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Abstract
In this study, we use unique purpose-built survey data to show that small food firms 
are more innovative when externally engaged. To capture this, we apply a broad 
classification of innovative activities, including new products, processes, markets, 
organization, and distribution channels, and examine them against types of exter-
nal interactions. The analysis, an ordered logit estimation, controls for heterogene-
ity across firms as well as geographic conditions. The results demonstrate a posi-
tive relationship between external interaction and firm innovation, though there are 
differences across types of external engagement and innovation activities. Product 
innovation benefits from knowledge from extra-regional firms, while several of the 
other forms of innovation show a positive relationship with support from regional 
and municipality boards. Additionally, firm collaboration regarding transports and 
sales enhances most types of innovation, but there are few relationships of benefit 
with research-intensive organizations. We conclude that, to be effective, innovation 
strategies of both the firms themselves and policymakers need to consider local con-
text, access to intra- and extra-regional knowledge sources, and what types of inno-
vation activities the firms are engaged in.
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1 Introduction

Traditionally, research on innovation and its determinants has focused on high-tech 
industries, and thus on firms that are well endowed with internal knowledge, such as 
high research intensity and highly skilled labor (Vrontis et al. 2017). But along with 
the awareness that innovation is critical for the competitiveness of firms in all sec-
tors and in all sizes, there is increasing evidence that innovation in small and special-
ized firms in low-tech industries1 is especially enabled by accessing external knowl-
edge through collaborations and networking activities (Bresciani 2017; Galeti et al. 
2016). Nijkamp et al. (2007) argue that the networking capabilities of firms, along 
with their learning capacities, are the main driver of innovation. External interac-
tions can also be seen from a geographic perspective, where both local knowledge 
spillovers and networks reaching across space matter for innovation capacity (Bay-
can et al. 2017; Karlsson et al. 2014).

Some studies have focused on the food industry specifically and confirmed the 
relevance of collaboration and externally sourced knowledge for innovation. Kar-
antininis et  al. (2010) find that network links, measured as actual contracts with 
suppliers and customers, increase innovation in the Danish food industry. McAdam 
et al. (2014) explore the longitudinal development of horizontal innovation networks 
within the UK SME agri-food sector. Additionally, Maietta (2015) and Maietta 
et al. (2017) examine collaboration and innovation in the European and Italian food 
industry, respectively, although the focus of these studies is solely on collaboration 
with universities. In a qualitative study of the Swedish food industry, McKelvey and 
Ljungberg (2017) find that public policy that promotes firm and university research 
collaboration can stimulate product and process innovation.

Despite this progress, important gaps remain in our understanding. First, while 
extant research has helped deepen our knowledge of the innovation benefits of spe-
cific forms of external knowledge or interrelationships, we need a broader explora-
tion of the innovation benefits associated with different types of external engage-
ment. As summarized by Lefebvre et al. (2015) with specific reference to low-tech 
sectors, “few studies have investigated the diverse sources of knowledge that firms in 
such sectors rely upon” (p.412). Second, scholars have criticized the restrictive con-
ceptualizations of innovation that fail to account for the types of knowledge-based 
innovation in low-tech sectors (Naldi et al. 2015), and others call for “more research 
on the relation between inter-organizational relationships and innovation types other 
than product and process innovations” (Lefebvre et al. 2015: 412). In specific ref-
erence to the agri-food industry, McAdam et  al. (2014) promote a more inclusive 
approach that considers four main types of innovation: product, process, market, and 
organizational. Other scholars have suggested to also include new suppliers and new 
distribution methods (Naldi et  al. 2015). This expansion of types of innovation is 
in line with Schumpeter (1934), who argued that innovation should be regarded in 
broad terms.

1 Eurostat classifies the food industry as low-technology: https:// ec. europa. eu/ euros tat/ cache/ metad ata/ 
Annex es/ htec_ esms_ an3. pdf.

https://ec.europa.eu/eurostat/cache/metadata/Annexes/htec_esms_an3.pdf.
https://ec.europa.eu/eurostat/cache/metadata/Annexes/htec_esms_an3.pdf.
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Against this background, the purpose of this study is to analyze the relation-
ships between a wide range of external interactions and different types of innova-
tion, based on unique survey data on small food firms in Sweden. In addition, the 
study takes a geographic perspective, where we test both intra- and extra-regional 
interactions of the firms. The paper commences with a review of the literature on 
external knowledge, collaboration, and innovation to identify relevant sources of 
external knowledge. Thereafter, we present our empirical study, which builds on the 
approach of Dahl Fitjar and Rodríguez-Pose (2013).

The results point in general to positive relationships between firm innovation 
and external interactions, be they collaborations, support from regional actors, or 
knowledge from intra- and extra-regional actors. Moreover, these relationships differ 
across the various dimensions of external interactions and innovation. The findings 
have two main implications for both policy and practice. First, our results support 
that the most effective place-based policies, especially for rural regions, involve pro-
moting various types of collaborations. Second, we find that there is a need for inno-
vation policies that allow for “tailor-made” solutions at the local level, considering 
the prerequisites of the local firms and their geography. This calls for local leader-
ship with local knowledge. In several academic contributions (see Stough (2003), 
Stimson et  al. (2005), Stimson et  al. (2009) and Stough (2010)) Roger Stough, 
among others, argues that such leadership plays a key role in regional economic 
development and it need not necessarily be government-based.

2  External knowledge, collaboration, and innovation

The importance of external knowledge for firm survival and growth was acknowl-
edged already by Marshall (1890), who 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 the 
so-called agglomeration economies. In their view, learning is achieved via the mar-
ket effects resulting from the employment of skilled labor and linkages with suppli-
ers and customers, and via non-market effects, such as the transfer and diffusion of 
knowledge and information through informal networks. In this way, both networks 
and collaborations with other firms along the supply chain, universities and research 
institutes, and development agencies provide external knowledge sources that firms 
can exploit in their innovation activities (Baycan et al. 2017).

The role of external engagement for innovation is commonly discussed under the 
framework of regional innovation systems (RIS) (see Asheim et  al. (2011) for an 
overview). This framework builds on the ideas of Marshall and follows the literature 
on national innovation systems (Lundvall, 1992). It is also closely related to the lit-
erature on clusters (Porter 1990) and so-called open innovation (Chesbrough, 2003). 
Several studies provide empirical support that external interactions enhance firm 
innovation, for example Feldman (1994) and Caloghirou et al. (2004). Both the RIS 
and the open innovation framework involve a variety of (external) actors across the 
public and private sectors, including other firms, research institutes and universities, 
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organizations for skills competence and business development, as well as regional 
governments. Baycan and Stough (2013) highlight the increased importance of uni-
versities in fostering innovation processes, but acknowledge differences in values, 
interests, and culture between academic and commercial organizations.

Previous empirical studies typically focus on just one or a few types of external 
engagement. An exception is Jensen et al. (2007), who distinguish between the Sci-
ence, Technology and Innovation (STI) mode, and the Doing, Using and Interact-
ing (DUI) mode. STI focuses on the use of codified scientific knowledge for learn-
ing and innovation, including R&D laboratories, universities, and research centers, 
while DUI refers to informal or tacit knowledge gained through experiences and 
learning-by-doing.2 Using Danish data, Jensen et  al. (2007) show that employing 
either of the modes increases the likelihood that a firm is innovative. Dahl Fitjar 
and Rodríguez-Pose (2013) also classify collaborations with universities, research 
institutes, and consultancies as STI modes of interaction, while collaborations with 
suppliers, customers, and competitors are classified as DUI modes. Using data for 
Norway, Dahl Fitjar and Rodríguez-Pose (2013) find that collaboration with univer-
sities and research institutes, as well as suppliers, increases the likelihood of both 
product and process innovation, whereas collaboration with customers is positively 
related to product innovation only.

Collaboration with external actors is shown to be particularly important for 
small- and medium-sized firms (SMEs) (Rothwell 1991; Edwards et al. 2005; Spi-
thoven et  al. 2013). Access to external knowledge through collaborations should 
thus be an important factor that influences 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. Freel (2000) identifies four barriers to inno-
vation for small firms: i) limited access to finance; ii) poor management and market-
ing skills; iii) lack of skilled labor; and iv) costly and/or misdirected information 
search activities. Smallbone et  al. (2003) point to additional challenges for SMEs 
due to their distinctive organizational cultures usually resulting from a combination 
of ownership and management as well as family ties, along with having less influ-
ence over their external environment than larger firms. Hence, SMEs commonly lack 
the necessary internal financial resources for R&D and highly skilled labor, both of 
which are important capabilities for innovation. Additionally, food firms operate in 
low-technology, often rural, settings, which further hampers their ability to employ 
highly educated and productive workers due to sectoral and spatial sorting (Edwards 
et al. 2009; Andersson et al. 2014). The implication is that networks and cooperation 
between firms, as well as between firms and other actors in the private and pub-
lic sector, offer greater potential to provide the necessary support systems for these 
firms to engage in innovation activities.

The importance of external relations for innovation in SMEs is confirmed by sev-
eral empirical studies (see Cumbers et al. (2003), de Jong and Vermeulen (2006), 
Lee et al. (2010), Zeng et al. (2010)). Based on the previous literature and empirical 

2 The literature on learning-by-doing dates back to Arrow (1962).
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results for European regions, Tödtling and Kaufmann (2001) find that collaborations 
with customers and suppliers, that is, DUI partners, are of particular importance 
for innovation in SMEs. This is likely explained by weak links and cultural barri-
ers between SMEs and research institutes and universities. Maietta (2015) find that 
small firms in remote locations especially face difficulties in finding public R&D 
partners. Additionally, Maietta et al. (2017) find that the presence of large research 
organizations may harm collaboration and innovation in the food industry. Further 
empirical studies confirm the importance of supplier and customer collaborations 
for innovation in SMEs in general (Nieto and Santamaría 2010) and in the agri-food 
sector in particular (Stewart-Knox and Mitchell 2003; Gellynck and Kühne 2008; 
Capitanio et al. 2009; Karantininis et al. 2010).

Regarding the geographic dimension of external engagements, results from sev-
eral European projects show that while national and international networks are 
important for large firms, the most relevant space for interactions for SMEs is usu-
ally their region (Tödtling and Kaufmann 2001). This is consistent with the STI/
DUI framework and the empirical results, showing that DUI partners are particu-
larly important for SMEs. As mentioned above, DUI learning is based on tacit 
knowledge, while STI learning is based on codified knowledge. This supports the 
notion that that geographic proximity is likely to be more relevant for DUI interac-
tions. Still, Dahl Fitjar and Rodríguez-Pose (2013) find that it is non-regional sup-
ply 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 knowledge resources, 
such as highly educated employees and research centers, compared to urban regions 
(Tödtling and Tripp, 2005; Foray  2016). It may thus be expected that extra-regional 
knowledge resources are of importance for these firms.

Given this literature review, it is clear that several types of external interactions 
are critical for innovation in small firms in low-tech industries. The types of interac-
tions can be sorted under the DUI mode, which includes collaborations along the 
firm’s supply chain (supplier, customers, distributors, etc.), and the STI mode, which 
broadly covers support from other actors (universities and research institutes, busi-
ness associations and competence centers, regional boards, etc.). In addition, there 
is a geographic aspect, where the actor providing the external knowledge (firm, 
competence center, university, etc.) may be located within or beyond the regional 
borders.

3  Empirical design

3.1  Our context

Our choice of studying innovation among small and specialized firms in the food 
industry is motivated by several factors. First, this industry is fundamental to sup-
port daily human life. In most Western countries, the basic need for nutrition is, 
however, met and food can be considered an experience good (c.f. Nelson (1970)) 
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subject to individual tastes and preferences as well as budget constraints. As such, 
small firm survival and competitiveness in this sector is highly dependent on differ-
ent forms of innovation.

Second, sustainable local and national food production is essential to preserve 
natural values, such as open spaces and biodiversity. International food crises are 
raising the issue of national self-sufficiency in food production. Food crises increase 
uncertainty among consumers about the quality and safety of food, which raises the 
issue of asymmetric information in the food industry (Verbeke 2005). This boosts 
the attractiveness of locally produced food, which further supports the relevancy of 
studying innovation in these types of firms.

Third, innovation in the food industry plays a key role in rural development 
since unique and innovative local food production provides an experience good 
that attracts tourism (Sims 2009; Everett 2008). This brings improved employment 
opportunities in the food industry as well as in complementary industries. Finally, 
as discussed above, the focus on food firms allows for exploring drivers of innova-
tion in a low-tech industry, which remains an under-researched topic (Lefebvre et al. 
2015; Vrontis et al. 2017).

3.2  Sample and data collection

Given the focus of this 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 manu-
facturer of food products, excluding pet food). We exclude firms with less than 1 
full-time employee and with 250 or more employees. Using Amadeus, a comprehen-
sive database of all firms in Sweden, we identify 1,782 firms.

We collected a unique dataset using both register data and survey methods. Firm-
level register data are derived from two business databases: Amadeus and Retriever. 
Aggregated data on the firms’ neighborhood and region are collected from Statis-
tics Sweden. For the survey, we constructed a questionnaire per established practices 
(Dillman et  al. 2014). 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 interviews were conducted in spring 2015 and 
firms located in rural regions were given priority. Surveys with complete answers 
on all the variables of interest are available from 416 firms,3 which represent 23.3 
percent of the firms in our initial sample. Among the interviewed firms, 53.2 per-
cent are in regions classified as rural, 29.1 percent in city regions, and 17.6 percent 
in metropolitan regions. However, judging from the postal addresses, many of the 
firms in regions classified as city or metropolitan are in sparsely populated parts of 
these regions, making them in effect similar in character to rural firms.

The mean size of the surveyed firms is 10.8 employees, while the median is 4.3 
employees, which indicates that the final sample consists largely of small firms. 
Indeed, 95 percent of the interviewed firms have less than 50 employees.

3 Not all variables are used in all estimations. Hence, the number of observations varies between 383 
and 427.
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3.3  Variables

To capture innovativeness of firms, there are seven dependent variables, which 
measure different types of innovation:

• Introduction of new goods
• Introduction of new services
• Use of new processes or production methods
• Selling to new markets
• Use of new suppliers
• New ways of organization
• New ways of distribution

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 with other firms 
(DUI mode), support from regional actors (mainly STI mode), and the geographic 
dimension of external knowledge. Collaboration is measured as to what extent the 
firms engage in collaboration with other actors in the region, regarding:

• Transports
• Purchases
• Production
• Marketing
• Sales
• Product development

Collaboration is measured on an ordinal scale with five categories, ranging from 
0 (no collaboration) to 4 (plenty of collaboration). Regional support is measured as 
the importance of regional actors for the development of the firm:

• Regional university
• Municipality Board
• Regional/County Board
• The largest firm in the region
• Regional competence center or business advisor
• Regional Chamber of Commerce or other business association

External knowledge concerns the geographic aspect, testing the importance of 
knowledge from different actors within and outside the own region:

• Own firm
• Intra-regional firms
• Extra-regional firms
• Intra-regional competence center and/or university
• Extra-regional competence center and/or university
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The categorical scales for regional support and external knowledge range from 0 
(not important) to 4 (great importance).

Besides the variables regarding external support and collaboration we introduce 
several firm-level control variables:

• Size (no of employees)
• Share of employees with higher education
• Share of female employees
• Share of employees younger than 30
• Share of employees older than 60
• Family firm (yes/no)
• Geographic sales

• Region (base)
• Sweden (except own region)
• International

The number of employees controls for the size of the firm, since larger firms 
commonly have more resources to use in innovation activities (Smallbone et  al. 
2003). One such resource is the education of the employees, which is controlled for 
by the share of employees with higher education. Share of female employees as well 
as share of young/old employees control for the demographic structure of the firm, 
which may affect innovation through, for example, openness to various ideas. Fam-
ily 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 pressure on them to innovate in 
order to survive (Porter 1990).

In addition, we control for the total number of firms per square kilometer at the 
neighborhood level as well as in the labor market region. Firm density4 is a measure 
of economic activity and provides a control for various agglomeration economies. 
Firms located in denser regions and/or neighborhoods within regions may be more 
innovative due to benefits of matching, sharing, and learning (Duranton and Puga 
2004). Descriptive statistics for all variables are presented in Online Resource 1.

3.4  Estimated models

As a first step, we estimate the relationships between innovation and external inter-
action using summated scales of the key variables. The seven innovation variables, 
the six collaboration variables, the six regional support variables, and the four exter-
nal knowledge variables (own firm is excluded) are averaged to create one summated 
scale variable each for innovation, collaboration, regional support, and external 
knowledge. The minimum value for each variable is zero while the maximum value 

4 We have also tested both employee density and population density in the neighborhood and in the labor 
market region, with robust results.
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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 0.3.5 Cron-
bachs’ 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 varia-
bles can be considered as continuous, which allows for linear estimation by ordinary 
least squares. The model specification is shown by Eq. 1.

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, regional support, 
and external knowledge. Firm controls and geographic controls are described in the 
previous section, and �i is the usual error term. To correct for spatial autocorrela-
tion, for example, that innovation may be more common in certain regions, we apply 
robust standard errors clustered on labor market regions.

The main part of the analysis utilizes the full information in the dataset, with 
separate estimations on different forms of innovation, allowing for various types 
of external collaboration, support, and knowledge, and including control variables. 
Since the dependent variables are based on an ordinal scale, ordered logit estima-
tion 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:

where X is a vector of k explanatory variables for firm i , �k a vector of the parame-
ters to be estimated, j represents the categories of the dependent variable (less one), 
and �j are the cut points (which equal the negative of the constants). While these cut 
points vary with j , the � ’s do not, which implies an assumption (and restriction) that 
the influence of the 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 vio-
lated, 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 pre-
sent case. In these cases, heterogeneous choice models (ordinal generalized linear 
models) are estimated as robustness tests, using heteroscedastic ordered logit esti-
mation, which allows for dropping the proportionality constraint only for those vari-
ables that violate it. Hence, the � parameters are estimated taking error variances, �i , 

(1)
Innovationi = � + [External interaction]

�

�1 + [Firm controls]
�

�2 +
[

Geographic controls
]�

�3 + �i

(2)P
(

Yi > j
)

=
exp

(

X
�

ik
𝛽k − 𝜅j

)

1 +
{

exp
(

X
�

ik
𝛽k − 𝜅j

)} , j = 0, 1, 2, 3

5 But not 0.6, which implies that they can enter estimations separately without causing problems with 
multicollinearity.
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into account. The heterogeneous choice model, in logit form, can thus be written as 
follows (Williams, 2010):

If �i = 1 for all observations, which is the case when there is no difference in 
error variances between categories, Eq. 3 collapses into the ordered logit model in 
Eq. 2.6

For both the ordered logit estimations and the heteroscedastic ordered logit esti-
mations, the results are presented in terms of odds ratios. These provide a straight-
forward 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 and generalized ordered logit models. Multinomial 
logit models are the least attractive in the present case since even though the dis-
tances 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 logit mod-
els, Williams (2010) argues that due to equal performance and relative simplicity, 
heterogeneous choice models may be preferred to generalized ordered logit models.

4  Empirical results

4.1  A first look on the relationship between innovation and external interaction

The estimated relationships between external engagement and innovation, both 
measured as summated scales, are presented in Table 1. These results provide some 
first insights into the importance of promoting collaboration and external interac-
tions and providing regional support to increase the innovativeness of small firms in 
the low-tech food industry, of which many are located in non-urban regions.

Table 1 shows that the relationship between collaboration, regional support, and 
external knowledge and innovation is highly significant and positive, even 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 and 0.18 in the averaged summated scale index for innovation. This 

(3)P
(

yi > j
)

=

exp

(

X
�

ik
𝛽k−𝜅j

𝜎i

)

1 +

{

exp

(

X
�

ik
𝛽k−𝜅j

𝜎i

)} , j = 0, 1, 2, 3.

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



145

1 3

The role of collaboration and external knowledge for innovation…

implies that small food firms that are more engaged in collaboration with other firms 
in the region, that believe that they get support from actors within the region, and/or 
that use more external knowledge in their development of new goods and/or services 
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; Porter 1990; Chesbrough 2003).

Table 1  Estimated relationships between innovation and external support, knowledge, and collaboration

Dependent variable: Innovation (averaged summated scale of all seven types of innovation)
Ordinary Least Squares (OLS) estimations
* denotes significance at 10 percent level, ** denotes significance at 5 percent level, *** denotes signifi-
cance at 1 percent level. Robust standard errors, clustered on labor market regions, in parentheses

(1) Innovation (2) Innovation (3) Innova-
tion

Collaboration (summated) 0.2019***
(0.0506)

0.1937***
(0.0510)

0.1541***
(0.0532)

Regional support (summated) 0.1868***
(0.0630)

0.1487**
(0.0646)

0.1844**
(0.0704)

External knowledge (summated) 0.2084***
(0.0531)

0.1697***
(0.0602)

0.1852***
(0.0620)

Firm controls
Size (ln) −0.0151

(0.0564)
−0.0136
(0.0398)

Education 0.0034**
(0.0016)

0.0032*
(0.0017)

Females 0.0012
(0.0017)

0.0012
(0.0017)

Young 0.0028
(0.0017)

0.0030*
(0.0017)

Old −0.0038*
(0.0022)

−0.0045*
(0.0026)

Family firm −0.0807
(0.0702)

−0.0870
(0.0694)

Sales Sweden 0.3202**
(0.1280)

0.2887**
(0.1317)

Sales international 0.2792**
(0.1184)

0.2637**
(0.1298)

Geographic controls
Neighborhood firm density (ln) −0.0180

(0.0209)
Regional firm density (ln) 0.0817**

(0.0356)
Constant 1.0234***

(0.0683)
0.8562***
(0.1260)

0.8388***
(0.1203)

F-value 30.67*** 13.81*** 9.04***
R-squared 0.1414 0.1901 0.1936
Observations 424 401 383
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Regarding the control variables, the innovativeness of firms is positively associ-
ated with the percentage of employees who have a higher education or are younger 
than 30 years. In contrast, 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 innova-
tion. We find no agglomeration effect from the neighborhood, but firm density at 
the regional level is positively associated with innovation. This implies that firms in 
regions with more economic activity are more innovative, which may be due to bet-
ter matching on the labor market, the sharing of resources, and/or learning through 
knowledge spillovers (Duranton and Puga 2004).

4.2  Disentangling innovation and external interaction

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, regional support, and external knowledge.

Tables 2, 3, 4 present the results for the variables on external interaction from 
ordered logit estimations, including all control variables.7 If the Brant Chi-squared 
value is significant, we estimate heteroscedastic ordered logit models as robustness 
tests. The results from these estimations are presented in Online Resource 2 and 
commented on in case of non-robust results.

4.2.1  Firm collaboration

Table 2 provides the results for collaboration. Since collaboration refers to interac-
tion with other firms, all forms of collaboration are examples of Doing, Using and 
Interacting (DUI) modes (Jensen et al. 2007; Dahl Fitjar and Rodríguez-Pose 2013). 
Table 2 shows that collaboration in at least one form with other firms in the region is 
positively significant for all types of innovation (besides new ways of organization). 
Among the different forms of collaboration, transports and sales seem to be most 
important. Collaboration regarding transports has a positive relationship with firm 
innovation in terms of new goods, services, processes, and markets, as well as new 
ways of distribution.

Except for new processes, the same types of innovations also benefit from col-
laboration regarding sales, which is also the case for using new suppliers. Collabo-
ration regarding R&D is insignificant throughout. It may be 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 regard-
ing sales and transports, collaboration regarding marketing is positively significant, 
albeit only for innovation in terms of new suppliers.

7 The results for the control variables are available in Online Resource 3.
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4.2.2  Support from regional actors

Table 3 provides the results for the importance of support from regional actors in 
the development of the firm. Support from the largest firm in the region appears to 
be positively related to innovation in terms of new goods, services, and processes, 
although the latter relationship turns insignificant in the heteroscedastic ordered 
logit estimation (see Table  A8 in Online Resource 2). This is in line with previ-
ous studies on innovation in the food industry showing that external interaction with 
other firms is especially important for the traditionally recognized types of innova-
tion (Stewart-Knox and Mitchell 2003; Gellynck and Kühne 2008; Capitanio et al. 
2009). Regarding innovation beyond products and processes, the results show that 
small food firms benefit from support from the regional, county, and/or municipality 
board. In addition, goods innovation is positively related to support from a regional 
board. This indicates that political decisions and activities undertaken at these levels 
can influence firm innovation.

The results for new ways of distribution changes in the heteroscedastic ordered 
logit estimation (see Table A8 in Online Resource 2), 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 processes and new 
ways of distribution benefit 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, as well as 
from the regional chamber of commerce or other business association, all of which 
are Science, Technology and Innovation (STI) modes of interaction. The only nega-
tive relationships between innovation and an external interaction variable concern 
new ways of organization and new ways of distribution, which are both lower for 
firms that get more support from the regional chamber of commerce or other busi-
ness association (for new ways of distribution, the estimate turns significant in the 
heteroscedastic ordered logit model).

4.2.3  A geographic perspective on external knowledge

Table 4 presents the estimation results for intra- and extra-regional external knowl-
edge, as well as knowledge from the own firm. The results show that the higher firms 
value their own knowledge, the more innovative they are in all types of innovation 
except new suppliers and new organization. Following Dahl Fitjar and Rodríguez-
Pose (2013), external knowledge from other firms is considered as DUI modes of 
interaction, while knowledge from universities and research institutes are 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 
research-based institutions. This supports previous research on innovation in the 
food industry (Stewart-Knox and Mitchell 2003; Gellynck and Kühne, 2008; Capi-
tanio et al. 2009; Maietta et al. 2017; Karantininis et al. 2010) and may be due to 
cultural barriers and weak links between academia and business, especially concern-
ing small- and medium-sized firms in remote locations (Tödtling and Kaufmann, 
2001; Maietta 2015; Baycan and Stough 2013). Importantly, external knowledge 
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is significant only for extra-regional firms, which is in line with Dahl Fitjar and 
Rodríguez-Pose (2013) and Bjerke and Johansson (2015). This implies that it is the 
knowledge networks that extend beyond the own region that matter for innovation in 
small food firms. Finally, external knowledge seems to be valuable primarily for tra-
ditionally recognized types of innovation, that is, new goods and services, although 
it is also weakly significant for new ways of organization.

Innovation in terms of new processes is the only type of innovation positively 
related to an STI mode of external interaction, that is, support/knowledge from uni-
versities and/or research institutes. As opposed to external knowledge from other 
firms, it is intra-regional universities and/or research institutes that matter for 
new processes. This may be explained by that the cultural barriers and weak links 
between academia and business are being partly overcome by geographic proximity. 
Indeed, many universities in Sweden have a regional focus and interact with busi-
nesses in their own region, for example, through cooperation on student field project 
work and theses.

5  Conclusions

The ability of firms to renew themselves is becoming increasingly important from 
the perspective of firm survival and growth (Audretsch and Mahmood 1995; Cefis 
and Marsili 2005). Renewal and technological change are also particularly important 
for firms that operate in the food industry. The competition for product differentia-
tion, the increasingly global character of food markets, higher requirements on food 
safety, and advances in biotechnology have all made innovation a necessity rather 
than an option for the survival and growth of small food firms (Triguero et al. 2013).

In this paper, we have disentangled innovation in small and specialized food firms 
by distinguishing between various types of innovation beyond the usual classifica-
tion of new products. We argue that this is necessary to capture the full innova-
tion potential of firms with low capital intensity and low orientation toward research 
and development, which is the case for many small and specialized producers in 
the low-tech food industry, especially those located in rural regions. Since small- 
and medium-sized firms commonly have limited internal knowledge and financial 
resources, the focus of the paper is on the relationship between external interaction 
and firm innovation. External interaction is measured in terms of either collabora-
tion with other firms in the region, support from regional actors in the development 
of the firm, or the application of intra- and extra-regional external knowledge in 
innovation activities.

From the results, we can conclude that there is a positive relationship between 
firm innovation and external interaction for small food producers in Sweden. In par-
ticular, collaboration regarding transports and sales enhances most types of inno-
vation. However, our results also show that the relationship differs across the vari-
ous dimensions of external interaction and innovation. More conventional forms 
of firm innovation, new goods and services, benefit from external knowledge from 
extra-regional firms as well as regional support from the largest firm. Other types 
of innovation, such as selling into new markets, use of new suppliers, new ways 
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of organization, and new distribution channels, increase mostly from support from 
regional and municipality boards. On the other hand, we find little support for a pos-
itive relationship between firm innovation and links to universities and/or research 
institutes. Such links are probably rare for the food firms in our sample, as they tend 
to be both small and remotely located and operate in a low-tech sector.

It has become almost a mantra that collaboration is a key factor for successful 
innovation activities. Our study strengthens this thesis and suggests that local and 
regional policy makers can influence firm innovation by promoting collaboration 
and knowledge networks between firms, in particular, by providing support to small 
firms that operate in low-tech sectors and are located in rural regions, as these firms 
often lack skilled labor and financial resources. Additionally, this study shows the 
importance of extra-regional connections for innovation in the food industry. Our 
findings indicate that small and rural firms can compensate for lower accessibility 
and other disadvantages that firms located outside metropolitan regions face by hav-
ing specialized links to selected extra-regional partners. These links probably have 
higher establishment and maintenance costs than corresponding partner links in 
metropolitan regions, providing a strong argument for supporting this kind of net-
work building for small, rural firms.

From a more general view, the fact that different factors seem to have impacts on 
the various types of innovation calls for innovation policies and strategies flexible 
enough to enable “tailor-made” solutions at the local level. Firm management, pol-
icy makers, and practitioners need to consider the local context, regarding the pre-
requisites of local firms and the conditions offered by the local economic milieu. To 
conclude the paper, we refer to Roger Stough (2010), who argued that (local) leader-
ship, with local knowledge, is one of the key elements to achieve regional economic 
development. Our results support using this type of leadership to promote collabora-
tion and knowledge networks of small firms in low-technology and/or rural settings.
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