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ABSTRACT ARTICLE HISTORY
We explore how digitalization impacts young firms’ growth. A longitudinal Received 3 April 2022
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terized by high digital but low human capabilities, young firms struggle to complementarities; market
grow, flagging a mismatch of skills' composition. The effects of digitaliza- structure; European Union

tion vary depending on the level of competition within each sector. The
results on complementarities of sectoral capabilities suggest that horizontal
policy solutions favouring specific capabilities in isolation may have limited
or counterproductive effects. Instead, policy should target a portfolio of
capabilities and consider their complementarities under competitive mar-
ket structures. Our analysis shows that effective innovation policy should be
broadly defined and closely integrated with competition policy.

1. Introduction

Digitalisation has increasingly become a buzzword in discussions on entrepreneurial developments
(Audretsch and Belitski 2021). Digital transformation enables companies, in particular, young firms, to
redefine their business models, allowing for greater experimentation and flexibility by reducing asset
specificity, separating previously integrated activities and thus making entrepreneurial outcomes’ inten-
tionally ‘incomplete’ (Yoo, Henfridsson, and Lyytinen 2010; Li et al. 2016; Autio et al. 2018). As a result,
offerings’ scope, features, and value continue evolving after products have been introduced to the market.

Digitalisation also facilitates disintermediation, supporting direct interactions between service
providers and users, enabling them to bypass intermediaries and reduce transaction costs. It also
drives generativity, prompting product ideas and business models to be quickly formed and
modified in repeated cycles of experimentation and implementation (Autio et al. 2018). Digital
networks and platforms and data sharing enable entrepreneurs a quicker opportunity recognition
by speeding up the data collection and commercialization process, leading to higher net entry
(Nambisan, Wright, and Feldman 2019). The proliferation and sophistication of crowdfunding and
cryptocurrency platforms ease financing constraints that young firms and SMEs commonly face.
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Providing alternative finance has made them less dependent on banks and increased their chances
of survival and growth (DeYoung et al. 2011; Jagtiani and Lemieux 2018). E-commerce and multi-
segmented platform economies have accelerated young firms’ scalability — both in size and scope -
and survival rates (Kenney and Zysman 2016; Nambisan et al. 2019; Belitski, Korosteleva, and
Piscitello 2021).

Overall, digital transformation has made entrepreneurship less spatially and sectorally
bounded by transforming organizational structures and processes, easing financing con-
straints and allowing for plenty of scalability opportunities. As a result, its outcomes have
become less predefined. These shifts in the external environment are essential for developing
a young firm'’s resilience to various external shocks (Autio et al. 2018; Nambisan et al. 2019).
For example, while the recent outbreak of the COVID-19 global pandemic has put much
strain on young firms and SMEs, it has also offered them opportunities to redefine their
business model with more reliance on digital technology and infrastructure (Mason and
Hruskova 2021).

The process of digitalization and how it shapes entrepreneurial performance is pretty complex.
Recent research suggests that human capital deficiencies and changing skills composition may
disproportionally affect young firms and SMEs and favour large firms (Criscuolo et al. 2021). These
bottlenecks are potential impediments to their contribution to European productivity growth
(Berlingieri et al. 2020). However, new evidence on firm performance suggests that the effect of
digitalization manifests itself not so much directly but combined with other sectoral capabilities,
underlying the knowledge generation and acquisition process to explain differences in firms’ growth
(Bruno, Korosteleva, et al. 2021).

Earlier research offering a sectoral system perspective on growth posits that a sectoral knowledge
base is critical for shaping sectoral innovation patterns, the rate and direction of technological
change, and firm performance (Malerba 2002; Malerba and Malerba 2004; Malerba 2005). However,
the focus has been on sector-specific technologies developed via firm R&D investments or acquired
via investments in tangible capital. At the same time, digital technologies, exemplifying generic
rather than sector-specific technologies, have been shown to have pronounced effects on entrepre-
neurial dynamics, changing the basis of organizational learning and firm absorptive capacity (Belitski,
Korosteleva, and Piscitello 2021; Lanzolla et al., 2021). Still, the evidence of how digital transforma-
tion influences young firms’ growth via complementarities as they mature remains underexplored.
Similarly, there is a lack of evidence of how market structure configurations shape the nature of
young firms’ growth process.

Drawing on the literature on entrepreneurial growth and industry dynamics, we develop
a theoretical framework to explore how digital capabilities, autonomously and interacting with
other sectoral capabilities, influence young firms’ growth as they mature. We construct a firm-
sector longitudinal dataset for EU countries and the UK during 2010-2018, using Amadeus BvD®
data merged with EU-KLEMS sectoral-level indicators and underlying knowledge base sectoral
structures. Our findings are twofold: digital capabilities directly affect young firms’ growth; digital
capabilities also affect growth via complementarity effects with other sectoral capabilities, benefiting
young firms in more competitive environments.

Our study makes several contributions to entrepreneurial performance and industrial dynamics
literature.

First, it shows how digitalization and other sectoral capabilities impact young firms’ growth as
they mature, thus shedding some light on their resilience. The synergies and trade-offs between
digitalization, human capital, innovation, and tangible capital influence young firms’ growth process
differently, depending on their maturity.

Second, sectoral capabilities and their interactions are conditional on the market structure. The
findings offer evidence of the importance of an interplay between digitalization, human capabilities,
innovation capabilities, and tangible capital in influencing entrepreneurial growth in environments
with different degrees of competition and the level of firm maturity.
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Finally, our study bridges the gap between entrepreneurial growth and industrial
dynamics literature. We explore complementarities between sectoral-level knowledge gen-
eration and diffusion capabilities and show how market structures influence young firms’
development. Our results carry significant policy implications, which we highlight further
below.

This paper is structured as follows. Section 2 discusses the literature on entrepreneurial growth
and resilience in a digital context. It also investigates the literature on sectoral capabilities to
understand their synergies and trade-offs in shaping young firms’ performance. Finally, we consider
the role of industrial structure configurations in these processes. Based on this literature overview,
we postulate research hypotheses and conclude this section by presenting our conceptual frame-
work model. Section 3 describes the data, variables and methodology. Section 4 presents the results,
and Section 5 discusses the findings, contextualizes them within the literature, and draws policy
implications.

2. Theoretical framework and hypotheses

2.1. Sectoral knowledge intense environments, young firms’ growth and resilience in the
digital age

The literature on venture performance broadly distinguishes four groups of determinants: (1)
founder’s characteristics, (2) firm attributes, (3) entrepreneurial strategies. and (4) contextual envir-
onment (for an overview of this literature, see Demir, Wennberg, and McKelvie 2017; Parker 2018).
While the first three factors have been well explored in the literature, the last group remains
understudied, particularly sectoral capabilities and their complementarities.

A sectoral system perspective (Malerba 2002; Malerba and Malerba 2004; Malerba 2005) helps us
understand how different sectoral patterns shape the entry and performance of firms as they mature
and how sector-specific and generic technologies underlie sectoral knowledge base, including stock
and flows of knowledge via different channels. With rapid advances in digitalization, the sectoral
knowledge base becomes more diverse, leading to a great heterogeneity of firms interacting with
each other. Further, digitalization facilitates the broadening of knowledge search. The increasing use
of the Internet of Things, Cloud computing, Big Data and business analytics enables more efficient
processing of diverse knowledge. The latter redefines firms' business value creation, augments
growth prospects and influences absorptive capacity (Lanzolla et al., 2021; Venkitachalam and
Schiuma 2022).

Young firms engaged in various value-adding economic activities, such as business models and
product or process innovation, are more likely to achieve higher growth by gaining temporary
competitive advantages (Estrin, Korosteleva, and Mickiewicz 2022). Such benefits are further ampli-
fied in more knowledge or digitally intense environments via knowledge spillover (Audretsch and
Keilbach 2007, 2008; Autio et al. 2018). In addition, sectoral contexts, facilitating knowledge acquisi-
tion and exchange, help strengthen young firms’ ability to become more resilient via their contin-
uous exposure to new ideas and opportunities due to their interactions with peer businesses or
customers through digital platforms and capabilities.

Resilience could be thought of as persistence or steady growth rates without fluctuations.
Resilience also implies a firm's capacity to rebound; as long as it is resilient, it will bounce back
from temporary disruptions. The latter requires the need for firms to facilitate adaptation and change
to be able to embrace new opportunities, reducing thus the detrimental effect of the shocks. While
maturing, young firms may experience high and low growth episodes even in a relatively short
period. Yet, shocks will be less detrimental to them if they can survive and adapt to constantly
evolving market dynamics and embrace new opportunities emerging within different knowledge
bases enriched with digital transformation.
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2.1.1. Digital sectoral capabilities and new venture growth

Environments rich in digital capabilities will facilitate young firms’ growth autonomously or by
interacting with other sectoral capabilities. Moreover, focusing on young firms’ maturity allows an
understanding of their growth process. In particular, when young firms get immersed in digital
sector capabilities, their growth can be steady or more resilient.

Digitalization has become a significant factor in shaping entrepreneurial ventures, modernizing
their organizational structures and business models (Verhoef et al. 2021), and making them recover
faster from external shocks. Cirera et al. (2022) show that adopting digital technologies is the critical
moderating factor in the relationship between technology readiness and firms’ resilience. Firms that
speeded up the introduction of or increased the use of digital technologies in response to the crisis
demonstrated higher resilience. Similarly, Abidi, El Herradi, and Sakha (2022) find that digitally-
enabled firms faced a lower decline in sales than digitally-constrained firms, suggesting that
digitalization acted as a hedge during the pandemic.

New business models allow for greater experimentation and flexibility, making entrepreneurial
processes responsive to continuous change (Yoo, Henfridsson, and Lyytinen 2010; Li et al. 2016;
Nambisan et al. 2019; Autio et al. 2018). Digitalisation facilitates disintermediation, makes location
less relevant, and makes entrepreneurs less reliant on intermediaries. Also, it reduces business
transaction costs, rendering some efficiency gains and building up a buffer against future shocks
(Autio et al. 2018).

Digital platforms and data sharing enable entrepreneurs to recognize business opportunities
quickly (Nambisan, Wright, and Feldman 2019). Platforms facilitate the continuous engagement of
young firms in discovering new profitable opportunities, which helps them secure a series of
competitive advantages and grow over time (Estrin, Korosteleva, and Mickiewicz 2022). Providing
alternative finance via digital platforms makes young firms less dependent on banks, raising their
chances of survival and growth. It reduces information friction via better data availability and
sharing. Also, it improves borrowers’ risk assessment (Jagtiani and Lemieux 2018), for example, for
young firms traditionally disadvantaged by lenders due to their information opaqueness.
Gambacorta et al. (2022) also show that financial digitalization eases the collateral requirements
for businesses.

E-commerce and other platform economies have further accelerated the scalability of young firms
(Kenney and Zysman 2016; Nambisan et al. 2019), expanding the growth process beyond the firm’s
boundaries (Thomas, Autio, and Gann 2014). Thus, digital platforms allow shared value creation by
different actors, including individuals and businesses, and for a group of actors with similar interests
to pursue entrepreneurial initiatives, as exemplified in the case of crowdfunding platforms
(Nambisan et al. 2019).

When comparing tangible (physical) and digital technologies, the latter’s effect may spill to other
sectors, including mid-tech and low-tech services (Belitski, Korosteleva, and Piscitello 2021). Firms
intense in digital technologies are asset-light, have lower asset specificity, and their technologies
have higher generic (intersectoral) character, enabling adaptability and resilience. This leads us to
our first hypothesis:

H1: Digital sectoral capabilities facilitate young firms’ growth.

2.2. Complementarities between digital and other sectoral knowledge generation &
acquisition capabilities

Some recent studies suggest that digitalization accelerates faster than changes in skills, with human
capital and skills deficiencies affecting young firms disproportionally (Berlingieri et al. 2020). A delay
in skill adjustments is a challenge when addressing the growth slowdown in Europe. The evidence
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on European firms’ performance suggests that the effect of digitalization is less direct but more in
combination with other sectoral capabilities (Bruno, Douarin, et al. 2022). Similarly, Belitski,
Korosteleva, and Piscitello (2021) show that it is an interplay between Digital Technology,
Tolerance (cultural diversity), and Talent (high-educated human capital) that jointly explain entre-
preneurial dynamics across EU sectors-regions.

Discovery, generation and acquisition of knowledge are critical for new ventures to engage in
value-adding activities in dynamic marketplaces (Ketchen, Ireland, and Snow 2007). New ventures
rely on a set of resources and capabilities and on ‘sectoral platforms’, defined as a combination of
complementary capabilities (Breschi and Malerba 1997; Andreoni 2017), or regional entrepreneurial
ecosystems, shown in the literature to strengthen entrepreneurial resilience (lacobucci and Perugini
2021). Therefore, through mutual complementarities and mismatches, digitalization and other
sectoral capabilities are critical in determining young firms’ growth. To study how the complemen-
tarities between digital and sectoral-level capabilities shape young firms’ growth, we follow other
studies suggesting that mezzo-level factors can enhance growth through knowledge generation,
acquisition, and transfer. Tangible (fixed capital) and intangible capital, including both R&D intensity
and human capital, all play an essential role in accelerating growth via knowledge creation and
diffusion (Griffiths et al., 2004; Carol, Haskel, and Jona-Lasinio 2017; Estrin et al., 2020; Bruno,
Korosteleva, et al. 2021; Bruno, Douarin, et al. 2022). Digitalization via these sectoral capabilities in
dynamic markets is expected to enhance firm performance.

Turning to pairwise combinations between sectoral capabilities, we first consider relationships
between digital and human capabilities.

As pointed out earlier, there is recent evidence of the gap between digital technology advance-
ments and skill developments (Berlingieri et al. 2020). Therefore, digital technology needs to
complement human capital to speed up digital technology diffusion. Human capital is a critical
conduit for knowledge transfer, but it seems not on its own. With digital technologies, entrepreneurs
can solve problems and identify opportunities via open innovation (Belitski, Korosteleva, and
Piscitello 2021). As argued earlier, digital capabilities enable cost and risk-sharing and collaborative
R&D, but this may not work without matching human capital skills and competencies. Hence, our
next hypothesis is:

Hypothesis 2a: Digital and Human Capital complement each other in enhancing young firms’
growth.

Young firms operating in more knowledge-intense environments benefit increasingly from interac-
tions with other firms via knowledge spillovers (Audretsch 1995; Audretsch and Keilbach 2007, 2008).
Rapid advances in digitalization have further changed the nature and forms of knowledge assets,
redefining businesses’ value drivers and ways of accessing knowledge. For example, businesses are
increasingly sourcing strategic knowledge via cloud computing, big data and business analytics
(Venkitachalam and Schiuma 2022). Without digital technologies, emerging new scientific knowl-
edge, such as bioinformatics and genomics, would not be possible (Dougherty and Dunne 2012).
Digitalization has enhanced open innovation, particularly crowdsourcing new ideas (Acar 2019).
Thus, digitalization has significantly transformed the innovation function, opening for businesses
new ideas for search and recombination (Lanzolla et al., 2021). The emergence of collaborative
digital platforms has facilitated interactive innovation between emerging young firms, Big-Tech
firms, and customers who play a vital role in influencing firms’ product design and functionality
(Nambisan et al. 2019). This new perspective shows that an innovation ecosystem rather than new
technology-based firms or large firms per se drive innovation. In other words, Big-Tech firms, such as
Google or Apple, interact with small technology-based firms (such as software companies develop-
ing apps for Apple products), which innovate based on large firms’ technology platforms (Mandel
2011). Whether used inside firms, across supply chains or as building blocks of new industrial
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architectures, the emergence of platforms is a broad recent phenomenon affecting most industries,
from products to services (Gawer, 2014). For example, E-commerce platforms may enhance upscal-
ing of young firms operating in R&D-intense industries, helping them test novel products on a more
extensive set of potential customers (Nambisan 2017; Nambisan et al. 2019). This may be particularly
critical to young firms as they mature, which leads to our next hypothesis.

Hypothesis 2b: Digital capabilities complement innovation capabilities in stimulating young
firms’ growth.

Following Bruno, Korosteleva, et al. (2021), complementarities are expected between digital cap-
abilities and investment in fixed capital (tangibles) to enhance firm growth. Digital capabilities may
work as a pre-condition or accelerator for tangible capital to shape firms’ growth in industries with
low tangible capital intensity, like services, and high tangible capital intensity sectors like metal
manufacturing. Distance matters for the latter, and reaching a broader customer base via a well-
developed infrastructure is crucial.

Using firm-level data from the European Investment Survey data, covering 27 EU countries and
the UK over the period 2016-2019, Thum-Thysen et al (2017, 2021). find that complementarities
between tangible capital investments, software (intangible digital investments) and training of
employees (intangible human capital investments) played the critical growth-enhancing role.
Synergies between investments in fixed capital, intangible assets such as new computer software
and human capital enable the development of new organizational structures and business models,
facilitating firm-level and macro-economic growth (Thum-Thysen et al. 2017; Thum-Thysen, Voigt,
and Weiss 2021).

As firms develop the necessary physical infrastructure (e.g. ICT hardware) and invest in software
and databases, these complementarities generate efficiency gains. Without the latter, it will not be
possible to reap further benefits from intangible digital investments (Kim et al. 2008). Finally, the
digital sector is also expected to have a positive so-called ‘yeast’ growth effect, spreading across
other sectors in the longer run (Van Ark, de Vries, and Erumban 2021).

Thus, our next hypothesis reads as follows:

Hypothesis 2c:  Digital capabilities reinforce the impact of tangible capital on young firms’ growth.

2.3. Entrepreneurial growth and marketstructure

A market structure may affect entrepreneurial growth through incentives for firms to engage in R&D
activities. However, there is no simple relationship between market structure and innovation
(Acemoglu, Aghion, and Zilibotti 2006; Aghion et al. 2009). Aghion and Howitt (2006) show an
inverted-U relationship, so only a certain degree of competition positively induces innovative
behaviour. Competition may be conducive to growth on the technology frontier but not necessarily
behind the frontier (ibid).

On the one hand, concentrated market structures represent barriers to new entrants through
economies of scale enjoyed by established incumbents benefitting from lower average costs (due to
absolute cost advantages), making them more competitive vis-a-vis new entrants. Incumbents might
also enjoy temporally bounded quasi-monopoly power in more concentrated markets via intellec-
tual property protection of products, services, and business models. Digitalisation may help over-
come these barriers by reducing young firms’ entry and operating costs (Autio et al. 2018) and may
allow them to reach out to a broader customer base via e-platforms (Nambisan, 2017; Nambisan et al.
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2017). However, this may not be sufficient to counteract the effect of incumbents’ monopoly rents
via their substantial intellectual property assets in concentrated markets.

Conversely -on the other hand- fierce competition in innovation frontier industries can lead to
higher innovation rates and faster growth as new innovative entrants challenge the power of
incumbents, forcing them to ‘escape competition’ by innovating (Schumpeter 2008, Schumpeter
1942, Aghion and Akcigit 2017; Aghion, Akcigit, and Howitt 2015). Digital capabilities could further
reinforce this effect in more competitive industries, increasing the scope for architectural innovation
via open innovation platforms (Acar 2019; Lanzolla, 2021). Hence, our last third hypothesis reads as
follows.

Hypothesis 3: Digitalisation and other sectoral capabilities affect young firms’ growth differently
under different market structures:

(H3a) in a more competitive sectoral environment, digital and other sectoral capabilities are likely to
complement each other in facilitating young firms’ growth;

(H3b) in more concentrated environments, the scope for digital capabilities to enhance/complement
the effects of other sectoral knowledge-related capabilities is reduced. In other words, digital capabilities
can instead replace/substitute other capabilities to partly mitigate incumbents’ power, but they will not
be sufficient to enhance young firms’ growth in more concentrated markets.

Our theoretical framework is summarized in Figure 1.

3. Data and methodology
3.1. Sample and variable description

To address our research questions, we construct a firm-industry longitudinal dataset across the EU
countries for 2010-2018, based on the Amadeus database provided by the BvD®, the major
commercial source of internationally comparable data on firms. The data on sectoral indicators
employed for constructing sectoral capabilities are obtained from the EU KLEMS dataset, which

Market Structure Market Structure
Dependent
Sectoral Capabilities critical for variable Sectoral Capabilities critical for
Knowledge Generation & Transfer Generation & Transfer
Human Capital ~.| H2a(+) l ﬁ H2a (+) Human Capital
iliti =< 7=~ | capabilities X
If capabilities SN é 7 P k .
' i
! = \ o
Digital / Innovation | H2b () | = H2b () Innovation  [*--) Dlgl.t?l.
Capabilities |- o P R > z e----F---- biliti /| Capabilities
P \ capabilities 2 : capabilities /
1 1
\ H2e () © H2e () !
\ — 5 .- Tangible v
Y Tangible LT > Bt Capital
Capital g
[ 1 2| | H3binsig) : :
Low Concentration ~  _____ o = R— High Concentration

HI (+)
Digital
Capabilities

Figure 1. A conceptual framework of entrepreneurial growth: Sectoral capabilities, complementarities and market structure.
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Table 1. Descriptive statistics and definitions of explanatory factor variables, controls and dependent variables.

Variable Variable definition Mean SD. Min Max

Dependent variable

D.Turnover Growth Rate Growth rate of Turnover (PPl Adjusted) 021 1 -109 135

Sector-level capabilities

Digital capabilities Share of computer software & database in net stock, KLEMS, 0.07 0.08 0 053
(Digital)® expressed in natural logarithm

Innovation capabilities Share of Research and Development in Capital stock net, 0.09 0.087 0 062
(R&D) expressed in natural logarithm, KLEMS

Human capabilities The sum of shares of hours worked by males and females with 3.7 039 187 4.41
(HumCap) higher education, expressed in natural logarithm, KLEMS

Tangible capabilities Share of Transport Equipment in Capital stock net and share of 0.23 0.11  0.01 0.54
(TangibleCap) Other Machinery and Equipment in Capital stock net,

expressed in natural logarithm, KLEMS
Firm-level controls

Ln LN_Employment (t-1) Employment (t-1), expressed in natural logarithm 33 09 24 12
d LN_Turnover (t-1) Real turnover (t-1), expressed in natural logarithm 42 23 0 172
Age Firm Age 23 2 0 8
Sectoral controls

Concentration_index_2dig Sector-Country-Year concentration_index_2dig 04 0.21 0.04 1
Concentration_index_EU_2dig Sector- EU-Year concentration_index_2dig 025 0.11 0.05 0.73

Source: Amadeus BvD 2010-2018; KLEMS 2010-2018

contains rich information on capital formation and employment indicators for all EU member states
at the industry level (for the data construction issues and methodology, see Stehrer et al. 2019). The
EU KLEMS database is run by the Vienna Institute for International Economics Studies (wiiw), and the
European Commission funds the data updates.

We limit our sample to entrants, referred to hereafter as young firms, defined following Shan’ et al.
(1994) approach. More specifically, we define a firm’s entry the year we observe it for the first time in
our sample (i.e. the year of incorporation is equal to the year of a firm’s first observation in our
sample). We further mark these young firms throughout the whole period to observe them as they
mature. Overall, our final sample of young firms has 13,899 firm-year observations. Their age ranges
from zero (i.e. these are young firms that we observe entering for the first time in 2010) to eight years
old. More specifically, the age distribution of young firms varies as follows: less or equal to 2 years
old: 4,427 firm-year observations; 3 yrs-old: 2,874 firm-year observations; 4 yrs-old: 2,527 firm-year
observations; 5-yrs old: 1,990 observations; and greater than 5 yrs old: 2,081 observations. Table 1
reports descriptive statistics for the whole sample of young firms, whereas Table 2 reports the
correlation matrix.

3.2. Methodology

Our empirical strategy is twofold. First, we identify a set of sectoral-level capabilities supportive of
knowledge generation and transfer within sectors, using EU KLEMS sectoral capital structure indi-
cators. More specifically, we propose four pillars of innovation ecosystems at a sectoral level, namely:

o digital capabilities, defined by the share of computer software and databases in capital stock
net':

e human capital capabilities, defined as the sum of shares of hours worked by males and
females with higher education;

¢ innovation capabilities, defined by the share of Research and Development in Capital stock
net;

e tangible capital capabilities, defined as a sum of shares of Transport Equipment in Capital
stock net and shares of Other Machinery and Equipment in Capital stock net.?
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Second, the regression analysis explores young firms’ growth patterns as they mature, conditional on
sectoral capabilities and their interplay. Young firms' growth is measured as a rate of change in
turnover (producer price index adjusted), which is a well-established measure of young firms’ growth
in the literature (Nason and Wiklund 2018). We employ a standard set of controls in a firm turnover
growth model, including a firm'’s a lagged level of turnover, expressed in logarithmic form, to control
for lagged temporal patterns, firm’s age, size (lagged by one year), and market concentration at
a sector-country, and sector-EU levels.

Our model of direct and complementary effects of sectoral capabilities via pairwise interaction
channels is specified as follows:

dLN (yi) = ao + BoLN (yie1) + B (Digital)s; + B, (HumCapital)s; +B3 (R&D)s; + B4 (TangibleCap)s;
+ Bs(Digital)#(R&D)s; + Be(Digital)#(HumCapital)s; + B,(Digital)#(TangibleCap)s; + Bs
(HumCapital)#(R&D); + Bo(HumCapital)#(TangibleCap)s: + B10(R&D)#(TangibleCap)s;
+ ZXit1 + st + Dy + 1 1& s (M

where dLN (y;) is the dependent variable proxied by a turnover growth rate of change; sectoral
capabilities are self-explanatory in the model; ZX;;.; denotes a vector of firm-level controls; Z; stands
for industry-level controls; D, — year controls; and ¢; — firm-level fixed controls, € is the idiosyncratic
error. Subscripts i,s,c,t stand for i-firm; s-sector; c-country; t- time.

In addition, we extend the analysis further to study the impact of sectoral capabilities and their
interactions in a 2-digit sector-country market structure. For this, firstly, we construct a dummy
variable to measure market concentration with zero denoting low market concentration, measured
as below a mean threshold for every 2-digit sector, and 1 indicating high market concentration
(above or equal to a mean threshold for the respective 2-digit industry). In this way, we allow market
concentration to vary across industries. Appendix A Table A.1 reports descriptive statistics for market
concentration within sector-countries. Second, we split the sample into two sub-samples character-
ized by low and high levels of market concentration.

4. Empirical results

We summarize our results in Table 3, where column 1 reports the direct effects of digitalization and
other sectoral capabilities on young firms’ growth. Column 2 shows the results with added pairs of
interacted sectoral-level capabilities jointly with the age of young firms. Columns 3 and 4 extend
these results further under low and high market concentration structures. All results include
a complete set of firm-level and sectoral controls: firm age, size, market concentration within sector-
country and sector-EU, and firm and year fixed effects dummies.

Analysing the results, in column (1) of Table 3, we first observe that digitalization has a direct
positive effect on young firms' growth which is statistically significant at a 1% significance level.
Therefore, we accept Hypothesis 1. Among other sectoral capabilities, human capital capabilities
constrain young firms’ growth. Neither innovation capabilities nor tangible capital influence young
firms’ performance autonomously.

Next, we consider the complementarities between digitalization and other sectoral capabilities by
ayoung firm’s age (regressions from column (2) Table 3). First, in Figure 2, we note the lack of significance
in the complementarity between digital and human capital capabilities. Thus, we reject Hypothesis 2a.

Digital capabilities have a differential impact on young firms’ growth, conditional on their
maturity stage. When firms are at their early stage of maturity (from 2 to 4 years old), there is
a lack of complementarity between innovation capabilities and digitalization in sectors of low or
moderate R&D capabilities. Still, this relationship reverses as young firms mature, particularly
enhancing the impact of innovation (R&D) capabilities for more mature young firms (7- yrs old)
operating in more intense R&D environments (Figure 3). This result shows a dual effect of digitaliza-
tion. On the one hand, it hampers innovation-led growth prospects for young firms when they are
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Table 3. Direct and complementary effects of sectoral capabilities in interaction with young firms’ age and under different market
structures.

(1) (2) (3) 4

Compl with
age Compl with age interactive Compl with age interactive
interactive effects under low market effects under high market
VARIABLES Direct effects structure concentration structure concentration
LN_Turnover (t-1) —0.898***  —(.899*** —0.915%** —0.845%**
(0.017) (0.017) (0.017) (0.050)
Digital 2.072%** 2.899 13.488 3.686
(0.698) (4.071) (10.793) (7.444)
HumCap —0.207%** 1.059%** 1.096** 0.943
(0.076) (0.363) (0.485) (0.729)
c.Digital#c.HumCap —0.988 -3.128 —1.881
(1.105) (2.313) (2.131)
2.age —0.078%** 0.337 —-0.299 1.877*%*
(0.018) (0.406) (0.431) (0.905)
3.age —0.082%** 0.389 0.104 1.626
(0.021) (0.481) (0.475) (1.119)
4.age —0.075%** 1.033%* 0.591 2.604**
(0.026) (0.518) (0.551) (1.261)
5.age —0.064** 1.795%*%* 1.193% 3.797***
(0.031) (0.531) (0.622) (1.314)
6.age —-0.050 2.261*** 1.746%* 3.248**
(0.038) (0.627) (0.830) (1.330)
7.age —-0.029 3.019%** 1.258 4.604%*
(0.045) (0.979) (0.949) (2.150)
2.agefc.Digital -2.520 —3.301 —4.827
(1.966) (6.220) (5.950)
3.agefc.Digital —2.951 —5.557 —5.459
(2.389) (7.607) (6.687)
4.age#c.Digital —-2.550 —13.225 —6.609
(2.524) (8.503) (6.612)
5.agef#c.Digital —4.783* —15.243* -9.500
(2.825) (8.980) (6.791)
6.agefc.Digital —6.190** -9.808 -8.115
(3.020) (10.043) (6.790)
7.agefc.Digital —6.989* —-0.736 —14.457
(3.724) (10.618) (9.017)
2.age#tc.HumCap -0.149 0.063 —0.596**
(0.117) (0.121) (0.259)
3.age#tc.HumCap —-0.185 —-0.101 -0.510
(0.139) (0.135) (0.326)
4.ageffc.HumCap —0.322** —-0.191 —0.738**
(0.149) (0.155) (0.358)
5.age#tc.HumCap —0.545%** —0.348* —1.092%**
(0.152) (0.182) (0.368)
6.age#c.HumCap —0.688*** —0.522%* —0.963***
(0.182) (0.258) (0.371)
7.age#tc.HumCap —0.895%** —-0.288 —1.340%*
(0.302) (0.283) (0.623)
2.agef#c.Digital#c.HumCap 0.713 0.818 1.130
(0.542) (1.317) (1.597)
3.agef#c.Digital#c.HumCap 0.931 1.559 1.369
(0.643) (1.595) (1.859)
4.age#c.Digital#c.HumCap 0.790 3.032% 1.743
(0.692) (1.793) (1.850)
5.agef#c.Digital#c.HumCap 1.423* 3.528* 2.567
(0.786) (1.899) (1.961)
6.agef#c.Digital#c.HumCap 1.872%* 2.609 2.159
(0.854) (2.123) (1.937)
7.aget#c.Digital#c.HumCap 2.083* 0.231 3971
(1.072) (2.272) (2.655)
R&D -0.477 7.491%* 10.167*** -0.417
(0.479) (2.956) (3.487) (7.702)

(Continued)



12 (&) R.L.BRUNOETAL

Table 3. (Continued).

m

@

3)

4)

Compl with
age Compl with age interactive Compl with age interactive
interactive effects under low market effects under high market
VARIABLES Direct effects structure concentration structure concentration
c.Digital#c.R&D —0.878 0.452 14.868
(5.297) (8.973) (12.147)
2.age#c.R&D 0.668 1.084 -1.179
(1.219) (1.633) (3.229)
3.age#c.R&D 1.575 2.143 2.091
(1.517) (2.071) (4.346)
4.age#c.R&D 0.026 1.925 1.084
(1.679) (2.404) (4.109)
5.age#c.R&D 0.185 1.030 0.464
(1.851) (2.630) (4.698)
6.age#c.R&D -1.776 —-2.006 1.740
(1.891) (2.616) (4.871)
7.age#c.R&D —2.863 —4.984 3.107
(2.235) (3.049) (5.677)
2.aget#c.Digital#c.R&D -2.077 -1.160 -2.694
(2.249) (3.765) (5.788)
3.agefc.Digital#c.R&D -2.793 —-1.549 —-1.009
(2.628) (4.629) (7.088)
4.age#c.Digital#c.R&D -0.670 3.604 -3.176
(2.794) (5.068) (6.890)
5.ageffc.Digital#c.R&D 1.351 7.435 —3.232
(3.449) (5.897) (8.375)
6.agef#c.Digital#c.R&D 0.450 1.271 0.455
(3.771) (7.135) (7.748)
7.agefc.Digital#c.R&D 1.969 3.295 -2.243
(4.304) (7.515) (10.785)
TangibleCap —-0.324 9.012%** 8.645** 7.948
(0.350) (2.759) (3.518) (5.901)
c.Digital#c.TangibleCap 17.924*** 22.713*%* 0.503
(5.573) (9.853) (11.668)
2.agef#fc.TangibleCap -1.170 0.376 —5.566***
(0.828) (0.872) (2.105)
3.ageffc.TangibleCap -1.233 —-0.494 —5.262*
(1.033) (0.981) (2.826)
4.age#c.TangibleCap —2.511** —1.467 —6.654**
(1.106) (1.158) (2.978)
5.ageffc.TangibleCap —4.098*** —2.639** —9.017***
(1.106) (1.288) (3.068)
6.ageffc.TangibleCap —4.770%** —3.644** —8.157**
(1.331) (1.737) (3.268)
7.ageffc.TangibleCap —6.030*** —2.508 —11.150**
(2.065) (1.990) (5.308)
2.agetc.Digital#c.TangibleCap 1.818 0.340 10.665
(2.539) (4.708) (8.913)
3.agefc.Digital#c.TangibleCap -1.139 -2.112 6.656
(2.806) (5.828) (8.329)
4.age#c.Digital#c.TangibleCap —2.044 2.949 5.594
(3.202) (6.690) (8.628)
5.agefc.Digital#c.TangibleCap -3.412 1.253 6.457
(3.685) (7.099) (9.463)
6.agefc.Digital#c.TangibleCap —-3.050 -2.499 7.506
(3.572) (7.614) (9.055)
7.agefc.Digital#c.TangibleCap -2.737 —-6.735 9.524
(3.888) (7.879) (8.997)
c.HumCap#c.R&D —2.078*** —2.344%% —-1.494
(0.797) (0.966) (2.032)
2.age#tc. HumCap#c.R&D -0.019 —-0.235 0.600
(0.308) (0.430) (0.915)
3.age#tc. HumCap#c.R&D —-0.195 -0.374 —-0.634

(Continued)
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Table 3. (Continued).

M )] @3 4

Compl with
age Compl with age interactive Compl with age interactive
interactive effects under low market effects under high market
VARIABLES Direct effects structure concentration structure concentration
(0.393) (0.551) (1.305)
4.age#tc.HumCap#c.R&D 0.068 —0.472 —-0.239
(0.418) (0.625) (1.128)
5.age#c.HumCap#c.R&D 0.032 —-0.392 0.034
(0.466) (0.675) (1.286)
6.ageffc. HumCap#c.R&D 0.620 0.550 -0.375
(0.504) (0.743) (1.346)
7.age#c.HumCap#c.R&D 0.820 0.968 —-0.849
(0.605) (0.807) (1.619)
c.HumCap#c.TangibleCap —2.668*** —2.418** —2.799*
(0.809) (1.061) (1.697)
2.age#c.HumCap#c. 0.426* —0.085 1.694***
TangibleCap
(0.249) (0.259) (0.618)
3.age#tic. HumCap#c. 0.495 0.299 1.525*
TangibleCap
(0.314) (0.296) (0.834)
4.age#tc.HumCaptic. 0.742** 0.448 1.820%*
TangibleCap
(0.334) (0.347) (0.856)
5.age#tc.HumCap#c. 1.240%** 0.761* 2.576%**
TangibleCap
(0.330) (0.396) (0.884)
6.age#fc.HumCap#c. 1.429*** 1.057* 2.383**
TangibleCap
(0.395) (0.548) (0.934)
7.age#tc. HumCap#c. 1.769%** 0.528 3.205%*
TangibleCap
(0.646) (0.601) (1.569)
c.R&D#c.TangibleCap —-3.500 —8.566** 10.113
(3.298) (3.559) (9.195)
1b.age#co.R&D#co. 0.000 0.000 0.000
TangibleCap
(0.000) (0.000) (0.000)
2.age#c.R&D#c.TangibleCap —1.546 -0.567 —3.560
(1.118) (1.278) (2.476)
3.agef#fc.R&D#c.TangibleCap -1.928 -2.275 1.791
(1.339) (1.528) (3.442)
4.age#c.R&D#c.TangibleCap -0.139 -0.870 -0.516
(1.710) (1.954) (4.732)
5.agef#fc.R&D#c.TangibleCap —-0.791 0.340 -1.778
(1.702) (2.394) (4.577)
6.age#fc.R&D#c.TangibleCap —-0.086 0.804 —0.552
(1.721) (2.525) (4.664)
7.age#fc.R&D#c.TangibleCap 0.711 4.469 0.912
(2.198) (2.916) (5.460)
L.LN_numberofemployees 0.320%** 0.323*** 0.272%** 0.425%**
(0.028) (0.028) (0.030) (0.070)
concentration_index_2dig 0.220* 0.247%* 0.105 -0.167
(0.123) (0.123) (0.193) (0.325)
concentration_index_EU_2dig  -0.316 —0.282 —0.654** 0.525
(0.214) (0.223) (0.316) (0.358)
Constant 7.003%** 2.446* 2.363 3.265
(0.300) (1.288) (1.654) (2.586)
Observations 21,251 21,251 15,940 5311
R-squared 0.709 0.712 0.741 0.615
Number of id 8,590 8,590 6,611 2,357
Firm FE YES YES YES YES
Year FE YES YES YES YES

Robust standard errors in parentheses.
**¥*p <0.01, **p < 0.05, *p < 0.1.
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Figure 3. The impact of Innovation Capabilities conditional on digitalization on turnover growth rate by young firm age.
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still immature and lack the skills to utilize their digital tools to commercialize their ideas efficiently.
On the other hand, it broadens knowledge to search for young firms once they mature and can
engage in a more effective process of recombining ideas presented by digital capabilities (see also
Lanzolla et al., 2021). Overall, these findings support Hypothesis 2b for more mature young firms.

We also find a strong supporting role for Hypothesis 2¢, with digitalization enhancing the benefits
of more intense tangible capital contexts, allowing young firms to upscale faster. This effect holds for
all stages of young firms’ development and strengthens with young firms’ maturity (Figure 4).

We also observe some interesting patterns of the impact of digital sectoral capabilities and their
interplay with other sectoral pillars on entrepreneurial upscaling, depending on market concentration at
a sector-country level. We observe a lack of complementarity between human capabilities and digitaliza-
tion in more competitive environments (Figure 5). This is the case either at a very young age or at a more
mature stage of the firm’s existence (7 yrs old). This lack of complementarity emerges as a bottleneck for
entrepreneurs at a crucial stage of their life cycle, i.e. when they bottle for survival or to gain a higher
market share, challenging their competitors. Overall, this supports the Berlingieri et al. (2020) argument of
the failure of the young firm to benefit from advances in digital technologies due to skills mismatch.

As young firms mature, a positive complementary effect of a rising R&D intensity and digitaliza-
tion strengthens for young firms operating in more competitive market environments, reinforcing
growth-enhancing benefits of a broader search for new opportunities and recombining ideas for
younger firms (Figure 6).

Finally, we find a strong supporting role of digitalization in the environments intense in tangible
capital investments, but this only holds in the context of competitive environments, with the
magnitude of the effect growing as young firms mature with age (Figure 7). The complementarity
between digital and tangible capital suggests that these are most likely advantages that stem from
the digitalization of routinized tasks, leading to higher growth.

We find no significant interrelations between digital and other sectoral capabilities under high
market concentration, so we support Hypotheses 3a and 3b.

Turning now to the analysis of controls, the negative and significant coefficient of the lagged level
of turnover implies faster growth for young firms with a lower initial level of turnover, which is in line
with the theoretical expectations. Moreover, we have some evidence of a non-linear (U-shaped)
relationship between firm age and turnover growth, indicating their ability to bounce back as they
mature beyond three years. Young firms’ first three years of life are the most critical as they are
bottling for survival (see Parker 2018). This reiterates the importance of the sectoral eco-innovation
system and its role in smoothing young firms’ erratic growth. In particular, digitalization creates more
persistent companies in the medium and long run. We find a positive association between size,
measured by the initial level of employment, and ’ the firm’s growth. Higher firm concentration at the
country sectoral level shows a fragmentary marginal positive effect (at a 10% level of significance) on
young firms’ growth when examining the direct effect results of sectoral capabilities (Columns (1-2)
Table 3). However, this effect disappears once we explore them under different market structures.

5. Discussion and conclusions

This study explored the entrepreneurial growth process and how digitalization and other sectoral
capabilities, vital for knowledge generation and diffusion at an industry level, shape this growth
process and strengthen young firms’ resilience. This research question also considers different
market structures and how they further shape synergies and trade-offs.

We argue that understanding digitalization’s direct impact on young firms’ growth requires focusing
on their performance over time. Within each stage of their development, young firms experience both
short-lived high growth and a decline (rebounds and slumps), given their vulnerability to potential shocks
and changes in the environment, the newness of products, and the competitive environment. Once
young firms reach the age of seven, they enter a steadier growth path. This study shows how digitalization
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Figure 4. The impact of Tangible Capabilities conditional on digitalization on turnover growth rate by young firm age.
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Figure 5. The impact of Human Capabilities, conditional on digitalization, on turnover growth rate by young firm age under low
market concentration.

alone and combined with other sectoral capabilities helps them adapt to the changes in their vibrant
sectoral environment.

Following Nason and Wiklund (2018), we employ a turnover growth rate, regarded as one of the
established measures to capture young firms’ scaling process. We assemble a sizable firm-sector level
dataset covering EU young firms for 2010-2018 and merge it with EU KLEMS structural indicators of
capital to identify sectoral capabilities crucial for knowledge generation, acquisition and exchange.
We further employ regression techniques to answer our research questions.

Our results show that digital sectoral capabilities, autonomously and in synergies with other sectoral
capabilities, enhance young firms’ growth as they mature. The complementarities between digital and
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Figure 6. The impact of Innovation Capabilities, conditional on digitalization, on turnover growth rate by young firm age under
low market concentration.
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Figure 7. The impact of Tangible Capabilities, conditional on digitalization, on turnover growth rate by young firm age under low
market concentration.

other sectoral capabilities show the critical role digital capabilities play in facilitating the effect of R&D.
This is particularly the case as young firms mature, and more so in contexts high in tangible capital
investments. Furthermore, we also show that the moderating effect of digitalization varies depending
on the level of competition. Its complementary growth-enhancing role is more decisive in more
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competitive environments, specifically supporting young firms as they mature and counteracting the
effect of lower innovative capabilities on their growth at their early stage of operation.

Our study also shows that the mismatch of skills and digital advances impedes young firms’ growth,
especially at the early stage of firms’ existence, but also at the later stage of their maturity, when lack of
skills appears to hamper young firms’ prospects for upscaling under competitive market structures.

The results on complementarities of sectoral capabilities generate important policy implications. In
particular, our results are relevant for digitalization, knowledge diffusion, growth of firms and competition
policies. For example, EU growth has slowed over the decade following the global financial crisis, including
diminishing technological opportunities and the stagnation of small-scale firms (Castellani et al. 2018;
Berlingieri et al. 2020). Therefore, focusing on the performance of young firms as they mature and
conditioning this on digitalization, the intensity of knowledge generation, acquisition and exchange
within young firms’ immediate (sectoral) environments may offer potential solutions to reverse the
stagnation of small firms and strengthen their resilience. For policy-makers, it would be crucial to provide
support tailored to young firms' needs depending on the stage of their development, the sectors they
operate in, and market conditions. While promoting digitalization benefits young firms overall, it has
a more pronounced effect in a more competitive environment. This is especially the case for young firms
operating in high-intense tangible capital investment environments and mature young firms in more
intense R&D contexts.

Our results suggest that general horizontal policy solutions favouring a specific type of capabilities in
isolation, be they R&D, digital or tangible investments, may have limited or even counterproductive
effects. Instead, policy should target a portfolio of capabilities and consider their complementarities.
Moreover, the overall approach should be tailor-made, including understanding different stages of young
firms’ development and the market structure features of the individual sectors.

Notes

1. Provisionally, we considered both tangible and intangible dimensions of digital capabilities along with other
knowledge related sectoral capabilities, exploring interdependences between them, using a factor analysis.
Tangible digital capabilities, measured as share of computing equipment in gross fixed capital formation and net
capital stock, have not loaded significantly to any of the four knowledge related pillars (Bruno, Korosteleva, et al.
2021), so we do not consider computing equipment for further analysis in this study, and we focus only on
intangible ICT (Software and Databases). This is also in line with Adarov and Stehrer (2020) who emphasize more
important role played by intangible ICT capital in boosting growth in the EU over the period of 2000-2007.

2. For robustness checks we have also used similar indicators but for digital, innovation and tangible capital capabilities,
expressed as share of Gross Fixed Capital Formation (GFCF). The results are available upon request from authors.

3. Note, in reported figures digi2 legend stands for Digital.
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Appendix A

Table A1. Descriptive statistics of Market Concentration index by sector of economic activity (NACE rev.2).

NACE rev.2

Code Label Mean Std. Dev.
10 Manufacture of food products 0.35707932 0.15779353
1 Manufacture of beverages 0.43948204 0.22982528
12 Manufacture of tobacco products 0.60177396 0.22585899
13 Manufacture of textiles 0.38780321 0.18441341
14 Manufacture of wearing apparel 0.45978245 0.25573492
15 Manufacture of leather and related products 0.45406463 0.26092865
16 Manufacture of wood and of products of wood and cork, except furniture; 0.33431122  0.19456728

manufacture of articles of straw and plaiting materials
17 Manufacture of paper and paper products 0.60785323 0.20628625
18 Printing and reproduction of recorded media 0.32195091 0.2085086
20 Manufacture of chemicals and chemical products 0.45503111 0.18414672
21 Manufacture of basic pharmaceutical products and pharmaceutical preparations 0.62386675 0.24012372
22 Manufacture of rubber and plastic products 0.30676406 0.16335197
23 Manufacture of other non-metallic mineral products 0.37245728 0.17703354
24 Manufacture of basic metals 0.67384264 0.2157491
25 Manufacture of fabricated metal products, except machinery and equipment 0.23448828 0.1709958
26 Manufacture of computer, electronic and optical products 0.59810409 0.16492648
27 Manufacture of electrical equipment 0.4814558 0.18613011
28 Manufacture of machinery and equipment n.e.c. 0.45097953 0.21348669
29 Manufacture of motor vehicles, trailers and semi-trailers 0.65386439 0.17259539
30 Manufacture of other transport equipment 0.76147385 0.14461465
35 Electricity, gas, steam and air conditioning supply 0.53732644 0.1296342
36 Water collection, treatment and supply 0.5283874  0.1925821
37 Sewerage 0.67823994 0.31646278
38 Waste collection, treatment and disposal activities; materials recovery 0.30776524 0.16367926
39 Remediation activities and other waste management services 0.47893774 0.20100637
58 Publishing activities 0.53680374 0.16132965
59 Motion picture, video and television programme production, sound recording and 0.56386922 0.14782789
music publishing activities

60 Programming and broadcasting activities 0.89433387 0.09951696
61 Telecommunications 0.8562378  0.05735014
62 Computer programming, consultancy and related activities 0.31379312 0.17435267
63 Information service activities 0.42149785 0.20512583
69 Legal and accounting activities 0.4337053  0.13932433
70 Activities of head offices; management consultancy activities 0.35934728 0.19139731
71 Architectural and engineering activities; technical testing and analysis 0.39693973 0.16327148
72 Scientific research and development 0.6075182  0.18186391
73 Advertising and market research 0.5443017  0.23304853
74 Other professional, scientific and technical activities 0.30153168 0.17584395

75 Veterinary activities 0.4520353  0.22053576
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