
capabilities they possess because they are unique and heterogeneous among companies, and because they are the
basis of sustained competitive advantage (Barney, 1991). Consequently, it is the endowment of resources and
capabilities that explains differences in business results (Rumelt, 1984). Resources are defined as “stocks of
available factors that are owned or controlled by the firm” and capabilities are the “firm’s capacity to deploy
resources, usually in combination, using organizational processes, to effect a desired end” (Amit & Shoemaker,
1993:35). Capabilities are understood as the set of organizational routines and complex patterns of interaction
between people and resources (Grant, 1991) that establish the guidelines for task development, for which there is
a dynamic component in capabilities and also the static component of resources. Not all resources and
capabilities have the potential to generate competitive advantage. Only those resources and capabilities that are
valuable, rare, difficult to imitate and difficult to substitute are the source of competitive advantage (Barney,
1991).

According to Hitt and Ireland (2000), capabilities are generally developed through the transmission and
interchange of information and knowledge between the personnel of the company, resulting in collective learning
in the organization (Prahalad & Hamel, 1990). In this sense, “the ability to use knowledge to develop new
products, services and processes... is essential to the development of technological capabilities” (Zahra,
Neubaum & Larrafieta, 2007:1070). Due to the fact that technological knowledge isn’t easy to imitate, transfer,
or share among companies (Lall, 1992) is considered a strategic resource with the potential to develop sustained
competitive advantage (Barney, 1991), on condition that mechanisms are established to acquire it, spread
awareness of it, and codify it (Zahra et al., 2007). The level of technological knowledge will be determined by
the set of abilities, skills, and experience that the company possesses, combined with industry and market factors
(Lall, 1992).

2.2 Technological Capabilities

Diverse definitions have been used to describe technological capabilities. Kim (1997; p. 86) conceptualizes
technological capacities as “the ability to make an effective use of technological knowledge in efforts to
assimilate, use, adapt and change the existing technologies, which may result in development of technology and
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development of new products and process in response to changing economic environment”. Hobday and Rush
(2007; p. 1341) define it as “the accumulated knowledge, skill experience and organizational base which enable
a firm to acquire, develop and use technology to achieve competitive advantage”.

These definitions state the special importance of the use of knowledge as a central element of technological
capability. The differences in the accumulated body of knowledge of the company, the way in which they use
knowledge and the ways they increase it are fundamental aspects for the accumulation of technological
capabilities. As such, the development of technological capabilities implies the existence of abilities and
knowledge that cannot be explained, recognized or easily (tacitly) transmitted, which implies a process of
learning that requires a conscious effort (Whitfield, 2012). Nonaka and Takeuchi (1995, cited in Mendes &
DuBois, 2012) comment that tacit knowledge should be transformed into explicit knowledge through
conversation mechanisms, evidenced in routines, procedures, manuals, among others.

Learning takes place through three processes; the first, is the acquisition of knowledge from internal or external
sources; the second, is the socialization of knowledge, and the third is the codification of that knowledge. This
implies that individual learning is turned into organizational learning, and that this learning process is what
allows technological capability to accumulate (Figueiredo, 2003).

Other authors focus more generally on the abilities and resources necessary to develop innovative processes and
products. Such is the case of Figueiredo (2002; p. 74) who defines technological capabilities as “resources
needed to generate and manage improvement in processes and production organization, products, equipment and
engineering projects”. Morrison, Pietrobelli, and Rabelloti (2007 cited in Cuero, Un Nabi & Dornberger, 2012)
considered that technological capabilities do not only comprise of technical skills, but also directive, and
organizational skills.

Technological Capability in this paper is understood as the resources needed to generate and manage the
technical change through improving the production capabilities and incremental adaptation of technology (Bell
& Pavitt, 1995).

There are three key kinds of capability: technological (acquire, use, adapt, improve and create new technology),
innovation and absorption (identify, assimilate and exploit new knowledge). As these capabilities have common
elements they are generally studied together, because there is a relationship of containment between them. That
is to say, the capability for absorption is vital for the capability of innovation and subsequently for technological
capability (Lugones, Gutti & Le Clech, 2007). Therefore, talking about technological capabilities (Lugones,
Gutti & Le Clech, 2007) implies that the capabilities of innovation and absorption are already considered.

According to Lall (1992), technological capabilities are categorized by their level of complexity in basic,
intermediate and advanced; additionally, they sustain that the level of technological capabilities depends on three
principle functions: investment, production and networking. Investment capabilities are skills that can allow for
the detection and acquisition of technology in order to create new products and services; production capabilities
are skills that permit using, adapting, improving or innovating the available technology to create new products
and services; production capabilities are skills that allow us to use, adapt, improve or innovate the available
technology and that guarantees the maximum operative efficiency; and, the networking capabilities are skills that
the company has to use the information that it receives from the exterior with the objective to advance its
knowledge.

The level of technological capacity that a company reaches is unequal in its technical functions because
companies tend to develop one function more than the other, given the demands of each industry; as such, each
company maintains a rhythm of accumulation of technological capacities that are very distinct and yet within the
same company, the accumulation is discontinuous at different periods of time (Dutrénit et al., 2003).

Contrary to Lall (1992), Garcia and Navas (2007) propose a typology of technological capabilities as a function
of the evolution of the technology of the industry (exploration and exploitation) and of the evolutionary cycle
(exclusivity and non-exclusivity). Specifically, they identify the technological capabilities of exploration such as
those abilities “oriented towards the permanent development of the incorporation of new knowledge that
assumes the constant redefinition of the current technological trajectory” (183). While technological capabilities
of exploitation imply the ability to use the dominant technology of the industry, and depending on the diffusion
of the technology in the industry, it is classified as exclusive or non-exclusive.

The majority of studies on technological capacities at the business level has centered on analyzing the impact of
the technological capabilities on business performance (Welter, Bosse & Alvarez, 2013; Tsai, 2004; Schoenecker
& Swanson, 2002; Lee, Lee & Pennings, 2001). Such is the case of Ju, Zheng, Yong, and Lu (2013) who
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conducted a comparison of the impact of technological capabilities on the patterns of growth and performance of
448 local and foreign companies in China. This study shows substantial differences in the levels of improvement
and ROA (Return on Investments). Dom fguez and Brown (2004) found a positive correlation between the
technological capabilities and performance through the profit margin and labor productivity. On the other hand,
Krasnikov and Jayachandran (2008) determined that the technological capabilities improve the performance
because it increased product innovation and production efficiency. Only Schoenecker and Swanson (2002) found
that technological capabilities do not impact financial performance of companies.

Other works have focused on analyzing the relationship of technological capabilities with knowledge
management (Zahra, Neubaum & Larrafeta, 2007), with the impact of the turbulence of technology and the
market (Su, Peng, Shen & Xiao, 2013), with innovation (Zheng & Wu, 2010), with branching (entry into new
niches) (Kotha, Zheng & George, 2011) and with the internationalization process (Kuramoto & Kindl, 2012).

A body of research has focused on describing the technological capabilities of specific sectors and countries. For
example, Sénchez, Garc &, Alvarez and Lavm (2013) analyzed the innovation capability of assembly plants in
the electronics sector; Rasiah (2009) describes and compares the technological capability of automotive
companies between Malaysia and Indonesia; and, Brito, Garambullo and Ferreiro (2014) studied the
accumulation of technological capability in the electronics industry in Tijuana, Mexico.

Katz (1986) undertook a study where it was shown that companies from Latin America maintain an active
attitude towards technology, manifested in the ability to adapt, improve, and export technology transferred by
industrialized countries. From these results, diverse works centered on determining the process of technological
capability development (that is to say, how to generate technological capability) based on the study of learning
processes, developing taxonomy that shows the accumulation d of technological capabilities (Figueiredo, 2003;
Lall, 1992; Bell & Pavitt, 1995).

Additionally, research has been undertaken that analyzed the cooperation, as a specific element of technological
capabilities, and its relation to business performance, finding that cooperation impacts productivity (Belderbos,
Carree & Lokshin, 2004), increases the intensity and commitment of R&D, increases the probability of
developing new products (Becker & Dietz, 2004; Surroca & Santamar®, 2007) and helps improve initial
performance of recently created businesses (Baum, Clabrese & Silverman, 2000).

2.3 Conceptual Framework

Given the focus of the studies on technological capability, which have centered on analyzing the impact of the
capabilities in the business performance and in developing taxonomies specific to determined industries, it is
necessary to focus the attention on the factors that accelerate the development of the technological capability of
companies, specifically in sectors of great economic relevance such as agroindustry.

Figure 1 shows the conceptual framework researched. Using the Resources-Based View as a base, the analysis of
cultural capital, social capital, information technologies, investment in R&D and age are proposed as relevant
factors that encourage the development of technological capability at the company level.

Cultural Capital

Social Capital

Technological
Information

< | Technological
Capability

R&D

Age

Figure 1. Conceptual framework
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Figure 1 shows the proposed variables for analysis in the explicative technology capability model.
2.4 Research Hypotheses

Cultural capital is understood as the set of capabilities of the people who participate in the organization,
principally based on their level of education. Cultural capital determines the capacity for analysis, problem
solving, acquire new knowledge and to extrapolate from one field of work to another, undertaking distinct tasks
and proposing new ideas (Contreras, Lé&pez & Molina, 2011). Cultural capital also makes reference to
organizational culture, as it is of vital importance for establishing policy and programs that support an innovation
culture (Alharthey, Rasli, Yusoff & Al-Ghazali, 2013). As Bell and Pavitt (1995) mentioned, specialized
resources, such as qualified human capital, allows increasing efficiency in the use of technology. Thus, the first
hypothesis is as follows:

H1: Cultural capital from personnel positively influences technological capabilities of agri-food industries.

Social capital is another factor that impacts the ways of learning of the businesses and also their technological
capabilities. Social capital is “the combination of resources that are bound to the possession of a sustainable
network of more or less institutionalized relationships...that are linked to belonging to a group, such as groups of
agents that are not endowed with common goods, but are joined by permanent and useful ties” (Bourdieu, 1980;
p. 2). Social capital is a process that does not come about spontaneously, but the relationships based on
confidence and knowledge of the people. According to Julien (2006), social capital is a lubricant to accelerate
interrelations, based on trust, rules, and integrity.

Learning is generated in social relationships of people and their quality depends on the agents involved.
Therefore, “in order to establish a relationship of learning there must first exist a social relationship between
agents that want to learn and that can teach and that depends on the social concretion of the knowledge or
information transfer. In this sense, the transfer of learning is given firstly through social relationships between
people” (Contreras, Arroyo & Ldpez, 2012). Through the relationship network that the company establishes with
the environment (clients, providers, universities, government, research centers, among others) a favorable
environment is created for cooperation in distinct areas, either for sharing information, detect market
opportunities, attend to new needs or combine resources between companies that will result in innovation in
products or processes. Accordingly, the second hypothesis is as follows:

H2: Social capital positively influences technological capabilities of agri-food companies.

The ability to select and use information in an efficient and effective manner is considered a capability with the
potential to generate competitive advantage (Ferguson, Mathur & Shah, 2005). Specifically, Huber (1990)
sustains that technological information allows improving and accelerating the ability for learning and for
acquiring knowledge, being fundamental for the development of technological capabilities. Technological
information are tools that allow: a) concentrate and administer the information generated, b) share information
quickly, ¢) improve operational process and product management, and d) codify the knowledge base.
Technological information also allows better planning and coordination of internal company relationships (Pigni,
Ravarini & Saglietto, 2010), which is where the necessary knowledge is generated to develop technical
improvements in processes and products. Dewett and Jones (2001) found that technological information has
positive effects on organizational innovation because it facilitates the process of collaboration between workers.
These observations suggest the following hypothesis:

H3: The use of technological information positively influences the technological capabilities of agri-food
companies.

The importance that the company places on continually increasing its technological capacity determines the
financial and human resources that are directed towards this objective. Without those resources, an organization
will find it difficult to generate new technology. Diverse authors have found a positive relationship between
investment in R&D and good company performance (Geroski & Machin, 2013; Coad & Roa, 2008; Yasuda,
2005; Cooper & Kleinschmidt, 1996; Chan, Martin & Kesinger, 1990). Nevertheless, other researchers
(Jaruzelski, Dehoff & Bordia, 2005) have obtained ambiguous results as a function of the temporal period of
analysis, of the industry and the country. Subsequently, it is important to evaluate the impact of R&D on the
development of technological capabilities in the agri-food industry. Thus, the hypothesis is as follows:

H4: The investment in research and development positively influences the technological capabilities of agri-food
companies.

Experiences in agribusiness are an important factor for the accumulation of technological skills that with time
develop and improve their skills, which allows them to operate most efficiently. According to Whitfield (2012),
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lack of experience in an industry puts obstacles between the ability to identify key factors for success, using
technology to the max, reaching high levels of efficiency, implementing production practices with international
standards, identifying the tendencies of the consumer as much as competitors. For this, businesses with more
time on the market possess a greater body of accumulated knowledge that is the basis for generating
technological capabilities. Hence, the following hypothesis is:

H5: Age positively influences the technological capacity of agri-food businesses.
3. Method
3.1 Research Methodology

The focus of the research is quantitative, through data collection and analysis the stated hypotheses were tested,
and the factors that determine technological capacity of an organization were determined. This is an explicative
research.

A total of 71 companies from the manufacturing sector of the agri-food industry in the Laja-Baj© (Note 2)
region were interviewed. The companies had the following characteristics: 26% were micro, 33% small, 25%
medium and 16% large. The majority of the companies interviewed had more than 10 years on the market (87%).

The National Chamber of the Transformation Industry (CANACINTRA) in the city of Celaya, Guanajuato,
Mexico, through the Knowledge Consortium (Consorcio del Conocimiento) (Note 3), provided a directory of
approximately 200 companies in the agri-food industry. From this directory, the first contact with the companies
was made via telephone, by email and through visits to their work sites with the objective of concerting
appointments to apply the research instrument. The survey was applied in person or by phone during 2013. The
subjects of the study were the owners of the companies, general managers, and personnel of the companies’
middle-mana3gement.

A multiple regression analysis was applied in order to determine the variables that impact technological
capability in the agri-food sector companies, using the following model:

= o t 3 t 4 T s t 6 + 1)
3.2 Measurement of Variables

Taking as a base the proposal of Lugones et al. (2007), technological capability was evaluated on the basis of
three factors: 1) level of automation of the main production process, 2) technological position compared to the
competition, and 3) number of prototypes and patents registered o in process of registration. Based on said
technological capability criteria, it is classified as advanced, intermediate and basic (Lall, 1992). Evaluating the
technological capabilities implies not only having improved skills in order to use technology more efficiently,
but it implies incorporating changes in a systematic way for which the evaluation of technological capabilities
should include technology acquisition, but above all technical change, evaluated through patents.

Table 1 shows the measurements of the cultural capital, social capital, incorporation of technological information,
investment in R&D, age, and size variables.

Table 1. Measurement of variables

Variables Code Components Definition
Technological TC Automation Level of automated and computerized tool use in the principal
Capability production process.
Technological position Level of technology in relation to principal competitors.
Prototypes & Patents Level of involvement in intellectual property activities.
Cultural Capital CUL Managerial educational level Level of knowledge that a person acquires through a formal
(EDU) education.
Staff training (TRA) Process of training to develop skills that improve performance.
Incentives (INC) Benefits given in order to implement improvements in

processes, equipment, products, creation of new products or
proposing viable projects for improvement.
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Social Capital SOoC Cooperation with  suppliers  Links developed with suppliers in order to achieve long-term
(COoSs) mutual benefit.

Cooperation with clients (COC)  Links developed with the clients in order to achieve mutual
benefit.

Cooperation with Universities Links developed with universities or research centers to

(Couv) achieve mutual benefit.

Incorporation of IT Use of technological  Incorporation of Information Communication Technologies in

technological information (IT) the management of production.

information

Investment in R&D R&D Research &  Development  Budget set aside for research and investigation in technology.
(R&D)

Age of the company AGE Years on the market (AGE) How long the Company has been on the market.

Size of the company Siz Number of employees (S12) Total number of employees that work for the organization.

Table 1 shows the components and definitions of the variables.

4. Results

The principal economic activities that the companies develop in the agri-food business are: elaboration animal
feed; grinding grains and oleic seeds; elaboration of sugar, chocolates, candy, and other similar products;
preservation of fruits, vegetables and stews; elaboration of milk products, slaughtering, packing and processing
meat from livestock and birds; the preparation and packaging of fish and seafood; and, the elaboration of bread
products and tortillas (INEGI, 2007).

Regarding the technological capacity of the companies, data analysis shows that 32% of the companies count on
a high level of automation in their principal productive process, 60% possess a medium level (50% mechanical
machinery and/or automated) and 7% use manual tools in their transformation process. In terms of technological
position of the market, a little more than a third of the companies (37%) thought they had better technology in
their processes in relation to competitors, 42% think that they have similar technology to competitors and only
21% express being at a technological disadvantage in comparison with their competitors. Only 21% have
registered patents, 20% are in the process of registering patents and 53% have developed prototypes. In summary,
technological capacity is basic in 27% of companies, intermediate in 58% and advanced in 15%.

In terms of cultural capital, evaluated by the educational level of the manager, it should be highlighted that 72%
of companies are directed by personnel with bachelor’s degrees and only 13% with technical or other lower
educational level. More than half of the companies (between 52% and 63%) train their workers in machine
management, quality and continuous improvement in processes and products, work organization, security and
hygiene, teamwork and formal education. Around 70% of companies offer incentives to personnel so that they
can improve processes, equipment, and/or products, in order to create new products or to propose new ways to
enhance performance.

The main collaboration that companies have with suppliers is by contracts of post-sale technological assistance
(72%). Only a quarter transfer technology with their suppliers, collaborate with them in order to implement
technological development or design collaborative strategies. In relation to the collaboration with clients, the
majority of the companies did linking activities, with current or potential clients. Of the sample, 90% of
companies formed networks to understand their principle needs, 84% to implement product and process
improvements, 81% for technological development, 75% to transfer technology to clients, and 77% to share
information and to design collaborative strategies. The activities in collaboration with universities or research
centers were less frequent, where only 60% of companies took part; however, of those, 73% maintain strong
links.

The use of technological information is low, and only 25% of the companies use it for production management.
A such, the results show a little more than half of the companies setting aside part of the budget for continuous
improvement activities, research and development. Only a quarter specified the percentage of sales that are
set-aside for R&D.

In relation to the age of the company, 13% had been on the market for less than 10 years, 37% between 11 and
37 years and, half of the companies have been competing for more than 20 years.
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Table 2. Correlation matrix

EDU TRA INC COS COoC Ccou IT R&D Siz AGE TC
EDU 1
TRA 485** 1
INC .381** 411+ 1
COoS ATT** .370%* A483** 1
cocC .200 337** A459** 411 1
Ccou -.022 .280 .438* .318**  .330* 1
IT .184 -.001 -.093 .067 -.245* -.077 1
R&D 482** .164 -.009 .283* -.139 -.017 A494%* 1
SIz .650** .320** .168 458** .092 -.080 387**  595%* 1
AGE .336** .102 .058 .278* 125 -.096 .146 -.213 ,498** 1
TC 570** AT2%* .236 .588** . 292* .078 .169 544**  658** A44%* 1

**The correlation is significant to the 0.01 level. *The correlation is significant to the 0.05 level. Table 2 shows the indices of correlation
between independent and dependent variables.

As far as the correlation indices are concerned, Table 2 shows that the relationship between independent
variables are not so high so they should not distort the statistical meaning and invalidate the model. The
technological capabilities variable has a medium positive and significant relationship with educational level,
training, and cooperation with suppliers, investment in R&D, size, and age of the company. Cooperation with
clients was found to have a significant relationship with technological capabilities, but it is a weak relationship.
Incentives and cooperation with universities is not related to the technological capability of the company.

Table 3. Multiple regression analysis

Variables Model 1 Model 2
Educational Level of Management (EDU) -.088

Employee Training (TRA) .022

Incentives (INC) -.077

Cooperation with Providers (COS) .203**

Cooperation with clients (COC) .129**

Cooperation with universities (COU) -.035

Cultural capital .087
Social capital 174**
Incorporation of ICT (IT) -.163 -114
Investment in R&D (R&D) 426*** .388***
Age (AGE) .008 .010***
Size (S12) .000 .000*
Constant 1.245%** 1.754*
F 7.222%** 14.787***
Prob > F .000 .000

R? adjusted .60 .57
Breush- Pagan .05 51
Prob> 2 .8273 4769
Ramsey Test .35 .09
Prob> 2 .8273 .9663

*** Significance to the 1% level; ** Significance to the 5% level; *significance to the 10% level. This table presents the regression results,
principally showing the coefficients of the variables, the F statistic, the adjusted R square value, the Breush-Pagan and the Ramsey tests.
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Table 3 represents two models. In the first, the components of the social capital and cultural capital variables are
analyzed in a disaggregate way. The results show that 60% of the variation in the technological capabilities may
be explained by the model variables 1. Cooperation with suppliers, clients, and R&D investment all have
positive and significant correlations (p < 0.05). The rest of the variables had no significant relationships. In the
second model, a regression with the social and cultural capital variables explains the 57% of the variation of the
technological capabilities. In this analysis, the social capital, investment in R&D, age and size show positive and
significant coefficients (p <.10)

The Breush-Pagan test was applied to detect heteroscedasticity, given that it is common in cross-sectional data.
There are problems of heteroscedasticity. The Ramsey test is used to detect omitted variables, which supports the
results obtained with the applied regression. The null hypothesis states that the model has not omitted any
variables. At a significance level of 10%, it is found that it is not necessary to include more independent
variables in the model. Model 2 continues to have problems of heteroscedasticity, but this is lower in relation the
previous model. It also passes the Ramsey test at 10% significance.

5. Discussion

This study seeks to identify the internal factors that influence the development of technological capabilities in
the agri-food industry. In the results of both models, cultural capital does not exert any influence on the
technological capabilities of the agri-food companies, and therefore hypothesis 1 is not accepted. Even though
the educational level, training and incentive schemes are important elements that allow us to obtain and improve
the body of knowledge and skills of the personnel in order to apply them to daily functions, they are not
characteristically distinctive between companies of the sector, as they show high levels in their descriptive
statistics.

Social capital turns out to be the internal factor that has the greatest influence on driving technological
capabilities, showing that technological progress is generated through the interaction between users and
technology suppliers when they develop the best proposals for the users, as such generating a dynamic of
continuous adaptation to technology. In the same way, clients play a major role in the modifying, design and
construction processes of greatest value. The above is congruent with Lall (1992) and Bell and Pavitt (1995) in
relation to the dependence of technological capabilities, not only as an investment that the company makes, but
also of their level of linking with external actors, which are those that support the learning process. According to
the above, the second hypothesis is maintained.

Cooperation with suppliers and clients has a greater relevance than cooperation with universities, according to
the results of the first model. The statistics found a low level of networking with universities. Regarding the
above, there are limitations such as the lack of trust, reluctance to share confidential company information, the
level of commitment of the universities, and formalities in the accomplishment of goals, delivery targets and
service continuity (Lpez, L&pez & Molina, 2013). On the other hand, cooperation with universities may acquire
greater relevance when the companies achieve a higher level of technological capabilities, as they may not be
attractive partners for universities to collaborate with until that point. It should be pointed out that the companies
recognize the benefits of collaborating with universities, as those that do maintain strong and active networks.

Regarding technological information, hypothesis 3 is rejected, as it did not result significant in either of the two
models. Although the use of technological information does not help to explain the development of technological
capabilities, it is important to consider that the use of technological information may support those capabilities in
an indirect way that facilitates the management of information and the codification of knowledge. As such, only
a quarter of the companies use technological information, being principally the larger and more economically
solvent companies that are able to invest in it.

Investment in R&D is a factor that helps to explain the level of technological capabilities; therefore, hypothesis 4
is maintained. R&D allows the company to take advantage of knowledge, skills and accumulated experience of
the organization in order to generate better techniques in the products and processes, in such a way as generate
competitive advantage. Although, the designation of resources to R&D activities will depend on the financial
capability and the company culture, it is essential that this activity is present in organizations, as it supports the
development of technological capabilities. Of course, that the only allocation of resources to R&D does not
assures the development of patents or prototypes, as there are other factors that should be present in order to
generate them.

The results show that age positively influences the technological capacity of companies. Therefore, hypothesis 5
is maintained. Young businesses are not as efficient as mature companies because they have not yet learned from
experience and from the development of abilities to improve their production techniques and to operate more
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efficiently. Therefore, with time they have developed the necessary skills to acquire and maximally use the
knowledge that they possess, which are reflected in the greater capability to generate technical change. Finally,
and in relation to the size of the company, it was found that larger companies possess greater levels of
technological capacities.

6. Conclusions

The objective of this study was to analyze the internal factors that influence the development of technological
capabilities in agri-food companies. The findings show that social capital, investment in R&D, age, and size of
the company are all variables that explain the level of technological capability of the agri-food sector. The
educational level of management and training of personnel, even though it doesn’t help to explain the level of
technological capabilities, there is a significant positive relationship with those capabilities.

The findings have diverse implications for academics, practitioners, and government. The academic implications
of this study advance knowledge with respect to technological capabilities. First, the study supports the existing
knowledge on technological capabilities in the agri-food industry in developing countries, through an
explanatory model of technological capabilities. Second, this model includes the analysis of social capital as a
determinant variable in the study of the technological capabilities, and that few studies have considered as
relevant. Third, the results show the pertinence for propose multivariate models that generate a more complete
vision of the explanatory factors of the development of technological capabilities.

In relation to practitioners, they should consider investing more heavily in R&D in order to use the knowledge
generated in the organization and transform it into innovations and improvements in products and processes. In
addition, companies should be aware of the benefits that cooperation with suppliers and clients bring to
implement new collaborative strategies and to realize technological developments. Once the company has
reached medium levels of technological capabilities, it should try to generate collaborations with universities and
research centers, where a higher technological level is necessary in order to obtain the clear advantages of
networking.

For the governmental sector, it is necessary to develop public policy that support the development of
technological capabilities focused on financing innovative projects, fiscal incentives for the acquisition and
development of technology, training programs and proposals for new support frameworks for external
networking, specifically for the agri-food industry.

Future research should concentrate on studying those factors that impact on technological capabilities, increasing
the size of the sample, applying comparisons between states and industries, and above all, incorporating the
modified variables such as business strategy and the entrepreneurial orientation of the company.
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Notes

Note 1. The strength of institutions, infrastructure, macroeconomic stability, the efficiency of the market of goods,
the financial market, and the labor market are factors that affect the technological capabilities of companies (World
Economic Forum, 2013).

Note 2. The Laja-Baj D region comprises of the municipalities of Apaseo el Alto, Apaseo el Grande, Celaya,
Comonfort, Cortazar, Jaral del Progreso, Santa Cruz de Juventino Rosas, Tarimoro, and Villagran.

Note 3. Association in charge of generating a culture of innovation in companies through networking between
companies, research centers, and universities, through the elaboration of innovation and technology development
projects.

Appendix

This appendix presents the study’s measures for technological capabilities, cultural capital, social capital, R&S,
technological information and permanence in the market.

Section 1. Technological capabilities
a. Characteristics of the main productive process.

b. Technological position of your company in relation to the competition (ahead of the competition, like
most of the companies in the sector, more efficient technology).

c. Intellectual property actions (prototypes, registration of patents, patents registered).
Section 2. Cultural Capital
a. School level of managers and production manager.

b. Training frequency: 1) modern equipment; 2) learn new ways of organizing work; 3) increase the
quality and continuous improvement of processes and products; 4) security and hygiene; 5) teamwork;
6) formal education.

c. Type of incentives that the company uses.
Section 3. Social Capital

a. Frequency of the activities of cooperation with suppliers: 1) Technological assistance after-sales
contracts; 2) transfer of technology to enhance efficiency, quality and local supply; 3) collaboration for
technological development; 4) share information to develop collaborative strategies.

b. Frequency of the activities of cooperation with current or potential clients: 1) meet main needs of the
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customer; 2) participation of clients in the improvement of products and processes; 3) collaboration
with clients on technological developments; 4) technology transfer to clients; 5) share information to
develop collaborative strategies.

c. Frequency of the activities of cooperation with Universities and research centers.
Section 4. Other variables
a. Use of technological information for the production management
b. Percentage of sales allocated to activities of continuous improvement, R&D and innovation.
c. Age of the company
d. Size of the company
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