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Abstract

Purpose –High-growth firms generate a large share of new jobs and are thus the key drivers of innovation and
industry dynamics. As the employees’ education supports innovation and productivity, this article
hypothesizes that employee competences explain high growth.
Design/methodology/approach – The study approaches this by examining intangible capital and
specialized knowledge to evaluate how these characteristics support the probability of becoming a high-growth
firm. The estimation uses linked employer–employee data from Danish registers from 2005 to 2013.
Findings – As the authors measure high growth with the size-neutral Birch index, they can examine the
determinants of high growth across different firm size classes. The findings imply that intangible capital
relates positively to the firm’s high growth.
Originality/value – Previous research on high-growth firms is concentrated on the owners’ education. This
article broadens to the high education of all employees and accounts for the employees’ occupation and
capitalization of knowledge with intangible capital.
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1. Introduction
What are themain factors driving the rapid growth in firm size? The question is important for
the society as the firms experiencing this type of growth (high-growth or fast-growing firms)
are the biggest generators of new jobs that do not directly replace an old occupation (H€olzl,
2013; Schreyer, 2000). These firms thus strengthen the business environment. High growth is
an especially important topic in Nordic countries, where a high level of employment is needed
to finance the expensive welfare state.

For (total factor) productivity growth, new firms represent one channel, where the
entrepreneur has either a new idea, a strong network or the conviction that he or she could
earn more on his or her own than he or she could through stable employment. Previous
literature has found a significant relationship between the owners’ education and high
growth (Almus, 2002; Bates, 1990). However, limiting us to owner characteristics limits our
ability to assess the gains from diversity and teams. Furthermore, growth presents new
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challenges when an organization and production expand [1]. To handle these challenges,
firms need a range of competencies. For example, Parrotta et al. (2014) explained firm
productivity in Denmark with educational, ethnic and demographic diversity. They find that
educational diversity supports productivity. As high growth could result from a firm being
more productive than other firms, educational differences should be able to explain a firm’s
growth rate exceeding the market’s growth rate.

While educational diversity supports productivity (Parrotta et al., 2014), the share of
highly educated employees supports firm innovation (Østergaard et al., 2011). Indeed, the
innovation literature highlights the role of knowledge-intensive employees, as knowledge
resides in people (Harris and Moffat, 2013). Education is also an important pillar for
absorptive capacity (Nelson and Phelps, 1966). Absorptive capacity is needed to remain
updated regarding new trends in the industry or to gain access to publicly produced
knowledge, the understanding of which requires the ability to decode scientific results and
engage in collaboration. The innovation literature sees absorptive capability as an important
part of the development process (Cohen and Levinthal, 1990). Further, Daunfeldt et al. (2016)
find that for high growth, knowledge intensity matters more than R&D intensity, and they
call for more research on the relation between human capital and high growth.

The objective of this article is to determinewhether there are different and diverse types of
human capital resources needed for high growth. It aims to strengthen the literature of high-/
fast-growth firms by including the role of higher education among all employees rather than
just owners [2]. Education has been used to explain the growth of a firm, but scarcely the high-
growth phenomenon. Furthermore, we account for knowledge capital with the position of
educated employees. For example, a person with a master’s degree can put his or her
knowledge to better use when he or she works in a more knowledge-intensive position, for
example, a position in management rather than as a cashier. The concept capturing this
distinction is called intangible capital (G€orzig et al., 2010), and it approximates the knowledge
capital generated by employees performing activities in research and development (RD
assets), marketing and management (organizational capital, OC assets) and information
communication technology (ICT assets).

The remainder of the paper is structured as follows. The next section reviews the previous
literature on high-growth firms and discusses related theories. Section 3 presents the
hypothesis, and Section 4 reviews methods and data. Section 5 presents the results, and the
last section discusses their implications.

2. Literature review
High-growth firms can be defined in multiple ways, as reflected by the broad literature
discussing plausible definitions (Birch, 1979; Coad and H€olzl, 2012; Eurostat-OECD, 2008;
H€olzl, 2013; Sutton, 1997). First, one needs to choose which form of high growth to measure:
sales or employment. As also argued by H€olzl (2013), employment is a more future-oriented
measure than sales, as changes in employment mirror the expected future sales of the firm.
Second, one needs to choose how growth is measured: in absolute growth (exact number of
new employees) or relative growth (in percent growth). Relative versus absolute measures
have been shown to select differently sized high-growth firms. The most recent literature is
concerned with the over representativeness of small firms as high-growth firms. Absolute
growth – the number of new employees – favors large companies, whereas relative growth –
the share of new employees – favors small firms. Thus, a common solution is to exclude firms
smaller than 10 or 20 employees from the sample (H€olzl, 2013). Birch (1979) solved this by
using both relative and absolute growths in her index. The 5–10%highest index-valued firms
are then chosen to be the high-growth firms. To account for these definition issues, the
primary definition follows Birch’s index.
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Bindex ¼ ðsizet � sizet−3Þ* sizet
sizet−3

(1)

The use of the Birch index is challenged by the fact that combining or separating business
areas will produce different groups of high-growth firm (HGF). A way around this is to use a
definition independent of other companies. Eurostat-OECD (2008) defines companies with a
20% yearly growth in sales or employment during three subsequent years as high-growing
firms, if they also fill certain criteria, including a minimum of ten employees at the start of
those three years and an age of over one year. These limitations are established to limit biases
from small-size firms (e.g. doubling employment by employing one more person) and to
recognize the problems of a firm’s first year in the markets (Eurostat-OECD, 2008). Young
firms have another measurement: the gazelle definition. A firm is called a gazelle if it is at
most five years old and if it has achieved an average growth of 20% over three subsequent
years. Each of these definitions has its own benefits, but here, the primary focus is on the
Birch index due to its size neutrality. Gazelles are a very different group of firms than are
Birch high-growth firms and are thus left for future research.

The theoretical background for high-growth lies in growth theory. Archiving growth from
innovation is theorized in Klette and Kortum (2004) building on which Lentz and Mortensen
(2008) establish an empirical model. They model that firms producing higher-quality goods
than others also grow faster. The model of Lentz and Mortensen (2008) captures creative
destruction as the channel of the model is resources, such as employees, reallocation. They
test their model with Danish data, 1992–1997.

This article focuses on the high growth in Denmark. Denmark is an interesting business
area to study, as recent research finds that many Danish SMEs end up trapped at a specific
size (Calvino et al., 2015; EuropeanCommission, 2017). For example, Calvino et al. (2015, p. 24)
note that during the recession, the exit rates peakedwhenDanish firms reached ages 3–4. Yet,
the turbulent exit rate peak for Finnish firms is at 6–7 years. Moreover, the start-up rates are
lower in Denmark than in many other countries (Calvino et al., 2015, p. 18). Based on this
observation, we also hypothesize that the initial size might matter.

Gibrat’s law
The relation between firm size and growth has earnedmuch attention. Gibrat’s law states that
the growth rate of a firm should be independent of its size. If the growth rate is also
distributed statistically normally, the firm’s current size can be expressed as the sum of all
previous shocks at the limit. The mathematical justification goes as follows. As presented in
Coad (2009, p. 39) and Sutton (1997), firm size is a function of independent and identically
distributed (i.i.d.) shocks and the previous year size:

sizet ¼ ð1þ εtÞsizet−1 (2)

sizet ¼ ð1þ εtÞð1þ εt−1Þsizet−2 ¼ . . . ¼
Yt
s¼1

ð1þ εsÞ size0 (3)

Equation (3) has substituted the previous year size in the equation in a similarmanner. Following
Sutton (1997, p. 40), we take logarithm and assume that log (1þε) approximately equals log(ε)
given that ε is close to zero (Sutton, 1997, p. 40). Then, we obtain approximately equation (4).
Here, when we approach the limit and t becomes large, the initial size becomes insignificant and
we can express the current size in terms of firm’s history of idiosyncratic shocks, equation (5).

logðsizetÞ≈ logðsize0Þ þ
Xt

s¼1

εs (4)
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logðsizetÞ≈
Xt

s¼1

εs (5)

The literature testing Gibrat’s law, the independence of growth from the initial size, is broad.
For example, Lotti et al. (2003) discuss the case of small new firms. They find that during the
first year, the rule fails, but when a critical mass in age and size is achieved, the law holds.
Furthermore, Almus (2002) explained that a firm grows faster before it reaches a minimum
efficient scale. Earlier empirical investigations found that larger firms grow faster than small
firms; however, later research finds the opposite (Coad, 2009, p. 41).

However, Mohr et al. (2013, p. 241) find that typically high growth starts at age of 6 years,
and 49% of OECD-defined HGFs renew the high growth in the following measurement
period, that is, 3 years. Yet, Coad et al. (2018) report that younger firms are more likely than
the older ones to have subsequent growth periods. Thus, age might have a negative relation
to the high-growth probability. We account for size by looking at the Birch index but also by
including the logarithmic number of employees at the start of the HGF-counting periods. The
firm’s age is included as a control variable.

The industrial organization literature has discussed how much firm size matters for
further growth in size. While Gibrat’s law opened the discussion by identifying size
independence, empirical studies have mixed results. Young firms need a critical mass to
remain in the markets, and growth might be the key. A theoretical model of Jovanovic (1982)
shows how small new firms grow fast or fail. An extension of this model is presented by
Hopenhayn (1992), where productivity follows a Markov process. Thus, high growth is
closely linked to the productivity puzzle, endogenous growth theory and the theory of
entrepreneurship. In other words, we can interpret that high growth is about realized
competitive advantage.

Yet, Zhou and van der Zwan (2019) investigate how high-growth firms handle business
after the high-growth period, citingmanagement theory of too-much-of-a-good-thing (TMGT)
from Pierce and Aguinis (2013). The theory, following its name, states that too much is too
much even if the object is a good one. In economic terms, we could call this diminishing
marginal utility from firm growth. As Zhou and van der Zwan (2019) explain, high growth
requires new types of organizational competences to manage the size that the firm does not
necessary possess. Further, Coad and Srhoj (2019) recognize the problem of HGFs to make
revenues cover the expenses, as growth is paid long before the revenue. This also relates to
the discussion of “one-hit-wonders” in Daunfeldt andHalvarsson (2015) and about the general
challenges in growing fast (Delmar et al., 2013; Hambrick and Crozier, 1985). One challenge for
fast growers is constantly negative cash flows: more goes to investment than what is
currently earned (Hambrick and Crozier, 1985). Also, Satterthwaite and Hamilton (2017)
document a survival challenge for high-growth firms in New Zealand. Yet, H€olzl (2013) finds
that Birch defined that high-growth firms are more likely to repeat their fast growth than
OECD defined [3].

Knowledge
Recent studies in high growth have discovered that certain knowledge factors support the
probability of high growth. Kang et al. (2018) found that Korean manufacturing firms could
transfer into high growth from low growth with the help of R&D. Further, Lee (2014) noticed
that management skills are felt to be one factor holding back potential high-growth firms.
Goedhuys and Sleuwaegen (2010, p. 47) discover that having product and process innovation
in firm influences the employment growth “in the upper tale of the growth distribution.”
Product innovation supports, while process innovation depresses the growth. Therefore, we
could expect similar gains from innovativeness on high growth.
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In what follows, we will discuss the measures of diversity in knowledge and the
knowledge capital.

Diversity in knowledge.Many diversity indices canmeasure different types of diversity. To
approximate diversity in variety, Harrison and Klein (2007) suggest the Blau index. The Blau
index, also known as the Gini-Simpson index, assumes that “members differ from one another
qualitatively” (Harrison and Klein, 2007, p. 1,204). This assumption fits well with educational
data, as the chosen field is a qualitative measure. As presented in equation 6, the index is
calculated as one minus the sum of the squared category shares and obtains values between
zero and one.

blau ¼ 1�
XK
k¼1

p2k (6)

Thus, the Blau index is formed with diversity in the educational field. Only individuals with
bachelor or higher degree are included to guarantee the focus on educational field and not the
educational level. The field, that is, the category, is constructed from the Danish Statistics,
which identify a field by using six digits. For example, there are 14 different six-digit numbers
within the broader design field and one six-digit number within finance. The different
number of codes per the upper category field is another reason to utilize the Blau index: it does
not reflect the distance between the chosen observations. Again, design is a good example:
five of the codes start with 5, and nine start with 30; all the humanities codes start with 24, and
engineering is located between 44 and 59. Therefore, a category utilizes the six digits only to
identify a difference between the areas of education.

Intangible capital. Intellectual capital has been shown to support company’s performance
(Chen et al., 2005; Dzenopoljac et al., 2017; Zeghal and Maaloul, 2010). Coad and Srhoj (2019)
find positive relation for balance sheet-basedmeasures on intangible assets and high growth.
Interestingly, they also find that the traditional R&D expenditures relate negatively to the
probability of high growth. Another example of the significance comes from intellectual
capital. Matricano (2016) shows that intellectual capital supports the expectations of
start-ups.

This research approaches intellectual capital with intangible capital measure. The main
advantage of using intangible capital is that it treats knowledge efforts as investments and
capitalizes them. Hence, we can account for knowledge efforts supporting productivity in the
following periods.

The use of intangible capital to approximate the knowledge capital in a firm is a fairly new
concept. Eklund (2019) discusses how intangibles are linked to innovativeness measures in
the Community Innovation Survey (CIS). The results suggest that firms with an intangibles’
value above the industry mean have a tendency to launchmore new-to-the-world, new-to-the-
market and new-to-the-firm products, thus supporting pure product innovation and different
levels of imitation. Intangibles also have a positive and significant relation to process
innovation, that is, they improve the production process by making it quicker or more
efficient in terms of using less material and other inputs, such as storage space.

Intangible capital can be measured in firm level as presented in G€orzig et al. (2010), who
divide intangibles into three parts: research and development (RD) assets, organizational
capital (OC) assets and information communication (ICT) assets. For each intangible type, the
current value of the capital equals the investment plus the share of the previous year’s capital
that has not depreciated. A limitation of this study is selection into investing in intangibles.
Arrighetti et al. (2014) show with Italian data that firm’s size and human capital affect its
investment decision. The estimation includes control variables for both. Yet, testing if there is
some underlying investment motive driving high-growth through intangible investment is
left for future research.
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There are at least two routes to approximate investments for intangibles presented in
G€orzig et al. (2010): either from (1) the use of intermediate inputs and assuming a constant
share of the firms’ own labor used with them, or (2) the firms’ own labor and assuming a fixed
share of the intermediates used with them. To reflect internal intangibles, this article uses the
firms’ own labor rather than purchased external intangibles. This choice is in line with the
theoretical assumption that knowledge resides in people (Harris and Moffat, 2013).

Thus, this article utilizes linked employer–employee data sets with the education and the
occupation of employees to identify intangible capital-producing employees. In each of
intangible capital types, the employee contributing to intangible investment has to have an
education from the area and an occupation in which s/he can contribute to intangible
production. Then, a share of their time is assumed to be of an investment nature, thus
contributing to the firm’s performance in the subsequent periods. The measured investment
also accounts for an average share of the intermediate inputs used. G€orzig et al. (2010) report a
combinedmultiplier that can be used to approximate the total investment in intangibles from
the employees’wages. The combinedmultiplier is 35% for OC, 110% for RD and 70% for ICT
assets.

Equation (7) presents the capital formulation of intangibles, where RIC
i;t is the intangible

assets capital at time t for firm i.N denotes investments and δ the depreciation rate that varies
from 15 to 33% [4]. To approximate the first year’s capital stock, a geometric sum formula is
used and presented in equation (8). The first year’s investments in intangible capital assets
are divided by the sum of the depreciation rate and growth rate of intangible capital. The
Danish register data start at 1999, and thus we calculate the first year capital stock [5].

RIC
i;t ¼ NIC

i;t þ ð1� δICÞRIC
i;t−1 (7)

RIC
i;t¼0 ¼ NIC

i;t¼0

.
ðδIC þ gÞ (8)

3. Hypothesis development
Building upon the theory of absorptive capability (Cohen and Levinthal, 1990), the creation of
new products, services and processes requires the capabilities to use what is out there
already. In other words, the ability to use external knowledge is required for innovation
development. The key to accessing external knowledge is usually seen to be higher education.
Nelson and Phelps (1966) develop a theoretical model of how education affects the rate of
technological diffusion, proving that education is more beneficial in dynamic economies with
technologically high rates of progress. Thus, in Denmark, we can expect the following:

H1a. Highly educated employees matter for a firm’s high-growth probability.

Another aspect to consider is that high education might not produce the full benefits possible
if the employee is not working in the area of his or her expertise or is located low in the firm
hierarchy. Thus, his or her skills can remain undetected for a longer time. To account for these
possibilities and for the capitalization of knowledge, we can expect the following:

H1b. Intangible capital has a positive relation with the firm’s high-growth probability.

Intangible capital is a beneficial factor for several reasons. First, knowledge is capitalized
such that the benefits from intangibles, such as a new marketing strategy produced by
organizational and marketing personnel, also affect the current period. Second, intangible
capital construction methods imply that the employee is in a position in which he or she can
create intangible capital. Third, because of the construction method, we know that his or her
level and field of education fit with his or her position in the firm. Eklund (2019) discusses how
intangible capital can be used as a measure for innovation capability and that there exists a
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relation between innovativeness and lagged intangible assets. Further, there is some
evidence in support for intangible assets (from balance sheets) to be linked with high growth
(Coad and Srhoj, 2019; Pereira and Temouri, 2018)

To complement hypothesis 1a, one might think that the field of education could bring
different gains. Furthermore, different perspectives could create something new, as
Østergaard et al. (2011) discuss in their paper about diversity in innovation. Based on the
possible gains to innovation, we can hypothesize that diversity in education can support at
least innovation-based high growth. Thus, we develop the following hypothesis.

H2. Different specializations in education should support high growth.

4. Methods and data
Coad and Srhoj (2019) call for a change in approach to shift the focus from average firm
growth. Growth is non-linear (Garnsey et al., 2006). For example, Calvino (2018), Goedhuys
and Sleuwaegen (2010) and Santi and Santoleri (2017) use quantile regression analysis to
detect different growth effects for different firms, thus recognizing the heterogeneity. High-
growth firms are an important contribution on this measurement route. They are the fastest-
growing businesses in the economy in a given period.

High-growth firms are measured by either sales or employment growth, and I choose to
concentrate on the latter because employment is a more future-oriented measure than sales.
The main explanatory variable is the Birch index (Birch, 1979) that is the closest to the size-
neutral measure. As discussed previously, size may affect firm growth rates negatively,
positively or not at all [6]. Using the Birch index, following the Eurostat-OECD (2008)
definition, I define a latent variable that is given the value one when the firm is among the
fastest growing 5% of firms during a three-year period. Otherwise, the latent variable y
equals zero.

While Coad and Srhoj (2019) use data-driven approach to identify potential high-growth
characteristics, this research utilizes explanatory variables based on the hypothesis. The
explanatory variables of the analyses consist of the share of employees with high education
(master’s or PhD degree), intangible capital defined following G€orzig et al. (2010) (explained in
the literature review) and diversity measured with the Blau index. The control variables
include firm age (Coad et al., 2018; Mohr et al., 2013; Moschella et al., 2019), year and industry
dummies (as sectors were used by Moschella et al., 2019), the number of employees (Lawless,
2014; Moschella et al., 2019) and the previous high-growth status (H€olzl, 2013; Mohr
et al., 2013).

Table 1 reports the data used in the estimations. The strength of Birch index is that we can
include all firms that have a positive number of employees. The independent variable’s value

Variable1 N Mean SD

HGF 5% 215,514 0.04 0.2
HGF 10% 215,514 0.08 0.28
Blau index 215,514 0.7 0.41
ShareHighEdu 215,514 0.05 0.13
RD(2) 215,514 58.76 49.01
OC(2) 215,514 24.51 10.57
ICT(2) 215,514 0.35 19.41
Firm age 215,514 17.08 12.96

Note(s): (1)Explanatory variables report years from 2005 to 2011, as they are used in the regressions.Minimum
andmaximum are excluded as they can be seen as identifying an individual observation. (2)Value in thousands
of Danish krona

Table 1.
Comparison of means
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originates at the time before the high-growth status was achieved, t-3. The share of high-
growth firms is slightly over 5%, probably resulting from taking data points at the boundary
into the HGF category.

Table 1 describes the distribution of the Blau index, with values ranging from zero to one.
The share of highly educated employees (ShareHighEdu) is, on average, 5%. Intangible
assets have larger standard deviation than their mean value, highlighting the differences in
intangible investments. The average age of the firm is slightly over 17 years. Firms with
designers represent 8%, and firms with engineers represent 66% of the sample. The
appendix reports more precise summary statistics than the Table 1 above categorized by the
high-growth status.

The function to be estimated is presented in equation 9, where HGF stands for the latent
variable denoting a high-growth firm. The intangible capital variables are RD, OC and ICT,
which represent research and development, organizational capital (including both
management and marketing investments) and ICT capital assets. They are included in the
logarithm that is replaced to equal zero when the asset itself is zero. Blau stands for the Blau
diversity index. ShareHighEdu is a variable for the share of employee(s) with a master’s or
PhD degree. HGFi;t−3 is a previous high-growth status. Expinten describes the share of sales
going outside Denmark, and lnemp represents the logarithm of employment. Finally, Age is
the age of the firm. The control variables are industry and year dummies.

HGFi;t ¼ lnRDi;t−3 þ lnOCi;t−3 þ lnICTi;t−3 þ Blaui;t−3 þ Share HighEdui;t−3 þ HGFi;t−3

þ Expinteni;t−3 þ lnempi;t−3 þ Agei;t−3 (9)

The estimation method is the probit probability estimation with industry dummy controls.
Following Megaravalli and Sampagnaro (2019), probit is chosen as we aim for
characterization (binary dependent variable) and probabilistic outcome (likelihood to
become HGF). The sample is split into three parts to examine a firm becoming a high-growth
firm from 2005 to 2007, from 2008 to 2010 and from 2011 to 2013. The last column combines
these three ranges by using year dummies. The next chapter presents and discusses the
results. Thus, we can detect whether some firm characteristics support high growth better in
recessionary (financial crisis) periods or in recovery period than they do overall. This detail
might allow the best potential job creators to be identified for different circumstances, thus
helping policymakers to support the most efficient job creation.

5. Results and discussion
This section reports the results by using a maximum likelihood estimation with a natural
cumulative probability distribution function, as discussed in the previous chapter. The
following tables present the marginal effects. Tables 2 and 3 report the estimation of a Birch-
defined high-growth firm (HGF). Table 2 defines the top 5% highest-growing firms as Birch
high-growth firms, and Table 3 defines the top 10% highest-growing firms as Birch high-
growth firms [7].

Each table has four regressions divided by the period. Columns (1)–(3) consist of a three-
year measure of high growth. For example, HGF 0507, in Table 2, reports estimations for the
probability of a firm being a Birch-defined top 5% high-growth firm during 2005–2007. The
next regression is for high growth in 2008–2010, and the third is for high growth in the period
2011 to 2013. The last regression combines the measurement periods. Similarly, Table 3
reports the top 10% highest-growing firms based on the Birch index.

The tables report high-growth firms as the dependent variable, and the independent
variables consist of knowledge measures, as in equation 2. All independent variables are
lagged by three years from the year when the firm is evaluated for high growth. For example,
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column (1) has independent variables in 2005, and Birch high growth is evaluated based on
the three subsequent years 2005–2007.

Table 2 reports the marginal effects influencing the Birch measure-based membership of
the 5% highest-growing firms. We can easily see that having intangible capital [8] supports
the probability of high growth. The marginal effects from the logarithm of research and
development (RD) seem low, almost 0.001, but are statistically significant in all periods. The
coefficients for organizational capital assets (OC) and ICT assets (ICT) are larger in size and
statistically significant at the 1% level in all subsections and throughout the whole period of
observation, as seen in column (4). In line with the hypothesis on diversity, the Blau index is
positive and significant in almost all periods. It is significant at 5% level for all other periods
except the first one, 2005–2007. Yet, the share of highly educated employees (ShareHighEdu),
that is, human capital, has statistically significant relation to high growth in all other periods
than 2005–2007.

Further, older firms are less likely to become top 5% growth firms, yet the marginal effect
of size is small. However, the firm’s starting size as measured by the number of employees
(emp) has a positive relation to high growth in all sub-periods. Thus, the results do not
support Gibrat’s law: size seems to correlate with high growth. Furthermore, export intensity
(expinten) has no statistical significance, and age has a negative relation with the probability
of high growth. These findings are in line with those found in the literature review by
Henrekson and Johansson (2010). Further, a previous high growth (HGF5) status seems to
increase the likelihood of a firm being a high-growth firm three years after.

Table 3 reports the marginal effects for the first robustness check to the estimation. The
difference between Table 3 and Table 2 is that Table 3 captures the top 10%highest-growing

(1) (2) (3) (4)
Variables HGB 0507 HGB 0810 HGB 1113 HGB all years

log RD(1) 0.00093*** 0.00055** 0.00083*** 0.00078***
(0.00025) (0.00026) (0.00027) (0.00015)

log OC(1) 0.0033*** 0.0041*** 0.0035*** 0.0037***
(0.00034) (0.00035) (0.00036) (0.00020)

log ICT(1) 0.0027*** 0.0021*** 0.0028*** 0.0025***
(0.00031) (0.00033) (0.00032) (0.00019)

Blau(1) �0.00072 0.0043** 0.0043** 0.0024**
(0.0020) (0.0020) (0.0020) (0.0012)

ShareHighEdu(1) 0.020*** 0.026*** 0.021*** 0.022***
(0.0073) (0.0065) (0.0059) (0.0037)

HGF5(1) 0.038*** 0.037*** 0.037*** 0.038***
(0.0022) (0.0025) (0.0023) (0.0014)

expinten(1) 0.015* 0.00036 0.0025 0.0028**
(0.0086) (0.0026) (0.0026) (0.0014)

log emp(1) 0.012*** 0.0062*** 0.0092*** 0.0090***
(0.00094) (0.00095) (0.00093) (0.00054)

Age(1) �0.00049*** �0.00011** �0.00045*** �0.00032***
(0.00006) (0.000050) (0.000060) (0.000032)

Observations 72,188 71,279 71,991 215,514
Industry dummies yes yes yes
Industry and year dummies Yes

Note(s): Standard errors are in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1; (1)Lagged by 3 years. HGF stays
for Birch-defined high-growth firm. Years (such as 2005–2007) reflect the three-year period during which the
growth was evaluated. In case of column (1), a high-growth status is given in 2007 based on the growth
from 2005

Table 2.
Marginal effects on a

Birch-defined 5% HGF
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firms instead of the top 5% highest-growing ones. There are some interesting differences.
First, the research and development (RD) assets are statistically insignificant for the 2008–
2010, but other periods and the full period remain statistically significant. Organizational
capital (OC) assets and ICT assets keep their positive and significant relation to high growth.
The marginal effect of OC is almost double compared to Table 2. The relations between high
growth and the shares of highly educated employees (ShareHighEdu) stay close to the same
as those in Table 2, but again the marginal effects are some degree higher. Yet, diversity in
education, the Blau index, is significant only in 2008–2010 and 2011–2013, columns (2’) and
(3’). In Table 2, Blau was also significant for the whole period, column (4), but not in Table 3,
column (4’). The share of highly educated employees is statistically insignificant only in
2005–2007, columns (1) in Table 2 and (1’) in Table 3. Further, age, size (log emp) and HGF10
have the same patterns as those in Table 2. Yet, export intensity (expinten) was statistically
significant in 2005–2007, column (1’) in Table 3, while in Table 2 column (1) it was onlyweakly
statistically significant. Thus, before financial crises, the exports were important sales
channel for 10% highest-growing firms in Denmark – but not as important for 5% highest
growing.

Based on these two estimations, intangible capital assets relate positively to the firm’s
high growth, that is, estimations support hypothesis 1B. Further, we do find support for
hypothesis 1A: the relation of high growth and the share of highly educated employees are
significant in all other periods except before financial crises, 2005–2007. Yet, we obtain only
some support for hypothesis 2: different educational specializations should support high
growth. Estimations report a positive relation between educational diversity (measured with

(1’) (2’) (3’) (4’)

Variables
HGB HGB HGB

HGB all years2005–2007 2008–2010 2011–2013

log RD(1) 0.0020*** 0.000058 0.0018*** 0.0013***
(0.00035) (0.00037) (0.00037) (0.00021)

log OC(1) 0.0061*** 0.0069*** 0.0068*** 0.0067***
(0.00046) (0.00048) (0.00048) (0.00027)

log ICT(1) 0.0042*** 0.0030*** 0.0052*** 0.0040***
(0.00046) (0.00049) (0.00048) (0.00028)

Blau(1) �0.0036 0.0058** 0.0055** 0.0021
(0.0027) (0.0028) (0.0028) (0.0016)

ShareHighEdu(1) 0.051*** 0.049*** 0.042*** 0.047***
(0.010) (0.0092) (0.0084) (0.0053)

HGF10(1) 0.052*** 0.043*** 0.046*** 0.046***
(0.0028) (0.0031) (0.0029) (0.0017)

expinten(1) 0.039*** 0.0017 0.0083** 0.0061***
(0.012) (0.0042) (0.0042) (0.0022)

log emp(1) 0.018*** 0.0085*** 0.010*** 0.012***
(0.0013) (0.0014) (0.0013) (0.00078)

age(1) �0.00084*** �0.00017** �0.00086*** �0.00056***
(0.000084) (0.000072) (0.000085) (0.000046)

Observations 72,188 71,279 72,001 215,514
Industry dummies yes yes Yes
Industry and year dummies Yes

Note(s): Standard errors are in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1; (1)Denotes that variables are
lagged by 3 years. HGF stays for Birch-defined high-growth firm. Years (such as 2005–2007) reflect the three-
year period duringwhich the growthwas evaluated. In the case of column (1), the high-growth status is given at
2007 based on the growth from 2005

Table 3.
Marginal effects on a
Birch-defined
10% HGF

JIC
21,5

700



the Blau index) and high growth, but the relation is not statistically significant in all periods.
The positive relationship is positive only during financial crises period (2008–2011).

Finally, Table 4 reports an estimation with OLS for Birch 10% HGF and change in
logarithm of employees for robustness. All intangible capital coefficients are similar to those
in Table 3. Overall, in the probability estimation, there are only minor differences: there are
differences in statistical significance in export intensity, in 2008–2010 for the firm age, in
2005–2007 for share of highly educated employees and in columns (2*)–(4*) Blau index that is
significant and positive. Furthermore, we can see in column (5*) that Birch-defined HGFs
have similar coefficients as the change of employees.

As an additional robustness test, Table 5 reports high-growth estimation from 2002 for
potential financial crises effect in regressions (6) and (8). The extension of the panel was only
possible when leaving out the previous high growth (HGF5 and HGF10, used in previous
tables and in the other two regressions in Table 5), which also in part explains the differences
in the other coefficients. Regressions (5) and (6) report high growth with Birch-defined 10%
firms, while (7) and (8) report them for Birch-defined 5%. Samples in (5) and (7) are from 2005
due to control for previous high-growth status [9].

Table 5 demonstrates the robustness of intangible capital and share of highly educated
employees in high-growth prediction in Denmark. Diversity in education (Blau index) has
some prediction power in Birch 5% HGF, being only weakly statistically significant without
previous HGF-status control. Yet, in Birch 10%, the story is the opposite. Diversity is
significant without the previous HGF-status, and insignificant with the previous HGF-status.

Thus, some characteristics of firms have prediction power for the rare event of high
growth, as measured during three years with the size-neutral Birch index. The most
important explanatory factors for high growth are highly educated employees and OC assets.
The age of the firm has a negative coefficient. A possible, but depressing, conclusion could be
that as an organization ages, employees become too used to their roles and start to counteract
large changes in the organization. Testing this possible conclusion would require a closer
evaluation of employee mindsets in the firms, which is beyond the scope of this research.

6. Conclusion
This article has evaluated the gains from innovation capabilities to firms’ high growth,
measured using a size-neutral employee definition, namely, the Birch index. We find that
intangible and human capital supports the probability of high growth. Further, we find no
support for Gibrat’s law in the context of high growth measured by the Birch index. In this
sample of Danish firms, size relates positively to high growth.

Many global firms struggle to be more efficient than competitors located in low-price-level
countries. Thus, Denmark is an interesting example of an environmentwith a high-price level.
When a firm is located in a high-price-level country, such as the Nordic countries, its products
need to be either more innovative than the competing cheaper products are or produced more
efficiently with less inputs than are the competitors’ products [10]. The estimation results are
in line with the need of process and product innovations and with Goedhuys and Sleuwaegen
(2010, pp. 31, 47), who report that high-growth firms were characterized by product
innovation in Africa.

The results demonstrated also the significance of organizational capital, that is, marketing
and management capabilities to high growth. This is in line with Lee (2014) that reports
insufficient managements skills as a blocker for high growth. This research shows that
organizational capital supports the probability of high growth during all sub-periods from
recessionary (financial crisis) to recovery periods. Results are partly in line with Kang et al.
(2018) who found that R&D helped Korean manufacturers to achieve high growth. In
Denmark,RD capital (the intangible capital measure of R&D) supports the probability of high
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growth. An exception is the top 10% highest-growing firms during the financial crises, while
the effect of RD capital stays positive and significant for top 5% highest-growing firms.
However, in less turbulent times, RD capital is one of the significant predictors of high growth
and thus one of the important signals to investors. Yet, the other intangible capital types, OC
and ICT, and the share of highly educated employees have larger marginal effects than RD
capital.

Thus, we can conclude that innovation capabilities can support a firm’s high growth. The
significance of intangible capital and the share of highly educated employees demonstrate the
benefits of looking beyond R&D expenditures to multiple sources of innovation capabilities
as also suggested by Eklund (2019). One can interpret the results as innovativeness creating a
large number of new jobs in the economy, as high-growth firms do generate themost new jobs
(H€olzl, 2013; Schreyer, 2000). Future research could consider whether these high growth-
supporting competences also support firm survival during the financial crisis period.

Notes

1. Zhou and van der Zwan (2019) suggest that the management theory of too-much-of-a-good-thing
(Pierce and Aguinis, 2013) might fit to the post-high-growth firms.

2. Henrekson and Johansson (2010) call for more research on high-growth firms.

3. Due to H€olzl (2013) finding we expect a positive or insignificant relation in the estimation for
previous high-growth control. Zhou and van der Zwan (2019) used another definition of high
growth, which also means that different groups of HGFs are selected.

(5) (6) (7) (8)

Variables
HGB 10% HGB 10% HGB 5% HGB 5%
2005–2013 2002–2013 2005–2013 2002–2013

log RD(1) 0.0013*** 0.00055*** 0.00078*** 0.00039***
(0.00021) (0.00017) (0.00015) (0.00013)

log OC(1) 0.0067*** 0.0056*** 0.0037*** 0.0031***
(0.00027) (0.00021) (0.00020) (0.00016)

log ICT(1) 0.0040*** 0.0072*** 0.0025*** 0.0046***
(0.00028) (0.00025) (0.00019) (0.00017)

Blau(1) 0.0021 0.0034*** 0.0024** 0.0017*
(0.0016) (0.0013) (0.0012) (0.00097)

ShareHighEdu(1) 0.047*** 0.070*** 0.022*** 0.041***
(0.0053) (0.004) (0.0037) (0.0028)

expinten(1) 0.0061*** �0.00074 0.0028** �0.00014*
(0.0022) (0.000088) (0.0014) (0.000076)

log emp(1) 0.012*** 0.0033*** 0.0090*** 0.0055***
(0.00078) (0.00059) (0.00054) (0.00042)

age(1) �0.00056*** �0.0017*** �0.00032*** �0.00097***
(0.000046) (0.000045) (0.000032) (0.000034)

HGF5(1) 0.038***
(0.0014)

HGF10(1) 0.0463***
(0.0017)

Observations 215,514 395,767 215,514 395,767
Industry and year
dummies

yes yes yes yes

Note(s): Standard errors are in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1; (1) Denotes that variables are
lagged by 3 years. HGF stays for Birch-defined high-growth firm
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4. The depreciation rates are as follows: the OC rate is 20% in non-service and 25% in service
industries; the RD rate is 15%; and the ICT rate is 33%.

5. It is possible to use intangibles already from the first year of data, but then the yearly fluctuations
notably affect that year’s stock value. Thus, using years close to 1999 risk giving incorrect value of
intangible capital. We start using intangible capital variable in 2005 as the earlier high-growth
grouping would use values only two years after the construction of first year stock (2002–2004).

6. Firms without sales or employees are excluded from the analyses.

7. The goodness-of-fit tables are available on request.

8. The intangibles are calculated in Danish krona.

9. The previous high-growth status takes six years from the data as explanatory variables date back
to the time before high-growth measurement (3 years), and the status of previous high growth takes
an additional 3 years. Therefore, explanatory variables for 2005 date back to 2002. The status of
previous high growth, for analyses in 2005, dates back to 1999, that is, the first year of the data set.

10. A third option could be a brand that the customers are willing to pay extra for. Yet, we can place a
successful brand under the category of (marketing) innovation.
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Appendix
The tables below report the data in detail, separated by a high-growth measure.
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Carita Mirjami Eklund can be contacted at: ceklund@ps.au.dk

For instructions on how to order reprints of this article, please visit our website:
www.emeraldgrouppublishing.com/licensing/reprints.htm
Or contact us for further details: permissions@emeraldinsight.com

Mean Median SD N

Not HGF at 5%
RD(1)(2) 4.99 0.00 39.68 206,752
OC(1) (2) 2.14 0.10 8.92 206,752
ICT(1) (2) 0.31 0.00 1.83 206,752
Blau(1) (2) 0.70 1.00 0.40 206,752
ShareHighEdu(1) 0.04 0.00 0.13 206,752
HGF5(1) 0.05 0.00 0.21 206,752
HGF10(1) 0.10 0.00 0.30 206,752
expinten(1) 0.69 0.33 0.75 206,752
log emp(1) 21.69 8.00 77.18 206,752
age(1) 17.07 13.00 12.81 206,752

Yes HGF at 5%
RD(1) (2) 26.89 0.92 146.48 8,762
OC(1) (2) 9.88 1.58 28.55 8,762
ICT(1) (2) 1.26 0.00 3.62 8,762
Blau(1) 0.69 0.81 0.35 8,762
ShareHighEdu(1) 0.07 0.00 0.15 8,762
HGF5(1) 0.23 0.00 0.42 8,762
HGF10(1) 0.32 0.00 0.47 8,762
expinten(1) 0.78 0.38 0.87 8,762
log emp(1) 104.14 30.00 257.98 8,762
age(1) 17.36 11.00 16.22 8,762

No HGF at 10%
RD(1) (2) 4.74 0.00 38.35 197,497
OC(1) (2) 2.06 0.09 8.76 197,497
ICT(1) (2) 0.30 0.00 1.79 197,497
Blau(1) 0.705,947 1.00 0.40 197,497
ShareHighEdu(1) 0.04 0.00 0.12 197,497
HGF5(1) 0.04 0.00 0.21 197,497
HGF10(1) 0.10 0.00 0.29 197,497
expinten(1) 0.69 0.33 0.74 197,497
log emp(1) 21.12 8.00 77.61 197,497
age(1) 17.09 14.00 12.64 197,497

Yes HGF at 10%
RD(1) (2) 18.35 0.49 111.53 18,017
OC(1) (2) 6.77 0.90 21.82 18,017
ICT(1) (2) 0.94 0.00 3.12 18,017
Blau(1) 0.68 0.82 0.37 18,017
ShareHighEdu(1) 0.06 0.00 0.15 18,017
HGF5(1) 0.16 0.00 0.37 18,017
HGF10(1) 0.25 0.00 0.43 18,017
expinten(1) 0.76 0.35 0.83 18,017
log emp(1) 68.11 20.00 189.31 18,017
age(1) 16.96 11.00 16.03 18,017

Note(s): (1)Lagged by three years from HGR status, (2)value in thousands of Danish krona

Table A1.
Summary of high-
growth statistics
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