Small Bus Econ
https://doi.org/10.1007/s11187-023-00826-7

RESEARCH ARTICLE

®

Check for
updates

Is digitalization a source of innovation? Exploring the role
of digital diffusion in SME innovation performance

Sohaib S. Hassan® - Konrad Meisner *
Kevin Krause - Levan Bzhalava - Petra Moog

Accepted: 10 September 2023
© The Author(s) 2023

Abstract Drawing on strategic management theory,
this study examines the relationship between digi-
talization and innovation performance in small and
medium-sized enterprises (SMEs). We hypothesize
that SMEs with higher levels of digital diffusion
have higher innovation performance, and that absorp-
tive capacity moderates this relationship. To test this
relationship, we use a sample of 1100 German SMEs
from the Mannheim Innovation Panel of the Centre
for European Economic Research. The results of the
multinomial and multivariate probit estimations show
that digital diffusion is a significant positive trigger
of innovation in SMEs. We also find that absorptive
capacity moderates the relationship between digital
diffusion and innovation only in the case of product
innovation and not for any other type of innovation.
Finally, we discuss the implications of our study for
research and practice.
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Plain English Summary What role does the inte-
gration of digital technologies play in the innovation
activities of small and medium-sized enterprises? Do
firms that prioritize research and skilled human capital
benefit more from digital technologies than those that
do not? To gain useful insights, we address these ques-
tions using survey data from 1100 German small and
medium-sized enterprises and various statistical meth-
ods. The results show that a purposeful assimilation of
digital technologies in business processes benefits the
innovation activities of these firms. We also find that
firms with high-quality research and human capital
make good use of digital technologies to invent new
products. The main implication of our study is that
small and medium-sized firms should use digital tech-
nologies strategically to achieve market success.
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1 Introduction

Digitalization has radically transformed businesses
across economies and industries, creating new
opportunities for sustainable growth and expan-
sion. Digitalization has also facilitated new busi-
ness strategies amid changing customer preferences
and business processes, especially among small and
medium-sized enterprises (SMEs), which are con-
sidered the engine of economic growth and devel-
opment. There is a growing interest among scholars
and practitioners to determine how digitalization
affects SMEs’ value creation processes, such as
innovation (Nambisan et al., 2017; Yoo et al., 2012).
Understanding this relationship can help SME entre-
preneurs, researchers, and policymakers identify
opportunities and industry trends, thereby mitigat-
ing risk in a highly evolving, complex, and dynamic
digital environment.

In recent years, a growing body of literature has
attempted to understand the evolving nature of digi-
tal technologies and their integration in the busi-
ness and innovation strategies of SMEs. However,
research in this area is rather fragmented and con-
ceptually inadequate to provide a comprehensive
analytical framework (see the literature reviews of
Zamani (2022) and De Mattos et al. (2023)). While
the information systems literature focuses on the
technical nature of digital technologies and inno-
vation in organizations (Barczak et al., 2007; Kroh
et al., 2018; Ordanini & Rubera, 2010), manage-
ment research offers rather different perspectives:
some consider digitalization as a new source of
innovation (Mauerhoefer et al., 2017; Nambisan
et al., 2017; Qin et al., 2021), others disagree and
consider digitalization as a more generic resource
(Usai et al., 2021). This ambiguity in management
research points to the underexplored nature of digi-
talization in an innovation context, where it is often
viewed as a technological (e.g., efficiency-enhanc-
ing) but not a strategic resource. We believe that
more in-depth research is needed to determine the
strategic position of digitalization in the innovation
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strategies of SMEs. Specifically, to what extent does
the level of digitalization in SMEs influences their
innovation performance, and what are the underly-
ing organizational characteristics that moderate or
mediate this relationship?

To address the stated questions, we empirically
examine the relationship between digitalization
and innovation in SMEs and how absorptive capac-
ity may moderate this relationship. We contribute
to the literature in several ways. First, we examine
the strategic embeddedness of digital technologies
(hereafter, digital diffusion) from a strategic man-
agement perspective to explore its influence on
innovation performance. In this study, digital diffu-
sion is viewed as the strategic combination of the
characteristics and affordances of digital technolo-
gies with the firm’s internal capabilities to trans-
form and create value in dynamic environments
(Bharadwaj et al.,, 2013; Koch & Windsperger,
2017; Reis et al., 2018; Warner & Wiger, 2019;
Zammuto et al., 2007). Since digital technologies
are not unique to organizations, but are widely
available, we suggest that absorptive capacity can
play an important moderating role in the strate-
gic assimilation of digital technologies to generate
innovation. Second, by combining unbalanced panel
data of German SMEs between 2016 and 2018 and
using a variety of empirical methods, our large and
representative sample of 1100 SMEs enables us to
empirically test our assumptions about the rather
ambiguous relationship between digital diffusion
and innovation in SMEs and the moderating role of
their absorptive capacity. Third, unlike some other
studies, our dataset allows us to account for innova-
tion-, industry-, and digital technology-specific het-
erogeneity to explore different in-depth dimensions
of our robust dataset. With this approach, we offer
important research and practical implications. For
example, how the relationship between digital dif-
fusion and innovation varies across industries, and
which types of strategic technology diffusion lead
to better innovation performance in German SMEs.

The remainder of our study is organized as fol-
lows: in the next section, we briefly review the lit-
erature and derive our hypotheses. We then present
our data and explain our estimation methodology.
In the subsequent section, we present our empiri-
cal results. Finally, we discuss our results and
conclude.
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2 Theory and hypotheses

Innovation—whether product, service, or process—is
considered one of the main drivers of business per-
formance and growth (Crossan & Apaydin, 2010;
Feeny & Rogers, 2003; Hult et al., 2004; Klomp &
Van Leeuwen, 2001; Skott, 2003). The innovation
process is continuous, complex, and heterogeneous,
and the literature provides different underpinnings to
explain different types of innovation in organizations
(Amable et al., 2009; Barney et al., 2011; Penrose,
1995). Traditionally, research has either focused on
the importance of an organization’s internal, tangible,
and unique resources in shaping its innovation poten-
tial (Barney, 1991; Grant, 1996; Teece & Pisano,
1994; Wernerfelt, 1995) or emphasized knowledge
as a key source of innovation, with internal organiza-
tional capabilities playing an important role through
learning and assimilating external sources of informa-
tion (Grant, 1997).

In dynamic environments, the flexibility, adapt-
ability, and agility of organizational resources are
critical in responding to competitive pressure (Pav-
lou & Sawy, 2010; Teece et al., 1997). Rapid market
changes require the continuous reconfiguration of
organizational resources to remain competitive (Koch
& Windsperger, 2017; Teece et al., 2016; Warner &
Wiger, 2019). Research has emphasized that tradi-
tional means of value creation (Porter, 1980) may not
always be enough to sustain profitability and innova-
tion-driven competitive advantage (Mahoney, 1995).
Moreover, the internal capabilities of organizations are
not always a spontaneous consequence of the use of
available internal resources. Some capabilities, referred
to as dynamic, are gradually developed through the
successful reconfiguration of organizational resources
in response to changes in a rapidly evolving environ-
ment, such as emerging competition or technologi-
cal advances (Eisenhardt & Martin, 2000; Helfat &
Peteraf, 2003; Teece, 2018). While ordinary capa-
bilities describe the simple use of assets for everyday
tasks, dynamic capabilities can reshape the use of
assets in new ways (Teece & Pisano, 1994). Organiza-
tions that are able to capitalize on their core capabili-
ties in response to emerging competition and changing
economic characteristics are then able to sustain their
competitive advantage (Teece et al., 1997).

More recently, digitalization has been proposed as
a potential source of innovation, seen as a combination

of both tangible and intangible resources, knowledge,
and procedures in organizations (Nambisan et al., 2017;
Owalla et al., 2022; Warner & Wiger, 2019). Digi-
talization is the interconnection of different computer-
assisted technologies embedded in the diffuse use of
technologies through digital signals to provide improved
processes, products, or service delivery in organiza-
tions (Castells, 2009; Lee et al., 2015; Rachinger et al.,
2019; Westerman et al., 2011). Such technologies vary
but share the characteristics of data-driven information
homogenization, programmable digital architecture, and
self-referential attributes (Yoo et al., 2010, 2012). Digi-
tal technologies are ubiquitous, as traditional sources of
production have largely been replaced or supplemented
by digital alternatives (Bharadwaj et al., 2013; Selander
etal., 2013; Yoo et al., 2010).

Unlike traditional resources, digital technologies
are often not unique or inimitable, as other organiza-
tions in the market have access to the same or similar
technologies. From a dynamic capability perspec-
tive, emerging digital technologies should facilitate
the efficient reconfiguration of internal resources
in response to market dynamics (Borch & Madsen,
2007; Helfat & Peteraf, 2003; Teece et al., 1997,
Weerawardena & Mavondo, 2011). This is because in
a rapidly changing environment, traditional sources
of value creation may not be as productive as mod-
ern digital architectures, where digital technologies
are more responsive and adaptable, unlike traditional
means of production and knowledge generation (Koch
& Windsperger, 2017).

While traditional organizational resources have a
more defined use, digital technologies can be adopted,
converged, and optimized in multiple settings due to
their flexibility, reprogrammability, and adaptability
(Yoo et al., 2010, 2012; Zammuto et al., 2007). These
flexible affordances of digital technologies are seen as
a potential source of all types of innovation (Namb-
isan et al., 2017; Yoo et al., 2012). In particular, the
strategic diffusion of digital technologies in organiza-
tions can enhance their specific innovation potential
(Fichman et al., 2014; Koch & Windsperger, 2017;
Singh et al., 2020; Yoo et al., 2012).

Although some studies do not find a positive rela-
tionship between digitalization and innovation per-
formance (Rijswijk et al., 2019; Usai et al., 2021), the
empirical evidence in the information processing and
innovation management literature attests to the signifi-
cant role of emerging digital technologies in enhancing

@ Springer



S. S. Hassan et al.

organizational performance and innovation activities
(Barczak et al., 2007; Kastelli et al., 2022; Khin & Ho,
2019; Klerkx & Begemann, 2020; Kroh et al., 2018;
Niebel et al., 2019; Qin et al., 2021; Sarbu, 2021; Zawis-
lak et al., 2013; Zhou & Wu, 2010). Various useful
and automated features of digital technologies differ-
entiate their capabilities from traditional organizational
resources (Nambisan et al., 2019). For example, data
generated by integrated digital sensors at various stages
of value creation enables organizations to optimize pro-
duction and service delivery (Lee et al., 2015).

2.1 Digital diffusion and innovation performance in
SMEs

SMEs are known for their innovation capabilities
(Grundstrom et al., 2012; Salavou et al., 2004) and
are considered to have different characteristics com-
pared to large organizations (Damanpour, 1992; Stock
et al., 2002; Utterback, 1994). SMEs are often associ-
ated with the liability of smallness, which implies that
they are not endowed with many tangible assets and
resources (Aldrich & Auster, 1986; Gassmann et al.,
2010). In terms of digital diffusion, SMEs seem to be
cautious and slow to adopt new digital technologies
in their business processes and value chains (Daman-
pour, 1992; Harland et al., 2007; Hassan et al., 2020).

Nevertheless, SMEs are considered strategically
flexible due to their rather simple organizational struc-
tures, uncomplicated decision-making, and specific
market orientations (D’Amboise & Muldowney, 1988;
Hausman, 2005; Massa & Testa, 2008; Stock et al.,
2002). This strategic flexibility allows SMEs to use
their resources either to promote their existing products
with innovative changes or to create disruptive innova-
tions (O’Regan & Ghobadian, 2005). Furthermore, cur-
rent research provides evidence that organizations can
effectively mitigate some of their limitations through
the affordances of digital technologies to increase their
innovation potential (Yoo et al., 2012). In this case,
increased digital diffusion potentially enables SMEs to
identify opportunities, recalibrate their assets, and gen-
erate new knowledge through the productive interac-
tions of digital resources (Autio et al., 2018; Joensuu-
Salo et al., 2018; Nambisan et al., 2017; Zahra et al.,
2006). This strategic and continuous reconfiguration
of digital resources should lead to higher innovation in
SMEs (Ray et al., 2013). In addition, digital diffusion
can facilitate the organization’s dynamic capabilities in
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dynamic markets, as it enables SMEs to efficiently inte-
grate and coordinate both internal and external sources
by exploiting the wide range of digital opportunities.
Moreover, SMEs with higher levels of digital diffu-
sion should be able to learn, experiment, and transform
organizational resources more productively in dynamic
competitive environments (Wang & Ahmed, 2007).
For example, social media is believed to form a base of
public knowledge and opinion, and as such, obtaining
information from social media may help SMEs improve
their innovation performance, especially through open
and data-driven innovation channels (Roberts et al.,
2016). Similarly, information processing through big
data and cloud computing may enable SMEs to obtain
consumer data to optimize their market responses,
update internal infrastructures, and generate new func-
tions (Cui et al., 2014; Maglio & Lim, 2016; Qin et al.,
2016; Tao et al., 2019; Wu et al., 2010).

Some studies also show that SMEs with a more dif-
fused digital infrastructure and strategic flexibility are
able to combine conventional and digital resources to
improve their digital capabilities and innovation perfor-
mance over time (Bhatt & Grover, 2005; Brennen & Kre-
iss, 2016; Kastelli et al., 2022; Niebel et al., 2019; Rach-
inger et al., 2019; Raymond et al., 2018; Sarbu, 2021;
Venkatraman et al., 1993). Digital diffusion provides an
integrated digital platform as a focal point for knowledge
creation (Bhatt et al., 2005) and knowledge access (Das-
gupta et al., 2002; Duane & Finnegan, 2003). Empirical
research in the information processing literature empha-
sizes that embedded digitalization enables SMEs to com-
bine internal and external information factors to create
new value and products (Barczak et al., 2007; Kroh et al.,
2018; Qin et al., 2021). Consequently, more digitally dif-
fused SMEs should be able to source knowledge inputs
from across the value chain and the market to generate
innovations (Cai & Shi, 2009; Merofio-Cerdan et al.,
2008; Qin et al., 2021; Raghuram, 2014; Wang et al.,
2013). Therefore, taken together, we propose:

H1: higher diffusion of digital technologies in SMEs
should lead to higher innovation performance.

2.2 Absorptive capacity: a moderator

Organizations may not be able to improve innovation

performance simply by using similar or more tech-
nologies. In fact, dynamic capabilities in organizations
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develop differently due to differences in strategic
capabilities, digital orientation, and complementary
resources, which in turn lead to differences in organi-
zational structures and performance (Eisenhardt &
Martin, 2000; Gatignon & Xuereb, 1997; Zheng et al.,
2011) as a result of their absorptive capacity (Cohen
& Levinthal, 1990; Egbetokun & Savin, 2014).
Absorptive capacity refers to an organization’s ability
to recognize new external information, understand its
value, absorb and assimilate it into the organization to
improve performance, and gain a competitive advan-
tage (Cohen & Levinthal, 1990). Studies suggest that
absorptive capacity may moderate the relationship
between technological opportunity and innovation
(Nieto & Quevedo, 2005). Similarly, the absorptive
capacity of SMEs may guide the strategic assimila-
tion of external digital technological opportunities
and exploitation (Flatten et al., 2011; Muscio, 2007,
Tzokas et al., 2015; Zahra & George, 2002). Due to
their absorptive capacity, organizations are first able
to recognize the strategic potential of the combination
of innovative digital technologies (Jansen et al., 2005,
2006). The ensuing strategic assimilation into business
processes and organizational routines fosters continu-
ous reconfiguration for value appropriation and trans-
formation, ultimately generating new knowledge and
innovation (Fichman et al., 2014; Jansen et al., 2005).
With respect to digital diffusion, technology affor-
dances and constraint theory explain that organiza-
tions have different learning trajectories and outcomes
despite using similar technologies because the level
of dynamic interaction between human capital, tech-
nology, and processes (i.e., digital affordances) is not
homogeneous across organizations (Autio et al., 2018;
Nambisan, 2017; Nambisan et al., 2017). These affor-
dances are related to an organization’s digital exper-
tise and readiness (Miiller et al., 2021; Zammuto et al.,
2007) and allow organizations to reconfigure their
digital capabilities in a changing environment through
the optimal allocation of digital resources (Autio et al.,
2018; Prahalad & Ramaswamy, 2003). Despite the use
of similar digital technologies, some organizations are
able to identify the strategic potential of digital affor-
dances and reinvent their sources of competitive advan-
tage through the optimal decoupling of value creation
processes, the reduction of intermediary dependen-
cies in value chains, and the efficient collaboration of
dispersed organization resources (Autio et al., 2018;
Owalla et al., 2022; Prahalad & Ramaswamy, 2003).

Studies have shown that an organization’s absorp-
tive capacity enables it to sense impending changes and
opportunities in the market and subsequently exploit the
technological opportunities and digital affordances (Fab-
rizio, 2009; Klevorick et al., 1995; Miiller et al., 2021;
Nambisan et al., 2017, 2019; Nieto & Quevedo, 2005;
Yoo et al., 2012). SMEs can be faster and more respon-
sive to changes in dynamic environments due to their
innovation potential, agility, and flexibility (Damanpour,
1992; Stock et al., 2002; Utterback, 1994). The strategic
orientation of SME decision-makers defines their abil-
ity to recalibrate, reconfigure, and reintegrate digital
resources to compete in the market (Eisenhardt & Martin,
2000), evolving over time through experience and learn-
ing, and translating into organizational cultures (Helfat
& Peteraf, 2003; Schulz, 2003). Studies also show that
it is the strategic implementation of digital technologies,
guided by their absorptive capacity, that allows SMEs
to improve their competitive positioning and innovation
potential (Al-Ansari et al., 2013; Davenport et al., 2007,
Zahra et al., 2006; Zhou & Wu, 2010; Zhou et al., 2005).
Absorptive capacity combined with digital diffusion
allows SME:s to leverage their specific characteristics with
respect to exploitable digital affordances for innovation
(Kastelli et al., 2022; Nambisan et al., 2019; Yoo et al.,
2012). Therefore, we propose the following:

H2: the absorptive capacity of SMEs positively
moderates the relationship between digital diffusion
and innovation performance.

3 Data and methodology
3.1 Data

The data for this study derive from the ZEW Man-
nheim Innovation Panel (MIP): German contribution
to the European Commission’s Community Innova-
tion Survey. The MIP survey has been collecting rep-
resentative information on the innovation behavior of
firms in all industrial sectors in Germany since 1993
(Aschhoff et al., 2013). The survey population is
drawn from 21 industrial sectors using stratified sam-
pling. The dataset provides information on innovation
from approximately 4000 German firms annually, and
the survey focuses on a specific topic each year.

We used data from two MIP waves (2016 and 2018),
as the questions on the use of digital technologies were
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only included in the 2016 wave. Given our focus on
SMEs, we used the European Commission’s definition
of SMEs (European Commission, 2003) to exclude
non-SMEs from the dataset. We then removed all miss-
ing and inconsistent observations and merged the panel
data from both waves. To avoid sample selection bias,
we included both innovating and non-innovating SMEs
in our final sample of 1100 SMEs, of which 78% (856
SMESs) reported having conducted some type of innova-
tion, and about 22% (244 SME:s) did not report any type
of innovation. In addition to innovation and digitaliza-
tion-related information, our dataset also includes infor-
mation on organizational characteristics, such as SME
size, location, industry, and age.

In terms of location, our sample firms come from
all 16 German states, with most (64%) located in for-
mer West Germany and 36% in former East Germany.
This somewhat geographic disparity is consistent with
the post-transition patterns of the German economy.
At the aggregate level, our data include SMEs from
both the manufacturing (67%) and service (33%)
industries. A disaggregation of our sample according
to the European Union’s industrial classification of
economic activities (NACE) is presented in Table 1.

In our sample, the sectors with the highest propor-
tions of SMEs are energy and water (9.27%), technical or
R&D services (8.18%), transport equipment and postal
services (8%), and consulting (7.64%) sectors. The sec-
tors with the lowest proportion of SMEs are automobile
retailers (1.09%) and glass and ceramics (1.55%). Never-
theless, the distribution of SMEs in their respective sec-
tors is rather even and in line with the general industrial
distribution in Germany. We do not observe any outliers
in the industrial distribution of our sample.

3.2 Variables

We use several dependent and independent variables
to test our main hypotheses. A list of all variables,
their descriptions, and their measures are provided
in Table 2. Our dataset contains information on four
types of innovation:

1. Product innovation refers to any new or signifi-
cantly improved products (radically new features,
software, components etc.).

2. Process innovation refers to a new or significantly
improved business process or procedure that has a
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Table 1 Industrial distribution of the sample

Industry Frequency Percentage
Energy/water 102 9.27%
Technical services/R&D services 90 8.18%
Transport equipment/postal service 88 8.00%
Consulting/advertisement 84 7.64%
Electrical equipment 71 7.00%
Metals 69 6.27%
Furniture/toys/maintenance 62 5.64%
Organization-related services 60 5.45%
Wholesale 56 5.09%
Mining 50 4.55%
Media services 47 4.27%
Food/tobacco 46 4.18%
IT/telecommunications 40 3.64%
Machinery 39 3.55%
Textiles 37 3.36%
Chemical 33 3.00%
Plastics 31 2.82%
Banking/insurance 31 2.82%
‘Wood/paper 29 2.64%
Glass/ceramics 17 1.55%
Retail/automobile 12 1.09%
Total 1100 100%

significant impact on production, manufacturing, dis-
tribution, feedback mechanisms, and product quality.

3. Marketing innovation refers to innovations in mar-
keting methods that are either significantly differ-
ent from an SMEs’ previous marketing strategies
or have never been used before, such as new pack-
aging, promotional activities, product design, or
pricing strategy.

4. Organizational innovation refers to innovative
business practices driven by the management’s
strategic decisions, including new business prac-
tices, radically new information management
methods, employee/workplace organization, and
internal/external networking.

3.2.1 Dependent variables

We measure the innovation performance of our sam-
ple SMEs using two indicators. First, we use the com-
posite variable innovator as a proxy for innovation
performance with a categorical scale (0—4) that meas-
ures the frequency and type of innovation output for
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Table 2 Variables

Variable name

Description

Measurement

Dependent variables

Innovator

Product innovation

Process innovation

Marketing innovation

Organizational innovation

Explanatory variables

Digital diffusion

Absorptive capacity

R&D intensity
R&D labor
Skilled labor
Control variables
Age

Size

Location

This latent variable captures the innovation performance
of an SME in the survey year 2018

Product innovation describes a product (including
services) whose components or basic characteristics
(technical features, integrated software, applications,
user friendliness, and availability) are either new or
significantly improved

Process innovation is the implementation of a new or
significantly improved manufacturing/production
process, distribution method, or support activity for
goods or services

Marketing innovation is the implementation of a new
marketing concept or strategy that differs significantly
from existing marketing methods and has not been used
before

Organizational innovation is the implementation of new
methods and practices in an organization (e.g., work
environment, internal/external relations)

This latent index is obtained by using principal compo-
nent analysis of 11 digital technologies in the dataset
(survey year: 2016). The technologies are: (1) digital
connectivity within production /services, (2) digital
connectivity between production/services and logistics,
(3) digital connectivity with customers, (4) digital con-
nectivity with suppliers, (5) teleworking, (6) software-
based communication, (7) intranet-based platforms, (8)
e-commerce, (9) social media, (10) cloud computing /
cloud applications, and (11) big data analytics

Principal component analysis of 3 proxies for absorptive
capacity in the 2016 survey year

Share of an organization’s R&D investment to revenue
Share of specialized R&D personnel to total employment

Percentage of employees with a graduate degree

Log of the SME’s founding

Log of the number of full-time employees in the 2016
survey year

Dummy variable (1: SME is located in former East

Germany, 0: SME is located in former West Germany
in the 2016 survey year

Categorical variable. Scale 0: non-innovator, (1) one type
of innovation, (2) two types of innovation, (3) three types
of innovation, and (4) four types of innovations

Binary variable (0: no innovation, 1: product innovation)

Binary variable (0: no innovation, 1: process innovation)

Binary variable (0: no innovation, 1: marketing innovation)

Binary variable (0: no innovation, 1: organizational innova-
tion)

PCA index

PCA index

Continuous variable
Continuous variable

Categorical variable

Continuous variable

Continuous variable

Binary variable

each observation. The second is a binary measure (0,
1) for each type of innovation in our sample: (1) prod-
uct innovation, (2) process innovation, (3) marketing
innovation, and (4) organizational innovation.

3.2.2 Explanatory variables
Digital diffusion In the 2016 MIP wave, we asked

respondents about the adoption of 11 digital tech-
nologies in their organization. Specifically, “to what

extent does your firm currently use the following dig-
italization applications across different business func-
tions?” The list of digital technologies and related
statistics are shown in Table 8 in the Appendix. As
it may not be statistically feasible to use all 11 cat-
egorical response items as covariates, we used several
techniques to test and develop our measure of digital
diffusion. First, we conducted a reliability test on the
response items, as this allowed us to determine the
internal consistency of the survey questions. The high
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Table 3 Technology groups

Symbol Digital technology groups Mean Min Max SD Variance
TG1 Technology group 1 (core production and services) 1.608485 0 3 1.133781 1.28546

TG2 Technology group 2 (internal collaboration) 0.630909 0 3 0.739934 0.547502
TG3 Technology group 3 (external communication) 0.351818 0 3 0.458314 0.210051
TG4 Technology group 4 (information processing) 0.283030 0 3 0.442298 0.195627

reliability score of Cronbach’s alpha (a@=0.8932)
and the Kaiser—Meyer—Olkin measure of sampling
adequacy (KMO) (0.877) indicate significant inter-
nal consistency and that using all covariates together
is not feasible. Therefore, in a second step, we used
principal component analysis (PCA) on all 11
response items to create a digital diffusion index in
our sample firms.

Digital technology groups We also tested the dis-
aggregated impact of technology on innovation. To do
so, we first grouped the digital technologies (Table 3)
according to their diffusion in four domains': (1) core
production and services, (2) internal collaboration,
(3) external communication/customer interaction,
and (4) information processing. In the next step, we
created four categorical group variables as shown in
Table 3.

Absorptive capacity We expect that the absorp-
tive capacity of an SME moderates the relationship
between digital diffusion and innovation performance.
Absorptive capacity is thought to be a consequence of
R&D activities and a function of prior knowledge and
related resources (Cohen & Levinthal, 1990; Grimpe
& Sofka, 2009). Traditionally, R&D intensity (R&D
expenditure as a percentage of total sales) has been
used as a proxy for absorptive capacity (Cantner &

! TG1: core production/service including four digital technol-
ogies (T1: digital connectivity within production/services, T2:
digital connectivity between production/services and logistics,
T3: digital connectivity with customers, and T4: digital con-
nectivity with suppliers).

TG2 2: internal collaboration (T5: teleworking, T6: soft-
ware-based communication (e.g., Skype), T7: intranet-based
platforms, e.g., Wikis).

TG3: external communication (T8: e-commerce, T9: social
media, e.g., Facebook, Twitter, Xing).

TG4: information processing (T10: cloud computing appli-
cations, T11: big data analytics).
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Pyka, 1998; Cohen & Levinthal, 1989, 1990; Stock
et al,, 2001). Later studies have used a variety of
proxies to assess a firm’s absorptive capacity, such
as patent data (Mowery et al., 1998) or the presence
of a dedicated R&D department and staff (Veugel-
ers, 1997). However, the rather cumulative nature of
absorptive capacity (Van Den Bosch et al., 1999) war-
rants the inclusion of additional factors to operation-
alize a good measure (Escribano et al., 2009). Stud-
ies have also used a combination of R&D intensity
with other firm-specific R&D related aspects, such
as human capital (Grimpe & Sofka, 2009; Schmidt &
Rammer, 2007). More recently, researchers have used
proxies to account for different dimensions of absorp-
tive capacity (acquisition, assimilation, transforma-
tion, and exploitation) (Jansen et al., 2005; Wales
et al., 2013). However, there is currently no agreed-
upon proxy that integrates all the key dimensions of
absorptive capacity (Flatten et al., 2011). Moreover, it
is empirically challenging to include the relevant prox-
ies in regressions due to their large number and the
related correlation issues. Given these methodologi-
cal limitations, scholars have used techniques, such
as exploratory factorization or principal component
analysis, to account for most, if not all, dimensions of
absorptive capacity. Some recent studies use a large
number of proxies to operationalize absorptive capac-
ity (Piitz et al., 2022), while others use a combination
of available and widely used proxies to construct a sin-
gle indicator of a firm’s absorptive capacity through
principal component analysis (Escribano et al., 2009).

Similarly, we identified three key proxies for absorp-
tive capacity in our dataset: R&D intensity, skilled
labor, and specialized R&D labor. We then computed
the PCA of our three proxies (KMO: 0.591). Each
of these proxies has been used in the literature, indi-
vidually or in combination, to operationalize absorp-
tive capacity. For example, R&D intensity was a
popular choice among earlier researchers (Belderbos
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et al., 2004; Cantner & Pyka, 1998; Cohen & Lev-
inthal, 1989, 1990; Stock et al., 2001), assuming that
it reflects the generation of new knowledge, contrib-
utes to internal capabilities, and enhances absorptive
capacity, especially in environments where external
knowledge appropriation is difficult (Cohen & Lev-
inthal, 1990). Similarly, the number of R&D staff
and employees with degrees have also been used as
a reflection of an organization’s absorptive capacity
(Escribano et al., 2009; Muscio, 2007).

Control variables We included additional variables to
control for age, size, location, and industry in our sample.

3.3 Estimation methodology

We adopted a simplified model to estimate the prob-
ability of innovation among our sample SMEs,
assuming that the probability depends on digital
diffusion, and that the relationship is moderated by
their absorptive capacity.

Specification (I) presents our basic nonlinear esti-
mation model. We hypothesize that an SME’s digital
diffusion leads to a higher innovation performance.

Y, =fX;_1,B) (D

In specification (I), the dependent variable (Y;,) is
innovation performance measured either by the innova-
tion output of SME i at time ¢ or by the output of one of
the four innovation types (product, process, marketing,
or organizational). Our dependent variable is a func-
tion of the vector (X;,_;) of our independent variables
at time #— 1, and f is a vector of our estimation param-
eters. Important to note is that all our dependent varia-
bles are from the years preceding the 2018 MIP survey
wave. By accounting for this lag, we aim to control for
endogeneity in our estimation models.

First, we estimated the relationship between digi-
tal diffusion and innovation performance in our sam-
ple SMEs using the multinomial probit technique to
estimate the coefficients. In the second step, since our
four types of innovation are potentially interdepend-
ent, and estimating four separate equations could lead
to inconsistent estimates, we used the multivariate
probit technique with the simulated maximum likeli-
hood procedure. This allowed us to estimate the four
models simultaneously and to freely correlate the

error term across specifications to obtain unbiased
and accurate estimates (Cappellari & Jenkins, 2003;
Freedman & Sekhon, 2010).

4 Results
4.1 Basic descriptive statistics

Table 4 presents the summary statistics of our explan-
atory variables and Table 5 the pairwise correla-
tion matrix of our main covariates. To test for mul-
ticollinearity before estimating our specification, we
computed a variance inflation factor (VIF). Since the
mean VIF of 1.17 is far below the acceptable thresh-
old (Barnett, 1975), our estimation model does not
suffer from serious multicollinearity issues.

4.2 Estimation results

We first estimated specification (I) using the multi-
nomial probit estimation technique. The results are
presented in Table 6 and show that the coefficient
of our main explanatory variable digital diffusion is
positive and significant for the probability of medium
($#=0.422, p<0. 5) and high innovation (#=0.519,
p<0. 5) output of our sample SMEs. This confirms
our first hypothesis that the higher the digital diffu-
sion in an SME, the more likely it is to innovate.

We also assume that an SME’s absorptive capacity
moderates the relationship between digital diffusion
and innovation performance. The results in Table 6
show that although the coefficient of our explana-
tory variable absorptive capacity is positive and sig-
nificant for all levels of innovation (p <0.001), our
interaction variable (absorptive capacity’) does not
seem to moderate the relationship, as the coefficient
of our moderator variable is insignificant. This leads
us to reject our second hypothesis. As for our control
variables, only size has positive and significant coef-
ficients for medium and high innovation outputs. We
also computed the average marginal effects of our
multinomial probit model, and the results are reported
in Table 9 in the Appendix.

In the second step, we sought to further explore the
role of innovation-, industry-, and digital technology-
specific heterogeneities in the innovation performance
of our sample SMEs. Therefore, we first estimated
specification (I) using multivariate probit estimation
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Table 4 Summary statistics Variable Observations ~ Mean SD Minimum  Maximum
Dependent variables
Innovator 1100 0.554 0938 0 4
Product innovation 1100 0.294 0456 O 1
Process innovation 1100 0.145 0353 0 1
Marketing innovation 1100 0.115 0319 0 1
Organizational innovation 1100 0.235 0424 O 1
Explanatory variables
Digital diffusion 1100 -0.04 0.991 —0.849 1.827
Absorptive capacity 1100 0.450 0.324 —-0.336 4.168
R&D intensity 1100 0.011 0.033 0 0.15
R&D labor 1100 0.022 0048 O 0.15
Skilled labor 1100 3.305 2722 0 8
Control variables
Age 1100 1981.76 27984 1828 2014
Size 1100 37.295 48.524  0.277 288.558
Location 1100 0.362 0481 0 1
Table 5 Pairwise Variables VIF (1) @) 3) @ ®) %)
correlations of independent
variables (1) Digital diffusion 1.379 1.000
(2) Absorptive capacity  1.31 0.219 1.000
(3) Interaction 1.154 0.121 0.484 1.000
(4) Size 1.131 0.234  0.073  0.012 1.000
(5) Age 1.12 0.055 0.104  0.031 —-0.179  1.000
(6) Location 1.083 —-0.017  0.101 0.033 —-0.092  0.257 1.000
Mean VIF 1.17

to examine the effects of our explanatory variables
on the four types of innovation. Table 7 presents the
results showing that the coefficients of digital diffu-
sion are positive and significant on the probability
of product innovation ($=0.553, p<0.001), process
innovation ($#=0.272, p<0.001), marketing innova-
tion (#=0.288, p<0.001), and organizational inno-
vation ($#=0.291, p<0.001). Regarding our second
hypothesis, the results in Table 7 show that absorp-
tive capacity only moderates the relationship between
digital diffusion and product innovation. This result
partially supports our second hypothesis. Regarding
our control variables, while SME size plays a positive
and significant role in the propensity for all types of
innovation, the control variables age and location are
insignificant.

We then used the split sample method and
estimated specification (I) separately for the
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manufacturing (732 SMEs) and service industry (368
SMEs) subsamples. The results of our multivariate
probit estimations are presented in Table 10 in the
Appendix and reveal some interesting insights into
the relationship between digital diffusion and the dif-
ferent types of innovation across industries. In par-
ticular, manufacturing SMEs seem to benefit signifi-
cantly from digital diffusion to generate all types of
innovation.

In addition, absorptive capacity moderates the
relationship between digital diffusion and product
innovation in the manufacturing SME subsample.
Among service SMEs, digital diffusion positively
influences the probability of process and organiza-
tional innovation, and absorptive capacity shows
no moderation effect.

Finally, we examine the disaggregated effect of dig-
ital diffusion by including the four digital technology
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Table 6 Multinomial probit estimation results

Multinomial probit model

Low innovation

Medium innovation

High innovation

Base outcome: no innovation

Digital diffusion 0.260 (0.200) 0.422" (0.200) 0.519% (0.210)
Absorptive capacity 5.663" (0.644) 5.810" (0.644) 5.904" (0.647)
Absorptive capacityM 0.351 (0.601) 0.378 (0.601) 0.389 (0.604)
Size 0.0701 (0.0623) 0.181"" (0.0659) 0.337" (0.0978)
Age 6.066 (5.971) 5.252 (5.958) 7.839 (7.957)
Location —0.151 (0.170) 0.0318 (0.170) —0.0699 (0.228)
Industry dummies Yes Yes Yes
Observations 1100

Prob > chi2 0.0000

Log likelihood —732.95158

Wald chi2 166.00

Standard errors in parentheses.

sk

"p<0.05, “p<0.01, " p<0.001.

Table 7 Multivariate probit estimation results: innovation types

Product innovation

Process innovation

Organizational innovation

Marketing innovation

sk

sk

sk

ok

Digital diffusion 0.553" (0.116) 0.272"" (0.0531) 0.288" (0.0591) 02917 (6.51)
Absorptive capacity 2.012" (0.323) 0.416™ (0.0445) 0.477"" (0.0455) 0.280™" (6.47)
Absorptive capacity™ 0.971"" (0.345) —0.0575 (0.0367) —0.0483 (0.0374) —0.0215 (= 0.57)
Size 0.144™ (0.0385) 0.208" (0.0440) 0.139" (0.0482) 0.163"" (4.50)
Age 5.013 (3.715) 1.199 (3.894) 9.172 (5.005) 1.883 (0.59)
Location —0.0872 (0.104) —0.0912 (0.110) —0.0608 (0.118) —0.0950 (—0.99)
Industry dummies Yes Yes Yes Yes

Observations 1100 1100 1100 1100

Prob > chi2 0.0000 0.0000 0.0000 0.0000

Log likelihood —-955.52 —-955.52 —-955.52 —-955.52

Standard errors in parentheses.
*p<0.05, “p<0.01, " p<0.001.

groups (presented in Table 3) as independent estima-
tors and re-estimated specification (I). The results are
reported in Table 11 in the Appendix and show that
the diffusion of digital technologies in the informa-
tion systems group (TG4) positively influences all
innovation types except organizational innovation.
Furthermore, the diffusion of digital technologies in
TG1 (core production and services) positively affects
the process and organizational innovation outcomes.
Finally, TG2 (internal collaboration) and TG3 (exter-
nal communication) show a strong effect on organiza-
tional innovation performance in our sample SMEs.

4.3 Robustness checks

We also conducted some robustness checks to test the
reliability of our baseline estimates. First, we tested our
key assumption about the relationship between digital
diffusion in SMEs and their innovation performance
using an alternative measure of innovation performance:
innovation sales as a percentage of total sales. We then
modelled specification (I) in a linear setting of ordi-
nary least squares (OLS) estimation. Our OLS results
are presented in Table 12 in the Appendix and show
similarity to our baseline specification. Moreover, the
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linear estimation setting allowed us to test for endoge-
neity because innovative firms may also be more open
to integrating new digital technologies (Dibrell et al.,
2008). Therefore, we performed a Durbin-Wu-Hausman
test. The insignificant p-value (0.13390) and our results
indicate that the OLS is consistent and our measure of
digital diffusion is not endogenous to innovation.

5 Discussion and conclusion

In this study, we go beyond recent research and use
a strategic management approach to understand the
relationship between digitalization and innovation. In
particular, we seek to understand whether the strate-
gic integration of digital technologies (digital diffu-
sion) leads to better innovation performance in SMEs
and how the organizational capabilities embodied in
absorptive capacity may affect this relationship. Our
study and detailed empirical analyses contribute to the
growing debate about digitalization and innovation.
Although digitalization is seen as a new source of
innovation (Nambisan et al., 2017; Yoo et al., 2012),
some recent research underscores that digitalization
has little influence on innovation as most digital tech-
nologies have generic applications and little to no role
in the generation of innovation, whereas more com-
plex digital technologies can be important for inno-
vation (e.g., Usai et al., 2021). In our study, we add
to this debate by understanding the nature of digital
technologies as a source of innovation in an SME
context. We emphasize that digital resources differ
from the traditional underpinnings due to their wide-
spread availability, cost-effectiveness, and flexible
affordances (Nambisan et al., 2017; Yoo et al., 2012;
Zammuto et al., 2007). We argue that the true benefits
of digitalization lie in digital diffusion, rather than the
mere adoption of digital technologies (Kane et al.,
2015; Warner & Wiger, 2019). Furthermore, the stra-
tegic integration of digital technologies is rooted in
previously accumulated digital expertise and invest-
ments in related infrastructure. With progressive
digital diffusion, organizations can gradually build
and optimize their digital capabilities in response to
the rapid evolution of technological infrastructures
and changes in the dynamic markets (Autio et al.,
2018; Zammuto et al., 2007). Along these lines, we
first assumed that SMEs, given their greater flexibil-
ity and agility in dynamic environments (Teece et al.,
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1997; Zahra & George, 2002; Eisenhardt & Martin,
2000; Teece, 2018), should potentially be able to take
advantage of digital diffusion to produce innovations.
Moreover, we theoretically argued that absorptive
capacity should moderate the relationship between
digital diffusion and innovation. This is because
absorptive capacity should complement the strategic
flexibility of SMEs to identify, assimilate, and apply
new information and tap external resources and net-
works to increase their innovation potential (Cohen &
Leventhal, 1990).

Using a representative and large sample of Ger-
man SMEs, we provide evidence that digital diffusion
does lead to higher innovation performance among
SMEs. However, contrary to our initial expectations,
we observe the moderating role of absorptive capac-
ity only when industrial and innovation heterogenei-
ties are taken into account. While absorptive capacity
moderates the relationship between digital diffusion
and the product innovation performance of manu-
facturing SMEs, we do not find any significant mod-
erating role for process innovation. This might be
explained by the fact that product innovation usually
involves the organizational ability to integrate exter-
nal knowledge, technologies, and market insights,
whereas process innovation deals with the optimiza-
tion of internal capabilities and processes to enhance
operational features and gain efficiencies. We know
from the existing literature that absorptive capac-
ity is an organization’s ability to identify, assimilate,
and apply external knowledge, and the manufactur-
ing sector is generally associated with a strong focus
on research skills and the production of tangible out-
put (Cohen & Levinthal, 1990; Eisenhardt & Martin,
2000; Zahra & George, 2002). Thus, it is not surpris-
ing to see manufacturing-sector SMEs capitalize on
the combination of digital diffusion and absorptive
capacity to be more creative and innovative.

To gain deeper insights and ascertain our assump-
tions about the relationship between digital diffusion
and innovation performance, we examined differences
across industries and digital technologies in detail.
Our results indicate that manufacturing SMEs perform
better than their counterparts in the service indus-
try when it comes to gaining strategic benefits from
digital diffusion and generate innovations. This result
appears to contradict some prior research in Germany
that shows that digital technologies enhance the prod-
uct innovation potential of service sector organizations



Is digitalization a source of innovation? Exploring the role of digital diffusion in SME...

compared to the manufacturing sector ones (e.g.,
Sarbu, 2021). However, it is important to note that
Sarbu (2021) uses a sample of rather large innovating
organizations and assesses the role of selective digital
technologies, whereas our study specifically focuses
on strategic and extensive integration of digital tech-
nologies in SMEs and thus offering new insights.

In our findings, we also identified systematic dif-
ferences across various digital technologies regarding
innovation performance. However, unlike recent stud-
ies about German organizations, we employ SMEs
as a unit of analysis and group similar technologies
to explore their influence on innovation performance
instead of evaluating the effectiveness of particular
digital technologies (e.g., Niebel et al., 2019; Sarbu,
2021). By doing so, we are not only able to circum-
vent some of our data limitations but also to investi-
gate the combined effects of similar digital technolo-
gies. Our results show that digital technologies related
to information processing have greater innovation
potential than other technologies. These findings are
consistent with related scholarly debate and empiri-
cal findings and show that SMEs can leverage the
key benefits of modern information processing tech-
nologies (e.g., big data) and their affordances to gain
detailed data-specific insights into new product devel-
opment, process optimization, and market dynamics
(Kastelli et al., 2022; Nambisan et al., 2019; Niebel
et al., 2019; Sarbu, 2021; Usai et al., 2021; Yoo et al.,
2012). Interestingly, our analysis reveals that organiza-
tional innovation in SMEs can greatly benefit from the
utilization of various digital technologies. Specifically,
we find that the increased diffusion of digital technol-
ogies related to main business activities, internal col-
laboration, and external communication leads to better
organizational innovation performance. This shows
that SMEs, by using strategic digitalization, tend to
continuously readjust to changing customer prefer-
ences and reconfigure the organizational structure for
optimal responses in dynamic markets (Teece, 2018;
Warner & Wiger, 2019; Yoo et al., 2012).

Our study offers important implications for research
and practice. First, the integration of generic efficiency-
oriented digital technologies into business processes
appears to generally facilitate only the optimization of
basic business processes but does not provide a sig-
nificant mechanism for value creation or capture. Our
findings show that it is the strategic integration of more
specialized and complex digital technologies that has

greater potential for value identification, capture, crea-
tion, and subsequent business transformation.

Second, our study has shown that absorptive capac-
ity can be useful in bridging effective digital technology
integration and new value creation. The gradual assimi-
lation of digital technologies into an organization’s daily
practices and routines (Singh et al., 2020) should enable
the diffusion of digital technologies to continuously
transform business processes and identify new oppor-
tunities (Fichman et al., 2014; Zammuto et al., 2007).
Data-driven insights from successful digital diffusion can
potentially empower SME owners to optimize their busi-
ness operations to generate innovation, respond to emerg-
ing customer preferences, and develop new products and
services. In addition, by converging existing and unique
firm-specific resources with information processing tech-
nologies, SME managers can sense emerging trends and
gain foresight on market trends to counteract impending
disruptive innovations (Bzhalava et al., 2022).

Third, despite an increased level of digitalization
among German SMEs (Sarbu, 2021), SMEs tend to
adopt technologies for efficiency gains or simply
through the bandwagon effect or competitive pressure
without actually implementing digital technologies in
their innovation strategies (Hassan et al., 2020; Qalati
et al.,, 2021). Moreover, there are some misleading,
prevailing perceptions (e.g., expensive integration, no
gains, privacy concerns, loss of competition) among
SME entrepreneurs, which might hamper the strategic
adoption of digital technologies and the associated
absorptive capacity (Hassan et al., 2020; Yunis et al.,
2018). We recommend that SME managers not be dis-
couraged by the misleading perceptions surrounding
digital technologies. Instead, they should rethink their
business strategy to integrate digital technologies
into their innovation processes for strategic renewal
in dynamic markets (Warner & Wiger, 2019). Man-
agers can also benefit from a better understanding
of the broad and specific impacts of digitalization
across different aspects of their business operations,
enabling them to identify critical success factors that
contribute to the effective diffusion of digital tech-
nologies and achieve positive outcomes. Similarly,
the exploration of additional moderating and mediat-
ing factors, such as management style, organizational
culture, and competitive context, can help managers
uncover nuanced linkages between digital diffusion
and innovation. Finally, policymakers should develop
policies to create an enabling environment for SME
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digitalization, which can have multiple benefits for
regional entrepreneurial activities, economic devel-
opment, and the knowledge economy. For example,
successful digital transformation in some SMEs can
lead to widespread replication among other SMEs,
which can promote not only knowledge-sharing
among regional SMEs but also enhance their agility,
responsiveness, and adaptability to market changes
and enhance their global competitiveness.

Our study also has some limitations. In particular,
we operationalized our explanatory variable of absorp-
tive capacity by mainly using the quantitative dimension
(knowledge-based assets), since data on the qualitative
dimensions of absorptive capacity (such as knowledge dif-
fusion, knowledge transfer) were not available in our data-
set. Future research should focus on obtaining detailed
information on all the dimensions of absorptive capacity
(acquisition, assimilation, transformation, and exploita-
tion of external knowledge) to construct more detailed
proxies. In addition, our dataset does not have detailed
information on other commonly used control variables
(e.g., ownership structure, specific industry focus). Future
researchers should use such data when available to avoid
any omitted variable bias. Moreover, we were only able
to use a relatively old dataset due to limitations in data
availability. Despite obtaining significant insights from
our analyses, digital technologies are evolving rapidly.
Therefore, we encourage future researchers to test our

Appendix

findings using more recent data, newer digital technolo-
gies (e.g., artificial intelligence), and more detailed infor-
mation on innovation activities (e.g., patents). Finally,
since our analyses focus only on German SMEs from two
main industrial sectors, our results have limited general-
izability. Future research should test our findings in other
geographic, industry, and economic contexts to gain valu-
able insights and improve our understanding of the com-
plex relationship between digital diffusion and innovation.
Overall, future research should account for industry- and
digital technology-specific heterogeneities to disentangle
the specific role of different digital technologies across
industries.

In conclusion, while the role of digitalization in
innovation is somewhat ambiguous, we examined this
relationship from a strategic management perspective.
By using a large and representative sample of Ger-
man SMEs, our study provides solid evidence in this
regard, showing that strategic integration, rather than
generic integration, of digital technologies can be a
game changer for the innovation capabilities of SMEs.
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Table 8 Sample reliability

test: digital technologies in
the dataset

Type of digital technology Mean SD Variance
Main production and services 1.341818 1.074765 1.15512

Internal collaboration 1.079091 1.045863 1.09383

Digital interconnection with customers 1.298182 1.012298 1.024746
Digital interconnection with suppliers 1.106364 0.954161 0.910424
Teleworking 0.568182 0.8194 0.671416
Software-based communication (Skype etc.) 0.654546 0.840689 0.706758
Intranet-based platforms (Wikis etc.) 0.67 0.905554 0.820027
E-commerce 0.561818 0.788219 0.621289
Social media (Facebook, Twitter etc.) 0.493636 0.751677 0.565019
Cloud computing/cloud applications 0.503636 0.787173 0.619641
Big data analytics 0.345455 0.676344 0.457441

Reliability/consistency check

Test scale =mean (unstandardized items)
Average inter-item covariance: 0.339406

Number of items in the scale: 11

Scale reliability coefficient (Cronbach Alpha): 0.8932
Kaiser—-Meyer—Olkin measure of sampling adequacy: 0.877
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Table 9 Multinomial
probit: average marginal
effects

wHkp <0.01, #¥p <0.05,
#p<0.1

dy/dx w.r.t dy/dx Std.err  z p>lzl (95% contf. inter-
val)
Digital diffusion
No innovation —0.096 0.050 -1.930 0.053 -0.194  0.001
Low innovation —0.002 0.029 —0.080 0.935 —0.058 0.054
Medium innovation ~ 0.063* 0.028 2.240 0.025  0.008 0.118
High innovation 0.035%* 0.016 2.280 0.022  0.005 0.066
Absorptive capacity
No innovation —1.565%**  (.105 —14940 0.000 -1.770 -1.360
Low innovation 0.621 %% 0.059 10.600 0.000  0.506 0.736
Medium innovation  0.665%% 0.056 11.790 0.000 0.554 0.775
High innovation 0.279%#* 0.040 7.000 0.000  0.201 0.358
Absorptive capacity™
No innovation —0.096 0.158 -0.610 0.544  —0.406 0.214
Low innovation 0.033 0.068 0.490 0.626  —0.100 0.166
Medium innovation ~ 0.043 0.066 0.640 0.519  —-0.087 0.173
High innovation 0.020 0.028 0.710 0478  —-0.035 0.076
Size
No innovation —0.045%* 0.015 —3.040 0.002 -0.074 -0.016
Low innovation —-0.020 0.017 —1.180 0.238 —0.053 0.013
Medium innovation  0.023 0.017 1.410 0.159 —0.009 0.056
High innovation 0.042%** 0.011 3.760 0.000  0.020 0.063
Age
No innovation —1.586 1.317 —1.200 0.228 —4.167 0.995
Low innovation 0.735 1.534 0.480 0.632 —-2.272 3.742
Medium innovation ~ 0.383 1.498 0.260 0.798 —2.554 3.320
High innovation 0.468 0.980 0.480 0.633  —1.452 2.388
Location
No innovation 0.015 0.037 0.400 0.690 —0.059 0.088
Low innovation —0.045 0.044 —1.040 0.297 -0.131 0.040
Medium innovation  0.029 0.042 0.680 0.495 —0.054 0.112
High innovation 0.002 0.028 0.060 0.955 —0.054 0.057
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Table 10 Multivariate probit estimation results for industrial sectors

Manufacturing industry Service industry
Product Process Marketing Organi- Product Process Marketing Organi-
innovation innovation innovation zational innovation innovation innovation zational
innovation innova-
tion
Digital diffu- 1.153"" 0.255" 0.296"" 0.352"" —0.630 0.269" 0.194 0.167"
sion
(0.293) (0.0631) (0.0687) (6.12) (0.528) (0.0991) (0.116) (2.33)
Absorptive 3.465™ 0.400™" 0.485" 0.301°" 5.271 0.383" 0.399™" 0.251""
capacity
(0.779) (0.0519) (0.0553) (5.57) (2.725) (0.0679) (0.0686) 3.61)
Absorptive  2.828™ —-0.0307 —0.0607 -0.0710 —2.484 -0.0754 —-0.0102 —-0.0165
capacityM
(0.895) (0.0452) (0.0470) (—=1.52) (1.560) (0.0565) (0.0589) (—=0.28)
Size 0.187"" 0.239" 0.194™" 0.216™ 0.0722 0.166" 0.0450 0.0659
(0.0497) (0.0530) (0.0569) (4.56) (0.0631) (0.0792) (0.0925) (1.13)
Age 5.679 —1.555 6.909 —0.0190 4.065 18.87 32.35 4.221
(4.544) (4.125) (5.042) (=0.01) (6.583) (10.90) (18.14) (0.69)
Location 0.0240 —0.0380 —0.0902 —0.0417 —0.195 -0.175 0.120 —0.326"
(0.128) (0.128) (0.138) (=0.35) (0.184) 0.212) (0.227) (=1.97)
Observations 732 368
Prob>chi2  0.0000 0.0000
Log likeli- —674.044 —266.471
hood
rho 0.5830019 (0.000) 0.2850326 (0.000)

Standard errors in parentheses.
*p<0.05, “p<0.01, " p<0.001.

@ Springer



Is digitalization a source of innovation? Exploring the role of digital diffusion in SME...

Table 11 Multivariate probit estimation results: technology groups and innovation types

Product innovation Process innovation Marketing innovation Organizational innovation

Digital diffu- 0.553" 0.272" 0.288™" 0.291"
sion (0.116) (0.0531) (0.0591) (6.51)

Technol- 0.0265 0.0564" 0.0202 0.0468"
ogy group (0.0178) (0.0192) (0.0210) (0.0165)
1 (main
produc-
tion and
services)

Technology 0.0500 0.0320 0.0349 0.0591"
group 2 (0.0304) (0.0302) (0.0328) (0.0267)
(internal
collabora-
tion)

Technology 0.0163 0.0137 0.0796 0.155™
group 3 (0.0458) (0.0428) (0.0457) (0.0390)
(external
communi-
cation)

Technology 0.150" 0.123" 0.0965" —-0.0129
group 4 (0.0436) (0.0432) (0.0482) (0.0397)
(informa-
tion pro-
cessing)

Absorptive  2.012"" 1.661 %% 0.416™" 0.350%% 0477 0.421 %% 0.280"" 0.242%%
capacity (0.323) (0.289) (0.0445) (0.0390) (0.0455) (0.0404) (6.47) (0.0390)

Absorptive ~ 0.971" —0.0575 —0.0483 —-0.0215
capacityM (0.345) (0.0367) (0.0374) (—=0.57)

Size 0.144™ 0.144% % 0.208"" 0.212% 0.139™ 0.159%* 0.163" 0.148%

(0.0385) (0.0391) (0.0440) (0.0453) (0.0482) (0.0502) (4.50) (0.0368)

Age 5.013 3.674 1.199 —-0.685 9.172 8.240 1.883 (0.59) 0.522(3.291)

(3.715) (3.681) (3.894) (3.828) (5.005) (4.859)
Location —0.0872 —0.0435 —0.0912 0.00511 —0.0608 0.0286 —0.0950 —0.0524
(0.104) (0.106) (0.110) (0.112) (0.118) (0.120) (—0.99) (0.0974)

Industry Yes Yes Yes Yes Yes Yes Yes Yes
dummies

Observations 1100 1100 1100 1100 1100 1100 1100 1100

Prob>chi2  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Log likeli- —955.52 —1408.68 —955.52 —1408.68 —955.52 —1408.68 —955.52 —1408.68
hood

Standard errors in parentheses.
*p<0.05, “p<0.01, " p<0.001.
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Table 12 OLS estimation results

OLS estimation results

Innovation performance

Digital diffusion 0.111 " (3.59)
Absorptive capacity 0.473" (13.79)
Absorptive capacity™ —0.0464 (—1.59)
Size 0.0177 (0.75)
Age 0.0465 (0.02)
Location —0.101 (- 1.63)
Industry dummies Yes
Observations 1100

Prob>F 0.0000

R? 0.2210

Adjusted R? 0.2157

Root MSE 0.92322

Wu-Hausman F test: 2.24284, F (1,1036), p-value =0.13454
Durbin-Wu-Hausman chi?2 test: 2.24664 (1),
p-value=0.13390

Standard errors in parentheses.

"p<0.05, "p<0.01, " p<0.001.
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