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Abstract
The knowledge spillover theory of entrepreneurship (KSTE) considers determinants of
knowledge diffusion as well as their impact on entrepreneurial activities and growth.
Extending the KSTE, the role of incumbent firms for the broad diffusion of new
knowledge has been emphasized. For those firms, the barriers to an effective flow of
information are considered using the concepts of knowledge filters and absorptive
capacities. Both concepts enable the derivation of institutional measures to penetrate
knowledge filters and systematically increase absorptive capacities. We interpret the
process of digitization as a central process of knowledge spillover in recent years and
determine digitization-related knowledge filters for particular domains of firm decision-
making. Using a consultant-based in-depth evaluation of 200 small and medium-sized
enterprises (SMEs) conducted in the context of a federal innovation program, structural
drivers, firm clusters, and domain-specific knowledge filters for digitization are deter-
mined. We find little evidence for structural drivers of knowledge spillover effective-
ness. However, as firms are clustered according to their digitization pattern, we show
that firms realize high degrees of digitization in most domains or in none, leading us to
argue that domain-specific knowledge filters are weak. Rather, knowledge spillover in
digitization can be considered a process with initially strong general knowledge filter
and—once this filter has been penetrated—weaker subsequent domain-specific knowl-
edge filters. Policy and managerial implications for increasing digitization-related
knowledge spillovers in SMEs are discussed.
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Introduction

Extending the endogenous growth theory (Romer 1986, 1994), the role of knowledge
spillovers has come into the focus of researchers and policy makers in past years, thus
aiming at explaining the “missing link” (Braunerhjelm et al. 2010) between knowledge
production and economic growth. This strand of discussion has been considered within
the knowledge spillover theory of entrepreneurship (KSTE) (Acs et al. 2009a;
Audretsch and Keilbach 2008; Audretsch 1995; Acs et al. 2013; Ghio et al. 2015, for
literature reviews). From a policy perspective, the existence and role of the barriers to
effective knowledge commercialization, denoted “knowledge filters,” have been inves-
tigated in order to assess and recommend strategies of penetrating those knowledge
filters. This aims at fostering knowledge spillovers and thus, ultimately, increases
(regional) economic competitiveness and growth (see e.g., Acs et al. 2004; Acs and
Plummer 2005; Mueller 2006; Carlsson et al. 2009). Apart from entrepreneurial
activities, i.e., the creation of new firms commercializing knowledge, the pivotal role
of incumbent firms for knowledge spillover has recently been emphasized. Their ability
to absorb, implement, and disseminate new knowledge has been described as having a
similarly high relevance for knowledge spillovers as newly founded firms (Qian and
Jung 2017). This might be particularly important for national systems of innovation
characterized by a lower entrepreneurial dynamic, yet a higher ability to promote
incremental innovation by smaller and long-lived small and medium-sized enterprises
(SMEs) (Proeger 2018).

In the process of digitization1, national institutional systems of innovation are
challenged by the radical changes stemming from digital transformations on all societal
levels (e.g., Hinings et al., 2018, Loebbecke and Picot 2015). Digitally innovative
entrepreneurial ecosystems are becoming the central source of radical innovations
transforming societies and business worldwide, serving as a transfer mechanism
efficiently bridging the knowledge gap from research to market adoption (Sussan &
Acs, 2017). However, the ensuing broad dissemination of that knowledge leading to
substantial economic gains in terms of increased competitiveness and growth requires
successful knowledge spillovers to incumbent firms on a large scale. Economies unable
to absorb radical digital innovations and implement them within their specific fabric of
incumbent firms will fail to reap the economic benefits and ultimately loose compet-
itiveness. Therefore, from the perspective of (regional) policy makers aiming at
establishing knowledge spillovers in the domain of digitization broadly across firms
outside of those digital entrepreneurial ecosystems, incumbent firms and their specific
absorptive capacities occupy a central role.

Considering previous results (e.g., Bahrat & Chaudhury, 2017), it can be assumed
that incumbent SMEs—constituting a central segment of firms in most economies—are
likely to be an important impediment for increasing digitization due to their lower
absorptive capacity for new knowledge. We thus suggest that SMEs’ reluctance to

1 While numerous definitions of digitization exist, following Loebbecke and Picot (2015), we denote
digitization as the broad transformation process of an economy through digital technologies. This process
has effects on all societal groups; within firms, it primarily refers to the use of new technologies such as big
data analytics, machine learning, automation, a transformation of communication structures with customers,
and other businesses. However, it refers not only to the use of novel technologies per se, but also encompasses
the various changes on workplaces, intra-firm processes and firm structures fostered by technological change.
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conduct digitization measures is essentially an issue of knowledge filters hampering the
efficient flow of knowledge from innovative entrepreneurial sectors to SMEs. To
support policy makers in designing institutions to penetrate those knowledge filter, a
more specific understanding of the different knowledge filters hampering digitization in
SMEs is required. In this study, we contribute to this research goal by exploiting a
novel dataset of German SMEs from the “German Mittelstand” (De Massis et al. 2017)
participating in a federal innovation program detailing their degree of digitization in
different intra-firm domains. The questionnaire is used as a support mechanism by
professional association of the German craft sector for the German Federal Ministry for
Economic Affairs and Energy and is conducted by innovation consultants with firm
representatives (for an extended description and analysis of the program, see Runst et
al. (2018).

Our dataset encompasses data on 200 German SMEs of different sizes as well as
market and regional backgrounds. The respective firms participated in an extensive
questionnaire on all aspects of their firm’s level of digitization, which includes com-
munication with customers and B2B sales, internal firm processes, development of
digital business models, degree of employee training, and IT security. Using this unique
dataset, we analyze domain-specific digitization effectiveness as well as its structural
drivers and interpret those patterns as a measure on the effectiveness of their penetration
of domain-specific knowledge filters. Additionally, we look at the relationship between
digitization effectiveness in different intra-firm domains. These analyses allow us to
provide policy and managerial implication for decision-makers interested in designing
institutions fostering digitization-related knowledge spillovers in SMEs.

The remainder of this paper is structured as follows. Chapter two explains the
research context of this paper; chapter three explains the dataset, while the fourth
chapter shows our analyses. Finally, chapter five provides a concluding discussion and
policy implications of our results.

Research Context

Overall, our work is positioned between the literature on the KSTE, in particular, the
studies investigating knowledge filter and means of their penetration and the literature
on technology adoption in SMEs from the viewpoint of information systems research
(IS). Combining those strands of literature, we aim at contributing primarily to the
further study of knowledge filter from a policy perspective, giving policy makers and
managers implications for increasing knowledge spillovers to SMEs to increase their
competitiveness.

Considering the “missing link” (Braunerhjelm et al. 2010) between knowledge
production in research institutions and its effective commercialization in regional
economies has extended the endogenous growth theory (Romer 1986, 1994). This
research program is pursued within the knowledge spillover theory of entrepreneurship
(KSTE) (e.g., Acs et al. 2009a; Audretsch and Keilbach 2008; Audretsch 1995 as well
as Acs et al. 2013 and Ghio et al. 2015 for literature reviews). Although extensive
knowledge spillover are potentially profitable for businesses and desirable from a
policy-perspective for its positive effects in terms of competitiveness and (regional)
growth, there are systematic barriers to knowledge spillover, which are considered
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under the term “knowledge filters” in the literature (see e.g., Acs et al. 2004; Acs and
Plummer 2005; Mueller 2006; Carlsson et al. 2009). Those knowledge filters can help
explain the “knowledge paradox” (Audretsch and Keilbach 2008), which describes the
issue that there is no natural link between investments in knowledge production and
increases in competitiveness and growth on a regional or national level.2 Thus, the
questions discussed in the respective studies concerns the effective penetration of
knowledge filters. Overall, entrepreneurial activities by start-ups close to research
institutions have been considered extensively as the most effective channel for com-
mercializing knowledge, while incumbent firms tend to be considered as incapable of
penetrating knowledge filter (Acs et al. 2013; Acs et al. 2009a; Audretsch and Keilbach
2007; Audretsch 1995). This tends to shift the policy focus on establishing a culture of
entrepreneurship in universities and fostering start-ups that transform new knowledge
to market products. However, from the perspective of (regional) policy makers aiming
at increasing the overall adaptation of new knowledge across firms, the role of
incumbent firms has a similarly high relevance. Qian and Jung (2017) introduce this
perspective to the KSTE by showing that incumbent firms have considerable absorptive
capacities (Cohen and Levinthal 1990; Qian & Acs 2013) for new knowledge and can
therefore constitute an effective complement for the penetration of knowledge filters in
regional economies.

Turning to digitization, the seminal contribution on digital entrepreneurial ecosys-
tems (DEE) by Sussan & Acs (2017) combines the established concepts of entrepre-
neurial and digital ecosystems and outlines future strands of research in digital entre-
preneurship. While focused upon the innovative core ecosystems driving the digital
transformation, their description of socially embedded open governance structures
underlines the need to investigate the willingness and ability of other stakeholders such
as incumbents and regulators to participate in the respective digital ecosystems (Sussan
& Acs, 2017, p. 69). Our research contributes to this research domain by investigating
the conditions by which non-digital incumbent SMEs can be drawn into DEE dynam-
ics, which can be seen as a precondition for substantial economic spillovers by those
DEEs to regional economies characterized by non-digital SMEs. We suggest that the
effectiveness of inclusion in the dynamics of digital transformation can be operation-
alized using the concept of knowledge filters. We attempt to measure the extent of those
knowledge filters in SMEs using the degree of intra-firm digitization in different
domains as a proxy for knowledge spillover effectiveness. We suggest that this captures
technological adoption, as well as human resources-related changes, process innova-
tions, and the relationship with customers.

This understanding resonates with the information systems research (IS) capability
perspective on digitization in SME (see e.g., the literature review in Li et al., 2018),
which advocates a holistic view of digitization combining managerial requirements
(Doherty & King, 2005), the redefinition of business processes, and employee training
(Markus, 2004) as well as investments in human resources and organizational capabil-
ities (Cha et al., 2015) as a set of capabilities necessary for an intra-firm digital

2 Examples for determinants of knowledge filters range from geographical characteristics of a particular region
(Acs et al. 2009a; Acs and Plummer 2005), the effectiveness of national institutions (Stenholm et al. 2013;
Proeger 2018), the age of firms (Acs et al. 2009b; Carlsson et al. 2009), asymmetric information (Feser &
Proeger, 2017; Proeger & Rupieper, 2019 ) or social norms (Guerrero and Urbano 2014).
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transformation. For SMEs in particular, it is acknowledged that those transformational
efforts in different domains of the firm require external impulses fostering internal
reorganizations (Bharati & Chaudhury, 2015). We suggest that—from a public policy
perspective—those impulses should be interpreted as knowledge spillovers and the
failure to absorb spillovers in a particular domain (e.g., HR, organizational develop-
ment, technology adoption, and big data) be seen as resulting from knowledge filters.
Therefore, failure to conduct digitization in a specific domain would point to a
particularly strong knowledge filter in that domain since external input has not been
successfully implemented. This assumption guides our further analysis of the degree of
SME digitization and barriers to knowledge spillover and thus connects the studies on
knowledge filters, digital entrepreneurial ecosystems, and the IS perspective on digiti-
zation in SMEs.

To sum up, we primarily contribute to the literature on knowledge spillover, more
particularly regarding incumbent SMEs in the field of digitization by providing novel
evidence on incumbents’ intra-firm knowledge filters. We therefore draw upon research
on digital entrepreneurial ecosystems as well as the information system approach to
SME digitization. This exploratory approach using a unique dataset allows us to
formulate policy and managerial implications regarding the penetration of
digitization-related knowledge filters.

Data

Questionnaire Background

Our sample is gathered from a questionnaire designed for SMEs from the German craft
sector that aims at determining in detail the degree of digitization in the different
functional domains of a given firm. The questionnaire and its application by consultants
of the craft organizations are financed by the German Federal Ministry for Economic
Affairs and Energy (BMWi) and can be considered the latest push to increase digiti-
zation among craft SMEs. German chambers of craft employ “innovation consultants”
for their member firms specifically trained to increase technology intensity in the
respective firms. In cooperation with scientific advisors and innovation consultants
from across Germany, the Center for the Digitization of the Crafts (KDH) drafted the
questionnaire as a measure of analyzing the digitization of the respective firm and
provided a heuristic for consultants to suggest digitization measures to the firm. The
questionnaire can be used online with extensive explanation on the different questions;
however, the regular approach is to conduct the questionnaire with the help of trained
innovation consultants.

Innovation consultants and—in the online version3—explanatory texts ensure that
the index values of 5–1 are explained in detail, since each number is assigned to a
particular degree of digitization. Therefore, the answers are not subjective ratings
regarding the perceived degree of digitization. Rather, they are fairly objective mea-
sures of specific domains of digitization within a firm. Consider for instance the
question regarding the analysis of customer data. A firm representative will be asked

3 The online version can be accessed via www.bedarfsanalyse-handwerk.de.
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whether customer data is stored and used. An answer of “5” is chosen if data is stored
centrally, analyzed centrally, and used to improve the individual communication with
customers. An answer of “4” is chosen if customer data is stored centrally and used in
some way other, e.g., looked at by the manager once a month. The other options
similarly have a strict graduation to a lower degree of digitization in the respective
fields and have fairly specific descriptions for the different options. These specifications
exist for all questions and are explained by the respective consultant and in the internet
form. To ensure a homogeneous answering pattern, the innovation consultants have
been trained prior to the introduction of the questionnaire.

The questionnaire has six sub-domains: firm specific details, digitization of customer
and supplier relations, digitization of firm processes, development of digital business
models, staff qualification in digital technologies, IT safety measures. Each sub-domain
features five to ten questions with answering options of 5 (fully agree) to 1 (do not
agree at all). In the domain of IT safety measures, only values of 1 (implemented) or 0
(not implemented) are allowed. From respondents’ answers to all questions, an overall
index value and index values for the sub-domains are constructed. The indices weigh
all questions equally. Firms with more than two non-answers are excluded from the
sample.

Sample description

Our sample consists of 200 firms that completed the questionnaire, of which 156
completed the questionnaire with a consultant; the other 44 firms completed the
questionnaire online using the online information for the different answer options
which are congruent with the information provided by the consultants. Firms completed
the questionnaire between July 2017 and May 2018. Apart from the answers to the
different digitization questions, firms provided the firm age, federal state, field of
business and regulatory characteristics of the field4, the revenue, and number of
employees.

Let us first consider the basic structural information on the firms. Regarding the age,
a share of 0.55 has been founded after 1980. The rest have been founded between 1900
and 1980 with firms founded after 1945 make up about 0.35 of the overall sample. The
regional distribution is unequal across Germany with the majority of firms coming from
the southern state of Baden-Wurttemberg and Bavaria with the western state of North
Rhine-Westphalia and the northern Lower Saxony having substantial but lower shares.
The other federal states are represented, yet with a lower overall weight in the sample.
The distribution of answering firms is not connected to the degree of digitization of the
respective state, but simply reflects the different financing of the firm consultants by the
federal governments and craft organizations. Since we aim at determining structural
drivers of knowledge spillovers in digitization, we refrain from an in-depth analysis of
regional patterns, which are unlikely to yield additional results for our question.

4 The question regards the regulation of craft businesses in Germany, of which the sample mainly consists.
There are two regulatory classes (“A”- and “B-Gewerke”) which are primarily differentiated by the required
occupation licensing for opening up a business. In the A-sector, a further qualification title is required to run a
business, while in the B-Sectors, there are no entry requirements. For the analysis of digitization patterns, this
differentiation should not play a substantial role and is therefore dropped from the analysis.
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Regarding the professional field of all businesses, our sample covers pretty accu-
rately the overall distribution of craft firms in Germany. While we would not suggest
that our results are representative of the craft sector as a whole5, our sample firms do
cover all professional fields. Diverging from the actual distribution are the size and
revenue of our firms: our sample has larger firms with a higher average revenue than in
the general population of firms. It can be assumed that, since participation in the
questionnaire requires time by the manager or leading employees, smaller firms are
less likely to participate due to the lack of resources. Table 1 gives an overview of the
different sub-sectors, their representation in our sample, and gives a comparison to the
latest official statistical census of craft firms (“HWZ,” the most recent one is from
2015).

Overall, our sample consists of younger firms concentrated in southern Germany
due to a regionally higher number of consultants conducting the survey with firms and
is fairly representative of all professional fields within the subsector of German crafts.
Firms are larger and have a higher revenue than on average. While not fully represen-
tative, the sample is useful to analyze structural determinants of knowledge flows in the
process of digitization across a broad range of professional fields. The fact that
particularly younger and larger firms have answered is understandable and underlines
the expectably higher absorptive capacities of those SMEs, yet is not likely to bias our
results regarding market-specific knowledge filter, which should be fairly similar for all
sizes of firms.

Results

Descriptive Results

Initially, we present a descriptive analysis of the overall answering patterns shown by
firm representatives before going into detail in the analytical cluster and regression
analysis. We thus determine structural answering patterns that are considered in detail
afterwards.

Indices

We begin by presenting in Table 2 the overall index values and the respective sub-
indices as given by the entire sample of firms. Keep in mind that the answers (1–5) are
not mere subjective ratings by respondents but fairly objective descriptions of different
intra-firm processes. Respondents are explained which number to choose given their
particular firm situation. This makes the indices a fairly objective measure of the intra-
firm situation in the given field. Looking at the results, even on an aggregate level, there

5 Along with industrial SMEs, the German craft sector is considered the backbone of the German model of
production of highly specialized SMEs with a high knowledge intensity and innovativeness. The sector yields
an annual revenue of about 581 bn euros, features a share of 12% of all employees, 28% of all apprentices
within the dual training system, and 1 mio firms overall (for all current numbers, see information by the
German Confederation of Skilled Crafts (ZDH) on https://www.zdh.de/daten-fakten/kennzahlen-des-
handwerks-2016/). Therefore, it can be considered a representative economic sector for conducting research
on the structure of SMEs.
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is a considerable variation in the answering patterns with a staff qualification ranking
the highest and the development of digital business models the lowest. Providing digital
information, implementing customer processes thus increasing sales are the most
salient implemented aspects. Most firms score lower at the introduction of customer
rating tools, the use of the latest technologies in their production processes, and score
low on specific cost models in connection to online sales; all of which are understand-
able when considering that the sample consists mostly of small to medium-sized craft
firms, which have quite limited resources to implement digital business models.

Table 1 Representativeness of our sample

Variable Sample Census 2015

Professional fielda

Construction sector 0.16 13%

Interior construction 0.54 41%

Crafts for commercial demand 0.15 14%

Car maintenance 0.04 9%

Food crafts 0.04 4%

Health crafts 0.03 4%

Crafts for private demand 0.04 15%

Number of employees

< 5 0.15 0.59

5–9 0.22 0.22

10–19 0.27 0.12

20–49 0.23 0.06

> 50 0.13 0.02

Annual revenue (€)

17,500–50,000 0.09 0.19

50,000–125,000 0.04 0.21

125,000–250,000 0.07 0.18

250,000–500,000 0.16 0.16

500,000–5,000,000 0.63 0.24

> 5,000,000 0.09 0.03

a The seven categories each include a number of different crafts of a very broad spectrum. Examples include
the following: construction sector (masons, roofer, roadbuilder); interior construction (painter, plumber,
carpenter, electrical machine building); crafts for commercial demand (metalworker, cleaner, opticians); car
maintenance (vehicle builder, car mechanics, motorbike and bicycle mechanics); food crafts (baker, butcher,
confectionist); health crafts (opticians, hearing aid acoustician, prosthetic dentistry); crafts for private demand
(sweep, barber, clocksmith). The sample also includes a small number of non-craft SMEs, which have similar
backgrounds and professional fields.
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Table 2 Note: IT security only features the answer options 0 (not implemented) or 1 (implemented)

Indices Degree of Implementation

Customers and suppliers 2.8

Digital information on products and services 3.4

Online applications for customer acquisition 2.4

Customer rating tools 2.0

Analysis of customer data 3.2

Suppliers connected to IT systems 2.9

Processes 2.7

IT Infrastructure up to date 3.7

Customer Processes via IT 3.6

Digital documentation of processes 2.6

Use of innovative technologies 2.0

Digital inclusion of external resources 3.1

Analysis of process data 2.7

Digital connection of production units 2.2

Use of cloud technologies 2.3

Intra-firm communication via mobiles devices 2.3

Digital coordination and planning of workers 2.6

Business models 2.3

Increased sales due to digital technologies 3.3

Digital market observation 2.8

Larger breadth of products and services 2.4

Individual IT solutions for customers 2.1

Different cost models due to digital technologies 1.8

Revenue due to online sales 1.4

Staff qualification 3.0

Staff accepts introduction of IT 3.6

Staff has relevant IT competencies 3.4

Staff receives IT training 3.2

Digital qualification is provided 2.7

Digital staff recruitment 2.8

Process data available 2.5

Staff is training in IT safety measures 2.8

IT safety 0.75

Basic protection for all devices 0.94

Software products up-to-date 0.82

Regular data backups 0.86

Access protection for all devices 0.8

Use of strong passwords 0.49

Staff is informed of IT risks 0.6
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Correlation of Indices

Building on those initial results, we can show the connections between the answering
patterns for different intra-firm domains. Using the overall sub-index averages, we
consider their correlation to determine which intra-firm processes are interconnected.

Looking at Table 3, there are two strong correlations, namely between customer and
supplier relation and digitization of processes and between digitization of processes and
staff qualification. Further, one can see robust correlations between the implementation
of digital business models and customer and supplier relations and process digitization.
This basic analysis shows us that there are strong inner connections between all
subcomponents of digitization except for IT safety. Therefore, although they touch
very different domains of SME firm activities and could well be optimized separately,
they should be considered a coherent process within the respective firm. These initial
results warrant the hypothesis that the different domains have a logical inner connection
and that digitization efforts in one domain lead to the adoption of additional knowledge
in different domains. Apart from these processes, IT safety is not correlated with the
different aspects of digitization. Obviously, fulfilling IT safety standards does not
necessarily lead to digitization efforts in the other firm domains.

Determinants of Overall Index

Further, we consider the structural firm specifics and their impact on the degree of
overall digitization. We therefore run a simple correlation analysis of structural vari-
ables and each firm’s overall digitization index values.

Overall, there are no effects for the regional distribution of firms, none for the main
customers (private, businesses, state) and none for the age of the firm. Firms with a
higher digitization value tend to be less happy about the speed of the internet connec-
tion; otherwise, there are no effects for the quality of the internet connection. Regarding
the domain of firm activity, there are only weak effects: SMEs in food crafts are slightly
less digitized, car maintenance and health crafts are slightly more digitized. Otherwise,
there are no field-specific effects. The only stronger effects are in terms of revenue and
number of employees. Here, we find the expected pattern that a higher number of
employees and a higher revenue are correlated with higher index values. This effect is
particularly strong for very small firms (less than 50 K revenue p.a. and under 10

Table 3 Correlation of indices

Customers and
suppliers

Processes Business models Staff qualification IT safety

Customers and suppliers 1

Processes 0.61 1

Business models 0.56 0.56 1

Staff qualification 0.48 0.64 0.46 1

IT safety 0.19 0.24 0.08 0.30 1
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employees. Above that threshold, there is little variation with the exception of the
highest class of revenues, which is digitized above average.

Overall, we find little evidence that specific markets or structural indicators drive
knowledge spillover in digitization. This can be interpreted such that the degree of
digitization depends primarily on informal factors, e.g., the individual manager’s
openness and interest towards digitization. This component of a firm’s absorptive
capacity seems to be evenly distributed across markets in our sample with only a weak
market push towards digitization in two domains. To extend this analysis, we conduct a
cluster analysis of different cluster digitization types within our sample.

Determinants of Digitization

Cluster Analysis

To take a more detailed look at firm responses, we conduct a principal component
analysis, which uses the correlation of all answers to show answering patterns. First, the
correlation coefficients of all answers are constructed. Based upon those correlations,
answering patterns can be shown, meaning that specific questions are often answered in
a similar manner. Looking into those clusters enables us to describe and interpret the
respective digitization pattern. Table 4 shows the different answers and resulting four
clusters along with the respective factor loadings.

Drawing on this analysis, we can identify four distinct clusters of firms due to their
respective answering patterns.

Let us first consider cluster one, which includes firms ranking high on a number of
digitization measures. They have conducted training for the employees and have
increased sales due to the use of IT. This cluster includes the most advanced SMEs
in their field with regard to digitization. Knowledge spillover for those firms has been
extensive and can be considered a continuous process since process data and customer
processes are integrated, which makes constant improvements on the digital systems
likely. Also, the increasing sales due to the improvement on the firm’s digital infra-
structure are likely to lead to further investment and improvements, which systemati-
cally penetrates knowledge filters in the domain of digitization. Cluster two includes
firms that use digital solutions on a lower level, have trained their staff accordingly, yet
do not proceed with a further integration of digital technologies. Apparently, the basic
level of digitization fits their business model and further digitization would require
investments and knowledge acquisition that would not compensate for the expected
gains. Cluster three can be described as digitally well connected to their suppliers and
using some digital processes while not providing substantial digital information on
products and services; overall, this does not lead to increased sales. We interpret this
constellation as resulting from a strong and mandatory integration of the firms’
processes into supplier and customer digital systems. These measures are required to
conduct in the respective business, yet do not lead to increased business success since it
is a basic requirement. Therefore, investments and knowledge spillover are determined
by external agents, yet in this manner succeed in penetrating knowledge filter for those
SMEs. Cluster four finally can be described as the minimally digitized firms, which use
certain basic measures for digitally acquiring customers yet do not evaluate the
respective data and fails to provide extensive training for employees. Overall, those

Journal of the Knowledge Economy (2020) 11:1509–1528 1519



Table 4 Cluster of answering patterns, resulting firm cluster, and factor loadings

Cluster #

Indices 1 2 3 4

Factor loadings

Customers and suppliers

Digital information on products and services − 0.31

Online applications for customer acquisition 0.32

Customer rating tools 0.33

Analysis of customer data − 0.25

Suppliers connected to IT systems 0.20

Processes

Customer processes via IT 0.23

Digital documentation of processes 0.21 − 0.21

Use of innovative technologies 0.20

Digital inclusion of external resources

Analysis of process data 0.20 − 0.24

Digital connection of production units 0.23

Use of cloud technologies 0.23

Intra-firm communication via mobiles devices

Digital coordination and planning of workers 0.29

Bussiness models

Customer processes via IT

Increased sales due to digital technologies 0.20 − 0.27

Digital market observation 0.25

Larger breadth of products and services

Individual IT solutions for customers − 0.25

Different cost models due to digital technologies − 0.30

Staff qualification

Revenue due to online sales − 0.28

Staff accepts introduction of IT 0.24

Staff has relevant IT competencies 0.33

Staff receives IT training 0.23

Digital qualification is provided 0.20 − 0.22

Digital staff recruitment 0.19

Process data available 0.20

IT safety

Staff is training in IT safety measures 0.19

Basic protection for all devices 0.26 0.32

Software products up-to-date 0.27

Regular data backups 0.24

Access protection for all devices

Use of strong passwords 0.37

Staff is informed of IT risks 0.23

Cronbach’s alpha 0.88 0.35 0.60 0.68
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SMEs are likely to have a simple homepage; employees are uninvolved and have a
basic safety standard. Therefore, no extensive knowledge spillovers have been con-
ducted; only very simple digital applications have been conducted, yet no digitization
process within the firm has been initiated.

From a knowledge-spillover perspective, it can be suggested that the first cluster has
successfully coped with knowledge filter and has achieved a level of low marginal costs
of acquiring additional digitization knowledge which also yields considerable addition-
al revenue. The second and fourth cluster have acquired a basic level of digitization-
relevant knowledge, have implemented that knowledge in the respective business
processes, yet have ceased to acquire additional knowledge since the additional costs
of penetrating the respective knowledge filters is not justified by additional revenue.
Finally, the third cluster considers knowledge spillover in digitization as a requirement
by customers and suppliers yet does not systematically adapt digital solutions based on
self-interest. Thus, from a policy perspective aiming at increasing the positive effects of
digitization among SMEs, the first cluster can be seen as a benchmark for the other
firms where knowledge filters cease to be a substantial issue hindering the implemen-
tation of new technologies. By contrast, the other three clusters are hampered by
knowledge filter making the adaptation of technologies and digital processes exces-
sively difficult and costly to entrepreneurs. Therefore, specific institutional support
mechanisms should be devised to cope with those knowledge filters. To gain a more
profound understanding of firm characteristics within the clusters, we run two regres-
sion analyses.

Determinants of Digitization and Cluster Assignment

Using a simple OLS regression, we first consider which firm characteristics go along
with higher values in the overall digitization index and in the respective sub-indices.
We can thus determine the role of structural firm features for the successful implemen-
tation of digital technologies and processes. Table 5 presents the regression results.

Using non-craft firms as the comparison, we find that craft firms of both regulatory
classes reach lower degrees of digitization for most indices. Further, higher firm
revenues goes along with higher the degrees of digitization. However, firms with low
revenue reach higher levels of staff qualification. Looking at the different sectors
covered in our sample, there is little evidence for systematic digitization-related effects
of those sectors. Crafts for private demand tend to reach higher values with regard to
customer digitization and staff qualification. Similarly, the health crafts, which also
have a lot of direct customer contact, tend to score higher in customer-related digitiza-
tion. Car maintenance features higher values with regard to a digital business model,
which is traced back to strong (mandatory) digital linkages between industrial pro-
ducers and car mechanics. Apart from those few effects, there is little evidence for
structural drivers of digitization effectiveness with firm size being the only strong
determinant of digitization effectiveness.

Therefore, we extend the analysis by looking at the determinants of cluster assign-
ment in our sample. Again, we run a simple OLS regression to show which firm
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characteristic makes assignment to the four clusters more likely. Table 6 presents the
results.

Looking at the results for cluster one, we find the interesting result that there are no
structural drivers for assignment to cluster one. Thus, the most successfully digitized
firms are not limited to specific sizes, revenue categories or sectors, as could be
interpreted from the regression on the drivers of high index values. While it can be

Table 5 Note: p values in parentheses *p < 0.10, **p < 0.05, ***p < 0.01

(1) (2) (3) (4) (5) (6)

Overall Customers Processes Business model Staff Safety

Regulatory class A − 0.417** − 0.496** − 0.363* − 0.339 − 0.448** − 0.00645

(0.023) (0.019) (0.079) (0.119) (0.049) (0.923)

Regulatory class B − 0.488* − 0.175 − 0.525* − 0.504* − 0.593* − 0.0474

(0.054) (0.547) (0.067) (0.096) (0.060) (0.599)

No. of employees − 0.000252 − 0.0000442 0.000199 − 0.000514 − 0.000599 0.0000889

(0.783) (0.967) (0.847) (0.636) (0.599) (0.765)

Age 0.00187 0.00365* − 0.000482 0.00304 0.00245 0.0000764

(0.317) (0.090) (0.819) (0.172) (0.293) (0.905)

Revenue below 17,000€ - - - - - -

Revenue up to 50,000€ 0.901 − 0.151 0.977 0.530 1.892*** 0.0255

(0.121) (0.820) (0.137) (0.440) (0.009) (0.887)

Revenue 250,000–500,000€ 0.691 − 0.105 0.693 0.422 1.573** − 0.00254

(0.142) (0.799) (0.313) (0.260) (0.005) (0.633)

Revenue 500,000–5,000,000€ 1.204** 0.387 1.119* 0.912 2.228*** 0.0734

(0.199) (0.865) (0.254) (0.507) (0.020) (0.988)

Revenue above 5,000,000€ 1.375** 0.498 1.393** 0.831 2.526*** 0.127

(0.022) (0.521) (0.060) (0.143) (0.001) (0.649)

Construction sector - - - - - -

Interior construction 0.0617 0.225 0.0612 0.148 − 0.0975 0.0307

(0.680) (0.192) (0.717) (0.401) (0.601) (0.535)

Crafts for comm. demand − 0.0444 − 0.0976 0.0222 − 0.308 0.0950 0.00509

(0.836) (0.693) (0.927) (0.227) (0.722) (0.945)

Car maintenance 0.297 0.374 0.214 0.642* 0.0438 −0.120

(0.361) (0.318) (0.560) (0.096) (0.914) (0.268)

Food crafts − 0.233 − 0.288 − 0.265 − 0.151 − 0.193 − 0.0258

(0.477) (0.445) (0.475) (0.700) (0.636) (0.800)

Health crafts 0.291 0.799* 0.426 − 0.0419 − 0.0755 − 0.107

(0.413) (0.052) (0.289) (0.921) (0.864) (0.370)

Crafts for private demand 0.459* 0.973*** 0.302 0.184 0.618* 0.0266

(0.092) (0.002) (0.326) (0.568) (0.069) (0.800)

Constant − 1.681 − 4.403 2.989 − 4.097 − 3.395 1.535

(0.656) (0.312) (0.484) (0.362) (0.471) (0.238)

Observations 220 220 220 220 219 175

r2 0.129 0.133 0.117 0.139 0.154 0.0783
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shown that larger firms with higher revenues tend to have higher index values, the
assignment to cluster one, however, is not more likely for those firms. In essence, this
means that there are no structural determinants for knowledge spillover effectiveness in
our sample of SMEs and that other factors determine which firms reach extensive

Table 6 Note: p values in parentheses *p < 0.10, **p < 0.05, ***p < 0.01

(1) (2) (3) (4)

Cluster 1 Cluster 2 Cluster 3 Cluster 4

Regulatory class A − 0.780 − 0.537 − 0.261 0.576

(0.489) (0.492) (0.668) (0.271)

Regulatory class B − 0.906 − 0.804 − 0.506 1.784**

(0.545) (0.442) (0.533) (0.012)

No. of employees 0.000901 − 0.000668 0.00168 − 0.00150

(0.863) (0.853) (0.551) (0.535)

Age − 0.0133 − 0.00569 − 0.000241 0.00286

(0.225) (0.460) (0.968) (0.578)

Revenue 50,000–125,000€ - - - -

Revenue 125,000–250,000€ 1.816 0.145 − 2.658*** 0.132

(0.309) (0.907) (0.007) (0.874)

Revenue 250,000–500,000€ 0.383 1.134 − 1.945** − 0.0530

(0.813) (0.322) (0.031) (0.945)

Revenue 500,000–5,000,000€ 1.117 0.724 − 1.675** 0.248

(0.423) (0.460) (0.030) (0.704)

Revenue above 5,000,000€ 0.676 1.102 − 1.303 0.671

(0.673) (0.338) (0.147) (0.382)

Construction sector - - - -

Interior construction 0.789 − 0.0526 0.484 − 0.295

(0.295) (0.919) (0.232) (0.396)

Crafts for comm. demand 0.230 0.501 0.382 − 0.922

(0.850) (0.555) (0.562) (0.106)

Car maintenance − 2.630 − 2.242 0.246 − 0.986

(0.211) (0.125) (0.827) (0.311)

Food crafts 0.683 0.328 − 0.144 0.810

(0.663) (0.764) (0.866) (0.269)

Health crafts 0.155 − 2.605* 0.786 − 1.630

(0.942) (0.081) (0.495) (0.101)

Crafts for private demand 0.993 − 0.145 0.823 0.804

(0.556) (0.901) (0.367) (0.305)

Observations 108 108 108 108

r2 0.0824 0.123 0.141 0.168

F 0.596 0.798 0.936 1.152
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knowledge spillover. Looking at cluster two, a similar result applies. Apart from a
(weak) significant result for health crafts, no structural determinants for the respective
digitization pattern (low level of digitization, effective training of staff, and no increas-
ing digitization efforts) can be shown. Assignment to cluster three (mandatory use of
digital systems without positive revenue-effects) is primarily determined by firm
revenue: the higher the value, the less likely the assignment to this cluster. Therefore,
SMEs with a basic level of digitization determined by suppliers and customers are
smaller and are likely dependent on few large firms. Implementing digital technologies
can be seen as a prerequisite for cooperation, rather than a strategic measure for
increasing revenue. Finally, cluster four (minimally digitized) is characterized by craft
firms in the second regulatory class, which tend to be smaller with lower levels of
formal training. However, there is no effect of lower revenue, meaning that lower
degrees of digitization are not primarily an issue of lacking resources in very small
firms. Rather, the competitive environment or lower levels of formal training might be
an issue to those firms, systematically restricting knowledge spillover.

Discussion and Conclusion

How can these results of digitization patterns in SMEs representing the “German
Mittelstand” be interpreted from a knowledge spillover perspective? We suggest that
digitization in firms should be considered as a knowledge spillover problem. The
technologies and processes involved have great potential for increasing productivity
and revenue, but are also associated with considerable knowledge filters, particularly
for SMEs with limited staff trained in IT systems and its applications. Acquiring
specific information, making informed business decisions, implementing, evaluating,
and improving digital business models are regularly out of reach for SMEs. Therefore,
both state and corporate decision-makers aiming at improving the overall adoption of
digital technologies to improve growth or business opportunities require specific policy
instruments capable of penetrating knowledge filters for digitization in SMEs. To
design those policy instruments, we need to learn more about absorptive capacities in
SMEs, how knowledge filters work, and how they can be penetrated in the domain of
digitization. Our sample allows us to contribute to this research goal by showing in
detail the digitization patterns for all relevant intra-firm domains in a sample of SMEs
and combine those patterns with structural information on the firms. Running the
analyses, we find three main results that can be used to inform our view of
digitization-related knowledge spillover in SMEs.

First, there is a high correlation of the different aspects of intra-firm digitization,
whereby firms have either digitized in most of the different domains or in very few to
none. The aspect of IT security is an exception, meaning that firms can achieve a very
low level of digitization yet perform well on the measures of IT safety; this finding
could in part be explained by regulatory safety requirements. We interpret this tendency
of all-or-nothing digitization as resulting from the specific structure of knowledge filter
in the domain of SMEs. To SMEs, implementing the initial digital technology or
process, i.e., penetrating the knowledge filter in a particular domain, can be considered
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quite effortful and costly. Implementing further digitization measures in turn is fostered
by the already existing technologies that provide easy interfaces for different firm
domains. For an example, consider the introduction of cloud storage of firm data for
a firm. Once a cloud platform has been established, using that platform to record
working hours or bills and using tablets to store data while working at a client becomes
fairly simple. Once this system has been established, providing interfaces for customer
relationships again is not a large step to take, even for small firms. Therefore, we
suggest that digitization has very high initial costs in terms of acquiring the knowledge
to apply digital technologies, but ever decreasing marginal costs of realizing efficiency
gains in additional intra-firm domains. Our results for the five intra-firm domains
support this interpretation.

Second, while our sample covers quite diverse occupations, markets, and firm sizes,
structural factors only play a small role in determining the degree of digitization of a
given SME. Although it could be assumed that working in particular sectors or having
certain characteristics would foster digitization in general or at least in particular
domains, this result can only be shown weakly for a very limited number of sectors
and for the level of revenues with regard to staff qualification. Although we have
substantial variance in the levels of digitization, it becomes obvious that digitization in
SMEs is not a direct consequence of certain structural features or logically limited to
specific markets but depends on other entrepreneurial characteristics.

Third, when clustering firms according to their degree of digitization, we confirm
that the “benchmark firms” with high levels of digitization in most domains not only
occur in specific markets or have specific sizes. Rather, they can be found in all
markets, have different revenue classes and number of employees. Therefore, while
larger firms have higher index values, among the most digitally advanced firms in our
sample, firm size does not matter. For the other three clusters with lower degrees of
digitization, some structural specifications can be found that point to specific sizes and
markets as making a particular cluster assignment more likely. However, the structural
drivers are again rather broad, since cluster two features all but one sector, cluster three
primarily smaller firms, and cluster four firms of a particular regulatory class
encompassing a large number of sectors. Therefore, we suggest that the knowledge
spillover effectiveness in SME digitization overall is not driven by structural charac-
teristics. Obviously, this is a positive result for policy makers aiming at increasing
productivity and growth across sectors, since it cannot be shown that digitization
remains unattainable in specific domains of the economy. Rather, the right entrepre-
neurial qualities such as innovative motivation, openness to technology, alertness, or—
as a partial substitute—supportive institutional structures are decisive and can be used
by SMEs across a very broad spectrum of markets and sizes.

How can these results be used from a policy perspective? We find that SMEs across
markets can achieve high levels of digitization and yield the respective increases in
productivity, competitiveness, and growth. Therefore, institutionalized support aimed at
penetrating knowledge filter for digitization measures should not be limited to specific
sectors or firm sizes but should be open to the full spectrum of SME activity. While
sector-specific measures in terms of production technology are certainly necessary, it
should be pointed out that the initial knowledge filter for SMEs appear to be fairly
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similar across sectors. This makes sense when considering that incumbent SME
entrepreneurs of all sectors face the same costs and efforts when obtaining information
about, e.g., cloud platforms and their potential applications to the firm. The initial
knowledge filter for starting digitization measures for intra-firm processes is likely to be
fairly homogeneous across sectors. Only when turning to specific production technol-
ogies and processes, there will be considerable differences. Further, when considering
the strong internal linkages between digitization in different intra-firm domains, it is
likely that initial degree of digitization is likely to lead to further measures in the future.
While this threshold is not reached in any case, as illustrated in cluster two to four in
our sample, we suggest that the internal linkages between the different domains make a
steadily increasing degree of digitization more likely once a firm commences. There-
fore, from the perspective of knowledge filter, policies should be devised such that the
initial knowledge filter is penetrated in an easily accessible domain that does not require
profound intra-firm changes. Rather, smaller measures with a weaker knowledge filter
should be incentivized, trusting that the internal linkages of digital structures will
increase the likelihood of an endogenous systematic increase in digitization.

Those measures should be constructed broadly, thus applying to very different SMEs
in different sectors, penetrating knowledge filters that are weak in the first place and
occur in all SMEs. Sticking to the example mentioned above have policy makers foster
the introduction of simple cloud-based applications that measure working time and
expenses by all employees as an introductory measure penetrating the initial knowledge
filter of understanding and coping with the complexity and sheer amount of digital
technologies and solution. Our results suggest that the initial adoption will make
subsequent digitization measures more likely since the marginal costs of penetrating
knowledge filter in further domains, i.e., conducting additional digital innovations, are
likely to decrease with each measure. We argue that this kind of digitization policy—
understood from a knowledge spillover perspective—can foster broad learning and
knowledge absorption by SMEs across sectors. Conversely, our results imply that large-
scale industrial policy approaches might not be the most effective means of increasing
digitization in SMEs. Instead of fostering the absorption of specific, capital-intensive
technologies (e.g., due to a prominent role in the public discussion) or supporting
individual tech champions, broad, cross-sector support for low threshold measures is
favorable. The decision-maker implementing those policies might range from federal
regulators designing support schemes for SMEs to chambers of industry and com-
merce, trade associations, innovation managers focused on particular regions, or
managers of larger firms aiming at fostering innovative digitization in their supplier
and customer networks.

Turning to the research perspective, we contribute to the general understanding of
knowledge spillovers and further the research on institutions helping to penetrate
knowledge filters for incumbents. It has been argued (Qian and Jung 2017; Proeger
2018) that incumbent firms and their specific absorptive capacities should not be
omitted in the analysis of knowledge filters due to their ubiquitous role in modern
industrial economies. While high-tech innovativeness certainly is primarily fostered by
entrepreneurial activities that play a central role in providing the missing link between
R&D and growth; many highly innovative (regional) economies draw their innovative
performance from incumbent SMEs successfully conducting knowledge spillover,
transferring R&D into marketable products. Digitization is a prime example for this
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process of providing the link between high-tech products to broad, large-scale produc-
tivity increasing applications across the economy. Therefore, both our understanding of
absorptive capacities in incumbent firms, the processes, and difficulties in fostering
knowledge spillover to those firms as well as institutional support structures are of vital
importance to policy makers trying to turn R&D into growth. We therefore emphasize
that the study of digitization and knowledge filter in SMEs should be furthered to
provide policy makers with insight on how to design appropriate policy instruments.

Funding Information The questionnaire and its application by consultants of the craft organizations are
financed by the German Federal Ministry for Economic Affairs and Energy (BMWi).
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