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Abstract

Regional and Firm Level Human Capital Effects on the Rate of Innovation in Food
Processing Firms in Canada. By Vahid Omidvar
(Adviser: Derek Brewin')

Maintaining a competitive edge in the food processing sector requires continued
innovation. This thesis explored various factors which might determine innovative
activity within food processing firms in Canada. It included data from the Innovation in
the Food Processing Industry Survey by Statistics Canada. The central theme of this
thesis was to study the effect of different education levels and regional effects on the
probability of innovation in food processing firms in Canada. Using several alternative
probit estimations, this paper found that firm size and market competition scales had a
positive effect on innovation. Rural firms and firms with lower internal or regional

education levels had fewer product innovations but these firms did not appear to have

fewer process innovations.

! Assistant Professor of Agribusiness and Agricultural Economics, University of Manitoba.
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Chapter 1

1.1 Introduction
Solow (1957) argued that economic growth is not caused by conventional

endowments of labor and capital but by changing the quality of labor through advances in
technology and better use of capital. This argument was supported by the rapid economic
growth of the so called Asian Tigers. Lucas (1993) claimed that the rapid economic
growth and development in East Asian countries was not a miracle but a calculated
movement which started years earlier by investing in education of all people regardless of
sex, class and income. These investments have increased the quantity and the quality of
education in these countries and, according to a World Bank’s report (1993), these
investments have caused the cognitive skill levels of secondary school graduates in East
Asian economies to be comparable to or, even higher than, graduates in high-income
countries.

The importance of education and human capital to economic growth has been
brought out in many studies. Lucas (1988) and Solow (1957) developed models that
specify education as a critical force that generates technological progress in any industry.
In these models, education, or more generally human capital, which includes experience
and less formal training, can be viewed as a critical input for innovation and R&D
activities (Van Den Berg, 2001). From these perspectives, education is seen as an
intentional effort to increase the resources needed for creating new ideas, and thus any
increase in education will directly accelerate technological progress by creating new
knowledge.

Human capital has redefined and reshaped the structure of many industries in

advanced countries. In the past, most firms believed that there are two methods that can



ensure continuous profit and future survival in the market. These two methods are:
reducing the costs of production or improving the quality of the products. By reducing
the cost of production, firms compete on price and this will attract new customers. In
addition, by maintaining or improving the quality of product, they can keep their current
customer’s happy which would assure future profitability. Companies discovered that in
order to maintain a competitive edge in the market and attract new customers and
maintain their old customers, they need to innovate regularly (Porter and Stern, 2001).
This implies that human capital and knowledge are key elements in the innovation
process and a major tool for growth (Van Den Berg, 2001).

There is a strong link between human capital and productivity in any industry.
Unlike physical capital which is subject to diminishing returns, human capital may not
have diminishing returns. Through continuous education and learning by doing,
employees can increase their stock of knowledge and even generate externalities by
interacting among each other. This means that human capital in many industries is seen
as part of a continuing cycle of innovation and investment that can generate long term
profitability and growth (Van Den Berg, 2001). In addition, human capital not only
increases the profitability in the firm by inventing new products but it also ensures the
existence of the firm in the future. These characteristics of human capital are the main
force in today's knowledge based economy.

The term innovation has taken on many different meanings over the years
(Verbees and Meulenberg, 2004). Generally, innovation is defined as “a new or
significantly improved product (goods or services) introduced in the firm (Alasia, 2005).”

Innovation can occur at any level of a firm or organization such as: marketing,



manufacturing, research, finance and personal management (Keegan and Seringhaus,
1999).

Verbees and Meulenberg (2004) suggest there are two categories of innovation:
sustaining and disruptive innovation. Sustaining innovations enhance “the performance
of established products, along the dimensions of performance that mainstream customers
in major markets historically have valued”.

Food processing and other agriculture related industries play a critical part in the
rural economy as well as a whole country’s economy (Munnich and Schrock, 2002).
Similar to other industries, innovation in food processing plants plays a very important
role in the economic prosperity of firms. However, innovations in food processing
establishments face formidable challenges in an increasingly knowledge-based economy
and these challenges are caused by many factors. The first factor is globalization and
cheap transportation. In the past, most food processing firms had access to inexpensive
natural resources and relatively low labor costs because they were [ocated in rural areas.
However, with globalization and low transportation costs, these competitive advantages
have declined dramatically (Munnich and Schrock, 2002). The inability to achieve an
appropriate economic scale is another factor that reduces the innovation rate in food
processing firms. It has been reported that large firms can produce more innovation per
year than smaller firms (Rogers, 2004). A lack of modern technology is yet another factor
that reduces the rate of innovation in food processing plants. Shefer and Frenkel (1998)
show that modern technologies do not travel fast enough to rural areas and this would

reduce the rate of innovation in food processing establishments in rural areas. However,



one successful and recognized plan that can increase the rate of innovation is hiring a
more highly educated Iabor force (Munnich and Schrock, 2002).

The emphasis shown by food processing firms to hire an educated labor force is
an indication that they are moving toward a knowledge based economy. The high demand
for an educated labor force is due to the fact that an educated employee is better at
creating, implementing, and adopting new technologies (Benhabib and Spiegel, 1994). In
addition, education enhances one’s ability to receive, decode and understand information
and these attributes allow firms to generate growth by improving methods of production
or creating new products that appeal to greater consumer segments (Lin, 1991). However,
there is little empirical research to confirm the effect of education on the rate of

innovation in the food processing industry (Lopez, 1985).

1.2 Objective

The importance of education is clearly documented in many empirical articles, but
there are not many publications that link the relation between human capital and
innovation in the food processing sector of North America, especially in Canada. Thus, it
is the goal of this thesis to establish a model that highlights the linkages between skill and
innovation in Canada’s food processing sector. Using two surveys, this thesis will try to
show the link between education and the rate of innovation in food processing firms. The
two surveys are the "Survey of Innovation" (Please refer to Appendix A for viewing this
survey) conducted by the Agricultural Policy Research Network at the University of
Saskatchewan in 2005/2006 and the "Innovation in the Food Processing Industry Survey"
(Please refer to Appendix C for viewing this survey) which was conducted by Statistics

Canada in 2003.



Unlike past literature on education and innovation, this paper’s objective is to
study the effect of education on the rate of innovation in the food processing sector in
Canada. This paper aims to discover the effect of education on the rate of innovation by
two methods: one by analyzing the education levels within each firm on the rate of
innovation and secondly, to see the effect of the regional education level on the rate of
innovation in the food processing sector. This thesis addresses two main questions: Do
employees with a master's degree produce more innovations than employees with a
bachelor's degree in food processing plants? The same question can apply to regional
education levels. Do firms located in a region with a high number of individuals with post
secondary education produce more innovation than firms located in a region with a low
number of individuals with post secondary education? This thesis tries to find answers for
these two questions by studying the education levels at the firm and regional level for
Canadian food processing firms.

This thesis also aims to discover the determinants of innovation at the firm level
in the food processing sector. This secondary objective is to understand the functioning of
various regional, industrial and firm variables on the rate of innovation. In addition, this
thesis tries to specify desirable factors and mechanisms to encourage product and process

innovation in food processing establishments in Canada.



Chapter 2: Literature Review

2.1 Education, Human Capital and Innovation
Becker (1993) indicated that training is one of the most important investments in

human capital. Schumpeter (1934) argued that an increase in the stock of human capital
will increase the innovation rate.

The importance of training and human capital on the rate of innovation has been
investigated by many researchers. Baldwin and Johnson (1995), Mincer (1989), Lillard
and Tan (1986) and Bartel and Lictenberg (1986) have clearly stated that the human
capital and education levels play a significant role in determining the rate of innovation in
different sectors. Human capital is the principle element in any innovative activity
because it is an employee's capability, motivation, education and vision that generates
new product or process innovation in manufacturing sectors.

Bound and Johnson (1992) argued that the demand for skilled workers in
developed countries has increased dramatically in the past 30 years and these demands
are driven by a greater pace of skill based technological advance. This pattern was also
observed by Kahn and Lim (1998). These authors suggest that in the last 25 years, there
have been dramatic changes in the way goods are produced by firms. During this period,
firms replaced unskilled workers with more educated employees and highly automated
equipment. This coincides with a lower demand for low-skilled labor in OECD countries.
With the globalization and modernization of many industries, it is not surprising that
demand and wages for unskilled labor have declined sharply in the past few decades
(Berman, Bound and Machin, 1998). Berman, Bound and Machin (1998) suggest that
U.S. real wages for workers with 12 or fewer years of education fell by 26 percent

between 1979 and 1993 and had not recovered by 1998,



The same pattern was observed in Canada. Gera, Gu and Lin (2001) showed that
the wages for skilled workers in Canada increased between 1981 and 1994, However, the
wages for unskilled workers declined dramatically in the same period. Table 1 shows
that unskilled wages in manufacturing in Canada declined by 6.25 percent during 1981-
94, the wages for skilled workers increased by 6.25 percent. The skilled portion of the
labor force was credited with increasing the productivity of the manufacturing sector by
giving it the ability to adapt to technological changes (Khan and Lim, 1998). Baldwin and
Lin (2001) argue that advanced technologies have a wide range of benefits such as:
“improving in productivity, product quality and working conditions, reduction in
production costs associated with such factors as lower labor requirements and mventory,
reduced material and energy consumption, increased equipment utilization and reduced

3

product innovation.” In addition, Gera, Gu and Lin hypothesize a positive relationship
between new technologies and educated workers in Canada and this relationship is shown

in Figure 1.

Table 1 Changes in wage bill share by skill level (percent)

1981 1986 1987 1988 1989 1990 | 1993 | 1994 | Change
81 to 94

All Industries

Unskilled 57.39 | 53.32 53.48 | 54.41 5328 | §53.25 | 50.29 | 50.54 -6.85

Skilled 4261 | 4688 | 4652 | 46.72 | 46.75 | 46,75 | 4941 | 4946 | 6.85

Managers §70 | 1332 | 1322 | 1276 | 13.15 | 12.95 | 1499 | 1565 | 6.95

Professional 9.67 9.83 10.11 9.83 10.39 9.92 | 1228 | 12.59 2.92

Technical 2425 | 26.54 | 23.19 | 23.00 | 23.18 | 23.88 | 22.15 | 2122 | -3.03

Manufacturing
Unskilled 6557 | 62.63 | 63.71 | 65.55 | 64.50 | 6529 | 58.74 | 5932 |~ -6.25
Skilled 3443 | 3737 | 3629 | 3445 | 355 | 34.71 | 4126 | 40.68 | 625
Managers 8.59 11.82 11.65 10.42 10.90 10,22 | 1331 | 14,27 5.68
Professional | 838 | 7.91 8.53 802 | 870 | 840 | 1071 | 9.66 1.28
Technical 1746 | 17.64 | 16.11 | 16.01 | 1590 | 16.09 | 1724 | 16.75 | -0.71

Source: Gera, Gu and Lin (2001)




Figure 1 Raw correlation between changes in skilled wage bill and changes in patent
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Huiban and Bouhsina (1998) studied the effect of the quality of labor on
innovation. They use a linear regression model to evaluate the effect of different
education levels on firms’ innovation rates. They analyze the effect of managers,
technicians, administrative and sales intermediates, foremen and engineers on the rate of
innovation and they conclude that education rates have a positive and significant effect
on the rate of innovation. However, education rates for managers, administrative and sale
intermediates and foremen have a small or no effect on the rate of innovation in the firms.
They argue that this correlation is due to the fact that engineers have acquired the skill
and the knowledge through their formal education and these acquisitions enable them to

play a role in about every case of innovation.



Love and Roper (2001) developed three models to study the relationship between
different variables and the rate of innovation in some Western European countries. The
first model looks at the importance of industry level effects, the second model looks at
the importance of regional factors and the third model looks at the firms’ characteristics
in determining the rate of innovation within the firms. They discover that the employees
with a graduate degree have a positive and significant effect on the rate of innovation.
They showed that an increase in the numbers of the graduate workforce increased the rate
of innovation by 0.46 percent in Germany. The effect of having an employee with a
bachelor degree was negative for the rate of innovation of firms in the United Kingdom
and Ireland.

Mincer (1989) claimed that physical capital and technological changes are more
complementary with skilled labor than unskilled (raw) labor. This means that an educated
worker can deal more "effectively with a rapidly changing environment, or with
temporary disequilibria resulting from technological changes" (Mincer, 1989). The food
processing sector had one of the lowest productivity levels in the U.S. in past decades.
Generally, they hire low skilled labor rather than a more educated labor force. This low
skilled labor cannot deal with new technologies and may not have the resources to
innovate new products or new operation systems. It is not surprising to see this low
productivity Ievel and unskilled labor coincide with a low rate of innovation as estimated
by Baldwin and Johnson in 1995 in the food processing sector in Canada.

Baldwin and Johnson (1995) study the effect of human capital development on
mnovation in small and medium sized firms in Canada. These authors found that training

is closely related to innovation productivity in small and medium size firms in Canada.



Their study finds “strong evidence for the hypothesis that human capital development
facilitated by training is complementary to innovation and technological change”
(Baldwin and Johnson, 1995). In addition, this study finds that training incidence is found
to be closely related to the importance that a firm gives to research and development, the
use of new technologies and many other strategies that are related to innovation. Human
capital that is developed at the firms through training increases the rate of innovation
within the firms, possibly because firms have created a conducive atmosphere for
innovative activities,

Kelly and Hageman (1999) investigate the effect of research and development on
the rate of innovation in different sectors in the U.S. They focus their study on the
number of patents that each worker produces in each industry and their results can be
viewed in Table 2. From this table, it is clear that food and kindred products have the
lowest number of patents produced per worker. These authors also examined the effect of
different attributes of labor such as: the employment in the sector, the fraction of adult
population with four or more years of college education, the mean number of employees
per establishment and the sector’s employment as a fraction of manufacturing
employment in the state on the rate of innovation for 12 different industrial sectors in the
U.S. in 1987. They found that 4 years of post secondary schooling had a positive effect
on 11 out of 12 sectors in improving the rate of innovation. As a result, they concluded
that the education level of the employees in the firms played an important part in
determining the rate of innovation within the firms. In addition, this study showed that

employees with a bachelor degree would increase the rate of innovation.
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Love and Roper (1999) investigate three possible routes by which firms may
obtain ingredients for innovation: training and hiring educated workers, technology
transfer and networking. These authors consider these three models because they strongly
believe that external and internal networks of information and collaboration are the key
elements for successful innovation outputs. The internal network refers to the amount of
education available within the firms and the amount of research and development budget
available to carry éut mnovative activities. These authors argued that external factors
such as sectoral innovation intensity and regional innovation intensity will have some
effect on the rate of innovation in the firms. The results showed that undertaking research
and development in the firm will increase the rate of innovation activity. Surprisingly,
these authors found that firms with a research and development department in the plant
have a lower rate of innovation. Once again, these authors study the effect of graduate
education among workers in the firm on the rate of innovation. This model shows that
increasing the graduate labor force increases the rate of innovation.

Table 2 Number of patents per works in 12 American manufacturing sectors in 1987.

Name Number of patents

Per 10,000 workers
Food and Kindred Products 0.353
Textile Mill products 0.630
Chemicals and aliied producers 0.542
Petroleum and natural gas 0.569
Rubber and miscellaneous plastic products 0.670
Stone, clay, glass and concrete products 0.470
Primary metal (0,923
Fabricated metal products 0.504
Machinery, except electrical 0.526
Electrical and electronic machinery 0.644
Transportation equipment 0.579
Professional and scientific instruments 0.742

Source: Love and Roper (1999)

I



2.2 Location and Innovation
A central issue discussed in the scientific literature is the question whether

geographic boundaries within the country play an important part in determining the rate
of mnovation. Many researches such as: Little and Tries (1996), Gale (1998) and
McGranahan (2002) have studied the effect of rural areas on the rate of innovations in
manufacturing firms in North America. These authors concluded that rural areas mainly
focus on primary production and manufacturing that require low skilled labor, lower
education levels and use older equipment.

Alderman and Davies (1990) show that there are some key regional variations in
determining the rate of innovation in manufacturing sectors. Baptista (2000) establishes a
model with the regional density of technologies close to firms in order to examine the
cffects of the geographical environment on the speed of innovation. This model
concludes that basic research infrastructure and information infrastructure have a positive
and significant effect on the speed of innovation. For instance, having other firms in the
region that have already adopted a technology may increase the rate of subsequent
adoption.

Adutertsch and Feldman (1996) also investigated the rate of innovation in
different geographic regions in the U.S. In their model, they study the effect of natural
resources, scale of production, transportation costs and skilled labor of different regions
on the rate of innovation. These authors discover that coastal states such as California and
New England produce more innovations per year than other states. Silicon Valley in
California is a frontier in developing computers and computer components and New
England is a leader in innovation in heavy machinery and equipment. These coastal states

are also leaders in investment in education in the nation. On the other hand, states that
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generally produce agricultural products in the Midwest and central part of the US create
very few innovations per year and invest less in their people. This lack of investment in
innovation and education in regions with high agricultural production may cause fewer
new product and process innovations in the agri-food sector. This study shows that the
education level of regions with high investments in education has a positive and
significant effect on the rate of innovation.

Feldman and Audretsch (1999) studied the effect of the composition of economic
activity in a geographic region on the rate of innovation within the firms. By using the
United States Small Business Administration Innovation Data Base (SBIDB), they
discovered that the specialization of economic activities within a region does not
necessarily promote innovative output. Clusters of firms within a region did not increase
their rate of innovation. Rather, this study found that “diversity across complementary
economic activities sharing a common science base is more conducive to innovation than
is specialization” (Feldman and Audretsch, 1999). Furthermore, the results in this study
showed that the degree of local competition for new ideas within a region is more
conducive to innovative activities than is a local monopoly.

Shefer and Frenkel (1998) conducted a study to analyze the link between location
and mnovation. They claimed that small cities and rural areas have many disadvantages
compared to urban areas because information and economic activities do not reach these
non-metropolitan areas at a rapid pace. These authors hypothesize that the diffusion of
innovation in space follows a pattern from core regions to a periphery. The rate of
innovation tends to gradually decline in intensity from the heart of a core metropolis

outward. This decline in the rate of innovation is caused by external factors such as: the
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quality of labor sources, “the degree of cooperation and collaboration among firms and
the degree of economies of localization and agglomeration” (Shefer and Frenkel, 1998).
As a result, this study shows that firms located away from the metropolis area will have
lower rate of innovation compared to other firms that are located within the metropolis
area,

Baptista (2000) argued that firms in major urban cities will have a higher rate of
innovation compared to the same firms that are located away from major cities for two
main reasons. First, technicians and employees have more interaction with other
colleagues in the same fields or closely related areas. These interactions enable people to
combine their ideas and use each other’s expertise in order to develop a new product. The
second reason is that firms in major cities have access to a bigger pool of workers with
different capabilities and backgrounds (Baptista, 2000). In contrast, firms in small towns
have access to small numbers of potential workers with limited expertise. This
observation coincides with Bollman’s 1999 study. Bollman shows that 65 percent of
people living in metropolitan areas in Canada (with a core of 100,000 inhabitants or
more) have grade 12 or higher education. However, only 40 percent of the population
living outside metropolitan areas have grade 12 or higher education.

Major cities and urban areas have more resources such as major universities,
research facilities, provincial and federal information agencies and modern laboratories
(Baptista, 2000). These resources can provide the latest information in different formats
to firms, and educated workers in these firms can use these resources in order to invent
new products. Similar arguments were also provided by Munnich and Schrock (2002).

These authors found that firms closer to urban areas have higher productivity rates
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because they are closer to big markets where they can sell their goods and they have
access to better and highly qualified labor markets. This accessibility means that firms
can choose among more competent workers compared to other firms that are located in
rural areas. These reasons explain higher innovative activities in these concentrated
regions.

Sternberg (2000) states that the long-term growth of a business or any region in
highly industrialized nations depends on their ability to continually develop and produce
mnovative products. Furthermore, innovation requires information and knowledge and
these elements are principal factors for successful innovation in a region (Jewkes, Sawers
and Stillerman, 1969). One way to increase the stock of knowledge within any region or
nation is through collective learning (Keeble and Wilkinson, 1999). Collective learning
through local networks enables different participants to combine their information and
knowledge and this enables these agents to better recognize successful market
information and technologies. Therefore, educated workers recognize the importance of
networks in determining the rate of innovation within their own firm and they voluntarily

involve themselves within these networks (Lawson and Lornez, 1999).

2.3 Firm Characteristics and Innovation

2.3.1 Size
Rogers (2004) studied the effect of training and education of both employees and

managers on the rate of innovation in manufacturing and non-manufacturing firms.
Rogers calculates the rate of investment on training in each firm by measuring the
expenditure on formal fraining on full time effective employees and he calls this

coefficient “training intensity”. Training intensity was negative and insignificant in
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explaining the rate of innovation in manufacturing and non-manufacturing firms.
Interestingly, Rogers (2002) discovered that training intensity does not play any
significant role in explaining the rate of innovation regardless of the size of firms. He
measured the effect of training intensity for firms with 1-4 employees, 5-19 employees,
20-99 employees and 100+ employees.

Réder, Herrmann and Connor (2000) claim that firm size has a significant role in
determining the rate of innovations in food processing plants in the U.S. In addition,
Traill and Meulenberg (2002) and Acs and Audertsch (1988) study the effect of firm size
on the rate of innovation in food processing plants in Europe and US, respectively. Traill
and Meulenberg showed that firms with 50 to 99 employees had the highest rate of
innovation among food processing plants in Europe. On average, firms of this size
generally produce 2.13 innovations per year which is 2.87 times higher than firms with 0
to 9 employees. The same pattern is observed in the US. Larger firms (firms with more
than 3500 employees) generally produce more innovation per year than smaller firms
(firms with less than 500 employees).

2.3.2 Ownership

Empirical research studying the effect of ownership structure on the rate of
innovation show mixed results. Criscuolo and Martin (1998) study the effect of different
ownership on businesses in the UK. These authors discover that foreign owned firms
operating in the UK produce more output per worker than UK owned firms. Ortega-
Argiles, Moreno and Caralt (2005) also studied the relationship between ownership and
innovation in firms in Scotland. These authors showed that foreign owned firms had a

lower rate of innovation than non-foreign owned firms. In addition, Traill and
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Meulenberg (2002) studied the nature of ownership (public, private and co-operative) on
the rate of innovation. This study showed that the rate of innovation does not depend on
the type of ownership and all three types have a positive and significant effect on the rate
of innovation.

Hanel (2000) studied the effect of different ownership structures on the
international spillover of technology in Canada. He showed that foreign owned firms do
not contribute significantly to the spillover of technology in Canada. This implies that
foreign owned firms do not have any advantages over Canadian owned firms in
developing new product or process innovations. In addition, Baldwin, Sabourin and
Smith (2003) evaluated the effect of different ownership in the food processing sector in
Canada. These authors argued that “foreign ownership may not only affect whether more
advanced manufacturing technologies are used, but also how effective the technologies
are in terms of generating productivity growth” (Baldwin, Sabourin and Smith, 2003).
2.3.3 Research and Development Budget

Rogers (2002) and Acs and Audretsch (1988) found that R&D expenditures play a
positive and significant effect in determining the rate of innovation. These authors claim
that the more resources devoted to research and development, the higher the rate of
innovation. This claim is also confirmed by Schumpeter’s model (Schumpeter, 1934).
Schumpeter’s model shows that an increase in resources devoted to research and
development would shift the PVI (Present Value of Innovation) curve upward and this
shift, keeping other factors constant, would increase the number of innovations per year.

Rogers (2002) empirical work confirms this. He reports that R&D expenditure has a
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positive effect on the rate of innovation. Acs and Audretsch (1988) also found that an
increase in the research and development budget would increase the rate of innovation.

Harris and Trainor (1995) studied the effect of research and development budgets
on the probability of innovation in a firm. These authors hypothesized that there was a
positive correlation across the firms between research and development budget and
mnovation outputs. Harris and Trainor found that a one percent increase in a research and
development budget would increase the rate of innovation by 1.060 percent. In addition,
they evaluate the effect of expenditure on capital such as machinery, equipment and
building on the rate of innovation. They show that the expenditure on plant, machinery
and building per employee has a positive and significant effect on the rate of innovation
in these firms,
2.3.4 Capital Intensity

De Long and Summers (1993) and Temple and Voth (1998) suggest there are
strong relations between equipment investment and the rate of innovation in many
manufacturing firms. They showed that acquiring the latest technology enabled the firm
to capture the technology content of the new equipment and this expanded the stock of
information available within the firms. Another benefit of new equipment and machinery
is that it enables the firms to expand its stock of knowledge through learning-by-doing on
new machines (De Long and Summers, 1992). These investments help the firm to be
more competitive and have more resources devoted to innovative activity which would
increase the rate of innovation within the firms.

Baldwin and Lin (2001) conclude that advanced technology, machinery and

equipment provide a wide range of benefits for innovative firms. In theory, this capital
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should increase the number of innovations per year because workers’ skills have
increased after working with the modem technology. This increase in the stock of
knowledge within the firms enables workers and innovators to combine more ideas and
tools together in order to develop a new product or a new processing method. In addition,
the availability of the machinery and equipment in the firms have another benefit for
innovative firms because workers are forced to increase the years of their training in
order to work with these modern technologies.

Beaumont and Schorder (1997), Rischel and Burns (1997) and Small (1998) show
that the availability of the latest technology in the firm increases productivity, improves
flexibility, enhances the quality of products and reduces production costs. Firms can
acquire these modern and advanced technologies by either purchasing them in open
markets or inventing them within the firm (Van Den Berg, 2001). The first option
portrays a firm as a follower in the market. These firms usually do not have any
competitive advantages in the market because the inventor of the technologies already
gains the benefit from these new technologies. However, those firms that invent new
technologies within their firm are leaders in the market and these leaders can obtain a
temporary monopoly in the market through ‘creative destruction’ (Schumpeter, 1934).
This implies that inventors have the ability to separate themselves from other firms in the
market and create a market niche (Van Den Berg, 2001). There are many rewards in
obtaining a market niche within the industry. Firms possessing these market niches can
use their surplus profits in upgrading their facilities, expanding their operations and
investing in their employees. Previous sections show that big firms with highly educated

people and modemn technologies have better capabilities to invent new products. As a
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result, a firm that invents a new product or a process inmovation has a better chance in
developing future innovations (Munnich and Schrock, 2002).

In a study conducted by Lo6f and Heshmati (2000), capital intensity had an
insignificant effect on the rate of innovation. In addition, Acs and Audertsch (1988) came
to the same conclusion that capital infensity did not have any effect on the rate of
innovation. The effect of capital intensity on the rate of innovation in Canada is unclear.
Baldwin and Johnson (1995) did not find any relationship between capital intensity and
rate of innovation in small and large processing firms in Canada. However, Baldwin,
Sabourin and Smith (2003) showed that capital intensity plays a significant role in

increasing the labor productivity in food processing firms in Canada.

2.4 Market Competition and Innovation
There are many empirical research studies examining the effect of competition on

innovation. Park and Weliwita (1999) argue that market competition can have positive
and negative effects on the rate of innovation. In addition, Arrow (1962) demonstrated
that the rate of innovation should be much higher among firms in competitive industries
because increased competition fosters a greater incentive for innovation. However,
Remganum (1981) shows that increased competition delays the process of innovation
among many firms.

McNamara, Weiss and Wittkopp (2003) study the degree of competition on the
rate of innovation in food processing plants in Germany. These authors show that
competition has a negative and significant effect on the rate of innovation. McNamara,
Weiss and Wittkopp (2003) argued that firms in highly competitive markets do not invest

in innovation because a product’s life span and product success rate is very short term
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and small in the food processing sector. This implies that product and process innovation
will have lower attainable prices and profits and these innovations will not meet the
performance objectives in the market. In addition, this negative relationship between
market competition and innovation is also shown by a number of authors such as: Cooper

(1982), Maidique and Zirger (1984) and Hultink et al. (1995).
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Chapter 3: Data

3.1 Survey of Innovation
There are three main data sets used in this thesis to analyze the relationship between

education and innovation in the food processing sector in Canada. The first set of data is
obtained from the Survey of Innovation conducted by the Agricultural Policy Research
Network. This survey was conducted in the winter of 2005. In this period, 1200 surveys
were mailed to food processing firms in western provinces of Canada including: British
Columbia, Alberta, Saskatchewan and Manitoba. The response rate for this survey was
12.5 percent and only 44 complete surveys were used in this thesis. The balance lacked
need responses regarding education levels. For the purpose of this survey, innovation is
either a new product or process innovation that is new to the business or new to the

market.

3.2 Innovation in the Food Processing Industry Survey
The second set of data was obtained from the Innovation in the Food Processing

Industry Survey conducted in the winter of 2004 by the Small Business and Special
Surveys Division of Statistics Canada on behalf of the Agriculture and Agri-Food
Canada. The survey covered about 800 establishments. The objective of this survey was
to collect new statistical information on the nature and extent of innovation in the food
processing industry, characteristics of organizational change, and data on restructuring
practices in the food supply chain that support innovation processes and facilitate the

delivery of innovative products and services. For the purpose of this survey, innovation
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was defined as being the first firms to introduce and/or develop a brand new or
significantly improved product or process in North America (Statistics Canada)®.
3.2.1 Target population

The target population for the Innovation in the Food Processing Industry Survey
was all establishments in the North American Industrial Classification System (NAICS)
code 311 Tood Manufacturing' with revenues greater than $1 million per year, NAICS
311 includes: NAICS 3111 Animal and Food Manufacturing, 3112 Grain and Oilseed
Milling, 3113 Sugar and Confectionary Product Manufacturing, 3115 Dairy Product
Manufacturing, 311611 Animal (except poultry) Slaughtering, 311614 Rendering and
Meat Processing from Carcasses, 311615 Pouliry Processing, 3117 Seafood Product
Preparation and Packaging, 3118 Bakeries and Tortilla Manufacturing and 3119 Other
Food Manufacturing. There were approximately 2490 establishments in the target
population (Statistics Canada),
3.2.2 Instrument design

The [nnovation in the Food Processing Industry Survey questionnaire was initially
developed by the Microeconomic Studies and Analysis Division of Statistics Canada and
Agriculture and Agri-food Canada. The Small Business and Special Survey Division
reviewed and revised the questionnaire with input from Agriculture and Agri-food
Canada based on feedback from questionnaire testing with Statistics Canada’s

Questionnaire Design Resources Centre (Statistics Canada).

® The exact wording of the definitions for product and process innovations are listed in Appendix C below.
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3.2.3 Sampling
This survey is a census with a cross-sectional design. In addition, this was a

census of all in-scope companies and the survey frame was built using Statistics Canada’s
Business Register. All companies with the exception of those that participated in
questionnaire testing were surveyed. This maximized the ability to provide revenue,
establishment, regional and NAICS breakouts and to ensure a high level of data quality in
the event of non-response. Prior to the start of the collection period, all companies in the
survey were contacted in order to verify and update the information on the frame as well
as to identify a knowledgeable contact person to complete the survey. This process is
known as ‘pre-contact’. The questionnaire was subsequently mailed to the attention of the
person identified during pre-contact. For those companies for which did not have a
contact person, the questionnaire was sent to the attention of the company without a
contact (Statistics Canada).
3.2.4 Error detection

Questionnaires were initially manually edited and outliers detected as they were
received during collection. A series of edit rules were developed and invalid or
inconsistent entries were corrected using these rules, Telephone follow-up was conducted
for missing entries that could not be manually edited (Statistics Canada).
3.2.5 Imputation

The verification process determined if certain respondents failed to answer certain
questions or that their answers were not consistent. These are partial non responses and in
this case, the missing data were imputed. The data were imputed using a hot deck
technique whereby a donor respondent is selected randomly from a group of respondents

with complete responses and similar characteristics. The characteristics used in this
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survey to establish similarity, as agreed upon by the clients, were the industry code
(NAICS), total income as reported, and the “country of origin of the majority owners”
collected during the survey. If possible, all three characteristics were used to find a donor,
but in certain imputation scenarios only two characteristics, and sometimes only one, had
to be used. The imputation rate for each individual variable varies from 1 to 25 percent
(Statistics Canada).
3.2.6 Quality Evaluation

The Innovation in the Food Processing Industry Survey was the first survey of its
kind collecting data on product and process innovation. Currently there are no published
data comparable to the data collected by this survey (Statistics Canada). It is important to
note that this thesis used un-weighted data to run regressions. In addition, some
observations were deleted from the data set for two main reasons. First, the respondents
did not fill out the survey completely. This meant that the respondents did not answer the
questions in the survey that were relevant for this thesis. Secondly, a link to the Census
Consolidated Subdivision (CCS) region representing the location of the firm was not
always available from the Census of Population. The CCS in the Food Processing
Industry Survey did not always match a CCS in census of population and this caused 45
observations to be deleted from the data set because there was no geographical

information for those particular firms.

3.3 2001 Census of Population
The third data set used in this thesis is the 2001 Census of Population. This census

was used to find the education level in each CCS region and to link each firm to a CCS

code of urban, rural or intermediate. Urban and rural are two dummy variables used in
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models below to see if the location of the firm plays any part in determining the rate of
innovation in the firm. If the firm is located in an urban area, it would receive a 1 and a 0
otherwise. The same method is used for rural with intermediate being the base case. In
this thesis, rural refers to a CCS region with a population living in places of 1,000 people
or less or population living in places with densities of 400 or fewer people per square
kilometer (du Plessis ef al,, 2001). Urban refers to centers with over 100,000 in
population plus all the neighboring municipalities where 50 percent or more of the
workforce commute to that urban core (du P£essis et al., 2001). The term intermediate
refers to the regions that do not meet these definitions for urban or rural locations. In
Canada, the Census of Population is conducted every five years. It provides a snapshot of
the population; its size and geographic distribution as well as its demographic, socio-
cultural and socio-economic characteristics. The data produced are used widely by all
levels of government for policy planning and program administration. Population
estimates based on census counts are used to determine fiscal transfer between levels of

government.
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Chapter 4: Food Processing Sector and Innovation

Innovation plays an important part in maintaining a competitive advantage over
competitors and sustaining ecconomic benefit over long periods of time. Companies and
establishments in the food processing sector understand these concepts and introduce
product and process innovations in order to take advantage of these benefits.

Graph 1 Firms reporting an innovation in Canada 2001 to 2003.

Number of firms

Product Innowation Process innowvation Product & Process Innovation

Source: Statistics Canada, Innovation in the Food Processing Industry Survey

Graph | shows the number of establishments that reported at least one innovation
from 2001 to 2003. 52 percent of the establishments reported that they produced at least
one product innovation and 25 percent reported at least one process innovation.

Graph 2 shows the range of workers that are employed in these food processing
{irms. 33 percent of the establishments in the survey sample reported average
employment between 50 to 199 workers per year and 32 percent of the establishments in
the.survey reported that they employed between 20 to 49 workers per year. Only 4

percent of food processing establishments in survey sample hired 500 or more workers
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per year. In addition, Graph 3 shows the number of employees engaged in research and

development in the establishments. 63 percent of food processing establishments in the

survey sample indicated that on average their research group consisted of 20 workers or
less per year from 2001 to 2003.

Graph 2 Size of firms in survey sample by number of employers, 2001-2003

Number of employers working Food processing plants

Source: Statistics Canada, Innovation in the Food Processing Industry Survey

Table 3 shows different methods used by establishments to develop new products and
process innovations. Most of the establishments in this survey indicated that they use
their own establishment’s laboratory in order to carry out research and development. 32
percent of establishments indicated that they used their own laboratory to invent a new
process innovation and 35 percent of establishments indicated that they use their own
research facilities to produce a new product innovation. The next preferred method in
product innovation is using prototyping scale-up and similar engineering services by their

own establishment to produce a new innovation. 35 percent of establishments indicated
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that they use this method to develop a new process innovation and 28 percent of
establishments indicated that they use this method to develop product innovation.

Graph 3 The number of employees working in (R&D) in firms in survey sample, average
2001-2003

Nuher offimrs

Nurrber of emloyers working in R&D

Source: Statistics Canada, Innovation in the Food Processing Industry Survey, 2003

Table 3 Methods used by establishments to develop new product and process innovation,
Canada, 2001-2003

Category Process | Product
Laboratory based R&D investigation in this establishment 32 35
Laboratory based R&D investigation by parent company outside 6.7 18.5
Laboratory based R&D investigation contracted out by other establishments 10.7 44
Using prototyping, scale-up and similar engineering services 34.8 27.4
Collaborating with other establishments 15.7 14.7
Total 100 100

Source: Statistics Canada, Innovation in the Food Processing Industry Survey, 2003

Table 4 shows the motivations for product innovation in a sub sample of the
survey. Product expansion and market expansion are the main motivations for engaging
in product innovation. 52 percent of establishments indicated that they invest in product

innovation in order to add new preducts to their existing lines of products (Table 4). In
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addition, 58 percent of establishments indicated that increasing their market share is

another driving force for investing in product innovation.

Table 4 Motivations for product innovation in the food processing sector, Canada 2001-

2003
Product Expansion % Market Expansion %o
Replace old product 2.8 Access to new domestic market 26.9
Add new products 61.5 Access to new foreign market 11.2
Create superior products 34.7 | Increase market share 57.7
Not applicable 1 Not applicable 4.2
Total 100 Total 160

Source: Statistics Canada, Innovation in the Food Processing Industry Survey, 2003

Graph 4 shows that the majority of food processing establishments in the
innovative sub sample in Canada use commercial enterprises in arder to develop product
and process innovations. These external sources include: commercial laboratories and
research and development enterprises, universities and colleges, federal and provincial
government research facilities and private research institutions. Surprisingly, government
research institutions are not the most used external source.

Graph 4 External organizations used by establishments to produce new innovation,
Canada, 2001-2003
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Corrymerical Universities Govermament Private
Entaerprise and Tacilities research
Colleges institutions

Source: Statistics Canada, Innovation in the Food Processing Industry Survey, 2003
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Chapter 5: Hypothesis

The main objective of this thesis is to determine the effect of education on the rate
of innovation in food processing plants in Canada. There are secondary objectives in this
thesis; such as, the effect of firm size, ownership, market structure and location on the
rate of innovation but the majority of this thesis will focus on the effect of education.

Previous sections show that the effect of education on the rate of innovation is not
very clear. Some studies find a positive relationship and some studies find a negative
relationship between education and the rate of innovation. However, this thesis will
hypothesis that higher education will have a positive effect on the rate of innovation in
food processing plants in Canada. An educated worker with a bachelor or a master degree
has more skills and expertise and these tools help these workers to combine their past
knowledge in order to develop a new product or process. In addition, an educated worker
is more talented in learning the latest technology which aids the workers in acquiring the
most recent techmiques in innovation. This talent assists the educated workers in
producing innovations by the most effective methods.

Education will have a positive effect on the rate of innovation because an
educated person has better communication skills, interpersonal skills and analytical
reading and problem solving ability. Better communication skills enable the educated
employees to share their ideas with their colleagues and supervisors clearly and
efficiently. In addition, educated workers have better interpersonal skills and these
capabilities enable employees to work more efficiently in groups or by themselves.
Superior analytical reading abilities in educated individuals enables them to read,

understand and use the information presented to them more efficiently. Finally, educated
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individuals can easily understand a problem and find a solution for that particular
problem very quickly and implement that solution by the most efficient means. As a
result, educated employees have more effective resources and are better trained in
developing new innovations.

Education will have a positive effect on the rate of innovation as educated
individuals can increase their stock of knowledge through different means. Schumpeter
showed that increasing the stock of knowledge among individuals will increase the rate
of innovation. Educated individuals can increase their stock of knowledge through
networking, the years that they spend in university or college and belonging to different
professional groups and organizations. In conclusion, this thesis hypothesizes that
education will have a positive effect on the rate of innovation in food processing plants in
Canada.

A secondary objective in this research is to identify some of the firm, market and
regional characteristics that affect the rate of innovation in the food processing sector in
Canada. This thesis will test if establishment characteristics such as: size, the resources
devoted to training, the capital intensity and R&D budget play a role in the rate of
innovation. In addition, the model will include market structure features such as price
competition or product competition importance, as surveyed, determine whether
establishments in highly competitive markets tend to produce more nnovations than
establishments in non-competitive markets (Hanel, 2000). In addition, the location of a
establishment is expected to play an important part in determining the rate of innovation.

This thesis hypothesizes that establishments that are located in rural areas will have a

32



lower innovation rate than establishments located in urban areas because rural areas have

challenges attracting skilled labor and getting their products to market.
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Chapter 6: Theoretical and Analytical Framework’

6.1 A model of costly innovation driven by profits
The models of endogenous technological progress usually model technological

progress as the stream of products Xi, Xo,.....c..o..nn. , Xn , where each new product
replaces the product preceding it because it is in some way superior to its predecessor.
The models generally assume that innovators engage in innovative activity up to the point
where the expected marginal gains from innovation equal the marginal costs of
innovation. Suppose that the market consumes one product, denoted as x;, at time t, and
that the innovator who created x; reaps a profit because the innovation made x, preferable
to X,.;. This latter assumption includes the assumption that all consumers are identical
(they are not distributed all along a downward-sloping demand curve) and that the
markup is marginally less than the increase in value provided by the latest innovation.

In the Schumpeterian environment of creative destruction, profit from innovation
depends on (1) the future profit markup u, (2) the level of production X, which is the total
quantity of the product x,, and (3) the number of days 1 that the innovator can produce
and enjoy the profit markup before her market position is destroyed by a subsequent
innovation. Thus, profit z is equal to:

(Dr=uXz

The level of production depends on how many resources are devoted to

production rather than research and development (R&D) activities. That is, daily

production of x, is directly related to the economy’s total amount of productive factors

? The theoretical part of this thesis was provided by Dr. Van Den Berg’s class notes, University of
Nebraska, 2003
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and resources, R, and inversely related to the fraction of those resourced devoted to
innovation, n. Specifically, the total resources devoted to innovative activity are equal to:
(2)N=nR
Suppose for simplicity, that one unit of resources R produces one unit of output
x;. The total level of production in time t is therefore:
(3} X =(1-n)R
The opportunity cost of innovation is the lost production of product x; caused by

shifting scarce resources to innovative activities.

6.2 The Cost of Innovation (Col)

The rate of innovation in the economy is determined by solving a maximization
problem that takes into consideration the costs of innovation and the expected benefits of
innovation. Innovating establishments must purchase labor and other productive
resources at market prices in competition with the producers of x, who demand those
same resources to eamn a profit producing the most recently-developed product, x;.

The cost of resources will be less, ceteris paribus, the more factor and resources,
R, are available in the economy. And, the cost of resources will be higher, ceferis
paribus, the greater is innovation because total demand for resources depends on the level
of production and the level of innovation. The price of the resource w is therefore some

function of N and R as follows:

(4 w=gN,R)
The process of innovation is normally subject to a high degree of uncertainty.
Devoting resources to R&D activity does not guarantee that something useful will

actually be created, nor is there any neat time schedule that says how long it will take to
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make a new scientific discovery or when the search for a more attractive product will
result in a successful creation. In short, there is a large risk associated with innovative
activities. To make our maximization problem tractable, suppose that new products are
developed according to some process that has a known average outcome that is a function
of the amount of resources devoted to innovative activity. Suppose also that the exact
timing of new products and creations fluctuates randomly around the timing predicted by
the mean of the linear function. Since we are interested in modeling the long-run growth
process, we can therefore solve for the average outcome. A further justification is that
potential innovators can be assumed to have rational expectations, which means that they
predict the future correctly on average. The assumptions of rational expectation permit us
to substitute expected values for future values.

Another simplifying assumption that we make is that each innovator is a perfect
competitor in the market for resources and in the innovative process, and that each
innovator employs resources to the point where marginal profits are zero. Thus, the
economy’s average cost and profit functions are viewed as the marginal functions by
each individual innovator. Note that this assumption also effectively implies that
innovators are risk-neutral and they do not require a premium to induce them to
undertake the inherently risky innovative activities.

Suppose that it takes, on average, § unit of resources to produce an innovation.
We are here assuming that the production function of innovations is linear with respect to
the productive resources, R, employed in innovative activity. The average cost of
innovation, Col, that an entrepreneur expects to incur in generating an innovation is

therefore:
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(5) Col = wp

The more research is undertaken, the more labor and other resources need to be
hired. If the total supply of productive factors and resources are fixed at R, increasing
innovation increases total demand for factors and resources, which drives up the prices of
factors and resources. Hence, the cost of innovation, Col, increases as innovative activity
increases. Figure 2 shows a typical upward-sloping Col curve relating marginal costs of
innovation to the amount of factors and resources used in innovation, N. All other things
equal, the Col curve shifts up if P, the average amount of resources needed to generate an

innovation increases. In general notation, the cost of innovation is:

©)=h{N,R,f)

Figure 2 The Cost of Innovation (Col)

Col(.R)
Col

6.3 The Present Value of Innovation (PVI)

In accordance with equation 1, the expected profit from an innovation is a positive
function of the average markup, u, the amount of output produced, X, and length of time
t that an innovator expects to enjoy the monopoly profit. The length of time t depends on
how fast new innovations are created. Since we have assumed that it takes B units of

resources to generate an innovation, the expected number of innovations, q, is:
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(7 q= (/BN
Figure 3 provides a graphic illustration of the relationship between amounts of
resources devoted o innovation, N, and the average quantity of innovations, g, generated.

It follows from equation 3 that the time that an innovator expects to enjoy his’her profit is

equal to;
E(t)y=1/q=p4/N
Figure 3 The innovation function
g
1/B{N)
®

Y

Expected future profit also depends on the amount of production X, which
competes for the use of resources in R and D. The more resources used for innovation,
the fewer are available for producing profitable products derived from the innovations.
Hence, there are two reasons why the present value of an innovation is inversely related
to N: (1) a higher N reduces the amount of resources available to produce profit-
generating output. An increase in total resources, R, permit more future production X,
which implies that expected profits are positively related to R.

Finally, because innovations require current expenditures on research and
development that must be paid from future profits, expected future profits must be

discounted. The annual discount rate is r; the higher the discount rate, the less is the
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present value of an innovation. In general, the present value of future profit from
innovation, denoted as PVI, takes on the following general form:
(OYPVI=1{u,R,N, p)
PVI declines as more resources are applied to innovative activity, that is, as N
increases. All other things equal, in a rational world profit will eventually diminish the
greater 1s N, and thus the lower is the PVL This function is drawn in Figure 4. Note also

that an increase in u, R or P raises the entire PVI curve. An increase in r lowers the curve.

Figure 4 The Present Value of Innovation (PVI)

PV (u,B,N,1)

6.4 The equilibrium level of R&D activity
Figure 5 combines Figure 2, 3 and 4. The top part Figure 5 combines Figure 2 and

4. The intersection of Col and PVI curves determines the equilibrium N, the amount of
resources that competitive entrepreneurs devote to innovative activity. Then, the bottom
half of Figure 5 is simply Figure 3 turned upside down and conveniently attached along
the horizontal axis that it shares with Figure 2 and 4. The 1/B curve translates N into the
number of innovations. Given the values of the parameters that determine the Col and
PVI curves in the upper half of Figure 5 and the productivity of the innovative process as

given by B, the economy produces q innovations per year.
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Figure 5 Schumpeter Equilibrium Innovation
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6.5 The Effect of Change in R on Innovation

Figure 6 illustrates how a change in R affects shifts in both Col and PVI curves.
For example, an increase in R by increasing the stock of knowledge among workers
through education and training, lowers w, which according to equation 6, shifts the Col
curve down to Coll and thus causes the equilibrium value of N and the number of
innovations to increase to q;. However, an increase of R also shifts up the PVI curve
because an increase in productive resources implies more production of new products
and, therefore, more profit, all other things equal. This effect increases N further, and

thus the number of innovation rises further to gz To clarify, q;, the number of
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imnovations increases as we increase resources, including education, dedicated to research

and development as well as many regional and establishment characteristics.

Figure 6 The effect on Innovation of an Increase in R (Resources)
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Chapter 7: Analytical Models

There are two dimensions regarding the importance of education in any economy.
One dimension of education is the ability to adjust to changing conditions and another
dimension may be the ability to innovate (Nelson and Phelps, 1969). However, unlike
physical capital, the contribution of education on output is not clear. The purpose of this
thesis is to show the effect of education on total output and innovation activities in food
processing establishments in Canada. This thesis has already discussed the relationship
between the numbers of innovations and education level at the end of chapter.
Unfortunately, the number of innovations per firms was not a gednerally available
measure so this thesis uses the rate of innovation (or a binary measure of yes or no to the
question: did you innovate in the last 3 years.)

The general model to explain the rate of innovation in food processing
establishments can be written as:

(10) Pr(y=1]x) = O(xb),

Where y is the probability of innovation within the firm, x is the matrix of
explanatory variables, b is a vector of coefficients of interest (Rogers, 2004). This model
shows that innovation output is related to innovation inducing inputs in each food
processing establishment. However, a general formula can be obtained from equation 10
and this general formula follows as:

(11) Pr(y=1x) = @ (L firm, X fimm, X scctor s , X location)
Where L gm represents the quality of labor factor employed by the firms, X s

represents the structural characteristics of firms and X gecro; represents the sectoral market
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structures and X jocarion represents the regional effect on the rate of innovation (Huiban
and Bouhsina, 1998),

Central to this model is the determination of a firm’s probability of innovation.
This probability of innovation can be represented by:

(A Pr(y=1x) = QO Biu X L fim + B2 2. X irm + Bis 2. X secrer T Pis 3. Location)

In this model, y represents the probability that a firm would produce an
innovation given the explanatory variables. The degree to which the education levels
within the firm affect the rate of innovation is characterized by i where Bj; can be
positive or negative. A positive sign indicates that the higher education level would
increase the probability of innovation and a negative sign means that the higher education
level would reduce the probability of innovation per year, Furthermore, Bj; can have a
positive or a negative sign as well. A positive sign indicates that the firm’s characteristics
such as size, ownership structure and capital intensity within the firms would increase the
number of innovations per year. This can be further clarified by Schumpeter’s model. For
instance, increasing the number of employees within the firm would have a positive
effect on the probability of innovation if it increases the stock of knowledge. This
increase in knowledge would push the PVI curve upward. This shift suggests an increase
the resources devoted to innovative activity, This increase in resources N, in turn, raises
the number of innovation per day to q;.

The same concept can be applied to PBz. When By > 0, the market structure
measures would increase the probability of innovation and when Bis < 0, the market

structure reduces the probability of innovation within the firms. In addition, when Bi3 =0,
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market structure does not have any effect on the probability of innovation. The same
concept can be applied to Bi.

These theoretical models follow the definition provided by Schumpeter’s well-
known definition of innovation. Schumpeter’s (1934) new combinations of productive
means not only provide a formal definition of innovation but also present and identify a
certain number of exogenous variables which are presented in the following section.
Some of these variables have a direct effect on the probability of innovation and some

have a secondary effect on the probability on innovation.
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Chapter 8: Probit Model

8.1 Probit
The probit model represents another type of widely used statistical model for

studying data with binomial distribution. Its “employment in the social science goes back
at least to econometrics in early 1960 (Liao, 1994). In the probit model, the dependent
variable, Y, is assumed to be binary, taking on two values, 0 and 1 (Aldrich and Nelson,
1984). The outcomes on Y are assumed to be mutually exclusive and exhaustive. The
question of interest hinges on the value of the parameter P, the probability that Y equals
one (or P = P (Y = 1)). In addition, the probit model uses the cumulative normal

probability distribution which 1s shown in Figure 7.

Figure 7 The Cumulative Normal Distribution of Probit Model
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Y is assumed to depend on K observable variables, Xi, k=1, ....., K. That is, the

exogenous variables account for the variation in P. This is indicated by:

P=P(Y=1]|X....... Xy, or simply P =P(Y | X),
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where X donates the set of K independent variables (Aldrich and Nelson). This
assumption is analogous to the standard regression model in which exogenous variables
account for the variation in the mean, or expectation, of Y (Aldrich and Nelson).

The Probit model assumes that the data are generated from a random sample size
N, with a sample point donated by i, i = 1 ... N. This assumption requires that the
observations on Y be statistically independent of each other, ruling out serial correlation
(Aldrich and Nelson). Furthermore, in probit model, the independent variable may be
random variables, for example responses to survey questions, or they may be fixed, as in
an experimental setting (Aldrich and Nelson). Probit model requires only that there be no
exact linear dependence among the Xj;‘s. This assumption implies that N > K, that each
Xx must have some variation across observations and no two or more Xi's be perfectly

correlated (Aldrich and Nelson, 1984).

8.2 Maximum likelihood estimation
Probit parameters are typically estimated by a method called Maximum

Likelihood Estimation (MLE) in contrast to ordinary regression models which are
estimated by the method of Least Square Estimation (LSE). MLE and LSE are two
different methods with different objectives (Aldrich and Nelson, 1984). The MLE
objectives can be explained as follows. Let Pi=P (Y;=1 | X;) which means that P (Y;i=0
[X,-) =1 - P;. This implies that the probability of observing outcomes Y is given by P
(Yi|X) = P" (1 = P; )" (Aldrich and Nelson). Furthermore, P;, and thus P(Y | X)
depends on the values of the K coefficients in b. Since the objective is to estimate b, the
probit makes this dependence on b explicit by defining the likelihood function, L (Y ] X,

by =P(Y ] X) (Aldrich and Nelson). If this function were to be evaluated using the sample
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observations on Y and X and a particular numerical value or set of K values for b, it
would yield a number between zero and one which would represent the probability or
likelihood of observing that particular sample Y if the employed value b were indeed the
true value (Aldrich and Nelson). The principle of MLE, quite simply, is to choose an as
estimate of b that set of K numbers say 3, which would make the likelihood of having
observed this particular Y as large as possible.

As a result, the conceptual difference between LSE and MLE is that LSE is
concerned with parameter estimates that yield the smallest sum of squared errors in the fit
between the model and data, while MLE is concerned with picking parameter estimated
that imply the highest probability of likelihood of having obtained the observed sample Y

(Aldrich and Nelson).

8.3 Marginal Effect on the Probability of an Event
The probit model can be written as: Pr(y=1{x) = ®(xb), where ® is the standard

cumulative normal distribution fumction and xb is called the probit score or index (Liao,
1994). Since ®(+), is a function of all the x's, the probit can only compute marginal
effects by assigning certain values to all of the x's. Marginal effects measure the effect of
a small change in the regressors on the standardized probit index associated with the

event.
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Chapter 9: Model specification

There are two models in this thesis. The first model will use the data from Survey of
Innovation by Agricultural Policy Resecarch Network. This model consists of two
equations: product innovation and process innovation.

(13) Pr (Product Innovation =1|x} = & (By + B; Budget + B, Equipment +
B3 Training + B4 Education + fs Institutional + B¢ Other + &,)

(14) Pr (Process Innovation =1}x) = @ (B, + B; Budget + B, Equipment +
B3 Training + B4 Bachelor Degree + s Master Degree -+ &)

These two equations consist of five independent variables including: Budget,
Equipment, Training, Bachelor’s Degree and Master’s Degree. Budget is measured by the
amount of dollars each firm spent on intramural research and development over the three
years surveyed. Equipment refers to the amount of money, measured in dollars, each firm
has spent over the past three years in order to acquire advanced machinery, computer
software or hardware or generally any equipment that was specifically purchased to
produce new or significantly improved products and/or processes innovation.. Training is
the amount of dollars each firm spent in the past three years on internal or external
training for employees. The purpose of training is to increase employees’ capability for
development or introduction of new or significantly improved products and process
innovation. In addition, there are two dummy variables in these two equations and these
dummy variables are: bachelor’s degree and master’s degree. These variables indicate the
answer to the question, "What is the highest level of education among any of the firm's
employees?" Previous research suggests the education level in food processing sectors

will be important. 20 percent of firms indicated that a high school diploma was the
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highest education level within their firms. 62 percent of firms reported that a bachelor’s

degree was their highest education level and only 18 percent of firms had a master’s

degree as their highest education level. In these two equations, high school education was

omitted to prevent perfect correlation between the dummy variables. Table 5 shows these

variables and the unit of measurements.

Table 5 Variables used for survey of Innovation

Variable Dummy Definition Unit of
Variable measurement

Budget No The amount of spending on R&D Dollar

Equipment No The amount of spending on acquiring Dollar

machinery and new technology

Training No The amount of spending on training the staff Dollar

Bachelor Degree Yes The highest education level within the firm Binary

Master Degree Yes The highest education level within the firm Binary

The second model in this thesis will uses the data from Statistics Canada’s

Innovation in the Food Processing Industry Survey. This model consists of three

equations with three dependent variables: product innovation, process innovation and

both product and process innovation. The last equation is simply referred to as

innovations.

(15) Pr (Product Innovation =1[x) = ® (o + o1 Size + oy Ownership + a3 Price
Competition + ¢4 Product Competition + o5 University Facility + o4 Urban -+

o7 Rural + ag High school + ¢y Post Secondary Education + &)

(16) Pr (Process Innovation =1|x) = @ (ug + o Size + o Ownership + a3 Price
Competition + a4 Product Competition + a5 University Facility + og Urban +

o7 Rural + ag High school + ay Post Secondary Education + &)

(17) Pr (Innovation =1jx) = ® (ug + o Size + 0 Ownership + a3 Price Competition + oy

Product Competition + a5 University Facility + ag Urban +
o7 Rural + ag High school + ag Post Secondary Education + &)
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Size in this model refers to the number of employees working in each

establishment, Ownership in this model refers to the majority of ownership of each

establishment. This dummy variable will be 1 if majority ownership is Canadian and 0 if

the establishment is non Canadian. Price competition and product competition are two

dummy variables used to evaluate the affect of market structure on product and process

innovation. University in this thesis is a dummy variable and refers to the collaboration

between food processing firms and local universities and colleges. Urban and rural are

two dummy variables in this model that try to understand if the location of the firm plays

any part in determining the probability of

Table 6 Variables used for the Innovation in the Food Processing Industry Survey model

Variable Dummy | Source of Data Definition Unit of
Variable measurement
Size No Food Processing The number of employees # of employees
Industry Survey working in each establishment
Ownership Yes Food Processing Ownership of firms either binary
Industry Survey Canadian or Foreign
Price competition No Food Processing Intensity of price competition Scale
Industry Survey in food processing
Product competition No Food Processing Intensity of product Scale
Industry Survey competition in food processing
University Facility Yes Food Processing Using university or colleges to binary
Industry Survey produce innovation
Urban Yes CCS region in census of | population Hving outside binary
population 2001 places of 1,000 people
Rural Yes CCS region in census of | over 100,000 person binary
population 2001 population plus all the
neighboring municipalities
where 50 percent of more of
the workforce commute to the
urban core
Population Density No CCS region In census of | Number of people living in # of people
population 2001 each Kilometer square
High School No CCS region in census of | Percentage of people with high Percentage
population 2001 school education in each CCS
region
Post secondary No CCS region in census of | Percentage of people with post Percentage

poepulation 2001

secondary education in each
CCS region
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innovation in the firm. In this thesis, intermediate variable was deleted from the data set
to prevent perfect collinearity in the model. This elimination has implication for the
interpretation of the results. The last two variables in this model are designed to evaluate
the affect of education on the probability of innovation. Table 6 shows these

explanations.
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Chapter 10: Results

In this section, the results using the Innovation in the Food Processing Industry

Survey models are presented.

10.1 Innovation in the Food Processing Industry Survey

10.1.1 Descriptive statistics
Size in this model refers to the number of employees working in each

establishment. Respondents could choose from six different employment categories: 1)
less than 20, 2) 20-49, 3) 50-199, 4) 200-499, 5)500-999 and 6) 1000 or more.

Table 7 shows the number of employees working in food processing firms in
Canada and Table 8 provides a breakdown by province. From this table, it is clear that the
vast majority of food processing firms in Canada consist of less than 200 employees.

Table 7 Distribution of food processing establishments by number of employees, Canada,

2001-2003
Number of employees Number of firms Percentage of firms
Less than 20 159 0.23
20 — 49 224 0.32
50-199 225 0.32
200-499 65 0.09
500 or more 25 0.04
Total 698 1.00

Data Source: Statistics Canada, Innovation in the Food Processing Industry Survey
Ownership in this model refers to the majority of ownership of each
establishment. This dummy variable will be 1 if majority ownership is Canadian and 0 if
the establishment is non Canadian. The respondents had 7 options to indicate their
ownership and these options were: Canadian, U.S., Mexican, European, Asian, other

foreign and Don’t know. The 3 respondents reporting “Don’t know” were eliminated
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from the analysis. To keep this model simple and maintain a high degree of freedom,
only Canadian and foreign ownership were used rather than six different categories. The
results indicate that 86 percent of respondents had establishments with majority Canadian
ownership. The breakdown of ownership for each province is shown in Table 9.

Table 8 Distribution of firms by number of employers, Provinces, 2001-2003

(Percentage)
Province <20 | 20-49 | 50-199 200+ Total
Alberta 24 17 46 13 100
Atlantic Provinces 16 28 40 17 100
British Columbia 14 38 38 10 100
Manitoba 26 49 14 11 100
Ontario 28 32 30 11 100
Quebec 21 33 30 16 100
Saskatchewan 36 32 25 7 100

Source: Statistics Canada, Food Processing Industry Survey, 2003

Table 9 The ownership of firms by province, 2001-2003 (Percentage)

Province Foreign | Canadian | Grand Total
Alberta 24 76 100
Atlantic Provinces 11 89 100
British Columbia 14 86 100
Manitoba 14 86 100
Ontario 16 84 100
Quebec 10 90 100
Saskatchewan 14 86 100
Grand Total 14 86 100

Data Source: Statistics Canada, Innovation in the Food Processing Industry Survey*

Price competition and product competition are two dummy variables used to
evaluate the affect of market structure on product and process innovation. In the survey
conducted by Statistics Canada, respondents were asked about their intensity of

competition with regards to product price and product quality. The respondents had four

* Note: Canadian is when the majority ownership of the establishment is Canadian, Foreign is when the
majority is not Canadian.
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options: not applicable to this company, low, medium and high. In this analysis, each
respondent will receive 0 if they answered not applicable, 1 if they answered low and 2
and 3 if they answered medium or high respectively.

Many studies show that universities and research facilities in universities play an
important role in determining the probability of innovation in firms. In the survey,
respondents were asked if they had worked with universities or colleges over the last
three fiscal years ending in 2003 to develop a product or process innovation. In this
analysis, if they answered yes, they received a 1 and a 0 otherwise. Table 10 shows the
relationship between firms and universities in different provinces. The survey shows that
79 percent of firms in Canada reported that they did not work with universities to

introduce an innovation.

Table 10 The Percentage of firms working with post secondary institutions by province,

2001-2003
Provinces Did not use Use | Grand Total
Alberta 78 22 100
Atlantic Provinces 83 17 100
British Columbia 83 17 100
Manitoba 71 29 100
Ontario 83 17 100
Quebec 72 28 100
Saskatchewan 75 25 100
Total 79 21 100

Source: Statistics Canada, Food Processing Industry Survey, 2003
The Innovation in the Food Processing Industry Survey provides the data for the
first five variables in this model. However, this survey did data for education levels and
the location of each firm. By location, this thesis means if a firm is located in an urban

area or in a rural area. Since the education level in each firm is not available in this
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survey, this paper was forced to use the education level within the region that firms
operated. The 2001 census of Population provided the data for education levels in this
thesis. After converting the postal code for each firm to Census Consdidated Subdivision
(CCS) code, the demographic information of each CCS was associated to each firm. The
same method was used to discover the location of the firms.

However, to reduce the correlation between these dummy variables, intermediate
is omitted from this model. Table 11 shows the location of food processing firms by
province. This table shows that 38 percent of food processing firms in Canada are located
in urban areas. In addition, this thesis uses population density to see if populated areas
have more innovations than less populated areas. Population density is measured by the
number of inhabitants per square kilometer in each CCS.

Table 11 The location of firms in by province, Canada, 2001-2003 (Percentage)

Provinces Urban | Non Urban | total
Alberta 85 15 100
Atlantic Provinces c’ C 100
British Columbia 62 38 100
Manitoba C C 100
Ontario 54 46 100
Quebec 29 71 100
Saskatchewan C C 100
Grand Total 38 62 100

Source: Statistics Canada, Food Processing Industry Survey, 2003
The last two variables in this model are designed to evaluate the affect of
education on the probability of innovation. As it has been mentioned before, the 2001
Census of Population provides the data for these variables. There are five categories that
show the education level in each CCS region and these categories are: less than grade 9,

high school, university degree, non university degree (colleges and technical schools) and

% C: Confidential
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post secondary education but no degree. This thesis only looks at the working population
of each CCS region which is the age group of 24 to 55. In addition, to observe a correct
and accurate result, each category is divided by the sum of all the five groups to obtain
the percentage for each education level. Furthermore, this thesis has combined university
degree, non university degree (colleges and technical schools) and post secondary
education but no degree together to get post secondary education for each region. This
strategy will allow this thesis to see the effect of post secondary education on innovation
in food processing firms in Canada. Finally, less than 9 years of education was omitted
from this model to prevent high correlation with other variables.

Table 12 shows the mean and standard deviation of various variables for
Canadian food processing firms that produced a product innovation in the past three
years. Unlike the Survey of Innovation, there are few differences between innovative
firms and non-innovative firms with regards to product innovation. For instaﬁce, 85.7
percent of innovative firms have majority Canadian ownership. This outcome is nearly
identical to non-innovative firms which reported that 86.4 percent are Canadian owned.

Table 12 does illustrate the relationship between location and innovation. This
table shows that 42.9 percent of innovative firms are located in urban areas and only 28.6
percent of innovative firms are located in rural areas. These observations are reverse for
non-innovative firms: 40.9 percent of non-innovative firms are located in rural areas and
36.3 percent are located in urban areas. Moreover, firms that report product innovations
are positioned in locations with higher population densities than non-innovative firms.
Table 12 indicates innovative firms are located in areas with around 200 more inhabitants

per square Kilometer than non-innovative firms. There is a significant difference between
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innovative and non-innovative firms in terms of size of the establishment. Innovative
firms on average are closer to the 50 to 199 classification (class 3) while non-innovative
firms were closer to the 20 to 49 classification (class 2).

Table 12 shows that innovative and non-innovative firms faced nearly the same
regional education levels. Individuals with less than a high school education make up
only a fraction of these firms' local work force; 6.7 percent of the labor pool for
innovative firms and 7.0 percent of the pool for non-innovative firms were made up of
individuals with less than high school education. A total 58.9 percent of the labor pool for
innovative firms had post secondary education where 61.4 as percent of the pool for non-
innovative firms had post secondary education. As mentioned before, the education levels
of the work force for non-innovative and innovative firms are very similar to each other.
34.5 percent of the work force for innovative firms and 31.5 percent of non-innovative
tirms' fork force had less than a high school education.

Table 12 Descriptive statistics for product innovation, Canada, 2001-2003

Dependent Yes No

Product Observation | 252 Observation | 433
Independent Mean S.D. Mean S.D.
Size ( # of employees) 2.710 1.136 2.208 0.992
Ownership (% Canadian) 0.857 0.351 0.864 0.343
Price Competition (scale) 2.611 0.592 2.492 0.782
Product Competition (Scale) 2.131 0.699 2.083 0.815
University (scale) 0.183 0.387 0.224 0.417
Urban (%) 0.429 0.496 0.363 0.481
Rural (%6) 0.286 0.453 0.409 0.492
Intermediate (%) 0.286 0.453 0.229 0.420
Population density 1152.5 1889.7 | 954.39 1758.9
Less than high school (%) 0.067 0.051 0.070 0.064
High School (%) 0.345 0.151 0.315 0.148
University Degree (%) 0.351 0.219 0.319 0.219
Non vniversity Degree (%) (0.189 0.223 0.233 0.232
Post secondary but no degree (%) | 0.049 0.073 0.062 0.077

Data Sources: Statistics Canada, Innovation in the Food Processing Industry Survey and
2001 Census of Population.
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Table 13 shows the mean and standard deviation for 685 firms that complete the
Food Processing Industry Survey in 2003. These values have the same pattern as values
reported in the previous section. For instance, 84.7 percent of innovative firms are
Canadian owned compared to 86.5 percent of non-innovative establishments which are
Canadian. In addition, the importance of price competition and product quality in
innovative and non-innovative firms are equal., Innovative and non-innovative firms
consider price competition as high motivators for process innovations. In addition, these
two groups believe that product quality only has a medium effect on their effort o
produce a new process innovation. Furthermore, Table 13 shows that the majority of
innovative firms are Jocated in urban cities, with 42 percent of innovative firms being
located in urban cities compared to only 32 percent of innovative firms being located in
rural areas. However, non-innovative firms are equally divided in both regions.
Moreover, firms that report process innovations are positioned in locations with higher
population densities than non-innovative firms. It is clear that innovative firms on
average are located in areas with 39,000 more inhabitants per square kilometer than non-
mnovative firms. In addition, 37.8 percent and 37.6 percent of non-innovative were
located in urban areas and rural areas respectively. Finally, firms that reported process
innovation tended to be bigger than non-innovative firms. Innovative firms employed
about 50 to 199 workers on average whereas non-innovative firms hired between 20 to 49
employees.

Education levels in the regional work force facing innovative and non-innovative
firms in the food processing sector followed the same pattern. People with less than high

school and post secondary education but no degree only make up a fraction of the
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workforce in for both types of firms. A majority of the workforce in innovative and non-
innovative firm consists of people with some post secondary education. For example,
54.5 percent of the regional work force for innovative firms have post secondary
education compared to 54.8 percent for non-innovative firms.

Table 13 Descriptive statistics for process innovation, Canada, 2001-2003

Dependent Yes No

Process Observation | 150 Observation | 535
Independent Mean S.D. Mean S.D.
Size ( # of employees) 2.700 1.116 2.307 1.047
Ownership (% Canadian) 0.847 0.362 0.865 0.342
Price Competition (scale) 2.560 0.670 2.529 0.734
Product Competition (Scale) 2.167 0.727 2.082 0.787
University (scale) 0.207 0.406 0.209 0.407
Urban (%) 0.420 0.495 0.378 0.485
Rural (%) 0.320 0.468 0.376 0.485
Intermediate (%) 0.260 0.440 0.247 (0.432
Population density 1137.7 1905.8 | 996.3 1781.9
Less than high school (%) 0.069 0.053 0.069 0.061
High School (%) 0.335 0.148 0.324 0.150
University Degree (%) 0.340 0.221 0.328 0.219
Non university Degree (%) 0.205 0.233 0.220 0.229
Post secondary but no degree (%) | 0.051 0.073 0.059 0.077

Data Sources: Statistics Canada, Innovation in the Food Processing Industry Survey and
2001 Census of Population

Innovation in this context refers to firms that produced at least one product
innovation one process innovation in the past three years. The two previous sections only
illustrated the firms that produced either product innovations or process innovations.
Table 14 presents the mean and standard deviations for different coefficients in this
model. This table shows that the difference between innovative and non-innovative firms
is not that big and the pattern in this table follows the same pattern in Table 12 and 13.
For instance, 86.6 percent of firms that reported an innovation are Canadian owned and
86.0 percent of firms that did not report innovations are Canadian owned. In addition,

innovative and non-innovative firms give the same value to price competition and
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product quality. Price competition is viewed very highly among both innovative and non-
innovative firms. In contrast, these two groups believe that product quality only has a
medium effect on their effort to produce a new innovation. In this table, it is clear that
only 19.3 percent of firms come together with local universities in order to produce an
innovation. In addition, the majority of firms that reported an innovation are located in
non-urban areas. This table shows that 59.6 percent of innovative firms are located in
rural and intermediate areas in Canada and 61.7 percent of non-innovative firms are
located in non-urban areas. Finally, firms that reported innovation tend to be bigger than
non-innovative firms. Innovative firms employ 50 to 199 workers on average where non-
innovative firms hire about 20 to 49 employees on average.

Table 14 Descriptive statistics for firms with both types of innovation

Dependent Yes No

Innovation Observation | 119 Observation | 566
Independent Mean S.D. Mean S.D.
Size ( # of employees) 2.765 1.148 2.315 1.043
Ownership (% Canadian) 0.866 0.343 0.860 0.347
Price Competition (scale) 2.580 0.644 2,527 0.735
Product Competition (Scale) 2.135 0.747 2.094 0.780
University (scale) 0.193 0.397 0.212 0.409
Urban (%) 0.403 0.493 0.383 0.487
Rural (%) 0.311 0.465 0.375 0.484
Intermediate (%) 0.286 0.454 0.242 0.429
Population density 1110.4 1921.2 11009.8 1786.1
Less than high school (%) 0.069 0.057 0.069 0.060
High School (%) 0.337 0.150 0.324 0.150
University Degree (%) 0.332 0.223 0.331 0.219
Non university Degree (%) 0.209 0.234 0.218 0.228
Post secondary but no degree (%) | 0.053 0.076 0.058 0.076

Data Sources: Statistics Canada, Innovation in the Food Processing Industry Survey and
2001 Census of Population

Education levels in the work forces facing inmovative and non-innovative firms
were almost identical in each category. Only 6.9 percent of the labor force in both groups

consisted of individuals with less than high school education. In addition, 33.7 percent of
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potential employees in innovative firms had high school education and 32.4 percent of
potential workers in non-innovative firms have high school education. Just over half of
the regional work force for both innovative and non-innovative firms had some post
secondary education.
10.1.2 Probit Results

Tables 15, 16 and 17 show the probit estimates for product, process and total
innovation for the 685 firms that completed the Innovation in the Food Processing
Industry Survey that could be coordinated geographically with Census locations. The
results in these tables are based on this sample of 685 firms that had complete data. This
implies that these results are based on a sub-sample of firms that completed the Food
Processing Industry Survey.

Table 15 Probit regression of firms reporting product innovation (coded 1) or not (coded
0} in Canada, 2001-2003

VARIABLE Elasticity at Marginal :g/;%gt;i
NAME Est. Cof. T-ratio means Effect® elasticity
Size (# of employees) 0.274 5.652 0.683 0.109 0.649
Ownership (binary) 0.093 0.635 0.083 0.037 7.60E-02
Price Competition (scale) 0.112 1.39 0.295 0.0446 0274
Product Competition {Scale) -0.016 -0.182 -0.035 -0.0063 -3.26E-02
University (binary) -0.088 -0.517 -0.019 -(1.0359 -1.67E-02
Urban (binary) -0.073 -0.493 -0.029 -0.0291 -2.83E-02
Rural (binary) -0.269 -2.015 -0.102 -0.107 -8.54E-02
Population density 3.90E-05 1.089 0.042 1.55E-05 4.05E-02
High School (%) 2.278 2.026 0.773 0.9082 0.724
Post Secondary Education (%) 1,232 1.294 0.775 0.4911 0.705
Constant -2,729 -2.697 -2.84 - -2.607
MCFADDEN (Pseudo) R-SQUARE 5431

Data Sources: Author's calculations, Statistics Canada, Innovation in the Food Processing
Industry Survey, 2001 Census of Population.

§ For calculation, please refer to Appendix D.
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Table 16 Probit regression of firms reporting process innovation (coded 1) or not (coded

() Canada, 2001-2003

VARIABLE Elasticity at | Marginal g;fgﬁ
NAME Est. Cof. T-ratio means Effect elasticity
Size ( # of employees) 0.201 3.954 0.657 0.0621 0.6736
Ownership (binary) -0.015 -0.094 -0.017 -0.0046 -0.0164
Price Competition (scale) -0.005 -0.055 -0.017 -0.0015 -0.0163
Product Competition (Scale) 0.148 1.551 0.425 0.0457 0.4146
University (binary) 0.211 1.129 0.06 (.0652 0.0573
Urban (binary) 0.034 0211 0.018 0.0105 0.0180
Rural (binary) -0.076 -0.524 -0.038 -(.0235 -0.0334
Population density 1.82E-05 0.472 0.026 0 0.0260
High School (%) 0.468 0.39 0.209 0.1446 0.2029
Post Secondary Education (%) 0.116 0.115 0.096 0.0358 0.0913
Constant -1.837 -1.696 -2.51 - -2.4034

MCFADDEN (Pseudo) R-SQUARE

A825

Data Sources: Author's calculations, Statistics Canada, Innovation in the Food Processing
Industry Survey, 2001 Census of Population.

Table 17 Probit regression of firms reporting innovation (coded 1) or not {(coded 0),

Canada, 2001-2003

VARIABLE Elasticity at Marginal ;Z;igﬁg
NAME Est. Cof. T-ratio means Effect elasticity
Size ( # of employees) 0.216 4.049 0.776 0.203 0.8073
Ownership (binary) 0.106 0.625 0.137 0.0597 0.1367
Price Competition (scale) 0.025 0.27 0.095 0.0235 0.0914
Product Competition (Scale) 0.029 0.289 0.093 0272 0.0892
University (binary) 0.03 0.153 0.009 0.0282 0.0086
Urban (binary) -0.074 -0.438 -0.043 -0.0696 -0.0422
Ruaral (binary) -0.155 -1.025 -0.085 -0.1458 -0.0724
Population density 223E-05 0.547 0.034 2.10E-05 0.0346
High School (%) 0.671 0.53 0.328 0.631 0.3199
Post Secondary Education (%) 0.25 0.234 0.227 0.235 0.2136
Constant -2.017 -1.77 -3.028 - -2.8822
MCFADDEN (Pseudo) R-SQUARE 5063

Data Sources: Author's calculations, Statistics Canada, Innovation in the Food Processing
Industry Survey, 2001 Census of Population.
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Table 15 shows that size, rurality and the supply of local high school educated
workers are significant at the 0.05 confidence level because their t-values are higher than
critical value which is 1.645. There are many different methods to interpret these results.
However, Shazam’s website indicates that the sign of an estimated coefficient gives the
direction of the effect of a change in the explanatory variable on the probability of a
success (an observation at one). The positive estimated coefficient on size suggests that
an increase in number of employees working in each establishment gives a higher
probability of producing a product innovation. The same can be said about the effect of
regional high school education levels. On the other hand, rural has a reverse effect
compare to size and high school. However, it is important to remember that “estimated
coefficients do not have a direct economic interpretation.” Most economists use marginal
effects and elasticities to report their results. An elasticity gives the percentage change in
probability of a success in response to a one percentage change in the explanatory
variable. Since the clasticities vary for every observation, it is desirable to report a
summary measure. It has been reported that a convenient summary measure is to evaluate
the elasticity at the sample means of the explanatory variables (Hill, Griffiths and Judge,
2001). This measure is reported as elasticity at means on the Shazam estimation output. It
has been suggested that this method is not perfect since “the elasticities are nonlinear
functions of the observed data there is no guarantee that the probit function will pass
through the point defined by the sample average™ (Hill, Griffiths and Judge, 2001). To fix
this problem, Hensher and Johnson (1981) argue that the elasticity at means measure
tends to over-estimate the probability response to a change in an explanatory variable,

These authors recommend evaluating the elasticities at every observation and then
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constructing a weighted average where the predicted probabilities are the weights. This
measure is also reported on the Shazam output.

It has also been suggested that the marginal effect is very good economic
indicator for binary exogenous variables. This is arises from the fact that estimates of the
marginal effect are calculated by rescaling the estimated coefficients (Hill, Griffiths and
Judge, 2001). This means that the scale factor varies with observed values for
explanatory variables. Shazam has suggested that, “for reporting purpose, the scale factor
can be evaluated at the sample means of the explanatory variables” (Shazam).

For example the high school coefficient can be interpreted, on average, as a one
percent increase in number of individuals with high school education in each CCS region
would lead to a 0.9082 increase in probability of product innovation. However, this
method of reporting has some downfalls. The interpretation of marginal effect is only
meaningful when the explanatory variable is continuous (Hill, Griffiths and Judge, 2001).
Variables such as the budget devoted to R&D, the budget devoted to acquiring the latest
technology or the amount of money spent on staff training are all continuous.

However, marginal effect is a good indicator in interpreting the effect of dummy
variables on the probability of innovations. Hill, Griffiths and Judge (2001) have
recommended using the probabilities for a typical case. This implies that marginal effect
for a dummy variable can be obtained by subtracting the probability values when the
dummy variable is equal to 0 and 1. The correct way for dummy variables is not to
compute the difference between marginal effects but between predicted probability; that

is Pr(y=1)=F(bx) for x=1 and x=0, and other values at their sample means.
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Using the weighted aggregate elasticity measure, the Shazam output for the first
model for product innovation shows that, on average, a one percent increase in size
measure of the firm gives a 0.649 percent increase in the probability of producing a
product innovation, holding all else constant. In addition, using the weighted aggregate
elasticity measure, a one percent increase in the number of individuals with a high school
education in each CCS region gives a 0.724 percent increase in the probability of
producing a product innovation, holding all else constant. Furthermore, using the
marginal effect, a firm that is located in a rural area, (this implies that firm would receive
one for rural dummy variable) on average, would lead to a 0.107 decrease in probability
of product innovation, holding all else constant. In addition, price competition and post
secondary education are significant at 0.10 confidence level. Using weighted aggregated
elasticity, a one percent increase in the price competition score would increase the
probability of product innovation by 0.274. In addition, a one percent increase in number
of individuals with a post secondary education in each CCS region gives a 0.705 percent
increase in the probability of producing a product innovation, holding all else constant.

Table 16 shows that size is significant at a 0.05 confidence level and product
competition is significant at 0.10 confidence level. Using weighted aggregate elasticity
measure, this result can be interpreted as: on average, a one percent increase in the size
score of the firm gives a 0.674 percent increase in the probability of producing a process
innovation. Holding all else constant and on average, a one percent increase in the
product competition intensity would increase the probability of product innovation by

0.4146.
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Table 17 shows that size is once again significant at 0.05 confidence level. This
implies that a one percent increase in the size score of the firm gives a 0.807 percent

increase 1n the probability of producing an innovation, holding all else constant.

10.2 Survey of Innovation

10.2.1 Descriptive statistics
Table 18 and Table 19 show the mean and standard deviation for exogenous

variables for product innovation and process innovations, respectively, using the data of
the Survey of Innovation. Innovation was again measured according to the rate of any
innovation in the last three years. Table 18 shows that, on average, innovative firms had
higher budgets for research and development as well as more financial resources for
training and acquiring the latest technologies and machineries than non-innovative firms.
For instanée, those firms that reported product innovation spent on average $166,145
more on research and development per year than those firms that did not report any
innovation. Furthermore, innovative firms spent more on acquiring and buying the latest
technologies and machineries which are needed for producing innovations. From Table
18, it was shown that innovative firms spent $104,442 per year more on equipment and
machineries than non-innovative firms. In addition, the labor force in innovative firms
had more individuals with bachelor’s degrees than non-inmovative firms. Three quarters
of innovative firms claim that the highest education level in their organization was a
bachelor’s degree where only one half of non-innovative firms make the same claim.
Furthermore, innovative firms have more workers with post secondary education than

non-innovative firms: 87 percent of innovative firms claim that the highest education

66



level in their organization is post secondary education where 75 percent of non-
innovative firms make the same claim.

Table 18 Descriptive statistics for product innovation in Canada, 2004

Dependent Yes No

Product Observation | 30 Observation | 16
Independent Mean S.D. Mean S.D.
Budget 257770 571510 | 91625 168140
Equipment 240130 558880 | 99688 156420
Training 27503 45801 17875 62350
High School 0.133 0.346 0.250 0.447
Bachelor Degree (0.733 0.450 0.563 0.512
Master Degree 0.133 0.346 0.188 0.403

Source: Agricultural Policy Research Network, Survey of Innovation

Table 19 shows the mean and standard deviation for food processing firms with
process innovations in the Survey of Innovation. The same patterns were observed here
but the results are more varied. Non process innovative firms on average spent only
$4,000 per year on research and development, $43,333 per year on new equipment and
machinery and only $111.11 per year on training. These values are small fractions of the
resources spent by innovative firms. Innovative firms reported that on average they spent
$247,660 per year on research and development, $227,270 per year on acquiring
machinery and equipment and $30,003 per year on training. These values indicate that
innovative firms spent the money necessary to carry out new and innovative activities.
However, innovative firms do not have an advantage over non-innovative firms when it
comes to education levels. Innovative and non-innovative firms had a similar percentage

of firms were the highest degree was bachelor’s degrees.
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Table 19 Descriptive statistics for process innovation in Canada, 2004

Dependent Yes No

Process observation | 37 Observation | 9
Independent Mean S.D. Mean S.D.
Budget 247660 520500 | 4000 11630
Equipment 227270 509720 {43333 63818
Training 30003 56186 111.110 333.330
High School 0.162 0.374 0,222 0.441
Bachelor Degree 0.676 0.475 0.667 0.500
Master Degree 0.162 0.374 0.111 0.333

Source: Agricultural Policy Research Network, Survey of Innovation

10.2.2 Probit results

Tables 20 and 21 show the results of the estimated probit equations for product
and process innovation in food processing firms sampled in the Survey of innovation for
Western Canada. The most noteworthy highlight of this output is that all the variables in
this equation are insignificant in explaining the probability of innovation at 0.05
confidence levels. However, the bachelor degree dummy in product innovation and
training expenditures in process innovation are significant at 0.10 confidence level. This
implies that having at least one worker with a bachelor degree (dummy takes on the value
of 1) within the firm gives it a 0.247 percent increase in the probability of producing a
product innovation, holding all else constant. In addition, on average, a one percent
increase in the budget devoted for training of the staff within the firm gives a .0334
percent decrease in the probability of producing a process innovation, holding all else

constant.
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Table 20 Probit regression for product innovation (coded 1) or not (coded 0) in Western

Provinces of Canada, 2004

VARIABLE Weighted

Estimated Elasticity | Marginal aggregate
NAME Coefficient T-ratio | at means | Effect elasticity
Budget 8.89E-07 0.895 0.093 2.97E-07 4.88E-02
Equipment 7.29E-07 0.827 0.073 2.43E-07 4.18E-02
Training -1.15E-06 -0.223 -0.015 -3.84E-08 -1.17E-02
Bachelor Degree 0.741 1.373 0.261 0.247 2.53E-01
Master Degree 0.193 0.26 0.015 0.0645 1.54E-02
Constant -0.345 -0.691 -0.181 - -1.76E-01
MCFADDEN (Pseudo) R-SQUARE 0.87412E-01

Data Sources: Author's Calculations and the Agricultural Policy Research Network,
Survey of Innovation.

Table 21 Probit regression for process innovation (coded 1) or not (coded 0) in Western

Provinces of Canada, 2004

Weighted
VARIABLE Estimated Elasticity at | Marginal | aggregate
NAME Coefficient | T-ratio means Effect elasticity
Budget 2.03E-05 1.046 (.838 0 1.89E-02
Equipment -2.51E-06 | -1.086 -145.99 0 -1.56E-02
Training 9.46E-04 1.505 0.471 0 3.34E-02
Bachelor Degree 2.172 0.785 0.302 0 0.24327
Master Degree 1.614 0.587 0.506 0 3.83E-02
Constant -2.366 -0.856 -144.49 - -0.32595
MCFADDEN (Pseudo) R-SQUARE 0.60338

Data Sources: Author's Calculations and the Agricultural Policy Research Network,
Survey of Innovation.
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Chapter 11: Conclusion
This thesis failed to generally support the hypothesis that higher regional

education levels would increase the rate of innovation in food processing firms in
Canada. At a regional level, it was found that having a large population with high school
education will have a more profound effect on the rate of innovation than having
individuals with post secondary education. As a result, this paper failed to support the
hypothesis that higher education in food processing firms in Canada will lead to a higher
innovation rate.

The second objective of this paper was to evaluate the difference on the rate of
product and process innovation between firms located in urban, intermediate and rural
settings. The results in this paper are not conclusive regarding this objective. The probit
results using the Innovation in the Food Processing Industry Survey show that urban and
rural dummies had the same negative effect on the rate of innovations in food processing
firms when compared to an intermediate urban setting, but the rural coefficient was
significant for product innovations.

The Schumpeter model used in this thesis predicts that increasing the resources
devoted to innovation would increase the rate of innovation within the firms. Many
scholars argue that education and training would increase the stock of knowledge within
the firms and this ultimately would increase the rate of innovation. However, this thesis
did strongly not support these arguments. In other words, increasing the education level
within the firm may not shift the PVT curve in Schumpeter’s model. The results from this

thesis fail to show that education plays a significant role in the rate of innovation.
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The results in this paper do not completely reflect innovation propensity in the
food processing sector in Canada. To truly understand the rate of innovation in the food
processing sector, many different variables could be evaluated such ownership structure,
management, future outiook on the market, the CEO’s vision of the company, market
structure, industry competition, level of technology and much more. The innovation
process is a complex function with several feedback loops (Kilne and Rosenberg, 1986).
It would be inappropriate to assume that by looking at one or two variables, one can
understand the rate of innovation in the food processing sector in Canada. McNamara,
Weiss and Wittkopp (2003) have shown that for a firm to be successful in innovation,
many factors within the firms must work in harmony.

However, results from this thesis, and future research, may provide guidelines for
future policies for improving the rate of innovation in food processing plants in Canada,
The first and most important step is to demonstrate the importance of innovation for any
food processing firms. The fact that very few firms invested in innovation shows that
food processing firms do not view innovation and innovation activities as vital parts of
their operation. This thesis shows that innovation was not given a high priority among
food processing firms in Canada.

This thesis shows that the majority of food processing firms that completed the
Innovation in the Food Processing Industry Survey are located in non-urban areas. From
a technological development standpoint, a prominent shortcoming of rural regions seems
to be their low potential to even adopt innovation because of a lack of capital and various
types of infrastructure. These regions have few opportunities to confront global best

practices which, in turn, prevent technological progress. Without investment in
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infrastructure and modern equipment, the gap between rural and urban areas will likely
expand.

Future research is needed to fairly assess the effect of education on the rate of
innovation in food processing firms in Canada. Future research using linked sources in
Statistics Canada has a unique opportunity to explore the effectiveness of human capital
investment at the firm level including the contribution of education to regional
development, innovation and productivity. That work would benefit public and private
sectors because education rates for a regional labor supply may be impacting the
effectiveness of the work force. It is very important to understand the significance of
education because knowledge is “now the most versatile and the most important of all the
factors of production, whether we can measure it or not. Knowledge has now become the

real capital of a developed economy (Berkowitz, 2001).”
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Appendix A: Survey of Innovation, Agricultural Policy Research
Network, 2005

Survey Part 1 Field Values

Q1. For regional identification, please provide the first three digits of | Text
your postal code:

Q2. What year was your business established? Year
Q3a. Is your business privately owned? 1-Yes
0 - Other
Q3b. Other
Q3c. Is your business a foreign affiliate/pariner of a Multinational 1-Yes
Enterprise (MNE)? 0 - No
Q3d. Is your business a parent for an affiliate in a foreign country? 1-Yes
0-No
Q4. Does your business provide contract services to other firms or 1-Yes
organizations? 0 - No

Q5. Do other firms or organizations provide contract services to your | 1-Yes
business? 0-No

Q5b. If yes, list the types of contracted services and the reasons why | Text
you contract out.

Q6a. What products do you produce? Text
Text
Text

Q7. In which geographic markets did your business sell and
purchase goods or services during the three years 2002 to 20047

Q7al. Percentage Total Sales (Local) 0.0-100.0
Q7a2. Percentage Total Purchases (Local) 0.0-100.0
Q7b1. Percentage Total Sales (within Province) 0.0-100.0
Q7b2. Percentage Total Purchases (within Province) 0.0-100.0
Q7cl. Percentage Total Sales (outside of Province) 0.0-100.0
Q7c2. Percentage Total Purchases (outside of Province) 0.0-100.0
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Q7d1. Percentage Total Sales (United States) 0.0-100.0

Q7d2, Percentage Total Purchases (United States) 0.0-100.0
(Y7el. Percentage Total Sales (except US) 0.6-100.0
Q7e2. Percentage Total Purchases (except US) 0.0-100.0
Q8. If your business exports, please rank the top three countries Text

based on sales revenue.

Text
Text

Q9. If your business does not export please indicate why. Boolean (1 =
TRUE, 0=
FALSE)

Q9. Other Text

Web Page (2 of b) Field Values
Q10a. During the three years 2002 to 2004, did your enterprise 1-Yes (new to

introduce: business)

Product [nnovation 2-Yes (newto
market)

0-No

Q10b. Process Innovation 1-Yes (new to
business)
2-Yes (newto
market)

0-No

Q10c. Process Innovation 1-Yes (newto
business)
2-Yes (newto
market)

0-No

Q10d. Process Innovation 1-Yes (new to
business)
2-Yes (new to
market)

0-No

Q10e. Process Innovation 1-Yes (newio
business)
2-Yes {newto
market)

0-No
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Q10f. Process Innovation Text
Q11. If you are a parent company of a foreign affiliate, did you supply | 1 - Yes
your foreign affiliate with innovations? 0 - No
Q11b. If yes, what was the estimated R&D value associated with the | Dollars
adopted innovation?
Q11c. Don’t know Boolean (1 =
TRUE, 0=
FALSE)
Q12. During the three years 2002 to 2004, did your business Dollars
undertake the following innovation activities?
Percentage

(13. During the three years 2002 tc 2004, how important to your
business’s innovation activities were each of the following as a
source of information or new ideas? Please also indicate if they
worked with you on the innovation activities.

Degree of Importance

1 - Not important

2.
3-

4.
5-Very
important

Not Used

Boolean (1 =
TRUE, 0 =
FALSE)

Worked with you (n/a for a, b, k, I)

Web Page (3 of 5) Field Values
Q14. Who developed the product 1 - Mainly your business
innovations?

businesses or institutions

institutions

Boolean (i =
TRUE, 0 =
FALSE

2 - Your parent MNE or Your foreign Affiliate
3 - Your business together with other

4 - Mainly other private businesses or

5 - Mainly other public businesses or institutions

Q15, Who developed the process
innovations?

1 - Mainly your business

businesses or institutions

institutions

2 - Your parent MNE or Your foreign Affiliate
3 - Your business together with other

4 - Mainly other private businesses or

5 - Mainly other public businesses or institutions

Q16. What degree of impactdidnew | 0-n/a

or significantly improved 1 - Low Impact
goods/services of processes 9.

developed and introduced during the 3
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three year period between 2002 and
2004 have on your business?

4 -
5 - High tmpact

Q17. During the three years 2002 to
2004, how damaging were the
following factors in hampering your
innovation activities or projects or
influencing a decision not to innovata?

0-n/a

1 - Not Damaging
2.

3-

4 -

5 - Very Damaging

Q18. During the three years 2002 to
2004, how damaging were the
following factors for hampering your
competitiveness within your industry?

0-nfa

1 - Not Damaging
2.

3-

4-

5 - Very damaging

Q19. During the three years 2002 to
2004, did your business

1-Yes
0-No

Q20. During the three years 2002 to
2004 did your business use any of the
following types of progrars
sponsored by the federal or provincial
governments?

1 - Federal Government
2 - Provincial Government
3 - Did not use Government program

1 - Federal Government
2 - Provincial Government
3 - Did not use Government program

Text

Q21, What was the number of full ime equivalent (FTE) staff Numeric
employed by your business?

Q22. Were you raised locally {within 100km of the business’s 1-Yes
location)? 0-No

Q23. Are you the manager of this business or of a research and
development department within the business?

1 -Yes, General Manager
2 - Yes, Manager of Research
and Developmeant

0 - No, | am neither of the
above

Q24. What is the highest education level of you or any of your

employees?

84

1 - Less than high school
2 - High school graduate

3 - Post-secondary degree or
diploma




4 - Masters degree

5-PhD
Q25. What was your business's total revenue for the three years | 1 - $0 - $250,000
2002 to 20047 2 - $250,000 - $1,000,000

3 - $1,000,000 - $2,000,000
4 - $2,000,000 - $5,000,000
5 - $5,000,000 - $10,000,000
6 - > $10,000,000
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1. Product

2. Process

3. Innovation

4. Size

5. Ownership

6. Price Competition

7. Product competition

8. University

9. Urban

10. Rural

11. Intermediate

12. Population

13. Less than high school
14. High school

15. University Degree

16. Non-university Degree
17. Post secondary but no degree
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Appendix C: Innovation in the Food Processing Industry Survey,
Statistics Canada, 2003
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Creative innovalion - Conlimned
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Creative nnovation - Concluded
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Support Activities for Creative inmovation
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Goverement SupportPrograms
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Ohstacles to innovation - Concluded
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Festructuring Business Refationships - Concluded
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Appendix D: Probit Marginal Effect’

The probit model is expressed as:

Prob(y = 1) = ®(x;B)

Where @(') is the notation defining the cumulative distribution for a standard
normal random variable. This model is known as the probit model. The probit name was
first used in the biometrics literature and this term is now generally used to describe it.
The use of these models in biometrics predates their use in econometrics by many
decades.

In many applications the set of independent variables (regressors) consist of
continuous and/or binary (dummy) variables. The interpretation of the probit coefficients
for continuous variables requires the calculation of marginal effects. In general, the
marginal effect for probit model takes the following form:

FRO=D - T~ fxip)

Where F(-) denotes the cumulative distribution function and f(\) is the
corresponding probability density function for either the normal probit distribution. The
role of the probability density function in this case is to translate the coefficient into
probability points, since the density is actually measured in probability points.

The interpretation of probit coefficient for binary/dummy explanatory variables

requires the calculation of impact effects. This requires a slightly different set of

calculations than for the marginal effects.

7 The section was provided by Dr. Barry Reilly Applied Econometrics course, University of Sussex,
England
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The marginal effect for the probit model is given by:

oProb(yvi=1)

_0D
e e BB

Where ¢(-) denoted the probability density function for the standard normal. The
probability density function gives the height of the curve at the relevant index valuex; .

In order to compute the marginal effect we need to specify the value and this is generally
taken to be at the mean of the explanatory variables. The marginal effect is than simply
the gradient of the standard normal CDF at this mean value.

In this section, I will calculate and show the procedure that is needed for
computing the marginal effect for budget in product innovation in survey of innovation.
The procedure for other variables follows the same pattern.

The first set in calculating the marginal effect is to compute a mean value for the
standardized probit index. This computed as:

Prob (y = 1) = ¢ (0.345+ 8.89E-07 Budget + 7.29E-07 Equipment — 1.15E-06 Training +
0.741 Bachelor degree + 0.193 Master Degree)
Now, the mean for each variable will be added into the equation

= -0.345+ (8.89E-07- 257,770) + (7.29E-07 - 240,130) — (1.15E-06 - 27,503) + (0.741.
0.733) + (0.193 - 0.133) = 0.596

Note that this thesis did not use sample means. Instead this thesis used the means
for the group that reported innovation to see the effect of change in variable on the
probability of innovation. This method is not wrong, but it is generally accepted that
marginal effects are assessed at sample means. This implies that the interpretation is

different when means for a specific group of observations are used.
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Descriptive statistics for firms regarding process innovation in Canada, 2004

Dependent Yes No

Product Observation | 30 Observation | 16
Independent Mean S.D. Mean S.D.
Budget 257770 571510 | 91625 168140
Equipment 240130 558880 | 99688 156420
Training 27503 45801 17875 62350
High School 0.133 0.346 0.250 0.447
Bachelor Degree 0.733 0.450 0.563 0.512
Master Degree 0.133 0.346 0.188 0.403

Source: Agricultural Policy Research Network, Survey of Innovation, 2004

Than, the marginal effect for an infinitesimal change in Budget spending the
probability of producing a product innovation in the probit regression model is given by:
= ¢ (0.596) x 8.89E-07 = 0.334 x 8.89E-07
=2.97E-7
It pays dividend here to explain the calculation that is need to get 0.334. The standard

normal density function is:
f(2) = (1/@2n)°) @7

50 £(0.596) = (1 / (2m)”) 3103967059
= {(.344
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