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Abstract

In this paper unique survey data on innovation and external interaction of local
food producers is applied to test if firms that are more engaged in external
interaction are more innovative. To capture innovativeness beyond new goods and
services, innovation is also measured as new processes, new markets, new
suppliers, new ways of organization, and new distributors. The results point to a
positive relationship between firm innovation and external interaction, both in
terms of collaboration, external knowledge and support from regional actors. In
particular, collaboration regarding transports and sales enhances most types of
innovation. Product and process innovation benefit from external knowledge from
extra-regional firms as well as regional support from the largest firm. Other types
of innovation shows a positive relationship with support from regional and

municipality boards.
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Introduction

The ability of firms to renew themselves is becoming increasingly important from the
perspective of firm survival and competitiveness. Renewal, technological change, or
innovation is also commonly perceived as the main driver of economic growth, which implies
that innovation is important from both a micro- and a macro perspective. The purpose of this
paper is to test the influence of collaboration and networking activities on the innovative
capacity of small food producers in Sweden.

The paper will concentrate on two main perspectives set forth in research on the
determinants of innovation among small and specialized firms. The first perspective follows
Schumpeter (1934), and the argument that innovation should be regarded as a broad concept
that incorporates not only new products, but also new production processes and new ways of
doing business. Hence, we argue that a broad interpretation of innovation is necessary to
capture the innovative capacity of firms that operate in industries characterized by low capital
intensity and little orientation towards research and development (R&D). The local food
sector provides one example where innovation may occur in other forms than radically new
products (c.f. Grunert et al. (1997) and Smallbone et al. (2003)). Considering that local food
producers operate in an increasingly competitive industry characterized by increasing product
differentiation with heterogeneous firms that differ in location, size and product assortment,
renewal through innovation can be expected to play an important role for their survival and
growth. In the present paper innovation is measured using seven dimensions, including new;
goods, services, production processes, markets, suppliers, organization, and distribution
channels. This decomposition is possible having access to unique survey data that cover
innovation activities of local food producers in Sweden, located mainly in non-urban areas.

The second perspective suggest that knowledge is the most important resource
for innovation (Todtling and Kaufmann 2001). While internal knowledge is more important
for firm performance (c.f. Black and Lynch (1996), Teece et al. (1997), and Blundell et al.
(1999)),} external knowledge provides an important resource for innovation activities
(Chesbrough 2003). Already Cohen and Levinthal (1990) argued that the ability to exploit
external knowledge is a crucial innovative capability of firms. The sources for external
knowledge can take many forms, such as collaborations with different types of partners for
various purposes, and support from different actors, such as universities and other research

organizations. Hence, access to external knowledge through collaboration and networks with

! Including small- and medium-sized firms (see Hoffman et al. (1998) for an overview).



external actors are important factors that influence the innovative capacity of firms (Todtling
and Kaufmann 2001). This is particularly relevant for small and medium-sized firms (SMES)
(Edwards et al. 2005; Rothwell 1991; Smallbone et al. 2003) as they commonly lack many of
the necessary internal resources for innovation, such as financial resources for R&D and
access to high-skilled labor, which are important preconditions for innovation. External
knowledge is thus likely to be particularly important for local food producers since they are
generally small and specialized firms. In addition, firms located in sparsely populated rural
regions have lower access to local knowledge resources, such as highly educated employees
and research centers (c.f. Todtling and Trippl (2005)). This implies that it becomes
particularly important to distinguish between intra- and extra-regional knowledge.

The food industry is important from several perspectives. Primarily, it is
fundamental to support daily human life. However, in most Western countries the basic need
for nutrition is met, which implies that food can be considered an experience good (c.f.
Nelson (1970), and Pine and Gilmore (1999)), subject to individual tastes and preferences, as
well as budget constraints. The market for many small local food producers has thus
characteristics of monopolistic competition (Chamberlain 1933; Robinson 1933), which
implies that firms have some market power and hence some control over price setting, due to
producing heterogeneous goods, or unique varieties. In the present case each firm is unique,
which may be due to the products they supply, e.g. organic meat or home-made mustard, but
it may also be the location that provides the uniqueness, such as for serenely located cafés
(c.f. Everett (2008)). However, a dynamic market with changes in both supply and demand
structures puts pressure on food producers to constantly renew themselves and their products
in order to sustain their competitive advantage.

Sustainable local and national food production is essential to preserve natural
values, such as open spaces and biodiversity. International food crises are also raising the
issue of national self-sufficiency in food production. Food crises increase the uncertainty of
consumers about the quality and safety of food, which raises the awareness of asymmetric
information in the food industry (Verbeke 2005). This increases the attractiveness of locally
produced food, which adds to the relevancy of studying these types of firms. In addition, the
food industry plays a key role in rural development since unique local food production
provides an experience good that attracts tourism (Everett 2008; Sims 2009). This implies
improved employment opportunities in the food industry as well as in complementary

industries. The importance of the food industry is acknowledged by the Swedish government.



In 2008 a food strategy was initiated, carried out through the Swedish Board of Agriculture?,
with the aim to e.g. increase profitability and exports, improve rural development, and attract
more tourists (SOU 1997:167). In 2015, the government continued the work with the food
strategy, with an increased focus on competitiveness, sustainability and innovation in the
Swedish food sector (SOU 2015:15).

The purpose of this paper is thus to test whether food producing firms that are
more engaged in external interactions are also more innovative, where innovation is measured
in the seven dimensions described above. The results point to a positive relationship between
firm innovation and external interaction, both in terms of collaboration, external knowledge
and support from regional actors. In particular, collaboration regarding transports and sales
enhances most types of innovation. Product and process innovation benefit from external
knowledge from extra-regional firms as well as regional support from the largest firm. Other
types of innovation shows a positive relationship with support from regional and municipality
boards. If these findings are of a general character, they have clear policy implications. The
fact that different factors seem to have impacts on various types of innovation calls for a
national innovation policy that is flexible enough to enable “tailor-made” innovation policies
at local level.

The remainder of the paper is organized as follows. The next section provides an
overview of the theoretical underpinnings and previous empirical studies on the relationship
between external knowledge in general, and collaboration in particular, and firm innovation.
This is followed by a presentation of the empirical design, which provides information on the
data, method and variables. The empirical results and analysis are provided next, while the

final section summarizes and concludes the paper.

External knowledge, collaboration and innovation

The importance of external knowledge for firm survival and growth was acknowledged
already by Marshall (1890), in his ideas on the advantages of industrial districts. Marshall
argued that the co-location of firms creates external economies of scale, due to pooling of
skilled labor, supply- and demand linkages, and knowledge spillovers. Duranton and Puga
(2004) argue along these lines and identify matching, sharing and learning as the micro-
foundations for these so called agglomeration economies. In their view learning is achieved

through market effects, in terms of the employment of skilled labor and linkages with
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suppliers and customers, but also in the form of non-market effects, such as transfer and
diffusion of knowledge and information through more or less informal networks. What
follows is that networks and collaborations with suppliers, customers, and research institutes,
as well as non-market interactions, provide external knowledge sources for firms, which they
can exploit in innovation activities.

The role of external knowledge, networks and collaborations for innovation is
commonly discussed under the framework of regional innovation systems (RIS) (see e.g.
Asheim et al. (2011) for an overview). This framework follow the literature on national
innovation systems (NIS) (c.f. Lundvall (1992)), and build on the ideas of Marshall. The
literature on regional innovation systems is also closely related to the cluster literature (c.f.
Porter (1990)). However, while RIS emphasize social capital, networking and learning, i.e.,
processes, the latter focus directly on competitiveness and performance, i.e., output (Asheim
et al. 2011). Another difference is that networks, such as RIS’s, require active firm
involvement and intentional knowledge transfer, while clusters may exist without non-market
relationships. This implies that knowledge spillovers are pecuniary external effects. In
addition, networks are aspatial constructs, while clusters are geographically bounded (Ter Wal
and Boschma 2009).

The importance of external knowledge in successful innovation is also
emphasized by Chesbrough (2003), in the model of open innovation. A firm that uses open
innovation combines internal and external knowledge sources. The boundary between the
firm and the surrounding environment is thus transparent, which allows the firm to pick up on
potentially successful ideas that may have gone unnoticed and external actors can be used to
expand on ideas that do not fit the current product portfolio. In a closed innovation model all
R&D activities are internalized, a firm generates, develops and commercializes its own ideas.
This requires that the firm is in total control of its intellectual property, which is increasingly
difficult due to labor mobility and increases in higher education among employees. In
addition, an open innovation system allows for risk sharing between firms (Lazzarotti and
Manzini 2009).

Feldman (1994) tests the significance of the presence of four external
knowledge sources; university R&D, industrial R&D, related industries, and specialized
business services, on the innovation performance of industries at the state level. All four
knowledge sources are found to significantly enhance innovation, especially for smaller firms.
Caloghirou et al. (2004) find that external knowledge search and participation in external

collaborations enhances the innovative performance of firms in seven European countries.



Also Laursen and Salter (2006) find strong support for the hypothesis that wide and deep
search for external knowledge increases the innovative performance of firms.

Jensen et al. (2007) distinguish between two modes of learning and innovation,
the Science, Technology and Innovation (STI) mode, and the Doing, Using and Interacting
(DUI) mode. The STI mode focus on the use of codified scientific knowledge, based on e.g.
R&D laboratories, universities and research centers, while the DUI mode refers to informal,
or tacit, knowledge gained through experiences and learning-by-doing. By use of Danish data,
Jensen et al. (2007) show that employing either the STI mode or the DUI mode increases the
likelihood that a firm is innovative. Dahl Fitjar and Rodriguez-Pose (2013) apply the STI/DUI
approach to different types of firm interaction. Collaborations with universities, research
institutes and consultancies are classified as STI modes of interaction, while collaborations
with suppliers, customers and competitors are classified as DUl modes. Using data for
Norway, Dahl Fitjar and Rodriguez-Pose (2013) find that collaboration with universities
increases the likelihood of product innovation, while collaboration with research institutes
affects process innovation. Regarding DUI modes of interaction, collaboration with suppliers
is positively related to both product- and process innovation, whereas collaboration with
customers to product innovation only.

Collaboration with external actors is shown to be particularly important for
small and medium-sized firms (SMEs) (Edwards et al. 2005; Rothwell 1991). Access to
external knowledge through collaborations should thus be an important factor that influence
the survival and growth of local food producers, as they tend to be small and specialized.
Cooke and Morgan (1998) argue along these lines and maintain that the potential of SMEs to
innovate is related to their engagement in learning networks. Smallbone et al. (2003) identify
three size-related characteristics of SMEs that may imply challenges regarding innovation; i)
a limited resource base, particularly in terms of finance and management, ii) a distinctive
organizational culture due to a combination of ownership and management, as well as family
ties, and iii) less influence over the external environment than larger firms. Hence, SMEs
commonly lack the necessary internal financial resources for R&D, as well as high-skilled
labor, which are important capabilities for innovation. The implication is that local networks
and cooperation between firms, as well as between firms and other actors in the private and
public sector, have potential to provide necessary support systems for these firms to engage in
innovation activities. External interaction is thus important to overcome the lack of internal

resources (Todtling and Kaufmann 2001). Besides providing the basic support these



collaboration have the potential to give rise to external economies of scale, which provide
further benefits for firms.

The importance of external relations for innovation in SMEs is confirmed by
several empirical studies (see e.g. Cumbers et al. (2003), Lee et al. (2010), and Zeng et al.
(2010)). Based on previous literature and empirical results for European regions, Todtling and
Kaufmann (2001) find that collaborations with customers and suppliers are of particular
importance for innovation in SMEs, i.e. DUI partners. This is explained by weak links and
cultural barriers between SMEs and organizations such as research institutes and universities.
Further empirical studies confirm the importance of supplier- and costumer collaborations for
innovation in SMEs in general (Nieto and Santamaria 2010), and in the food sector in
particular (Capitanio et al. 2009; Gellynck and Kiihne 2008; Stewart-Knox and Mitchell
2003).

Regarding the geographical dimension of external collaborations, results from
several European projects show that while national and international networks are important
for large firms, the region provides the most relevant space for interactions for SMEs (see
Todtling and Kaufmann (2001) for an overview). This is consistent with the STI/DUI
framework and the empirical results showing that DUI partners are particularly important for
SMEs. As mentioned above, DUI learning is based on tacit knowledge, while STI learning is
based on codified knowledge, implying that geographical proximity is likely to be more
relevant for DUI interactions. However, Dahl Fitjar and Rodriguez-Pose (2013) find that it is
non-regional supply-chain interactions that enhance both product- and process innovation.
Similar results for Swedish firms are found by Bjerke and Johansson (2015). Small local food
producers are commonly located in sparsely populated rural regions, which are characterized
by lower access to market potential as well as lower access to knowledge resources, such as
highly educated employees and research centers (c.f. Tédtling and Trippl (2005)), compared
to urban regions. It may thus be expected that extra-regional knowledge resources are of
particular importance for these firms.

The ability to assimilate external knowledge and exploit it in innovation
activities is dependent on the absorptive capacity of the firm, which is a function of prior
knowledge (Cohen and Levinthal 1990). The prior knowledge of small firms, who commonly
have low R&D investments, is to a large extent determined by the education and (work)
experiences of the employees and the manager and/or owner. In addition, the knowledge base,
as well as attitudes, of the management team is fundamental for the propensity of a firm to
engage in external knowledge networks (Smallbone et al. 2003). This implies that the internal



knowledge of firms is important both as direct resources for innovation, and for engaging in

collaborations and exploiting external knowledge to promote innovation.

Empirical design

Survey and data collection

Given the focus of the study, we use a single-industry design, and draw our sample from the
entire population of food producers in Sweden—(NACE rev.2 code 10—manufacturer of
food products). We exclude from the sample those firms that are producers of pet food, as
well as those firms with less than a 1 full time employee and those firms with 250 or more
employees. Using Amadeus—a comprehensive database of all firms in Sweden—we identify
1,782 firms. These firms comprise our initial sample.

We collected a unique dataset using both register data and survey methods. Firm-level,
register data is derived from two business databases: Amadeus and Retriever. Aggregated data
on the firms’” neighborhood and region are collected from Statistics Sweden.

For the survey, we constructed a questionnaire using established practices (Dillman et
al. 2014). Then, trained interviewers administered the questionnaire survey via telephone to
the firms” CEO or (if the CEO was not available) to a member of the firm’s management
team. The interviewers also noted any difficulties in answering the questions, and these were
followed up and clarified. Further, the interviewers informed all the respondents about the
confidentiality of their answers. The survey was carried out in spring 2015. Completed
surveys (that is surveys with complete answers on all the variables of interest) are available

from 416 firms®, which represent 23.3 percent of the firms in our initial sample.

Variables
In order to capture innovativeness of firms beyond new products, there are seven dependent

variables, which measure different types of innovation:

o0 Introduction of new goods 0 Use of new suppliers
0 Introduction of new services o0 New ways of organization
0 Use of new processes or o0 New ways of distribution

production methods
o0 Selling to new markets

% Not all variables are used in all estimations. Hence, the number of observations varies between 382 and 424.



All dependent variables are measured on an ordinal scale with five categories, ranging from 0
(No new) to 4 (Many new).

The explanatory variables of main interest concern collaboration, external knowledge,
and regional support. Collaboration is measured as to what extent the firm engage in
collaboration with other actors in the region, regarding:

o Transports 0 Marketing
0 Purchases o Sales
o0 Production 0 Product development

As for the dependent variables, collaboration is measured on an ordinal scale with five
categories, ranging from O (no collaboration) to 4 (plenty of collaboration). External
knowledge concerns the importance of knowledge from different actors to develop new goods

and/or services:

o Own firm o Intra-regional competence center
0 Intra-regional firms and/or university
o Extra-regional firms o Extra-regional competence center

and/or university

External support is measured as the importance of regional actors for the development of the

firm:
0 Regional University 0 The largest firm in the region
0 Municipality Board 0 Regional competence center or
0 Regional/County Board business advisor

0 Regional Chamber of Commerce or
other business association

The categorical scales for external knowledge and regional support range from 0 (not
important) to 4 (great importance).
Besides the variables regarding external support and collaboration we introduce a

number of firm level control variables:

o0 Size (no of employees) o Share of employees older than 60
0 Share of employees with higher o Family firm (yes/no)
education 0 Geographical sales
o Share of female employees = Region (base)
o0 Share of employees younger than = Sweden (except own region)
30 = International

The number of employees controls for the size of the firm, since larger firms commonly have
more resources to use in innovation activities (c.f. Smallbone et al. (2003)). One such

resource is the education of the employees, which is controlled for by the share of employees



with a higher education. Share of female employees as well as share of young and old
employees control for the demographic structure of the firm, which may affect innovation
through e.g. openness to various ideas. Family firms may operate toward other goals than
growth and innovation and family ownership may even hinder innovation potential (Chrisman
et al. 2005). Firms that sell on the national and international market, as opposed to only the
regional market, are exposed to more competition, which increases the pressure on firms to
innovate in order to survive (Porter 1990).

In addition, we control for the size of the neighborhood and the size of the region the
firm is located in*:

o Population density in the neighborhood®.
o0 Population density in the labor market region.

Population density provides a control for various agglomeration economies. Firms located in
more urban regions, and/or more dense neighborhoods within regions, may be more
innovative due to benefits from better matching on the labor market, sharing of resources and
risk, and learning through knowledge spillovers (Duranton and Puga 2004), as well as greater
access to knowledge resources in the surrounding milieu (Todtling and Trippl 2005).
Appendix 1 presents frequency tables for all categorical variables, as well as

descriptive statistics for the continuous variables.

Method

As a first step we estimate the relationships between innovation and external interaction using
summated scales of the key variables. The seven innovation variables, the six collaboration
variables, the four external knowledge variables (excluding own firm) and the six regional
support variables are averaged to create one summated scale variable for innovation, one for
collaboration, one for external knowledge and one for regional support. The minimum value
for each variable is zero while the maximum value is four. The four summated scale variables
comply with general rules of thumb. Item-to-test correlations exceed 0.5 and item-to-rest
correlations exceed 0.3°. Cronbachs’ alpha exceeds 0.7 in all cases, ranging from 0.72 to 0.82,
which indicates reliability of the summative scales. (Hair et al. 2010) These summated scale
variables can be considered as continuous, which allows for linear estimation by ordinary

least squares. The model specification is shown by Equation 1.

* Additional control variables that have been tested

> Neighborhoods correspond to Small Areas for Market Statistics (SAMS).

® But not 0.6, which implies that they can enter estimations separately without causing problems with
multicollinearity.



Innovation; = a + [External interaction]'y, + [Firm controls]'y,

1)

+ [Geographical controls]'ys + ¢;

in which the dependent variable is the averaged summated scale of innovation for firm i. The
explanatory variables are categorized into three groups, where external interaction is a vector
of the summated scales for collaboration, external knowledge and regional support. Firm
controls and geographical controls are described in the previous section and ¢; is the usual
error term. As a control for spatial autocorrelation, e.g. that innovation may be more or less
common in different regions, we apply robust standard errors, clustered on labor market
regions.

To get a first glimpse of possible relationships between different forms of innovation
and various types of external collaboration and support, we apply Pearson’s chi-squared test.
This provides a test statistic that compares the observed frequency to the expected frequency’
for all combinations of two variables with categorical data. A significant test statistic implies
that the relationship between the two variables in question is statistically significant.

The last step in the analysis is to utilize the full information in the data set, with
separate estimations on different forms of innovation, allowing for various types of external
collaboration and support, and including control variables. When the dependent variables are
based on an ordinal scale, ordered logit estimation (ologit®) is a viable option for
regression analysis. Ordered logit estimates the cumulative probability of being in one
category versus all other. Following Williams (2006), the ordered logit model can be written

as follows:

exP(Xi’kﬁk - Kj)

P(Y;>)) = 1+ {exp(X{kﬁk - Kj)},

j=01273 2

Where X is a vector of k explanatory variables for firm i, 8, a vector of the parameters
to be estimated, j represents the categories of the dependent variable (less one), and k; are the
cut points (which equal the negative of the constants). While these cut points varies with j, the

B’s do not, which implies an assumption (and restriction) that the influence of the

_ 2

7 Pearson’s chi-square: y2 =Y, %
e

8 Stata command.



independent variables are proportional across each category of the dependent variable, or in
other words, that the distance between each category is proportional. When this proportional
odds (or parallel lines) assumption is violated, which is commonly the case (Williams 2006),
standard errors are incorrect and parameter estimates are biased (Yatchew and Griliches
1985).

The Brant specification test (Brant 1990; Long and Freese 2006) shows that this
assumption is indeed violated for many of the ordered logit estimations in the present case. In
these cases heterogeneous choice models (ordinal generalized linear models, oglm) are
estimated as robustness tests, using heteroscedastic ordered logit estimation, which allows for
dropping the proportionality constraint only for those variables that violate it. Hence, the 8
parameters are estimated taking error variances, g;, into account. The heterogeneous choice

model, in logit form, can thus be written as follows (Williams 2010):

X' B, — K
exp <_lkﬁ(l;. K])

L

1+ {exp (X—{"ﬁ('}._ Kj)}

l

P(y; >)) = ,  j=0,1,23 (3)

If o; = 1 for all observations, which is the case when there is no difference in error variances
between categories, Equation 3 collapses into the ordered logit model in Equation 2°.

For both the ordered logit estimations and the heteroscedastic ordered logit
estimations, the results are presented in terms of odds ratios. These provide a straightforward
interpretation, if the odds ratio is greater than one the relationship between the explanatory
variable and the dependent variable is positive, while it is negative if the odds ratio is smaller
than one. More specifically the interpretation is that the odds ratio shows how many times
larger the odds for firms in categories greater than m is, than for firms in categories equal to
or less than m, if the respective explanatory variable increases by one unit, keeping all other
variables constant. Other possible approaches to estimate ordinal models that violate the
proportionality assumption are multinomial logit models (mlogit) and generalized ordered
logit models (gologit2). Multinomial logit models are the least attractive in the present
case since, even though the distances between the categories of the dependent variables may
be non-proportional, there is a clear ordering of the responses (ranging from no new

products/services/etc. to many new products/services/etc.). Regarding generalized ordered

® See Williams (2010) for a more extensive explanation of heterogeneous choice models.



logit models, Williams (2010) argues that due to e.g. equal performance and relative

simplicity’®, heterogeneous choice models may be preferred to generalized ordered logit

models. Both gologit2 and oglm are user-written Stata commands (Williams 2006, 20009,

2010).

Empirical results and analysis

Table 1 presents the results from the estimations on summated scales, using ordinary least

squares.

Table 1. Estimated relationships between innovation and external support, knowledge and
collaboration. Dependent variable: Innovation (averaged summated scale of all seven types of

innovation).
(1)
OLS
External interaction:
Collaboration (summated) 2019***
(.0506)
External knowledge (summated) .2084***
(.0531)
Regional support (summated) .1868***
(.0630)
Firm controls:
Size (In)
Education
Females
Young
Old
Family firm
Sales Sweden
Sales international
Geographical controls:
Neighborhood population density (In)
Regional population density (In)
Constant 1.0234***
(.0683)
F-value 30.67***
R-squared 1414
Observations 424

1 gologit2 produces a large amount of parameters, which makes interpretation tedious.

(2)
OLS

1937***
(.0510)
1697***
(.0602)
1487**
(.0646)

-.0151
(.0564)
0034%*
(.0016)

0012

(.0017)

0028

(.0017)
-.0038*
(.0022)

-.0807
(.0702)
:3202%*
(.1280)
2792%%
(.1184)

8562%**
(.1260)
13.81%**
1901
401

®)
OLS

.1600***

(.0529)

.1850***

(.0621)

1841***

(.0697)

-.0168
(.0386)
.0031*
(.0017)

0012
(.0017)
.0031*
(.0017)
-.0043*
(.0026)
-.0882
(.0687)
2697%*
(.1267)
2693%*
(.1308)

-.0144
(.0215)
0672**
(.0336)

1045%**

(.1498)
9.26%**
1919
382



Notes: * denotes significance at 10 percent level, ** denote significance at 5 percent level,
*** denote significance at 1 percent level. Robust standard errors, clustered on labor
market regions, in brackets.

Table 1 shows that the relationship between collaboration, external knowledge and regional
support, and innovation is highly significant and positive, also with the addition of control
variables. An increase by one unit in either one of the averaged summated scale indices for
external interaction is associated with an increase of between 0.16-0.18 in the averaged
summated scale index for innovation'*. This implies that small food producing firms that are
more engaged in collaboration with other firms in the region, that use more external
knowledge in their development of new goods and/or services, and/or that feel that they get
support from actors within the region to develop their firms, are more innovative. These
results broadly support much of the previous literature on the role of external knowledge and
collaboration for innovation (Asheim et al. 2011; Chesbrough 2003; Porter 1990). Although
marginally different, the coefficients for the three variables are not statistically different from
each other, which implies that no type of external interaction is relatively more important.
Another observation from Table 1 is that the external interaction variables account for the
largest share of the explanatory power of the model, which strengthens the conclusion that
engagement with external actors is important for firm innovation.

Regarding the control variables, the innovativeness of firms is positively associated
with the percentage of employees that have a higher education as well as with the percentage
of employees that are younger than 30 years. On the other hand, firms with a larger share of
employees above 60 years of age are less innovative. In addition, firms that sell on the
national and international market, as opposed to only the regional market, have a higher
degree of innovation. We find no agglomeration effect from the neighborhood but regional
population density is positively associated with firm innovation. This implies that firms in
more urban regions are more innovative, which may be due to better matching on the labor
market, sharing of resources and/or learning through knowledge spillovers (Duranton and
Puga 2004).

Table 1 shows that external interaction is important for innovation in general terms.
However, to disentangle innovation in small food firms we measure innovation in the seven
dimensions; new goods, new services, new processes, new markets, new suppliers, new ways
of organization and new ways of distribution. In addition, we look at the individual

components of collaboration, external knowledge and regional support. As a first test of the

1 All averaged summated scale indices range from 0 to 4.



relationships between these variables and the various types of innovation we test the bivariate
correlations, by the Pearson test, as described above. Table 2 presents the results from this test
for all combinations of innovation and external interaction.

Table 2. Bivariate relationships between innovation and collaboration, external knowledge,
and regional support.

New New New New New New New
goods services = processes markets = suppliers = organization = distribution
Collaboration:

Transports 29.85** 20.22 46.23*** | 38.15*** 11.26 24.58* 32.25%**

Purchases 21.10 | 45.46*** 60.75***  23.61* 20.93 28.74** 22.79

Production 30.89** | A47.10*** 44.98*** 53.81*** = 29.08** 33.52%** 59.64***

Marketing 35.25%** 2174 26.08* | 37.70*** 36.70*** 23.50 23.93*

Sales 35.17*** | 37.37*** | J7.74***  A7.07*** 37.15*** 15.17 47.61%**

R&D 32.22%** 15.24 27.68** | 45.61***  29.66** 21.70 45,81***
External

knowledge:

Own firm 12.76** 19.41 38.10*** | 36.70*** 21.48 30.72** 29.07**

Intra-reg. firms 20.69 18.13 7.02 16.88 40.60*** 26.69** 14.93

Extra-reg. 52.79*** | 38.98***  27.50** = 31.50** @ 34.60*** = 36.50*** 22.19
firms

Intra-reg. uni. 13.64 13.00 20.28 33.12%** 21.47 22.54 19.60

Extra-reg. uni. 16.70 31.46** 18.84 29.13** 24.28* 19.64 24.22*
Regional

support:

University 24.76*  44.67*** 19.14 19.88 22.04 16.16 15.45

Municipality 24.45*  27.63** 20.50 31.60** | 27.32** 26.82** 42.28***

County 44.79%**  A3.45*** 18.29 39.69*** | 33.33*** | 32.53*** 49,52 **

Largest firm 37.46*** | 50.59*** 22.87 26.74** 24.36* 20.63 23.73*

Competence ¢. | 34.32*** | 33.67*** 34.10***  24.32*  39.95*** 31.12** 30.13**

Business ass. 33.56*** | 42.64***  30.90**  28.42** = 29.11** 16.74 22.27

Notes: * denotes significance at 10 percent level, ** denote significance at 5 percent level,
*** denote significance at 1 percent level. All relationships are positive.

Although not every relationship is significant in Table 2 the overall impression is that there is
a positive bivariate relationship between various forms of collaboration, external knowledge
and regional support, and various types of innovation. This represents that firms that score
higher on the ordinal scales for external interaction also score higher on the ordinal scales for
innovation. It is difficult to discern any clear patterns from Table 2. For instance, it may be
expected that collaboration regarding R&D is especially important for goods innovation,
while collaboration regarding production is more important for process innovation, as well as
collaboration regarding transports for new ways of distribution. Regarding external
knowledge, Table 2 indicates that extra-regional actors may be more important for innovation
than intra-regional actors. In addition, regional support seems to be mostly associated with
new goods and services. Hence, Table 2 gives a glimpse of potential relationships between the
various forms of external interaction and the various types of innovation. The question is then

if these relationships hold when we add control variables at firm and regional level.



Tables 3-5 present the results for the variables on external interaction from ordered
logit estimations, including all control variables*?. If the Brant chi2-value is significant we
estimate heteroscedastic ordered logit models as robustness tests. The results from these
estimations are presented in Appendix 2 and commented on in case of non-robust results.

Table 3 provides the results for collaboration. Since collaboration refers to interaction
with other firms, all forms of collaboration are examples of Doing, Using and Interacting
(DUI) modes of learning (Dahl Fitjar and Rodriguez-Pose 2013; Jensen et al. 2007). Table 3
shows that collaboration with other firms in the region regarding at least one aspect is
positively significant for all types of innovation, besides new ways or organization. Regarding
the different forms of collaboration, transports and sales seems to be most important.
Collaboration regarding transports has a positive relationship with firm innovation in terms of
new goods, new services, new processes, new markets as well as new ways of distribution.
For a one unit increase in collaboration regarding transports, the odds of scoring greater
than m versus scoring lower than or equal to m on new goods innovation is 1.14 times
larger™.

Apart from new processes, these types of innovations also benefit from collaboration
regarding sales, which is also the case for the using of new suppliers. Collaboration regarding
R&D is insignificant throughout. It may be so that small food firms in general do not engage
in pure R&D activities or that they do not perceive their collaboration with other firms as pure
R&D activities, even though the result may be the development of new goods and/or services.
Besides collaboration regarding sales and transports, also collaboration regarding marketing is

positively significant, albeit only for innovation in terms of new suppliers.

12 The full regression results can be obtained from the corresponding author upon request.
3 For example, an increase in collaboration regarding transports by one unit (e.g. from 0 to 1, 1 to 2 etc.)
increases the odds of scoring e.g. 3 or 4 versus 0-2 (or 4 versus 0-3, or 2-4 versus 0-1 etc.) by 1.14 times.



Table 3. Estimated relationships between various types of innovation and collaboration. Ordered logit estimations.

4 5 6 7 8 9 10
Goods Services Processes Markets Suppliers Organization Distribution
ologit ologit ologit ologit ologit ologit ologit
Collaboration:
Transports 1.1440* 1.1749** 1.2264*** 1.1739*** 9161 1.0262 1.1866**
(.0927) (.0840) (.0790) (.0722) (.0627) (.0643) (.0963)
Purchases .9091 .9289 .9557 .8801 1.0937 .9162 .8849
(.0711) (.0861) (.0848) (.0765) (.0910) (.0839) (.0873)
Production 1.0203 .9800 1.0713 1.1306 1.0131 1.0442 1.0450
(.0931) (.1058) (.1156) (.1091) (.1088) (.1213) (.1143)
Marketing 1.0657 1.0508 .9906 1.0961 1.2212** 1.0997 .9630
(.1083) (.0918) (.1181) (.1412) (.1183) (.1011) (.1130)
Sales 1.1818* 1.2512** 1.0728 1.3072** 1.3179*** .9326 1.224**
(.1179) (.1288) (.1575) (.1487) (.1402) (.1060) (.1104)
R&D 1.0805 .8780 1.0721 1.0932 .9299 1.1687 1.1371
(.1351) (.1109) (.1685) (.1463) (.0983) (.1272) (.1315)
Firm controls Yes Yes Yes Yes Yes Yes Yes
Geographical controls Yes Yes Yes Yes Yes Yes Yes
Wald Chi2 84.21*** 90.37*** 90.37*** 83.88*** 78.06*** 49.68*** 54.14***
Brant Chi2 66.19** 48.49 63.21* 99.43*** 84.74*** 63.20* 71.58**
Observations 424 420 420 425 424 425 422

Notes: * denotes significance at 10 percent level, ** denote significance at 5 percent level, *** denote significance at 1 percent level. Robust
standard errors, clustered on labor market regions, in brackets. Wald Chi2 shows goodness of fit. If Brant Chi2 is significant the
corresponding heteroscedastic ordered logit estimation can be found in Table A7.



Table 4. Estimated relationships between various types of innovation and external knowledge (and own knowledge). Ordered logit estimations.

11 12 13 14 15 16 17
Goods Services Processes Markets Suppliers Organization Distribution
ologit ologit ologit ologit ologit ologit ologit
External knowledge:
Own firm 1.1736** 1.1654** 1.1971** 1.2127** 1.0549 1.0651 1.1515*
(.0809) (.0846) (.1022) (.0917) (.0836) (.0899) (.0847)
Intra-regional firms 1.1396 1.0166 .9285 1.1259 1.1959 1.0952 1.1263
(.0984) (.1399) (.1125) (.1119) (.1352) (.1169) (.1438)
Extra-regional firms 1.2869*** 1.3581** 1.1758 1.1300 1.1593 1.1746* 1.0900
(.1105) (.1716) (.1479) (.0972) (.1118) (.1127) (.1178)
Intra-regional universities 1.0623 1.1073 1.4243* 1.0642 9114 1.0022 1.0150
(.1874) (.2645) (.2850) (.2158) (.1656) (.1592) (.1761)
Extra-regional universities .8708 .8701 9165 1.2089 1.1942 1.1369 1.0074
(.1108) (.1714) (.1547) (.2161) (.1981) (.2283) (.1784)
Firm controls Yes Yes Yes Yes Yes Yes Yes
Geographical controls Yes Yes Yes Yes Yes Yes Yes
Wald Chi2 128.46*** 86.25*** 98.49*** 78.58*** 52.80*** 55.27*** 31.08***
Brant Chi2 47.46 27.79 63.73** 84.36*** 88.71*** -70.33 60.89*
Observations 424 414 418 419 418 419 416

Notes: * denotes significance at 10 percent level, ** denote significance at 5 percent level, *** denote significance at 1 percent level. Robust
standard errors, clustered on labor market regions, in brackets. Wald Chi2 shows goodness of fit. If Brant Chi2 is significant the
corresponding heteroscedastic ordered logit estimation can be found in Table A8.



Table 5. Estimated relationships between various types of innovation and regional support. Ordered logit estimations.

18 19 20 21 22 23 24
Goods Services Processes Markets Suppliers Organization Distribution
ologit ologit ologit ologit ologit ologit ologit
Regional support:
University .9978 1.2208* 1.0457 .8674 .9593 .8809 .8789
(.1334) (.1303) (.1678) (.1396) (.1850) (.1248) (.1150)
Municipality Board 9471 1.0126 1.0530 1.1848** 1.0143 1.1538* 1.1423
(.0915) (.0784) (.1078) (.0956) (.0854) (.0942) (.1268)
Regional/County Board 1.2407** 1.0961 1.0071 1.3217** 1.4215*** 1.3272** 1.2608*
(.1227) (.1319) (.0970) (.1874) (.1850) (.1625) (.1497)
Largest firm 1.3260*** 1.1743** 1.2322** 1.0923 1.0601 9110 .9570
(.1351) (.0880) (.1235) (.0993) (.0847) (.0772) (.0862)
Competence center 1.1578 .9033 1.2294 1.0962 .8895 1.1814 1.1448
(.1493) (.1370) (.1618) (.1223) (.1010) (.1384) (.1522)
Business association .9590 1.3114** .9245 1.0625 1.0739 .8079* .8483
(.1022) (.1736) (.1207) (.1700) (.1310) (.1042) (.1184)
Firm controls Yes Yes Yes Yes Yes Yes Yes
Geographical controls Yes Yes Yes Yes Yes Yes Yes
Wald Chi2 107.03*** 94.10*** 70.14*** 74.12%** 33.97*** 62.77*** 25.03*
Brant Chi2 p-value 72.66** 55.03 59.49 67.68** 62.73* 50.27 88.44***
Observations 416 410 415 416 416 416 414

Notes: * denotes significance at 10 percent level, ** denote significance at 5 percent level, *** denote significance at 1 percent level. Robust
standard errors, clustered on labor market regions, in brackets. Wald Chi2 shows goodness of fit. If Brant Chi2 is significant the
corresponding heteroscedastic ordered logit estimation can be found in Table AO9.



Table 4 presents the estimation results for external knowledge, as well as
knowledge from the own firm. The results show that the higher the firms value their own
knowledge the more innovative they are, regarding all types of innovation except new
suppliers and new organization. Following Dahl Fitjar and Rodriguez-Pose (2013)
external knowledge from other firms are considered as DUI modes of interaction, while
knowledge from universities and research institutes are Science, Technology and
Innovation (STI) modes of interaction. Table 4 indicates that external knowledge from
other firms is more important for innovation in small food firms than external knowledge
from more science-based institutions. This supports previous research on innovation in
the food industry (Capitanio et al. 2009; Gellynck and Kiihne 2008; Stewart-Knox and
Mitchell 2003), and may be due to cultural barriers and weak links between academia
and business, especially concerning small- and medium sized firms (Tddtling and
Kaufmann 2001). In addition, external knowledge is significant only for extra-regional
firms, which is in line with Dahl Fitjar and Rodriguez-Pose (2013) and Bjerke and
Johansson (2015). This implies that small food firms operate in knowledge networks that
extend beyond the own region and that it is these types of networks that matter for
innovation. In addition, external knowledge seems to be important primarily for
traditionally recognized types of innovation, i.e. new goods, services and processes,
although it is also weakly significant for new ways of organization. Regarding new
processes, external knowledge from extra-regional firms is weakly positively significant
in the heteroscedastic ordered logit model (see Table A8).

Innovation in terms of new processes is the only type of innovation that is
positively related to an STI mode of interaction, i.e. external knowledge from universities
and/or research institutes. As opposed to external knowledge from other firms it is intra-
regional universities and/or research institutes that matter. This may be explained by that
cultural barriers and weak links between academia and business are partly overcome by
geographical proximity. In addition, many universities in Sweden has a regional focus
and interact with businesses in their own region, e.g. by cooperation regarding student
project work and theses. A one unit increase in the importance of external knowledge
from intra-regional universities and/or research institutes raises the odds of scoring
greater than m versus scoring lower than or equal to m on new processes by 1.42 times.

Table 5 provides the results for the importance of support from regional actors for
the development of the firm. Support from the largest firm in the region appears to be

important for innovation in terms of new goods, services and processes. This confirms



the results on external knowledge from Table 3, that external interaction with other firms
is especially important for the traditionally recognized types of innovation. In addition,
this is in line with previous studies on innovation in the food industry (Capitanio et al.
2009; Gellynck and Kuhne 2008; Stewart-Knox and Mitchell 2003). Regarding
innovation beyond products and processes, the results show that small food firms benefit
from support from the regional, county and/or municipality board. Also new goods
innovation is positively related to support from a regional board. This indicates that
political decisions and activities undertaken at these levels have an effect on firm
innovation.

The results for new ways of distribution changes in the heteroscedastic ordered
logit estimation (see Table A9), from a positive relationship with support from a regional
level to a positive relationship with support from the municipality level. In addition, in
the heteroscedastic model new ways of distribution benefits from support from regional
competence centers and/or business advisors. Apart from support from the largest firm,
innovation in terms of new services is positively related to support from a regional
university, i.e. a STI mode of interaction (Dahl Fitjar and Rodriguez-Pose 2013; Jensen
et al. 2007), as well as from the regional chamber of commerce or other business
association. The only negative relationship between innovation and an external
interaction variable concerns new ways of distribution, which is lower for firms who get
more support from the regional chamber of commerce or other business association.

Appendix 3 presents the results from ordered logit estimations, and
heteroscedastic ordered logit estimations when applicable, for the various types of
innovation and the control variables. These results are in line with Table 1, although
there is variation across the different dimensions of innovation. Firms with a larger share
of highly educated employees are also more innovative in terms of new goods, services,
markets and suppliers. Introduction of new processes and new ways of organization are
more common in larger firm. In general, firm innovativeness is increasing with increases
in the share of young employees, while it is decreasing with increases in the share of
employees with old employees. Family firms are less innovative, at least in terms of new
services, new processes and new ways of distribution. As in Table 1, firms that engage in
international trade score higher on innovation, which is also the case for firms that sell on

the national market, as opposed to only the regional market.



Conclusions

In this paper we have disentangled innovation in small food firms, by distinguishing
between various types of innovation that extend beyond the development of new
products. We argue that this is necessary to capture the full innovation potential of
especially firms with e.g. low capital intensity and low orientation towards research and
development (R&D), which is the case for many small food producers located primarily
in rural regions. Since small- and medium firms commonly have limited internal
knowledge and financial resources, the focus of the paper is the relationship between
external interaction and firm innovation. External interaction is measured in terms of
collaboration with other firms in the region, importance of external knowledge in
innovation activities, and support from regional actors in the development of the firm.

From the results we can conclude that there is a clear positive relationship
between firm innovation and external interaction, for small food producers in Sweden. In
particular, collaboration regarding transports and sales enhances most types of
innovation. More conventional forms of firm innovation, such as new goods, services and
processes, benefit from external knowledge from extra-regional firms as well as regional
support from the largest firm. Other types of innovation, such as selling on new markets,
use of new suppliers, new ways of organization and new distribution channels, increase
mostly from support from regional and municipality boards.

If our results and conclusions can be generalized, they have clear policy
implications. It has almost become a mantra that local collaboration is a key factor for
rural firms that act on small local markets and who need to attract customers from
outside. This study also shows the importance of extra-local and extra-regional
connections for rural firms’ innovation. This finding indicates that rural firms can
compensate for lower accessibility and other disadvantages that firms located outside
metropolitan regions have. However, such specialized links to selected extra-regional
partners probably have higher establishment and maintenance costs than corresponding
partner links in metropolitan regions. This is a strong argument for supporting this kind
of link building for rural firms. From a more general view, the fact that different factors
seem to have impacts on various types of innovation calls for a national innovation
policy that is flexible enough to enable “tailor-made” innovation policies at local level.

That is: a multilevel innovation policy.



References

Asheim, B. T., Smith, H. L., and Oughton, C. (2011), "Regional innovation systems:
theory, empirics and policy". Regional Studies. 45 (7): 875-91.

Bjerke, L. and Johansson, S. (2015), "Patterns of innovation and collaboration in small
and large firms". The Annals of Regional Science. 55 (1): 221-47.

Black, S. E. and Lynch, L. M. (1996), "Human-capital investments and productivity".
The American Economic Review. 86 (2): 263-67.

Blundell, R., Dearden, L., Meghir, C., and Sianesi, B. (1999), "Human capital
investment: The returns from education and training to the individual, the firm
and the economy". Fiscal Studies. 20 (1): 1-23.

Brant, R. (1990), "Assessing proportionality in the proportional odds model for ordinal
logistic regression”. Biometrics. 46 (4): 1171-78.

Caloghirou, Y., Kastelli, 1., and Tsakanikas, A. (2004), "Internal capabilities and external
knowledge sources: complements or substitutes for innovative performance?".
Technovation. 24 (1): 29-39.

Capitanio, F., Coppola, A., and Pascucci, S. (2009), "Indications for drivers of innovation
in the food sector". British Food Journal. 111 (8): 820-38.

Chamberlain, E. (1933), The theory of monopolistic competition. Harvard University
Press.

Chesbrough, H. W. (2003), "The era of open innovation”. MIT Sloan Management
Review. 44 (3): 35-41.

Chrisman, J. J., Chua, J. H., and Sharma, P. (2005), "Trends and directions in the
development of a strategic management theory of the family firm".
Entrepreneurship theory and practice. 29 (5): 555-76.

Cohen, W. M. and Levinthal, D. A. (1990), "Absorptive capacity: a new perspective on
learning and innovation"”. Administrative Science Quarterly. 35 (1): 128-52.
Cooke, P. and Morgan, K. (1998), "The creative milieu: A regional perspective on
innovation”. In The Handbbok of Industrial Innovation, edited by Dodgson, M.

and Rothwell, R. Cheltenham: Edward Elgar.

Cumbers, A., Mackinnon, D., and Chapman, K. (2003), "Innovation, collaboration, and
learning in regional clusters: a study of SMEs in the Aberdeen oil complex".
Environment and planning A. 35 (9): 1689-706.

Dahl Fitjar, R. and Rodriguez-Pose, A. (2013), "Firm collaboration and modes of
innovation in Norway". Research Policy. 42 (1): 128-38.

Dillman, D. A., Smyth, J. D., and Christian, L. M. (2014), Internet, phone, mail, and
mixed-mode surveys: the tailored design method. John Wiley & Sons.

Duranton, G. and Puga, D. (2004), "Micro-foundations of urban agglomeration
economies”. In Handbook of Regional and Urban Economics, edited by
Henderson, J. V. and Thisse, J.-F., 2063-117. VVolume 4. Elsevier.

Edwards, T., Delbridge, R., and Munday, M. (2005), "Understanding innovation in small
and medium-sized enterprises: a process manifest”. Technovation. 25 (10): 1119-
27.

Everett, S. (2008), "Beyond the visual gaze? The pursuit of an embodied experience
through food tourism". Tourist Studies. 8 (3): 337-58.

Feldman, M. (1994), "Knowledge complementarity and innovation”. Small Business
Economics. 6 (5): 363-72.

Gellynck, X. and Kuhne, B. (2008), "Innovation and collaboration in traditional food
chain networks". Journal on Chain and Network Science. 8 (2): 121-29.



Grunert, K., Harmsen, H., Meulenberg, M., Kuiper, E., Ottowitz, T., Declerck, F., Traill,
B., and Goransson, G. (1997), "A framework for analysing innovation in the food
sector”. In Products and Process Innovation in the Food Industry, edited by
Traill, B. and Grunert, K., 1-37. Springer US.

Hair, J. F., Black, W. C., Babin, B. J., and Anderson, R. E. (2010), Multivariate Data
Analysis: A Global Perspective. London: Pearson Education.

Hoffman, K., Parejo, M., Bessant, J., and Perren, L. (1998), "Small firms, R&D,
technology and innovation in the UK: a literature review". Technovation. 18 (1):
39-55.

Jensen, M. B., Johnson, B., Lorenz, E., and Lundvall, B. A. (2007), "Forms of knowledge
and modes of innovation". Research Policy. 36 (5): 680-93.

Laursen, K. and Ammon, S. (2006), "Open for innovation: The role of openness in
explaining innovation performance among U.K. manufacturing firms". Strategic
Management Journal. 27 (2): 131-50.

Lazzarotti, V. and Manzini, R. (2009), "Different modes of open innovation: A
theoretical framework and an empirical study”. International Journal of
Innovation Management. 13: 615-36.

Lee, S., Park, G., Yoon, B., and Park, J. (2010), "Open innovation in SMEs—AnN
intermediated network model™. Research Policy. 39 (2): 290-300.

Long, J. S. and Freese, J. (2006), Regression Models for Categorical Dependent
Variables Using Stata.2nd ed. edn. College Station, TX: Stata Press.

Lundvall, B.-A. (ed.), (1992), National systems of innovation: Toward a theory of
innovation and interactive learning London: Pinter).

Marshall, A. (1890), Principles of economics. London: Macmillan.

Nelson, P. (1970), "Information and consumer behavior". Journal of Political Economy.
78 (2): 311-29.

Nieto, M. J. and Santamaria, L. (2010), "Technological collaboration: bridging the
innovation gap between small and large firms". Journal of Small Business
Management. 48 (1): 44-609.

Pine 11, J. B. and Gilmore, J. H. (1999), The experience economy. Boston: Harvard
Business School Press.

Porter, M. E. (1990), The Competitive Advantage of Nations. London: Macmillan.

Robinson, J. (1933), The economics of imperfect competition. London: Macmillan.

Rothwell, R. (1991), "External networking and innovation in small and medium-sized
manufacturing firms in Europe™. Technovation. 11 (2): 93-112.

Schumpeter, J. A. (1934), The theory of economic development: An inquiry into profits,
capital, credit, interest, and the business cycle. New Brunswick (USA), and
London (UK): Transaction Publishers.

Sims, R. (2009), "Food, place and authenticity: local food and the sustainable tourism
experience". Journal of Sustainable Tourism. 17 (3): 321-36.

Smallbone, D., North, D., and Vickers, 1. (2003), "The Role and Characteristics of SMESs
in Innovation”. In Regional Innovation Policy for Small-Medium Enterprises,
edited by Asheim, B. T., lIsaksen, A., Nauwelaers, C., and Tddtling, F.
Cheltenham: Edward Elgar.

Stewart-Knox, B. and Mitchell, P. (2003), "What separates the winners from the losers in
new food product development?". Trends in Food Science & Technology. 14 (1-
2): 58-64.

Teece, D. J., Pisano, G., and Shuen, A. (1997), "Dynamic capabilities and strategic
management”. Strategic Management Journal. 18 (7): 509-33.



Ter Wal, A. L. J. and Boschma, R. (2009), "Co-evolution of firms, industries and
networks in space”. Regional Studies. 45 (7): 919-33.

Taodtling, F. and Kaufmann, A. (2001), "The role of the region for innovation activities of
SMEs". European Urban and Regional Studies. 8 (3): 203-15.

Taodtling, F. and Trippl, M. (2005), "One size fits all? Towards a differentiated regional
innovation policy approach”. Research Policy. 34 (8): 1203-19.

Verbeke, W. (2005), "Agriculture and the food industry in the information age".
European Review of Agricultural Economics. 32 (3): 347-68.

Williams, R. (2006), "Generalized ordered logit/partial proportional odds models for
ordinal dependent variables". Stata Journal. 6 (1): 58-82.

Williams, R. (2009), "Using heterogeneous choice models to compare logit and probit
coefficients across groups”. Sociological Methods & Research. 37 (4): 531-59.

Williams, R. (2010), "Fitting heterogeneous choice models with oglm". Stata Journal. 10
(4): 540-67.

Yatchew, A. and Griliches, Z. (1985), "Specification error in probit models”. The Review
of Economics and Statistics. 134-39.

Zeng, S. X., Xie, X. M., and Tam, C. M. (2010), "Relationship between cooperation
networks and innovation performance of SMEs". Technovation. 30 (3): 181-94.

SOU 1997:167. En livsmedelsstrategi for Sverige.

SOU 2015:15. Attraktiv, innovativ och hallbar — strategi for en konkurrenskraftig
jordbruks- och tradgardsnéring.



Appendix 1

Table Al. Frequency table for innovation.

0 1 2 3 4 Total
None Many

New goods | Freq. 80 60 139 98 110 487
Percent 16.43 12.32 28.54 20.12 22.59 100

New services = Freq. 244 108 74 30 26 482
Percent 50.62 2241 15.35 6.22 5.39 100

New Freq. 179 100 125 41 41 486
processes Percent 36.83 20.58 25.72 8.44 8.44 100
New markets = Freq. 155 115 119 59 40 488
Percent 31.76 23.57 24.39 12.09 8.20 100

New Freq. 134 126 129 59 39 487
suppliers Percent 21.52 25.87 26.49 12.11 8.01 100
New Freq. 148 97 126 59 48 488
organization = Percent 30.33 19.88 25.82 14.14 9.84 100
New Freq. 211 118 100 30 26 485
distribution | Percent 43.51 24.33 20.62 6.19 5.36 100

Table A2. Frequency table for collaboration.

0 1 2 3 4 Total

No Lots
Transports Freq. 240 58 72 67 55 492
Percent 48.78 11.79 14.63 13.62 11.18 100
Purchases Freq. 256 62 76 57 40 491
Percent 52.14 12.63 15.48 11.61 8.15 100
Production  Freq. 343 55 42 28 23 491
Percent 69.86 11.20 8.55 5.70 4.68 100
Marketing Freq. 278 91 82 19 19 489
Percent 56.85 18.61 16.77 3.89 3.89 100
Sales Freq. 300 61 72 31 25 489
Percent 61.35 12.47 14.72 6.34 5.11 100
Product Freq. 344 61 45 23 14 487
development = Percent 70.64 12.53 9.24 4,72 2.87 100

Table A3. Frequency table for the importance of knowledge from other actors (and own
firm) to develop new goods and/or services.

0 1 2 3 4 Total

Not Great
Own firm Freq. 45 38 85 128 193 489
Percent 9.20 7.77 17.38 26.18 39.47 100
Intra-regional Freq. 268 93 78 38 8 485
firms Percent 55.26 19.18 16.08 7.84 1.65 100
Extra-regional = Freg. 230 95 82 57 22 486
firms Percent 47.33 19.55 16.87 11.73 4.53 100
Intra-regional Freq. 392 51 28 8 6 486
university etc. | Percent 80.82 10.52 5.77 1.65 1.24 100
Extra-regional  Freq. 394 43 28 11 8 484

university etc. | Percent 81.40 8.88 5.79 2.27 1.65 100



Table A4. Frequency table for the importance of regional actors for the development of

the firm.
0 1 2 3 4 Total
Not Great

University Freq. 358 67 41 10 5 481
Percent 74.43 13.93 8.52 2.08 1.04 100

Municipality Freq. 205 107 106 41 30 489
Board Percent 41.92 21.88 21.68 8.38 6.13 100
Regional/ County = Freq. 281 87 81 26 10 485
Board Percent 57.94 17.94 16.70 5.36 2.06 100
Largest firm Freq. 335 61 44 22 17 479
Percent 69.94 12.73 9.19 4.59 3.55 100

Competence Freq. 312 93 53 21 6 488
center etc. Percent 63.93 19.67 10.86 4.30 1.23 100
Chamber of Freq. 319 92 55 12 8 486
commerce etc. Percent 65.64 18.93 11.32 247 1.65 100

Table A5. Frequency table for binary control variables.

Yes No Total

Family firm Freq. 339 158 497
Percent 68.21 31.79 100

Regional sales Freq. 445 53 498
Percent 89.36 10.64 100

National sales Freq. 218 280 498
Percent 43.78 56.22 100

International sales Freq. 105 393 498
Percent 21.08 78.92 100

Table A6. Descriptive statistics for continuous control variables.

No of obs. Mean Median Min Max
Size (No of employees) 501 10.81 4.33 1 150
Education 489 15.30 0 0 100
Females 496 51.88 50 0 100
Younger than 30 497 27.04 20 0 100
Older than 60 493 10.12 0 0 100
Neighborhood population density 475 3130 130.2 .05 193,298

Regional population density 501 66.55 33.13 0.25 278.7



Appendix 2

Table A7. Heteroscedastic ordered logit models with collaboration variables.

4 6’ 7 8’ 9 10°
Goods Processes Markets Suppliers Organization Distribution
oglm oglm oglm oglm oglm oglm
Collaboration:
Transports 1.1297* 1.2460*** 1.2757** .9443 .9941 1.1892**
(.0791) (.0978) (.1436) (.0465) (.0524) (.1050)
Purchases .9215 .9849 .8354 1.0532 9377 .8709
(.0681) (.0965) (.1156) (.0739) (.0674) (.0910)
Production 1.0101 1.0401 1.2260 1.0103 1.0670 1.0227
(.0827) (.1278) (.1975) (.0754) (.0995) (.1083)
Marketing 1.0467 1.0729 1.1163 1.1399* 1.0700 .9842
(.1005) (.1556) (.2553) (.0863) (.0833) (.1353)
Sales 1.1632* 1.0434 1.4526* 1.1747** 9311 1.2862**
(.1040) (.1746) (.3208) (.0888) (.0921) (.1475)
R&D 1.0719 1.0208 1.2663 .9835 1.1286 1.1517
(.1229) (.1928) (.3250) (.0815) (.0925) (.1662)
Firm controls Yes Yes Yes Yes Yes Yes
Geographical controls Yes Yes Yes Yes Yes Yes
Wald Chi2 128.46*** 86.25*** 46.58*** 224.40*** 121.32*** 107.18***
Observations 424 414 425 424 425 422

Notes: * denotes significance at 10 percent level, ** denote significance at 5 percent level, *** denote significance at 1 percent level. Robust
standard errors, clustered on labor market regions, in brackets.



Table A8. Heteroscedastic ordered logit models with external knowledge variables.

13’ 14 15 17
Processes Markets Suppliers Distribution
oglm oglm oglm oglm
External knowledge:
Own firm 1.1575** 1.3792** 1.0466 1.1515*
(.0844) (.2010) (.0882) (.0847)
Intra-regional firms .8794 1.2042 1.1457 1.1263
(.0904) (.2252) (.1485) (.1438)
Extra-regional firms 1.1766* 1.2869 1.1361 1.0900
(.1149) (.2000) (.1059) (.1178)
Intra-regional universities 1.3814** 1.1998 .9509 1.0150
(.2163) (.4487) (.1946) (.1761)
Extra-regional universities 9476 1.3961 1.2518 1.0074
(.1096) (.4574) (.2470) (.1784)
Firm controls Yes Yes Yes Yes
Geographical controls Yes Yes Yes Yes
Wald Chi2 172.84%** 51.74%** 102.31*** 31.08***
Observations 418 419 418 416

Notes: * denotes significance at 10 percent level, ** denote significance at 5 percent level, *** denote significance at 1 percent level. Robust
standard errors, clustered on labor market regions, in brackets.



Regional support:
University

Municipality Board
Regional/County Board
Largest firm
Competence center
Business association
Firm controls
Geographical controls

Wald Chi2
Observations

Notes: * denotes significance at 10 percent level, ** denote significance at 5 percent level, *** denote significance at 1 percent level. Robust

Table A9. Heteroscedastic ordered logit models with regional support variables.

18’
Goods
oglm

.9947
(.1165)
.9396
(.0755)
1.1934**
(.0930)
1.3106***
(.1054)
1.1427
(.1310)
.9539
(.0911)
Yes
Yes
180.11***
416

21’
Markets
oglm

.8040
(.1935)
1.3944**
(.1870)
1.5456*
(.3474)
1.0754
(.1327)
1.0912
(.1978)
1.1169
(.2565)
Yes
Yes
79.05***
416

standard errors, clustered on labor market regions, in brackets.

22
Suppliers
oglm

1.0420
(.1182)
1.0074
(.0507)
1.2529%**
(.0976)
.9999
(.0527)
.8927
(.0675)
1.0475
(.0731)
Yes
Yes
112.62***
416

24’
Distribution
oglm

.8569
(.0870)
1.2252%**
(.0954)
1.1229
(.1063)
.9602
(.0709)
1.1704*
(.1121)
.8094
(.0935)
Yes
Yes
117.93***
414



Appendix 3

Table A10. Estimated relationships between innovation and control variables. Ordered logit estimation.

25 26 28 29 30 31 32
Goods Services Processes Markets Suppliers Organization Distribution
ologit ologit ologit ologit ologit ologit ologit
Firm controls:
Size (In) 1.0392 .9970 1.1634* 1.0738 1.0410 1.2577*** .9909
(.1137) (.0969) (.1013) (.0865) (.0724) (.0803) (.0781)
Education 1.0112%** 1.0068* 1.0055 1.0109** 1.0105*** 1.0012 1.0037
(.0039) (.0039) (.0038) (.0048) (.0038) (.0045) (.0045)
Females 1.0060 1.0045 1.0018 .9996 1.0026 1.0039 1.0033
(.0039) (.0033) (.0034) (.0035) (.0041) (.0031) (.0038)
Young 1.0045 1.0073* 1.0029 1.0044 1.0040 1.0061 1.0039
(.0031) (.0037) (.0036) (.0031) (.0033) (.0039) (.0031)
Old .9847*** .9852** .9886* .9922 .9999 .9871* .9965
(.0054) (.0058) (.0060) (.0050) (.0049) (.0066) (.0064)
Family firm .9769 B5712%** .7357* .8625 7571 7349 .6672**
(.1697) (.1203) (.1334) (.1644) (.1303) (.1431) (.1299)
Sales Sweden 1.5671* 1.3243 1.7567** 1.7291** 1.2742 1.4309 1.5897
(.4129) (.3659) (.5034) (.3857) (.4110) (.3508) (.5196)
Sales international 2.5955*** .8303 1.8160** 1.9662** 1.7442%* 1.3124 1.5119
(.6798) (.2253) (.4653) (.6070) (.4283) (.3702) (.4259)
Geographical controls:
Neighborhood population density (In) 1.0519 .9660 .9956 .9398* 1.0006 1.0077 1.0077
(.0460) (.0331) (.0515) (.0344) (.0404) (.0356) (.0362)
Regional population density (In) 1.0113 .9964 1.2034** 1.0313 1.1347 1.0432 1.0338
(.0671) (.0582) (.0880) (.0711) (.0895) (.0710) (.0653)
Wald Chi2 52.33*** 40.73*** 38.99*** 37.85%** 25.88*** 33.42%** 9.56
Brant Chi2 44.48** 26.18 41.58* 51.97*** 53.22%** 36.18 52.04***
Observations 438 433 438 439 438 439 436

Notes: * denotes significance at 10 percent level, ** denote significance at 5 percent level, *** denote significance at 1 percent level. Robust
standard errors, clustered on labor market regions, in brackets. Wald Chi2 shows goodness of fit. If Brant Chi2 is significant the
corresponding heteroscedastic ordered logit estimation can be found in Table Al11.



Table All. Estimated relationships between innovation and control variables. Heteroscedastic ordered logit estimation.

25’ 28’ 29’ 30’ 32
Goods Processes Markets Suppliers Distribution
oglm oglm oglm oglm oglm
Firm controls:
Size (In) 1.0461 1.1626** 1.1462 1.0542 .9955
(.1041) (.0840) (.1439) (.0721) (.0627)
Education 1.0094** 1.0055 1.0144** 1.0119*** 1.0033
(.0042) (.0034) (.0068) (.0039) (.0031)
Females 1.0058 1.0017 .9983 1.0015 1.0028
(.0036) (.0033) (.0048) (.0036) (.0029)
Young 1.0033 1.0034 1.0067 1.0055* 1.0027
(.0031) (.0031) (.0044) (.0032) (.0025)
Old .9857*** .9909 .9880 .9978 .9918
(.0049) (.0058) (.0074) (.0047) (.0070)
Family firm .9834 7575 .7698 1252*%* .6876**
(.1634) (.1345) (.2261) (.1088) (.1047)
Sales Sweden 1.5020* 1.6302* 2.0067* 1.1016 1.4481
(.3672) (.4208) (.7196) (.3187) (.3852)
Sales international 2.4429*** 1.6504* 2.3107* 1.6392** 1.4078
(.6036) (.4311) (.9973) (.4120) (.3329)
Geographical controls:
Neighborhood population density (In) 1.0481 .9999 .9075* .9870 1.0146
(.0425) (.0474) (.0495) (.0365) (.0296)
Regional population density (In) 1.0209 1.1593** 1.0756 1.1234 1.0225
(.0606) (.0761) (.1267) (.0900) (.0508)
Wald Chi2 62.57*** 62.26*** 28.48** 90.14*** 21.19*
Observations 438 438 439 438 436

Notes: * denotes significance at 10 percent level, ** denote significance at 5 percent level, *** denote significance at 1 percent level. Robust
standard errors, clustered on labor market regions, in brackets.



