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Abstract

The hidden champion concept has received much interest in practice. As mar-
ket leaders in niche markets, hidden champions represent the success of the
(German) Mittelstand. Innovation is a key element of their strategy and their
focus and niche market strategy are associated with specific technological
capabilities. However, thus far, little quantitative empirical evidence exists
about the innovation output of hidden champions. Drawing on a capability
perspective and using patent data, the present study analyzes differences
between hidden champions and comparable non-hidden champion firms in
their technological innovation. Our results show that hidden champions have
a significantly larger technological innovation output but do not have a higher
efficiency in their innovation creation compared to other firms from the same
industry, size, and age. Moreover, the innovations produced by hidden cham-
pions show higher levels of technological depth and indicate lower levels of
technological breadth. The sources of technological knowledge of hidden
champions seem to be more inward oriented. Finally, innovations of hidden
champions have similar technological impact, novelty and quality compared to
those of other firms. Overall, our study supports many of the anecdotal beliefs
about the innovation of hidden champions contributing to a better under-
standing of what makes hidden champions different from other Mittelstand
firms. Practical implications for hidden champions and Mittelstand firms are
discussed.
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1 | INTRODUCTION

The Mittelstand entrepreneurship innovation model has
been described as an antithesis to the Silicon Valley
model of entrepreneurship and innovation (De Massis
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et al., 2018; Pahnke & Welter, 2019). In particular, hidden
champions are regarded as the prototype of successful,
export-oriented, and technologically innovative Mittel-
stand firms (Audretsch et al., 2021; Johann et al., 2022).
The hidden champion concept was pioneered by Simon
(1992) and describes small and highly specialized (world)
market leaders." Innovation is described as a core ele-
ment of the hidden champion concept and regarded as
one of the main differences between hidden champions
and other Mittelstand firms. However, thus far, little
quantitative evidence exists on the particularities of inno-
vation of hidden champions. Moreover, the literature is
often based on more pragmatic explanations but lacks a
theoretical perspective to explain the unique innovation
characteristics of hidden champions with regard to tech-
nological innovation.

Our study aims to close these gaps and refine the
innovation related assumptions that exist about innova-
tion of hidden champions in the popular management lit-
erature. In particular, we aim to understand the
differences in technological innovation outputs between
hidden champions and other firms from the same indus-
try and of similar size and age. Based on a capability per-
spective (Helfat & Winter, 2011), we identify three main
capabilities of hidden champions that are associated with
their technological innovation. Our research question is
thus as follows: How do hidden champions differ from
comparable other firms in their technological innovation
outputs?

To analyze our research question, we use a panel
dataset of 4677 firms with 25,475 patent applications
from the German manufacturing sector. By using patent
applications as a proxy for technological innovation, we
find that hidden champions have significantly larger
innovation outputs but are not more efficient in their
innovation creation compared to other firms from the
same industry, size, and age. Moreover, the innovations
produced by hidden champions show higher levels of
technological depth and lower levels of technological
breadth. Innovation creation of hidden champions seems
to be more inward oriented regarding sources of techno-
logical knowledge, and the resulting innovations show
lower levels of novelty. Innovations of hidden champions
have similar technological impact and quality compared
to those of other firms.

Overall, our study supports many anecdotal beliefs
about hidden champions and their innovation outputs.
The article contributes to the small but growing literature
on hidden champions and the hidden champion concept

Simon (2022) defines them as firms that have revenues below $5
billion, are number one, two or three in the global market or number
one on their continent and have a low level of public visibility.

Practitioner Points

« Managers should recognize the three key
capabilities—niche marketing, internationali-
zation, and integration—that drive hidden
champions’ technological innovation.

« Hidden champions generate more technologi-
cal innovation output but without using fewer
resources. Their innovations have greater tech-
nological depth, narrower breadth, and rely
more on internal knowledge sources.

« Since hidden champions rely primarily on
internal knowledge, managers could boost
innovation by prioritizing external collabora-
tions for new technical solutions.

« Given hidden champions' focus on technologi-
cal depth and specialized innovations, caution
is needed to prevent the risks of over-
specialization.

(e.g., Audretsch et al., 2021; Benz et al., 2021; Johann
et al., 2022; for a summary see Schenkenhofer, 2022) and
helps to understand hidden champions' general approach
toward innovation and technology, their innovation
capabilities, and output. More precisely, it puts some of
the propositions made by Hermann Simon in his pioneer-
ing and well-received books (Simon, 2009, 2022) to an
empirical test. It also extends the conceptual work of De
Massis et al. (2018), who refer to hidden champions as an
example of how Mittelstand firms can innovate with lim-
ited resources. Hence, our study does not only evaluate
whether hidden champions are innovative or not (which
is a somewhat tautological question given the market
leadership characteristic of hidden champions) but goes
much deeper exploring the nature and characteristics of
their innovativeness.

Furthermore, our study contributes to research on
capabilities and their impact on innovation outputs.
Based on three distinct capabilities of hidden champions
(i.e., niche marketing capability, internationalization
capability, and integrative capability), we present theoret-
ical reasoning to explain how these specific capabilities,
derived from a concentrated niche market strategy,
impact the processes and results of technological innova-
tion. The empirical analysis of hidden champion techno-
logical innovation outputs shows that contrary to
dominant notions (Teece, 2007) even capabilities that
integrate dynamic facets may create path dependencies
(Sydow et al., 2009) and hinder more radical innovation.
On a more general level, we thereby also contribute to
the strategic management literature on niche market
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strategies (e.g., Teplensky et al., 1993; Toften &
Hammervoll, 2009).

2 | BACKGROUND ON HIDDEN
CHAMPIONS

2.1 | Concept and definition of hidden
champions

Germany's postwar economic success is often associated
with the development and success of its medium-sized
manufacturing firms—the (industrial) Mittelstand. Hid-
den champions form a small but important and highly
successful subgroup of the Mittelstand. The term “hidden
champion” refers to market leadership in a narrow and
specific niche market (mostly) unknown to the general
public (Audretsch et al., 2021; Schenkenhofer, 2022).
According to Porter’ (1980) generic competitive strategies,
firms can achieve a competitive advantage through
(1) cost leadership, (2) product differentiation, or
(3) focus. Hidden champions pursue a focus strategy,
offering products specifically tailored to the needs of
selected customers in narrowly defined niche markets,
ranging from cinema curtains, pharmaceutical packag-
ing, tunnel boring machines to church organs
(Simon, 1992). As market leaders in niche markets (typi-
cally B2B), hidden champions do not target the “average”
customer but rather seek to offer the best product for the
most demanding customers with whom they work closely
together (Massis et al., 2018; Simon, 2022). Moreovetr,
hidden champions have historically neither attracted nor
sought publicity (Simon, 2009), explaining why they are
hidden. Even though they have their roots in the German
context, hidden champions are not only a German phe-
nomenon. Research has identified and analyzed hidden
champions all over the world, including Greece
(Voudouris et al, 2000), Turkey (Yosun &
Cetindamar, 2013), Korea (Kim & Kim, 2015), Britain
(Witt, 2015), and Croatia (Omazic & Vlahov, 2013).

The hidden champion concept has its roots in the
1990s and the works of Hermann Simon (Simon, 1992,
2009, 2022). In line with Simon (2022), we define hidden
champions using two main criteria. (1) Market leadership:
hidden champions should be among the top three
market-leading firms in the world or rank first on their
continent. Simon concludes that it is sometimes difficult
to determine the exact market share of a firm as this
share depends on the particular market definition and
market delineation used. He also states that, beyond mar-
ket share, more subjective criteria, such as quality leader-
ship, can be used to assess market leadership. Such
subjective criteria can but do not have to include the

innovativeness of a firm. (2) Firm size: hidden champions
have revenues of less than five billion Euros.?

2.2 | A capability-based view of the
characteristics of hidden champions

Innovation in general is considered a crucial characteris-
tic of hidden champions (Simon, 2022; Voudouris
et al., 2000). As hidden champions rely on competitive
advantages created by offering high-quality products spe-
cifically tailored to the needs of selected customers in
narrowly defined niche markets, innovation is important
for the long-term success and survival. Hidden cham-
pions aim to be technologically superior and offer higher
product quality than competitors to justify their price pre-
miums (Audretsch et al., 2021; Johann et al., 2022;
Rammer & Spielkamp, 2019; Simon, 2022). They produce
technologically sophisticated and knowledge-intense
products, which also creates a strong need for intellectual
property (IP) protection through patents and other IP
rights (Schenkenhofer, 2022). Besides this general obser-
vation in the literature, there is little evidence on the
nature of technological innovation in hidden champions.
Our study aims to reduce this gap.

As a theoretical basis to understand the nature of
technological innovation of hidden champions, we take
an organizational capability perspective. Organizational
capabilities refer to the collective skills, competencies,
and resources utilized in an organization's processes to
create and sustain a competitive advantage in a specific
industry or market (Amit & Schoemaker, 1993). These
capabilities are directed and limited to specific purposes
(e.g., new product introductions) but can be repeated
across single-use cases (Helfat & Winter, 2011). Thus,
firms that have the capability to develop and introduce
new products because of their specific R&D and market-
ing resources (e.g., human capital, technologies, knowl-
edge) and processes can repeatedly utilize these
capabilities for multiple new products. Capabilities allow
firms to effectively utilize their resources and deliver
value to customers in a way that is difficult for competi-
tors to imitate and replicate (Helfat & Winter, 2011).
Organizational capabilities comprise ordinary as well as
dynamic elements. Ordinary capabilities allow a firm to
“perform an activity on an on-going basis using more or
less the same techniques on the same scale to support

2Simon (2022) adds low public visibility as a third criterion to the
operational definition. As this criterion, however, subjectively varies
across stakeholders, he does not operationalize this criterion. Therefore,
this criterion is typically not included in the operational definition of
hidden champions (e.g., Rammer & Spielkamp, 2015).
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FIGURE 1 Theoretical framework of hidden champion capabilities and technological innovation.

existing products and services for the same customer pop-
ulation” (Helfat & Winter, 2011, p. 1244). These ordinary
capabilities are necessary to maintain the efficiency of
operations related to existing products and services
(Teece, 2017). Therefore, ordinary capabilities are rather
static in nature (Barreto, 2010). Dynamic capabilities, in
contrast, “help enable an enterprise to profitably build
and renew resources, reconfiguring them as needed to
innovate and respond to (or bring about) changes in
the market and in the business environment more gener-
ally” (Teece, 2017, p. 698). Therefore, dynamic capabili-
ties always involve altering ordinary capabilities
(Winter, 2003) and facilitating organizational change,
although not necessarily in a radical way (Helfat &
Winter, 2011).

Based on the capability perspective, we argue that the
characteristics of hidden champions constitute particular
capabilities, which in turn affect their technological inno-
vation outputs (see Figure 1). Prior research has
described hidden champions through their niche market
focus with a high customer orientation in a specific field,
their strong international orientation mirrored in a high
percentage of exports and high foreign direct invest-
ments, and their high vertical integration to manage and
control large parts of their production process and value
chain (Audretsch et al.,, 2018; Dalgic & Leeuw, 1994;
Rammer & Spielkamp, 2015; Simon, 2022; Voudouris
et al., 2000). Following previous research on the develop-
ment of organizational capabilities (Sharma &
Vredenburg, 1998), such clear strategic focus areas lead
to the development of specific capabilities of hidden
champions that are deeply embedded in an organization,
including its routines, organizational frameworks, com-
munication channels and problem-solving strategies

(Daft & Weick, 1984; Henderson & Clark, 1990). This is
because strategic choices determine organizational gover-
nance systems and structures and interrelated invest-
ments in physical, human, and other intangible assets,
leading to capability development (Argyres, 2011;
Argyres & Liebeskind, 2002; Schriber & Lowstedt, 2015).
Contrasting the above characteristics of hidden cham-
pions with the established organizational capability liter-
ature, we identified three main organizational
capabilities of hidden champions and adapted these to
the particularities of hidden champions: (1) Niche mar-
keting capability, (2) internationalization capability, and
(3) integration capability. In the following we argue why
each of these three organizational capabilities matches
the characteristics of hidden champions.

Adapted from Day (2011), we define the niche market-
ing capability of hidden champions as the ability to create
and deliver superior customer value through efficient
and fast-responding marketing processes for well defined
(niche) markets.® This capability comprises activities
related to maintaining the sustainable market positioning
of established products and those directed at establishing
new products (Helfat & Winter, 2011). In line with the
particularities of hidden champions (Rammer &
Spielkamp, 2015; Simon, 2022), this capability is particu-
larly based on a strong market and customer orientation
that enables the hidden champion to sense market devel-
opments continuously and to better align its resources
with market demands and specific customer needs as
compared to competitors (Day, 2011; Fang & Zou, 2009;

*Day (2011) does only refer to marketing capabilities. Considering the
niche focus of hidden champions, we specified this capability to a niche
marketing capability for hidden champions.
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Morgan et al., 2009). Based on hidden champions in
Greece, Voudouris et al. (2000) empirically substantiate
that a close commitment to customer service is a key suc-
cess factor of hidden champions. Their deep market
insights as well as strong and close connections to impor-
tant (B2B) customers create strategic capabilities that
facilitate hidden champions to be a customer value leader
through their distinct and compelling customer value
proposition and to respond to new demands in their
established markets with new value propositions (Day &
Moorman, 2010). Firms with such strategic marketing
capabilities “stand out in their ability to continuously
sense and act on emerging trends and events in their
markets” (Day, 2011, p. 186). The example of the hidden
champion Rose Plastic illustrates the existence of these
capabilities in hidden champions. The firm describes
itself as “the world's No. 1 supplier of high-quality hard
plastic packaging for the tooling industry.” Their strong
focus on the tooling industry allows them to come up
with high-quality, highly customized, and highly innova-
tive solutions. The long-term and intensive collaboration
with important customers puts them in a good position
to understand the needs of their customers, to continu-
ously react to new demands and maintain their strong
competitive position.

The internationalization capability of hidden cham-
pions is the ability to identify, evaluate, and (successfully)
exploit opportunities that arise in foreign markets
(Bingham et al., 2019; Catanzaro & Teyssier, 2021). Inter-
nationalization requires overcoming significant obstacles,
including the challenges posed by cultural disparities,
geographical distance from key markets, variations in
financial and economic structures, and rigidity of the
enterprise to adapt and learn (Raymond et al., 2014). This
capability comprises several sub-dimensions that are
required to successfully maintain and manage export
relationships and foreign subsidiaries (i.e., international
exploitation) as well as the extension of the current busi-
ness to new international markets (international explora-
tion) (Pinho & Prange, 2016; Prange & Verdier, 2011).
Research shows that internationalization capabilities are
developed through repeated experiences in international-
ization that create routines (Sapienza et al., 2006), knowl-
edge (Eriksson et al., 1997), and heuristics (i.e., boundary
rules and how-to rules) (Bingham et al., 2019). To over-
come the small size of the niche markets in their home
region, hidden champions have to rely heavily on inter-
nationalization (Dalgic & Leeuw, 1994) and quickly
expand their activities on a global scale, which explains
their international success and high export shares.

Because of their high export shares and strong inter-
national orientation, hidden champions can draw on sub-
stantial experiences in both international exploitation

and exploration that shape their internationalization
capabilities. Audretsch et al. (2018) have investigated the
particularities of hidden champions with regard to inter-
nationalization. As hidden champions typically produce
products of premium quality that require considerable
explanation and service, they want to maintain control
and enter foreign markets often through equity modes of
market entry such as wholly owned subsidiaries. Conse-
quently, this intense direct engagement in international
markets substantially fosters the development of interna-
tionalization capabilities. A consequent internationaliza-
tion puts hidden champions in a good position to observe
customers in different contexts and environments, which
is a fruitful source for innovation ideas (Gertler, 1995;
Malecki, 2010). Many hidden champions are, for exam-
ple, located in the city of Taicang, which is a German
hub of Mittelstand firms active in China. The
German hidden champions located in China, increas-
ingly not only distribute and/or produce their products in
China but also source innovation ideas from China,
which is becoming the largest market in some industries.
In a similar vein, the above described hidden champion
Rose Plastic has cleanrooms both located at their head-
quarters in Germany and in the US. The latter is the larg-
est pharmaceutical market of the world, which is a
challenging but highly profitable industry, where Rose
Plastic is diversifying into.*

The integrative capability of hidden champions refers
to their ability to effectively coordinate and control com-
munication, key activities, investments, and objectives
across different stages of the value chain (Helfat &
Campo-Rembado, 2016; Iansiti & Clark, 1994). Integra-
tive capabilities facilitate the seamless coordination of
value creation activities under different circumstances. In
times of little or no change, integrative capabilities enable
greater control over the manufacturing process and the
quality of products. However, if changes are required or
new products are introduced, rapid adaptation of these
integrated systems is possible (Helfat & Campo-
Rembado, 2016; Li, 2005). We argue that to serve their
highly demanding customers with high quality and cus-
tomized products, hidden champions need to develop
integrative capabilities often resulting from a high degree
of vertical integration across the value chain. Hidden
champions are particularly skeptical about giving up con-
trol and independence (De Massis et al., 2018). As niche
specialists focusing on high quality products, they want
to preserve control over the key activities in each step of
the value creation and value chain (Rammer &
Spielkamp, 2015; Schenkenhofer, 2022; Simon, 2022).
This ambition also mirrors in hidden champions strong

“See https://www.rose-medipack.us/en (accessed July 9, 2023).
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and holistic leadership together with keeping responsibil-
ity and decision-making authority in the larger organiza-
tion (Voudouris et al., 2000). In streamlining their value
chains, they develop substantial skills in carrying out
each value creation step and a high degree of specificity
between the integrated steps of the value chain, intensify-
ing the degree of vertical integration (Argyres, 1996;
Diez-Vial, 2007). Consequent investment in and align-
ment of resources along the value chain strengthen the
development of integrative capabilities. Many hidden
champions, for example, have their own machine shops
and mechanical engineering departments to repair,
adapt, and produce their own machines used in the pro-
duction. Examples of such hidden champions are Brita,’
the market leader in countertop water filters, and the
Bauer AG,® a leading specialist foundation engineering
company. Based on these three specific capabilities of
hidden champion, we now develop hypotheses about
technological innovation outputs of hidden champions.
Figure 1 links our capability-based view of hidden cham-
pions with the hypotheses.

3 | HYPOTHESES ABOUT
TECHNOLOGICAL INNOVATION
OUTPUTS OF HIDDEN CHAMPIONS

We use the above-developed theoretical considerations
about the specific capabilities of hidden champions to
hypothesize their particularities regarding technological
innovation outputs compared to other non-hidden cham-
pion Mittelstand firms.

3.1 | Innovation efficiency

We refer to innovation efficiency as the quantity of inno-
vation output in relation to the resources that a firm
employs to achieve this output. We argue that the specific
capabilities of hidden champions foster their innovation
efficiency. The close customer interaction and strong cus-
tomer orientation embedded in their niche marketing
capability enables them to sense market developments
quickly and to continuously align resources with new or
adjusted market demands (Day, 2011; Fang & Zou, 2009;
Morgan et al., 2009). According to the literature on the
sources of innovation, close collaboration with customers
and careful observation of their needs is a fruitful source
of ideas for innovation (Abrell et al., 2016; Bonner &
Walker Jr, 2004). Thus, hidden champions avoid

>See https://www.brita.de (accessed March 18, 2024).
5See https://www.bauer.de (accessed March 18, 2024).

unnecessary circumventions of extensive market search
for ideas of innovation and highly risky and explorative
research but instead focus their innovation efforts on
activities likely to yield predictable innovation output
and successful market results. Repeated new product ini-
tiations in their respective niche market have created
capabilities to bring new technologies and products to
the market efficiently (Helfat & Winter, 2011).

Furthermore, hidden champion's integrative capability
facilitates control over the most relevant parts of the
value chain. Therefore, hidden champions have substan-
tial independence from external actors, and new market
demands can be addressed to a significant degree by uti-
lizing internal resources and processes. Consequently,
inefficiencies and transaction costs related to vertical dis-
integration are reduced. If adaptation or innovation of
products and/or processes is needed, rapid adaptation
of hidden champions' integrated value chains is possible
(Helfat & Campo-Rembado, 2016; Li, 2005). In line with
this, Simon (2022) and De Massis et al. (2018) have
already argued that hidden champions are particularly
efficient in their innovation processes.

The hidden champion Uhlmann located in Lau-
pheim provides a good case in point for this argument.
They are the leading system supplier for pharmaceutical
packaging. Their only customers are “international phar-
maceutical groups, generic manufacturers, and packaging
service providers,”7 for which they are a total solution
provider offering everything from a single source. Hence,
they devote their entire innovation activities toward satis-
fying the varying demands of this narrow, yet highly
demanding group of customers based on resources and
processes under their control.

Following the above arguments, hidden champions
should be more efficient in their innovation activities,
producing more innovations per employee than other
firms of similar size and age.

Hypothesis H1:. Hidden champions have a
higher innovation efficiency than other firms.

3.2 | Inward orientation regarding
sources of technological knowledge

A firm's inward orientation regarding sources of techno-
logical knowledge captures the degree to which the tech-
nological knowledge for an innovative problem solution
comes from internal rather than external knowledge
sources. While hidden champions have a strong market

“See https://www.uhlmann.de/company/profile-and-organization
(accessed July 9, 2023).
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orientation regarding the ideas for innovation (see
hypothesis above), we argue that they are rather inward
oriented regarding the sources of technological knowl-
edge needed for creating the technical solutions. External
innovation cooperation partners such as customers pri-
marily take the role of idea givers for identifying unmet
market demands (e.g., West & Bogers, 2014). They do not
provide the technological knowledge needed to develop
the technological solutions created to meet these
demands.

We shall argue that hidden champion's integrative
capability and the related benefits for innovation effi-
ciency mentioned above will lead to a stronger inward
orientation of hidden champions regarding sources of
technological knowledge for technological innovation
than this is the case in comparable firms. Hidden cham-
pions integrative capability is closely associated with
their skepticism about giving up control and indepen-
dence. This also applies to the sources of technological
knowledge. Hidden champions want to maintain control
over their sources of knowledge (De Massis et al., 2018)
and do not want to become dependent on external
sources of knowledge and knowledge providers. Besides
the control argument, Helfat and Campo-Rembado
(2016) show that integrative capabilities are beneficial for
systemic innovation that requires embedded integrative
knowledge about how to systematically integrate differ-
ent activities, capabilities, and products along the value
chain. Sourcing on internal knowledge therefore ensures
systemic compatibility of components and technologies.
In a similar vein, Kapoor (2013) argues that specialized
continuous innovation (e.g., to adapt to regular demands
of customers) often builds on pre-existing knowledge
embedded in an integrated value chain. Helfat and
Campo-Rembado (2016) even buttress that firms who
built integrative capabilities intentionally disregard the
potential benefits of disintegration and external knowl-
edge sourcing.

A good example is the Wipotec Group from Kaisers-
lautern, which describes itself as a “leading global pro-
vider of intelligent weighing and inspection technology.”®
Similar to the example of the hidden champion Uhlheim
discussed in Hypothesis 1, the firm is proud that their
“integrated solutions come from ‘a single source’ and
extend along the entire value creation chain from hard-
ware and software development to in-house production
with a level of vertical integration exceeding 85% and
after-sales service.” Although this single source for their

8See https://www.wipotec.com/en/company/about-us (accessed July
9, 2023).
“See https://www.wipotec.com/en/company/about-us (accessed July
9, 2023).

solutions assumingly enhances the efficiency and facili-
tates systemic integration of solutions, the underlying
integrative capability will also constrain hidden cham-
pions in external cooperation and knowledge sourcing
beyond resources under their control. In this case, the
integrative capability can become a liability, forcing hid-
den champions to rely on knowledge sources under their
control and making hidden champions skeptical about
open innovation and innovation collaboration (Tushman
et al., 2012). They will not only avoid sharing their own
knowledge with other firms or institutions, but they are
also skeptical about insourcing technological knowledge
from outside sources beyond their control. Consequently,
hidden champions primarily rely on their established
internal solution spaces and past technologies when cre-
ating new products. We hypothesize:

Hypothesis H2:. Hidden champions have a
higher inward orientation regarding sources
of technological knowledge than other firms.

3.3 | Innovation novelty and quality

A strong inward orientation regarding sources of techno-
logical knowledge often goes hand in hand with a low
degree of innovation novelty.

We define a novel innovation as one that has no or
little “discernible technological antecedents” (Ahuja &
Lampert, 2001, p. 535). The innovation is among the first
ones of its kind from a technological perspective.'® Nov-
elty, particularly that of technological innovations, has
been widely understood as a focal aspect of knowledge
creation (Kaplan & Vakili, 2015; Uzzi et al., 2013). Novel
innovations with characteristics substantially differing
from previous innovations have also been framed as
(technologically) radical (Schoenmakers &
Duysters, 2010)—the opposite being incremental. These
radical innovations can change technological paradigms
(Nelson & Winter, 1982), creating entirely new techno-
logical fields and industries. However, radical innova-
tions also present a risky departure from existing practice
(Hage, 1980). In contrast, less novel or incremental inno-
vations consist of minor improvements in existing
technologies.

°Note that also other perspectives on innovation novelty exist.
Verhoeven (2016), for example, distinguish between novelty in
recombination and novelty in knowledge origin. While the latter
resembles to what we refer to as inward orientation regarding sources of
technological knowledge, the former describes the extent to which it
“recombines components and principles to serve its purpose”
(Verhoeven et al., 2016, p. 708).

85U801 7 SUOLILLIOD SAIIERID 3ot (dde ay) Aq peuenob a2 ssjone O 8sn 0 Sa|n. 1oy Akeiq 18Ul IUO AS|IM UO (SUONIPUOD-PUE-SWISIALIY A8 |1 AReJq 1 pUI|UO//SANY) SUONIPUOD Pue SWws 1 8U) 89S *[5202/T0/£0] Uo AeiqiTauliuo AB|iIM eyloljqiosTels AN BingueH TISBAIN 84osIuYe | A 99/2T WIdI/TTTT'0T/I0p/woo A 1M Aleiq 1 jput|uoy/:sdny wouj pspeojumod ‘0 ‘S8850rST


https://www.wipotec.com/en/company/about-us
https://www.wipotec.com/en/company/about-us

JOURNAL OF PRODUCT

JOURNAL OF PRODUCT INNOVATION MANAGEMENT

INNOVATION MANAGEMENT

We argue that hidden champions, because of their
niche marketing and internationalization capadbilities, tend
to pursue technological improvements and, thus, incre-
mental innovations instead of radical ones. A core aspect
of their niche marketing capability is a close interaction
with a narrow set of customers in their niche market.
Therefore, hidden champions can quickly respond to new
market demands with new problem solutions (Day, 2011).
Thereby, they increase customer loyalty, satisfy the needs
of their lead customers, and safeguard technology leader-
ship (Riisalu & Leppiman, 2013; Voudouris et al., 2000).
This capability will likely continuously increase incremen-
tal innovation but may not be favorable for more radical
innovation beyond the existing technological scope and
the customers' expectations. Hidden champions do not
want to disrupt their own markets via new technologies
but rather seek to maintain and protect their market lead-
ership through incremental innovations related to their
existing product and knowledge spaces. Previous research
has found that established market leaders often innovate
incrementally (Christensen, 1997) and produce less novel
technological innovations. This effect will be intensified
through hidden champion's internationalization capabil-
ity, which is directed to exploit the international market
share in established markets, primarily through wholly
owned subsidiaries (Audretsch et al., 2018). Whereas this
capability is helpful for an international expansion with
incremental innovation, it may even create rigidity regard-
ing radical innovation that is less compatible with a fully
controlled international sales and distribution system.

By relying on core concepts manifested in their tech-
nological spaces, hidden champions are thus likely to rely
mostly on recombining (their own) existing knowledge
rather than creating entirely new knowledge. We hypoth-
esize the following:

Hypothesis H3a:. Hidden champions pro-
duce innovations of lower technological nov-
elty than other firms.

On the contrary, the lower focus on novelty allows
hidden champions to dedicate their resources and capa-
bilities to create innovations of higher quality. Innovation
quality is a multidimensional concept that comprises var-
ious aspects of innovation excellence and effectiveness.
The literature has come up with a wide range of concep-
tualizations overlapping to some extent with our under-
standing of novelty (H3a) and technological impact (HS5).
Higham et al. (2021) provide a comprehensive overview.
In our study, we refer to a particular aspect of innovation
quality. This aspect is often referred to as one of the char-
acteristics of success of hidden champions and concerns
the functional efficiency and operability of the

innovation. That is, the innovation provides a well-
functioning and rigorous solution for a relevant technical
problem. But why are hidden champions able to produce
such well-functioning and highly operable innovations?

Hidden champion's niche marketing capability can be
considered a driver of innovation quality in the sense as
described above. Hidden champions close interactions
with their established customers facilitates that real and
important customer problems are identified and fully
understood before innovation concepts are realized. This
interaction may continue from the initial idea phase over
the concept development to the market entry of a new
product. Consequently, the niche marketing capability
reduces the likelihood that solutions and concepts of low
innovation quality are created. Such high innovation qual-
ity is also needed from a market perspective, as hidden
champions aim for high standards in product quality and
cannot afford to produce low-quality innovations that do
not work. Besides that, as this capability is directed to nar-
row niche markets and a limited technological domain,
hidden champions have a detailed understanding of tech-
nologies and potential solutions. This further reduces the
risk that innovation by hidden champions fails due to
technical and/or market demand-related reasons.

Next to their niche marketing capability also their inte-
grative capability helps hidden champions to develop inno-
vations of high quality. By being in control of the value
chain and the different elements of the innovation process,
hidden champions are in a good position to develop inno-
vations of high quality and technical standards.

Based on hidden champions niche marketing and
integrative capabilities, we expect them to produce inno-
vations of high technological quality. We formulate the
following hypothesis:

Hypothesis H3b:. Hidden champions pro-
duce innovations of higher technological
quality than other firms.

3.4 | Innovation depth and breadth

Prior research has stressed the importance of distinguishing
between the breadth and depth of a firm's technological
innovation portfolio (Aharonson & Schilling, 2016; Xu, 2015;
Zhou & Li, 2012). Breadth is defined as the range of techno-
logical fields in which a firm is represented, and depth refers
to the amount of technological knowledge within a techno-
logical field (Laursen & Salter, 2006; Xu, 2015).

We argue that all three specific capabilities of hidden
champions are associated with a greater innovation depth
but reduced innovation breadth as compared to other firms.
First and foremost, hidden champion's integrative capability
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fosters innovation depth. The ability to control the product
and knowledge flows along the value chain leads to a signifi-
cant concentration of knowledge in one narrow knowledge
domain. In contrast, the breadth of technological knowledge
will be naturally reduced as the integrative capability mini-
mizes the reliance on heterogeneous actors (e.g., relatively
unknown suppliers) that can provide access to broad and
diverse knowledge domains (e.g., Palit et al., 2022). An exam-
ple of such a vertically integrated specialist is the above men-
tioned hidden champion Bauer AG and the associated Bauer
Maschinen GmbH from the city of Schrobenhausen in
Bavaria. They develop and manufacture their own construc-
tion machines to perform their challenging construction jobs
as a specialist foundation engineering company."' For hid-
den champions, technological depth is key and becoming
overly broad in technological fields and applications would
distract and destroy the benefits of (technological) specializa-
tion and focus. In a similar vein, the nature of hidden cham-
pion's internationalization capability will be associated with a
high innovation depth. Internationalization of hidden cham-
pions follows the aim to extend the market size often associ-
ated with creating own subsidies in foreign markets
(Audretsch et al., 2018). The internationalization capability
and the direct involvement of hidden champions in foreign
markets will thus provide access to country-specific knowl-
edge in the particular knowledge domain of the hidden
champions niche market. Lastly, the niche marketing capa-
bility puts hidden champions in close contact with cus-
tomers, providing them access to important customer
knowledge. However, this close customer orientation to the
most demanding customers puts hidden champions in a
position where they have little incentive to change technol-
ogy and incur the costs associated with adopting new tech-
nology reducing innovation breadth. Hence, the niche
market capability can also become a liability. To maintain
their position, hidden champions build on their prior knowl-
edge as the state-of-the-art knowledge base in their techno-
logical niches. Tripsas (1997) shows that firms often utilize
specialized assets to maintain market leadership.

Taken together, we assume that the particular capabili-
ties of hidden champions will, on the one hand, help to uti-
lize access to domain-specific knowledge and lead to greater
innovation depth. On the other hand, they will reduce the
breadth of innovation (activities) compared to other firms.

Hypothesis H4a:. Hidden champions have a
higher innovation depth than other firms.

Hypothesis H4b:. Hidden champions have a
lower innovation breadth than other firms.

"See https://www.bauer.de (accessed March 18, 2023) and Block et al.
(2016), where this example is described in great detail.

3.5 | Technological impact

Our last hypothesis concerns the technological impact of
innovations produced by hidden champions. The techno-
logical impact of an innovation refers to how much a spe-
cific innovation builds the fundament of (future)
innovations and technologies created by others and
shapes the development of entire technological fields
(Dahlin & Behrens, 2005; Hopp et al., 2018).

In line with our arguments regarding innovation
breadth, we assume that the capabilities of hidden cham-
pions may not be optimally suited to create high technolog-
ical impact innovations. The integrative capability and the
strong desire to maintain control limits their potential to
develop innovations of high technological impact. Prior
research shows that innovations with high technological
impact are often created at the intersections of different
technological fields and actors (Rosenkopf &
Almeida, 2003; Rosenkopf & Nerkar, 2001). However, as
hidden champions focus primarily on those technological
domains captured by their internal competencies and value
chains, technological knowledge diversity as a basis for
potential knowledge spillovers in other applications, indus-
tries, and markets is naturally limited. Also, the niche mar-
keting capability of hidden champions may not be helpful
to create technological innovations of high technological
impact. By focusing almost exclusively on the demands of
their current customers and by striving to stay market
leader in their niche markets, hidden champions may over-
look important technological developments that have the
potential to impact different industries and markets.

Following the arguments around hidden champion's
integrative and niche marketing capabilities, we posit:

Hypothesis H5:. Hidden champions pro-
duce innovations with lower technological
impact than other firms.

4 | DATA AND METHODS

4.1 | Data sources and construction of
estimation dataset

Our study builds on a self-constructed dataset of German
manufacturing Mittelstand firms derived from two data
sources covering the years 2011-2019: (1) firm-level
data from the Orbis database and (2) patent-level data
from PATSTAT."

We started by constructing a dataset of German
manufacturing Mittelstand firms from the Orbis database

12We used PATSTAT Global—2022 Autumn Edition.
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that matched the following inclusion criteria. The firm
should be for-profit, active (as of December 2020) and
independent—not a subsidiary or foreign firm. It should
have between 50 and 2999 employees and revenues
below five billion Euros (in the year 2018). Moreover, it
should be a manufacturing firm; that is, its primary
NACE code should be between 10 and 33. The result was
a dataset of 9594 German manufacturing Mittelstand
firms. Note that we use a quantitative Mittelstand defini-
tion based on the number of firm employees.

In a next step, we collected patent information for
these firms. Patent data were retrieved from the PAT-
STAT database provided by the European Patent Office
(De Rassenfosse et al., 2014). We focused on patent appli-
cations in Germany and identified 51,733 patent applica-
tions for the 9594 sample firms from 2011 to 2019. To
match patent applications with their corresponding
firms, we followed the seven-step approach proposed by
Willeke et al. (2023). In essence, this process targets at
matching firms and patent applicants (i.e., persons or
firms applying for the patent) primarily based on the
names and addresses provided by PATSTAT. When no
patent application could be identified, the patent applica-
tion variable was coded as zero. We then had to eliminate
many firm-year observations that had missing values for
some control variables (e.g., return on assets), which
resulted in an estimation dataset of 41,217 firm-year
observations from 4677 firms spanning the years from
2011 to 2019."

4.2 | Dependent variables

To test our hypotheses and research questions, we built
eight dependent variables representing our overarching
constructs.

4.2.1 | Innovation efficiency and quantity

First—to enable additional insights exceeding this study's
hypothesized effects, we measured innovation quantity,
calculating the logarithm of the number of patent applica-
tions per firm and year. This approach is in line with pre-
vious research that argues that hidden champions' higher

3The drop in observations is due to the number of missing information
fields for the two control variables (i) return on assets and (ii) debt-
to-equity ratio. We used mean imputation to address missing values (see
a more detailed explanation in the subsection focusing on the control
variables). However, for several firms no information was given at all
(for return on assets and debt-to-equity ratio) preventing mean
imputation. This led to a drop from over 9,000 to 4,677 firms. The
number of patents for the 4,677 firms was 25,475 patents.

innovation output is the result of being more productive
(Rammer & Spielkamp, 2015). Second, we calculated an
efficiency measure (Lanjouw & Schankerman, 2004) by
dividing the number of a firm's patent applications by the
number of employees for each year. For firms with miss-
ing employee data in a specific year, we used the respec-
tive firm's average number of employees across the years
covered by our dataset.

4.2.2 | Inward orientation regarding sources
of technological knowledge

We measured inward orientation regarding sources of
technological knowledge with counting self-citations,
that is, backward citations given to own patents (Hall
et al., 2005). A higher number of self-citations indicate a
higher degree of incremental and follow-on innovation
(Moser et al., 2018). Again, we normalized this quantity
by the number of a firm's patent applications in the
respective year.

4.2.3 | Innovation novelty and quality

For creating the innovation novelty measure, we followed
previous research and counted the number of backward
citations of all patent applications per firm and year
(Ahuja &  Lampert, 2001; Schoenmakers &
Duysters, 2010). We further divided that quantity by the
overall number of patent applications of each firm and
year. This measure reflects the rationale that a higher
number of backward citations should indicate a
higher degree of prior art and, thus, lower novelty of the
respective invention (Gerken & Moehrle, 2012;
Rost, 2010). Analogously, a low number of backward cita-
tions indicates less reference to prior inventions and,
thus, higher novelty. To interpret a high quantity of our
measure as a high degree of novelty, we multiplied the
quantity by minus one. The innovation quality was mea-
sured, following previous research by using the ratio of
granted patents to patent applications for each firm and
year (Ernst, 1995; Griliches, 1990; Lampe, 2023). A high
patent grant ratio indicates that a firm submits high qual-
ity well-prepared patent applications likely to meet the
patentability requirements.

4.2.4 | Innovation depth and breadth

Our measures of innovation breadth and depth relied on
differences in the technology classes that were addressed
by the firms' patent applications. Our measurement
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approach builds upon Schmoch's (2008) criticism on tra-
ditional overlapping and broad classes (e.g., the IPC clas-
ses) and his proposal to categorize patent applications
into 35 more distinct technology fields. The adoption of
the technology field concept is pervasive in recent studies
(Ceipek et al., 2021; Pintar & Scherngell, 2022). To do so,
we combined approaches from Boh et al. (2014) and
Laursen and Salter (2006). Technological innovation
breadth reflects a firm's relative diverse technological
expertise (Fleming et al, 2007). In this regard, we
counted the number of technology fields to which a firm's
patent applications belonged in a certain year. As an
example, five patent applications in our different technol-
ogy fields resulted in a count of four. Dividing this count
by the number of inventions of a firm-year observation,
thus, resulted in a breadth value of 0.8. It should be noted
that this procedure deliberately resulted in a measure
that is conceptually and empirically distinct from the
overall output. As a further example, a firm with 10 pat-
ent applications in four different technology classes
would gather a count of 0.4 despite the overall higher
innovation output.

In contrast, innovation depth indicates the knowledge
level in a core technological area and, thus, specifies the
reuse of knowledge (Katila & Ahuja, 2002). Following
Laursen and Salter (2006), we measured depth as the
repeated occurrences of technology fields in a firm's list
of patent applications. When a technology field occurred
more than three times in a firm's patent applications in a
year, these were counted. Again, this measure was then
divided by the number of patent applications per firm-
year observation. Similar to our rationale for the breadth
measure, the relative depth, namely a firm's relative focus
is in the foreground here.

4.2.5 | Technological impact

For measuring technological impact, we calculated the
ratio of the number of forward citations per year (Hall
et al., 2005; Singh & Fleming, 2010; Trajtenberg, 1990) to
the number of patent applications by that firm in
that year.

4.3 | Independent and control variables

4.3.1 | The hidden champion variable

The independent variable hidden champion was a
dummy variable representing whether the firm was
a hidden champion (coded as 1) or not (coded as 0). The
coding of this variable was based on the market

leadership criterion created by Simon (2022), that is, the
respective firm was among the top three market leaders
in the world or the market leader in Europe. To detect
such firms in our dataset of German manufacturing Mit-
telstand firms, we followed Johann et al. (2022), Simon
(2022) and others (Audretsch et al., 2018, 2021) and
manually screened information from various sources over
a long time period. That is, we constructed over a period
of several years a list of potential world market
leaders from media mentions, personal observations,
interviews, and available world market leader rankings
(e.g., WirtschaftsWoche, 2020). Next to this constant
effort spanning several years, we searched actively for
hidden champions around the time of the construction of
the manuscript using hidden champion-related word
strings in Google alerts, popular media, and press state-
ments.'* In addition, we gathered information from sev-
eral available lists and news outlets to identify hidden
champions (Langenscheidt & Venohr, 2014; Seibold
et al., 2019; WirtschaftsWoche, 2020; Yogeshwar, 2019;
Zeitung, 2019). As a final quality check, we went on each
website of the potential hidden champion candidate and
searched there actively for information about their mar-
ket leadership. When a hidden champion ceased to exist
or was acquired by another firm after that date, we still
include this firm in our list as our data sample covers
only the time period from 2011 to 2019. As a final step,
we followed Simons' (2022) suggestion to check the visi-
bility of the identified firms. With the help of five experts,
we manually evaluated the public visibility of each of the
hidden champion candidates in our dataset. Table Al in
the online appendix'’ contains the final results and
shows the names and locations of the hidden champions
that we identified. A total of 865 of the 9594 firms in our
original Mittelstand dataset were hidden champions.
Note that by construction our hidden champion variable
is time-invariant and does not change over our sample
period. Thus, fixed effects models or a comparison
between random effects models and fixed effects models
was not applicable.

An example of such a hidden champion is Spinner
GmbH, a firm headquartered in Munich. With a global
presence in the high-frequency technology niche sector
and approximately 1000 employees, Spinner GmbH has
positioned itself as a market leader in RF technology
products. Another example is the firm SUSPA GmbH
located in Altdorf. With around 1900 employees, the firm

4As our study focused on a German sample of firms, we used the
German translation of the term “world market leader,” namely,
“Weltmarktfiihrer.” The term “Hidden Champion” is widespread in
Germany and, thus, we used also its English form.

>The supplementary material can be accessed at https://osf.io/eywk9/.
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is world market leader in the niche sector of washing
machine dampers and adjustable hydraulic dampers. By
being a market leader and exporting its products world-
wide, the firm can be considered a hidden champion.

432 | Control variables

Our selection of control variables was based on the litera-
ture on the drivers of firm success and innovation
(e.g., Andres, 2008; Miller et al, 2007; Werner
et al., 2018). The control variables were extracted from
Orbis on a yearly basis. We used firm age and firm size as
control variables. Firm size was measured through the
number of employees and we employed firm based mean
imputation to address missing values in a particular
year.'® Both measures were inserted into the regression
analyses as natural logarithms to account for potential
nonlinear effects. Additionally, we controlled for a firm's
industry by including two-digit NACE dummies as well as
their location by including federal state dummies. Fur-
thermore, ownership effects were taken into consider-
ation by using a blockholder dummy variable to indicate
shareholders owning more than 50% of a firm. To
account for firm success, we controlled for the firm's per-
formance using return on assets. The impact of capital
structure was controlled by incorporating the yearly debt-
to-equity ratio of the firm. Mean imputation was
employed when information in specific years was miss-
ing. Year dummies were also included to address yearly
effects. Lastly, to capture the influence of different tech-
nologies, we included technology dummies (in models
focusing on firm-year observations where patents were
applied—Table 3) derived from patent applications per
year and aggregated for firm-year observations, using the
PATSTAT patent database. The variable was derived
from the technology field concept introduced by
Schmoch (2008).

4.4 | Analytical procedure

To test our hypotheses, we estimated random effects
panel data models. To test for unobserved panel-level het-
erogeneity we used the Breusch-Pagan test. The results
indicated that heteroscedasticity exists (p-values were
smaller than 0.05 in all model specifications), which led

'6Firm size in the year 2018 was a selection criterion to construct our
estimation sample. However, for some firms, earlier years in the Orbis
database were missing. To not loose these observations from our
sample, we mean imputed the firm size variable for the missing years.

us to use White's heteroscedastic robust standard errors
(at the firm level) in all model specifications.

For our second set of regression analyses, testing
Hypotheses H2-H5, we considered only firm-year obser-
vations having at least one patent application. To apply
for a patent is likely to be nonrandom, with several selec-
tion processes at work. As causes of such selections may
influence the amount of patent applications, that is, there
is potential for selection biases of estimation results
(Certo et al., 2016). As a remedy, we applied Heckman
(1979) proposed procedure and incorporated parameter
estimates from a probit model based on information that
represents all the firms-year observations into a second
OLS model of interest (Certo et al., 2016).

5 | RESULTS

Table 1 presents descriptive statistics (means, standard
deviations, and correlations) of our model variables.”
The NACE distribution of the firms showed no abnor-
malities."® Notably, there were only modest correlations
between the independent and control variables, indicat-
ing a low risk of multicollinearity.

5.1 | Tests of hypotheses

Table 2 presents the results of the random effects panel
regression relevant for evaluating Hypotheses 1, which
proposes higher innovation efficiency for hidden cham-
pions. Even though, to some extent tautological, we test
the assumption that hidden champions have a higher
innovation quantity. Model 1 contained the number of
patent applications as a measure of quantitative innova-
tion output and shows a positive significant effect
(# =0.294, p < 0.01). Model 2 contained the number of
patent applications per employee as a measure for innova-
tion efficiency. The effect was not significant (f = 0.009,
p > 0.1), leading to no support for H1.

Table 3 presents the results of the models testing
Hypotheses 2-5 which proposed that innovations con-
ducted by hidden champions have a higher innovation
efficiency (H1), inward orientation regarding sources of
technological knowledge (H2), lower novelty (H3a),
higher quality (H3b), higher depth (H4a), lower breadth
(H4b), and lower technological impact (H5). It should be

7To conserve space, the descriptive statistics for federal state, NACE,
year, and technology field dummies are not reported.

®Two-digit NACE industries (number of firms): 10(971), 11(140),
12(13), 13(179), 14(78), 15(39), 16(214), 17(258), 18(239), 19(26), 20(469),
21(164), 22(715), 23(390), 24(353), 25(1505), 26(670), 27(519), 28(1629),
29(263), 30(107), 31(156), 32(333), 33(151).
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TABLE 2 Estimation results (H1).

Innovation Innovation

Theoretical construct quantity efficiency

Hypothesis H1
Amount of
patent Patent
applications applications per

Dependent variable (log) employee

Model @ )

Hidden champion 0.291** 0.009
(0.019) (0.030)

Return to assets 0.00000 0.00001
(0.0002) (0.0002)

Debt-to-equity ratio —0.0001** —0.00000
(0.00002) (0.00002)

Blockholder (dummy) —0.047** 0.001
(0.016) (0.019)

Firm age (log) —0.002 —0.0002
(0.005) (0.007)

Firm size (log) 0.089%* —0.015"
(0.005) (0.008)

Constant —0.380%* 0.097"
(0.045) (0.053)

Federal state dummies YES YES

(n=15)

NACE dummies (n = 24) YES YES

Year dummies (n = 9) YES YES

Firm year observations 41,217 41,217

R’ 0.027 0.002

Adjusted R? 0.026 0.0003

F statistic 1135.540%* 65.777"

Note: Random effects panel model. Robust standard errors in parentheses
clustered at the organizational level. Two-tailed tests. 4677 different firms, of
which 585 are hidden champions, are included in the analysis.

p<o0.l.

*p < 0.05.%*p < 0.01.

noted that the models were run with a declining number
of observations as those models focusing on the charac-
teristics of patent activities consequently dismissed obser-
vations for which no patent was applied.

Hypothesis 2 proposed that hidden champions have a
higher inward orientation regarding sources of techno-
logical knowledge than other firms. This was investigated
in Model 3 by using self-citations per patent applications
as the dependent variable. The model showed a signifi-
cant negative effect (§ = 0.188, p < 0.01), supporting H2.
Models 4.1 and 4.2 tested Hypotheses H3a and H3b. First,
H3a argued that hidden champions have a lower

technological novelty. Model 4.1 relied on backward cita-
tions per patent applications as a novelty measure. The
regression coefficient was not significant (f = —0.268,
p > 0.1). Hence, we rejected H3a. Model 4.2 tested H3b
and used granted patents per application as the quality
measure. The effect was not significant (f = —0.016,
p > 0.1), thus, leading us to no support for H3b. H4 pro-
posed a higher depth and lower breadth of hidden cham-
pions’ innovations. Model 5.1 tested a higher
technological innovation depth of hidden champion
innovations (H4a). The effect was found to be positive
and significant (# = 0.007, p < 0.05). Thus, H4a was sup-
ported. Model 5.2 tested a lower innovation, the effect
was marginally significant (f = —0.049, p < 0.1), leading
to tentative support for H4b. Model 6 tested H5, a lower
technological impact of hidden champions’ innovations.
The effect was not significant (f = 0.077, p > 0.10), thus
leading us to no support for H5.

5.2 | Robustness tests
To investigate the robustness of our results and to address
for potential sample selection bias, we applied Heckman's
two-step estimation approach. The results are presented
in Table 4. This recalculation of our results presented in
Table 3, testing H2-H5, confirmed most of our findings.
First a probit regression was estimated from which the
inverse Mill's Ratio was determined and incorporated, as
a predictor, in the second step, that is, an OLS regression
testing our  hypotheses. This  first  probit
regression (Model 5) focused on a dummy as the depen-
dent variable—named patent application dummy—that
expressed whether a firm has one or more patent applica-
tions in the respective year (coded as 1) or not. To
account for a firm's likelihood to apply for a patent appli-
cation, an additional exclusion variable was introduced
in Model 7: Innovation activity (last 3 years). This variable
is a dummy variable expressing 1 if a firm had applied for
at least one patent in the previous 3 years. Thus, the
innovation activity of a firm, in the previous 3 years of
the focal year were taken into consideration. A vital
assumption of the Heckman's two-step estimation
approach is that the additional variable included in the
first-stage probit model does not constitute an indepen-
dent variable of the second step. Previous innovation
activity has a significant positive effect (= 1.571,
p < 0.01) on a firm's likelihood to apply for a patent. This
significance as well as the significance of the Mill's ratios
in almost all model specifications support the choice of
the Heckman selection model.

Model 3 showed that hidden champions are overall
more likely (f =0.291, p < 0.01) to apply for patents
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TABLE 3 Estimation results (H2-H5).
Inward
Th tical onentatu;t; Ot;l Innovation novelty and Technological
eoretic sources ot tech. quality Innovation depth and breadth X echnologlc
construct knowledge impact
Hypothesis H2 H3a H3b H4a H4b H5
Backward Granted Technological Technological = Forward
Self-citations citations per patents per depth per breadth per citations per
Dependent per patent patent patent patent patent patent
variable applications applications applications  applications applications applications
Model 3) (4.1) (4.2) (5.1) (5.2) (6)
Hidden champion 0.188** —0.268 —0.016 0.007* —0.049" 0.077
(0.050) (0.219) (0.015) (0.003) (0.026) (0.066)
Return to assets —0.002" —0.002 —0.0001 0.0001 0.001 0.004
(0.001) (0.007) (0.0005) (0.0001) (0.001) (0.003)
Debt-to-equity ratio  0.00004 0.0017 —0.0001" —0.00001" 0.0001 0.0001
(0.0001) (0.001) (0.00004) (0.00001) (0.0001) (0.0002)
Blockholder —0.015 0.101 0.010 0.002 —0.010 —0.178*
(dummy)
(0.045) (0.270) (0.017) (0.003) (0.028) (0.088)
Firm age (log) —0.068** 0.008 0.017* —0.005%* 0.026* —0.034
(0.018) (0.102) (0.007) (0.001) (0.012) (0.032)
Firm size (log) —0.002 —0.123 —0.009 0.008** —0.128** —0.064
(0.022) 0.123) (0.008) (0.001) (0.013) (0.056)
Constant —0.076 —5.384%* 0.208** —0.038** 1.683** 0.713
(0.343) (1.167) (0.080) (0.012) (0.141) (0.442)
Federal state YES YES YES YES YES YES
dummies (n = 15)
NACE dummies YES YES YES YES YES YES
(n=24)
Year dummies YES YES YES YES YES YES
(n=9)
Technology field YES YES YES YES YES YES
dummies (n = 35)
Firm-year 5878 5878 5878 5878 5878 5878
observations
R? 0.023 0.087 0.071 0.121 0.212 0.030
Adjusted R? 0.008 0.074 0.057 0.108 0.200 0.016
F Statistic 212.303** 437.160** 384.833** 879.386™* 578.421** 188.961**

Note: Random effects panel model. Robust standard errors in parentheses clustered at the organizational level. Two-tailed tests. 1,580 different firms, of which
397 are hidden champions, are included in the analysis.

p<o0.1.
*p < 0.05.%*p < 0.01.

compared to other Mittelstand firms. The results in
Table 4 further confirm H2 (§=0.101, p <0.01): a
higher inward orientation regarding sources of techno-
logical knowledge is associated with hidden champions’
innovations and a higher technological depth (H4a,

$ = 0.005, p < 0.01). The weakly supported H4b in Model
5.2 (lower technological breadth) was not supported by
our robustness analysis.

As an additional robustness test, we varied our nov-
elty measure, following Jung and Lee (2016). This varied
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TABLE 5 Overview of hypotheses, theoretical constructs, measurement, and results.
Main Robustness
Hypothesis Theoretical construct Measurement Status analysis test
H1 Innovation efficiency Patent applications per employee Not 0.009 -
supported
H2 Inward orientation regarding Self-citations per patent applications Supported ~ 0.188** 0.101**
sources of technological knowledge
H3a Innovation novelty Backward citations per patent Not —0.268 —0.240
applications supported
H3b Innovation quality Granted patents per patent applications  Not —0.016 0.007
supported
H4a Innovation depth Technological depth per patent Supported ~ 0.007* 0.005**
applications
H4b Innovation breadth Technological breadth per patent (Weakly) —0.049" 0.010
applications Supported
H5 Technological impact Forward citations per patent Not 0.077 0.081
applications supported
p<0.l.

*p < 0.05.%*p < 0.01.

novelty measure (path-breaking novelty) uses technology
classes to build a dummy, indicating the incidence of the
first combination of two subclasses. As with the other
novelty measure, no significant effects were observed.

Table 5 gives an overview of the results of all
analyses.

6 | DISCUSSION AND
CONCLUSIONS

6.1 | Main results

The objective of this study was to test several hypotheses
about hidden champions' technological innovation out-
puts derived from a capability perspective. Based on a
novel dataset combining firm- and patent-level data, our
results show that (as expected) hidden champions have
significantly higher innovation outputs. Yet, they are not
more efficient regarding innovation compared to other
Mittelstand firms from the same industry, size, and age.
The sources of technological knowledge of hidden cham-
pions seem to be more inward-oriented, as indicated by
the higher number of self-citations. The resulting innova-
tions of hidden champions have similar novelty and qual-
ity as compared to those of other firms. Moreover, the
innovations produced by hidden champions show higher
levels of technological depth and indicate lower levels of
technological breadth. Finally, we find no difference in
the technological impact of innovations by hidden cham-
pions and other firms.

6.2 | Contributions to the literature

Our findings make two relevant contributions to the liter-
ature. First, we contribute to a better understanding of
the particularities of technological innovation outputs by
hidden champions. Second, we contribute to the dis-
course on the effects of capabilities for innovation by
highlighting the potential adverse effects of (overly) spec-
ified capabilities resulting from the pursuit of niche mar-
ket strategies.

The results regarding innovation quantity, technologi-
cal depth (breadth) as well as inward orientation regard-
ing sources of technological knowledge are in line with
the qualitative and anecdotal evidence of the characteris-
tics of hidden champions put forth by Simon (1992, 2009,
2022) and taken up by the scholarly community
(Audretsch et al., 2021; Benz et al., 2021; Johann
et al., 2022; Schenkenhofer, 2022). In this regard, our
study increases the understanding and provides robust
evidence of what constitutes innovation in successful
niche market entrepreneurship—the antithesis of the Sil-
icon Valley entrepreneurship model (Lehmann
et al., 2019; Pahnke & Welter, 2019).

In line with the general assumption in prior litera-
ture, our results show that hidden champions indeed
have a higher innovation quantity as measured by the
absolute number of patent applications. However, in con-
trast to arguments raised in prior research (De Massis
et al., 2018; Rammer & Spielkamp, 2015), hidden cham-
pions were not found to show a higher innovation effi-
ciency as measured by the number of patent applications
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per employee. This is a surprising result, as innovation
efficiency resulting from a focused strategy is often cited
as one of the main reasons for hidden champion's supe-
rior performance. This finding can be explained by the
additional resources needed to achieve technological
leadership that reduce the productivity advantages of a
focused niche market innovation strategy. In contrast to
our hypotheses, innovation quality and technological
impact were not found to be different for hidden cham-
pions. The innovation quality and technological impact
was neither higher nor was it lower for hidden cham-
pions as compared to other Mittelstand firms of the same
size, age, and industry. This finding is not in line with
our hypotheses, where we described hidden champions
as firms that are somewhat caught in the innovator's
dilemma (Christensen, 1997) producing incremental
(i.e., innovations with low novelty) innovations of high
quality but with low disruptive potential. Yet, it is also
not corresponding to the success stories about hidden
champions in the public media. It seems that
hidden champions are surprisingly unspectacular and
“normal” in this regard. They seem neither to build their
niche market leadership on high quality but low techno-
logical impact innovations nor on low quality but high
technological impact innovations. Overall, hidden cham-
pions are able to achieve a higher innovation output but
do not differ from other firms regarding the nature and
characteristics of this output. The differences between
hidden champions and other firms exist more in the
depth and inward orientation of the technological knowl-
edge leading to these innovation outputs. Although our
study does not capture any process measures directly, this
observation indicates that the innovation processes of
hidden champions may be different from those of other
firms. This may constitute an interesting area for future
research.

An interesting open point is the direction of the
relationship between innovation and hidden champion
status. Does hidden champion status influence innova-
tion behavior of does a firm's innovation behavior deter-
mine market success and hidden champion status? Based
on the capability perspective we assume that hidden
champion-specific capabilities imply certain innovation
outputs. Yet, the opposite direction may certainly also
hold true, particularly when longer time periods are con-
sidered. Prior research argues that the relationship
between innovation and capabilities is dynamic and
reciprocal (e.g., Danneels, 2002), which also applies to
hidden champions. Many hidden champions are, in fact,
created by inventors with strong innovation skills search-
ing for (or even creating) niche markets with a demand
for their innovations. For our dataset, which only spans a
few years, we conducted a granger causality test to

examine the direction of the relationship. The results
showed that the hidden champion status predicts the
amount of patent applications (p < 0.001) and not vice
versa (p = 0.472). Yet, more research spanning longer
time periods is certainly needed to examine this relation-
ship. This may be a fruitful area for qualitative case study
research analyzing in depth the birth and development of
selected hidden champions over long time periods.

Going beyond the literature on hidden champions,
our study is able to make a contribution to research on
capabilities and their impacts on innovation outputs.
Based on three distinct capabilities of hidden champions
(i.e., niche marketing capability, internationalization
capability, and integrative capability), we could provide
theoretical arguments on why specific capabilities result-
ing from a focused niche market strategy influence tech-
nological innovation outputs. We thereby also extend the
literature from strategic management research on poten-
tial disadvantages of niche market strategies
(e.g., Teplensky et al., 1993; Toften & Hammervoll, 2009).
Reflecting upon the nature of the capabilities of hidden
champions, they all incorporate both ordinary and
dynamic facets as they are utilized to maintain the status
quo and enable the creation of new products. For exam-
ple, an integrative capability facilitates efficient, high-
quality processes and quick alignment of resources to
quickly respond to new niche market demands. This is in
line with the arguments of Helfat and Winter (2011),
who argue that distinguishing the nature of capabilities
based on their outputs may not always be possible. In
line with their arguments, we see that these partially
dynamic capabilities—contrary to common notions
(Teece et al., 1997)—do not facilitate radical or disruptive
change. Even more, whereas these capabilities are suited
to enable continuous innovation in one knowledge
domain, they may even hinder more radical changes by
limiting the innovation breadth as well as the consider-
ation of external technological solutions. This points to
potential adverse effects of dynamic capabilities. If these
capabilities are specific to certain strategic orientations
(e.g., a focus strategy), they may be effective for the con-
tinuous development of new products for specific mar-
kets but, at the same time, constitute a potential barrier
for more substantial change (e.g., if markets are disrupted
or new fundamentally different technologies emerge).
For hidden champions, the risk of such path-dependent
partially dynamic capabilities (Sydow et al., 2009) or tap-
ping into a competency trap (i.e., firms accumulate and
enhance the experience in those domains of activity in
which they have the capability and concurrently locking
themselves out of other domains) (Danneels, 2007,
Levitt & March, 1988) may be exceptionally high. Our
initial empirical results and these theoretical
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considerations call for future research that empirically
investigates our capability-based framework for hidden
champions.

6.3 | Managerial implications

The results of our study have practical implications for
owners and managers of innovative hidden champions
and Mittelstand firms. It puts the anecdotal evidence
about this mystified and sometimes overly celebrated
group of Mittelstand firms into perspective. While hidden
champions seem to be able to produce a higher quantity
of innovation output, they seem unable to do so with
fewer resources. Our finding that hidden champions
seem to be inward oriented with regard to their sources
of technological knowledge compared to other Mittel-
stand firms of the same size and age and from the same
industry can even be interpreted as a weakness of hidden
champions. In a world increasingly characterized by
rapid technological development and innovations occur-
ring at the intersections of different technological fields, a
strong technological inward orientation and skepticism
toward innovation collaboration and different forms and
modes of (inbound and outbound) open innovation can
be dangerous and a severe threat to market leadership.
Hidden champions may need to critically reflect on
whether their innovation strategy and process may have
to be adapted to a world where innovation increasingly
happens in (innovation) ecosystems (Granstrand &
Holgersson, 2020) and (at least partially) at the bound-
aries of technological fields (Randle & Pisano, 2021). Pur-
suing a too much exploitative innovation strategy may
limit hidden champions realizing their innovation poten-
tial. Some works on hidden champions have already been
conducted in this direction. Kirner and Zenker (2011), for
example, investigate the role of knowledge angels for the
corporate success of hidden champions. Knowledge
angels contribute unique expertise to the company and
thus combine internal and external knowledge, which is
particularly beneficial for the technological advantage of
hidden champions. Garaus et al. (2016) analyze ambidex-
trous Human Resource Management systems using case
studies of hidden champions. They find that integrative
employment practices support the integration of knowl-
edge within the organization. Following these early
works, we need more qualitative and quantitative empiri-
cal research how hidden champions can and should
adjust their innovation approach to remain competitive
in an increasingly dynamic, turbulent and uncertain
world of unpredictable technological advancements.
Related to this, further research could explore the
regional knowledge spillovers between hidden

champions and other firms in their home region.
Whereas some scholars have argued that the regional
embeddedness of hidden champions is one of the core
strategic advantages of hidden champions (Benz
et al., 2021; Vonnahme & Lang, 2021), others have
claimed that due to their rural and peripheral locations,
hidden champions are confronted with challenging con-
ditions for successful regional innovation cooperation
because of the lack of regionally available knowledge and
attractive collaboration partners (Audretsch et al., 2021;
Audretsch & Dohse, 2007; Lang et al.,, 2019). Future
research is needed to understand how hidden champions
contribute to developing regional ecosystems and clusters
of innovation and vice versa.

6.4 | Limitations and avenues for further
research

While our study constitutes a thorough and robust effort
to analyze hidden champion's innovation activities and
characteristics, it certainly has limitations, providing
fruitful avenues for further research.

First, the national context of Germany may be special,
and not all of our results may be transferable to other
countries. Even though Germany is a hotbed of hidden
champions and constitutes a fruitful environment for
their growth, prior research shows that the hidden cham-
pion phenomenon also exists in other countries (Kim &
Kim, 2015; Voudouris et al., 2000; Witt, 2015). Future
research could build on our study and analyze the inno-
vation characteristics and capabilities of hidden cham-
pions in other national contexts.

Another limitation concerns the use of patent applica-
tions as an indicator of technological innovation. Hidden
champions might not want to patent their innovations
for secrecy reasons (Cohen et al.,, 2000; Lampe &
Thl, 2021). For example, they may decide not to patent
their process innovations used in the production or those
innovations needed to produce their own machines.
While patents are generally considered a good proxy for
technological innovation, their use omits “softer,” non-
technological forms of innovation, such as service or
business model innovation (Goetz & Han, 2020). Hence,
further research on hidden champion innovation should
explore other ways and proxies to measure innovation,
such as trademarks (Sandner & Block, 2011), design
rights (Granstrand, 2005), or new product introductions
(Zahra, 1994). This would allow researchers to gain a
broader and more holistic view of hidden champion
innovation that focuses not only on patented technologi-
cal innovation. Previous research has shown that softer
forms of innovation, such as business models or service
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innovations, play an increasingly important role in value
creation and capture (Chesbrough, 2010; Sjodin
et al., 2020; Snihur & Wiklund, 2019).

Third, as noted above, although our study does not
capture any process measures directly, our results suggest
that the innovation processes of hidden champions may
be different from those of other firms. This may consti-
tute an interesting area for future research, where one
could take an explicit process perspective on innovation
and compare the nature and characteristics of the inno-
vation process of hidden champions and other firms.
Methodologically, this would require survey-based,
experimental and/or qualitative interview data.

Fourth, a promising avenue of future research could
be to investigate the actual content of the patent and the
protected inventions. One could use novel methods, such
as topic modeling and other machine learning-based
approaches (Kaplan & Vakili, 2015), to analyze the par-
ticularities of hidden champions' innovation activities
further. This type of deeper and more fine-grained
research could be accompanied by qualitative case stud-
ies on hidden champions and their development over
time. Time, and thus the time-invariant nature of our
major independent variable is another limitation of this
study, forbidding the estimation and testing of fixed
effects models. Future research could develop and subse-
quently use time-variant hidden champion-measures.

Finally, the hidden champion concept and particu-
larly its measurement has clear limitations. In fact, one
could argue that the group of hidden champions is het-
erogeneous and consists of several subgroups of hidden
champions. As discussed in the background section on
hidden champions above, different types of market lead-
ership exist (e.g., qualitative versus quantitative forms of
market leadership). Future conceptual and empirical
research is needed to develop more sophisticated hidden
champion taxonomies that can distinguish between dif-
ferent types of hidden champions and their relation to
innovation. Another related direction would be
to develop a continuous definition and measurement of
hidden champions. This way, one could run more sophis-
ticated statistical analyses using longitudinal datasets and
account for changes in the characteristics of hidden
champions over time, which is impossible with the
dichotomous definition of hidden champions used in our
study.'’

“We used the Hausman test to compare random and fixed effects
models. For Model 1, 2, 3, and 5.2, a fixed-effects model was preferred.
Yet, due to the time-invariant nature of the hidden champion variable,
we still use random effects models. This is certainly a limitation, which
we however cannot overcome with our dataset.

Overall, our study contributes to a better understanding
of innovation in Mittelstand firms (e.g., Brinkerink, 2018;
Decker & Glinther, 2017; Werner et al., 2018). Our findings
suggest that a deep understanding of technological pro-
cesses and a somewhat inward orientation regarding
knowledge sources together with a deep understanding of
technologies and markets are reasons for the historical suc-
cess of hidden champions from the Mittelstand. In conclu-
sion, we hope that our study will serve as a starting point
for analyzing the unique capabilities and related innovation
characteristics of hidden champions and the innovative Mit-
telstand and helps to shed some light on the secrets to their
success and the challenges they face in a world of increas-
ing dynamics and uncertainty.
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