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Abstract

We use the new taxonomy for innovative firms developed by Capasso and Rybalka
(2022), microlevel data from the Community Innovation Survey (CIS2018) on a
sample of 6,360 Norwegian firms, and information on users of Covid-19-related
compensation schemes for firms with significant loss of turnover and furloughed
employees to analyse how resilient different innovative firms have been to the cri-
sis (in both the short and the long run). By using different probabilistic regression
models, we study the probability (controlling for industry, size and age) of firms
being affected negatively during the pandemic period as a whole and in different
sub-periods between March 2020 and February 2022. This period covers three
waves of societal restrictions in Norway due to the pandemic. Our main assump-
tion is that all firms were hit by a shock at an early stage due to a complete lock-
down of Norwegian society in March 2020, but that firms were more resilient if
they either did not use the compensation schemes or used them for a briefer pe-
riod than the less resilient firms. We find “active R&D doers” to be most resilient
(in both the short and the long run), while “strategic adapters” (firms with a main
strategy of producing high-quality products for a specific group of customers) are
found to be least resilient. These results imply that pre-existing innovation capa-

bilities are important for meeting the crisis.
Keywords: Crisis resilience; Business strategies; Firm heterogeneity; Innovation

survey.

JEL classification: 031; 032; 033.
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Introduction

Innovation and R&D investment are linked to superior growth for companies.
R&D, and in particular private-sector R&D, is a central part of productivity growth
in western economies (OECD Beyond the Hype, 2001; OECD Innovation and
Growth, 2007; OECD The future of Productivity, 2015). The private economic re-
turn on R&D investment has long proved to exceed that on ordinary capital (Hall
et al., 2010), and the conclusion has been recognised across various mainstream
economy theories - whether neoclassical, endogenous or evolutionary (Muldur et
al,, 2006). The empirical literature on innovation and productivity also concludes
that innovation leads to higher productivity in terms of higher revenue per em-
ployee performance (Mohnen and Hall, 2013). Hence, R&D and innovation play a
vital role in economic development and growth.

But what happens in times of crisis? Are the concepts of firm’s innovative capa-
bilities and crisis resilience related? On the one hand, we might expect firms with
high innovation capacity to be more resilient to crises. Given their innovative and
agile nature they might be expected to have quick strategic responses that typi-
cally imply adopting new technologies (Akpan et al. 2020) and innovative business
procedures (Morgan et al. 2020). Organisations with the ability to adapt to and
recover quickly from sudden events beyond their control, for example shocks like
the Covid-19 pandemic or the 2008 financial crisis, are almost by definition resili-
ent. On the other hand, economic turmoil and crisis change the environment that
companies navigate in, causing increased uncertainty and risk. A natural reaction
will be then to downscale production, lay off employees and cancel investments,
especially risky investments (Thorgren and Williams, 2020). There is uncertainty
associated with innovation activities, but the extent to which innovative firms ex-
pose themselves to uncertainty varies depending not only on the amount of re-
sources they spend on innovation, but also on their approach to innovation. Thus,
it is not self-evident which innovative firms are more likely to be resilient to such
crises.

For answering this question, we need to address some measurement issues
first. It may not be simple to capture innovative behaviour empirically merely by

applying the terms “product” and “process” innovation as defined in the Oslo
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manual for statistical purposes (OECD, 2018). Innovation activities may also in-
volve passive knowledge acquisition or adoption of new technology. Using factor
analysis and community innovation survey data covering the period 2016-2018,
Capasso and Rybalka (2022) identify 11 distinct (but not mutually exclusive) in-
novation patterns that were most common among Norwegian firms prior to the
Covid-19 pandemic. The 11 innovation patterns are based on R&D and innovation
inputs and outputs at firm level. This includes information on formal R&D activi-
ties, investment in R&D and innovation, funding for innovation activities, types of
innovation, innovation strategies, co-creation of innovation and with whom, use
of IPR and factors hampering decisions to start innovation activities (see Appendix
A for a description of the patterns). In this paper, we apply this new taxonomy and
study how firms with different approaches to innovation behaved during the pan-
demic, i.e. which of them were most and which were least resilient.

The pandemic and the subsequent lockdown in spring 2020 provide us with the
exogenous shock which allows us to conduct almost a real-time experiment. As an
indicator of how resilient different innovative firms have been to the Covid-19 crisis,
we use unique data that allow us to identify month by month firms with a pro-
nounced loss of turnover from March 2020 to February 2022.! During the crisis,
the Norwegian government launched different measures to help firms through the
turmoil of the pandemic. One of these measures was the Business Compensation
Scheme, which covered unavoidable operating costs in cases of pronounced loss
of turnover due to the pandemic. Another was the Salary Compensation Scheme,
which provided wage compensation to firms that kept employees at work instead
of laying them off (furloughing them), again, in the case of lost turnover due to the
pandemic. The firms that did not use the compensation schemes are assumed to
be more resilient to the crisis than the firms that used these schemes. Conversely,
those of the firms that used the compensation schemes longest are assumed to
have been least resilient to the crisis in the long run. By applying this assumption,
we determine which innovative firms suffered long-term negative effects from the
crisis as opposed to those that were affected in the beginning of the pandemic and
recovered in a short space of time. In addition, we use data on furloughing due to
Covid-19 that are available for March-August 2020 to analyse which firms fur-
loughed their employees in addition to suffering a pronounced loss of turnover,
and thus were hit especially hard by the lockdown.

The existing literature shows that a profound crisis, such as the Covid-19 pan-

demic, affects the environment in which firms navigate. A crisis may also change

1 The first infection control measures were implemented in Norway on 13 March 2020. After several
periods with either escalation or lightening of the infection control measures, the economy was com-
pletely re-opened from 12 February 2022. To identify firms with a pronounced loss of turnover, their
activity each month during the pandemic was compared to their activity in the corresponding month
before the pandemic started, i.e. in 2019.
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innovation patterns. For example, the financial crisis in the late 2000s changed the
landscape and identikit of innovators, from firms exploiting pre-existing capabili-
ties, engaging in formal R&D and being well established, to firms that were smaller,
younger, not dependent on pre-existing capabilities and which exploited new op-
portunities and new markets (Archibugi and Filippetti, 2012). On the other hand,
Archibugi and Filippetti (2012) argue that pre-existing capabilities, implying high
innovation intensity and previous introduction of several types of innovation, are
important factors enabling companies to be resilient and/or agile in terms of in-
novation activities in response to crises. The main research question of our explor-
atory analysis is to find out whether pre-existing innovative capabilities play a part
in making firms resilient to a crisis.

We use the new taxonomy of Capasso and Rybalka (2022), microlevel data from
Community Innovation Survey (CIS2018) on a sample of 6,360 Norwegian firms
and information on users of Covid-19-related compensation schemes for firms
with a significant loss of turnover and furloughed employees to analyse how resil-
ient different innovative firms have been to the crisis (in both the short and the
long run). By using different probabilistic regression models (probit, bivariate
probit and duration model), we study the probability of firms being affected neg-
atively by the crisis (causing them to use compensation schemes or furlough em-
ployees) in the period as a whole and in different sub-periods between March
2020 and February 2022 (a period covering three waves of societal restrictions in
Norway due to the pandemic).

We find “active R&D doers” to be most resilient to the crisis (in both the short
and the long run), while “strategic adapters” (firms with a main strategy of pro-
ducing high-quality products for specific groups of customers) are found to be
least resilient. These results indicate that firms with higher innovation capacity, in
terms of formal R&D activity on a regular basis and frequent collaboration on R&D
and innovation with others, were more resilient to the crisis, while the group ap-
pearing to be less resilient to the crisis clearly had a lower level of innovation ca-
pacity. In this respect our results are supporting anticipation of Archibugi and
Filippi (2012), who suggest that pre-existing capabilities are important factors en-
abling companies to be resilient in terms of innovation activities in response to
crises.

Our paper is structured as follows: Section 2 provides a conceptual frame based
on previous literature on heterogeneity with respect to economic crises, how in-
novative companies respond to crises and change their innovative behaviour. We
base our research questions on this evidence. In Section 3, we present the data and
the empirical strategy for the study. Section 4 presents the estimation results. Fi-

nally, Section 5 draws conclusions and discusses future research.
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Literature overview

A profound crisis fundamentally changes the environment in which companies
navigate. The exogenous shock to the economy affects both the demand and the
supply side, creating increased uncertainty for companies. The Covid-19 pandemic
led to a significant drop in economic activity and thus in demand. The IMF forecast
for 2020 was that the global economy would contract by 3 percent (IMF, 2020).
This is much worse than the 2008-09 financial crisis, also known as the Great Re-
cession, when the global economy was estimated to shrink by 0.1 percent in the
year 2009.

The nature of crises differs to some extent. The Great Recession hit the financial
side of the economy, which is important for risky projects such as innovation ac-
tivities. Providing financial resources is necessary to enable entrepreneurs to es-
tablish new companies and invest in innovative activities (Schumpeter, 1939; Pe-
rez, 2009). A lack of venture capital increases the cost of capital for smaller com-
panies, start-ups and companies in R&D-intensive industries (Hall and Lerner,
2010). A higher cost of capital often leads to a downturn in innovation activities.

The Great Lockdown caused by Covid-10 pandemic in turn affected the ability
of people to go to work. Innovation teams were not able to meet, human interac-
tion was hampered and reduced to Zoom, Skype or Teams meetings. The lockdown
also hit production and transportation, obviously affecting national and global
value chains. Production was halted due to lack of foreign inputs. When a shock
hits one link in a value chain the impact is transmitted and amplified through
global value chains (Juergensen et al., 2020; Simola, 2021).

Great Recession and Great Lockdown, - are profound economic crises that
caused major changes in industries and technologies, naturally increasing the level
of uncertainty for companies. The increased uncertainty affects the strategic deci-
sions and innovative behaviour of firms. During the Great Lockdown Thorgren and
Williams (2020) empirically studied how Swedish SMEs reacted to the recession
following the outbreak of Covid-19. They found how SMEs acted immediately by
deferring investment, reducing labour costs, reducing expenses, and negotiating
contracts and terms. Moreover, the data highlight how SMEs in an unfolding crisis

are reluctant to commit to any action that will increase their debt-to-equity ratio.
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Hermundsdottir et.al. (2022) show how Covid-19 negatively impacted a certain
kind of innovation, namely environmental innovation, and that the negative effects
of Covid-19 impact the most environmentally innovative or greener companies.

Archibugi and Filippetti (2012) find changes in innovative behaviour during the
Great Recession. Prior to the Recession, 38 percent of respondents increased their
innovation-related investment, while 42 percent maintained it at the same level.
During the crisis, however, only 9 percent increased their innovation-related in-
vestment and 57 percent maintained it at the same level. Thus, there was a signif-
icant downturn in overall innovation activity, but those 9 percent of the respond-
ents that actually continued to increase their innovation activities, saw opportuni-
ties in the crisis. This is in line with the literature that argues that crises represent
opportunities to gain market share and to enter new markets (Schumpeter, 1939;
Dosi, 1982, Antonelli, 2002; and Perez, 2010).

This in turn leads to the question of whether specific features of innovative
firms are more conducive to innovation during a crisis, thereby making them more
resilient to crises. What are the characteristics of companies that are more resili-
ent to crises? With basis in the work of Schumpeter (1934), (1942), further devel-
oped by Freeman et.al. (1982), Dosi (1982), Pavitt (1984) and Malerba and
Orsenigo (1995), Archibugi and Filippetti (2012) argue that there are differences
in the landscapes of innovative firms during crises and between crises. Between
crises the landscape is dominated by “creative accumulation”. Creative accumula-
tion is distinguished by large incumbents exploiting pre-existing capabilities and
accumulated knowledge. Formal R&D is important, and the innovation process is
dominated by incremental innovation. Markets have high entry barriers due to the
importance of accumulated knowledge, and technological advancement is based
on path-dependent and cumulative technological trajectories, also reflected in the
incremental innovation. During crises the landscapes change character: small
firms and new entrants are the drivers of innovation. There is a focus on path-
breaking innovations, and with low barriers to entry into new industries, there is
a high rate of entry and exits leading to a lower level of market concentration and
strong competition.

The results of Archibugi and Filippetti (2012), who empirically tested the above
hypothesis on data from the Innobarometer Survey (European Commission,
2009), are somewhat ambiguous regarding the hypothesis that in times of crisis
the innovative landscape is dominated by creative destruction and between crises
it is dominated by creative accumulation. On the one hand they find evidence for
creative destruction rather than creative accumulation during crises, implying
that new entrants and smaller companies that are driving path-breaking innova-
tion do better during recessions, while incumbents utilizing pre-existing capabili-

ties and high levels of path-dependency do better in times of more stable economic
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growth. On the other hand, they argue that pre-existing capabilities, implying high
innovation intensity and previous introduction of several types of innovation, are
important factors enabling companies to be resilient and/or agile in terms of in-
novation activities in response to crises.

To better support firms in times of crisis, policymakers need to understand
which companies suffer during crises. From the literature we find that crises can
be heterogeneous in nature, so that firms are affected unevenly. The individual
firm may also respond differently to crises: some reduce their exposure to risk by
cancelling activities and investment, whereas others exploit the uncertain times
by increasing their investment in innovations.

The heterogeneity with respect to how innovative companies respond to a cri-
sis does not seem to be captured by sectoral divisions, firm size or by distinguish-
ing between systematic and sporadic innovators. Moreover, innovativeness may
be not as easy to capture empirically by applying the terms “product” and “pro-
cess” innovation as defined in the Oslo manual for statistical purposes (OECD,
2018). Hence, more studies that consider variety in approaches to innovation are
needed.

Taking a step back and pursuing more broadly an understanding of the dynam-
ics of innovation leads to the conclusion that product-based classifications of sec-
tors, such as the NACE, are inadequate. This has led to attempts to develop new
taxonomies that better capture the heterogeneity of innovative companies; see
Pavitt (1984), Miozzo and Soete (2001), De Jong and Marsili (2006) and Leiponen
and Drejer (2007). Based on the work by Leiponen and Drejer (2007), Capasso and
Rybalka (2022) developed a more fine-grained taxonomy of Norwegian innovative
companies. By use of factor analysis they identify eleven “typical” approaches to
innovation, in terms of both innovation inputs and outputs and how innovation is
conducted. The results identify commonalities in innovation behaviour regardless
of sector and geographical location. The eleven different approaches to innovation
are presented in Appendix A.

The more fine-grained taxonomy of innovative Norwegian firms provides a
novel way of identifying and categorising typical approaches to innovation. It may
be further used to provide new insights into the characteristics of innovative Nor-
wegian firms that proved to be resilient to the crisis as well as those that were less

resilient.
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Data description and estimation
strategy

Data sources

To determine what types of innovative firms were most or least resilient to the
Covid-19 crisis, we use Norwegian microdata on the firms included in the 2018
Community Innovation Survey (CIS2018). CIS data are collected by Statistics Nor-
way and contain detailed information on firms’ innovation activities, including ex-
penditures, divided into intramural R&D, extramural R&D services and expendi-
tures on other aspects of innovation activities. They also contain information on
firms’ strategies, on whether a firm introduced a new product or a process inno-
vation?, whether it cooperated with other firms/institutions in its innovation ac-
tivities; and whether it applied for a patent and/or other IPR in the three-year pe-
riod prior to the survey (2016-2018 for CIS2018). The survey sample is selected
using a stratified method for firms with 5-49 employees, while all firms with 50
or more employees are included. The strata are based on industry classification
(NACE codes) and firm size. CIS2018 contains information on 6360 firms.

Based on questions from CIS2018, Capasso and Rybalka (2022) constructed a
set of indicators that covered various firm innovation activities and other relevant
activities in firms. They also used an exploratory factor analysis to investigate
which of the indicators are highly correlated, thereby reflecting a set of unob-
served/latent approaches to innovation (represented in the model by factors) by
Norwegian firms prior to the Covid-19 crisis. Appendix A presents the names and
main characteristics implied by the respective approaches to innovation. The
names were chosen to reflect the main features of each group.

As an indicator of how resilient different innovative firms were to the Covid-19
crisis, we apply data on the use of different compensation schemes by firms with

a pronounced loss of turnover. These schemes were available for Norwegian firms

2 The definitions of these types of innovation comply with the recommendations of
the Oslo manual (OECD, 2018).
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from March 2020 to February 2022.3 A short description of the schemes is pre-
sented in Table 3.1, and information on the recipients is available through open-
source data® In addition, we use personal data on the recipients of salary compen-
sation for furloughed employees. These data were accumulated at firm level by the
Norwegian Labour and Welfare Administration (NAV) and are available through
Statistics Norway’s database on public support for businesses. We used these data
to identify firms that responded to the lockdown in March 2020 with immediate
downsizing.

Finally, we use information on fulfilled education for firm employees from the
National Education Database to account for the availability of skilled labour in
firms. This register includes individual-based statistics, which have been aggre-
gated at firm level through the linked employer-employee register data.

Table 3.1 Description of Covid-19-related compensation schemes for businesses in
Norway used in the analysis

Name (original name in Description Responsible Available in the pe-
parentheses) agency riod
Business compensation Applied to enterprises with a significant loss of The Norwegian March 2020 -
scheme (Kompensasjons- | turnover, i.e. 30 per cent loss or higher per month Tax Administra- February 2022
ordningen for neeringsli- compared to the same month in 2019, due to the tion/
vet) Covid-19 situation (20 per cent in March 2020) The Brgnngysund
Compensation up to 50-70 per cent of unavoidable | Register Centre
costs (80-90 per cent as of March-April 2020) (the latter from
January 2021)
Salary compensation Applied to enterprises with a pronounced loss of The Norwegian 3 periods:
scheme turnover. i.e. 20 per cent loss or more per month Tax Administra-
(Lgnnsstgtteordningen) compared to the same month in 2019, due to the tion July 2020 -
Covid-19 situation December 2020
At least 40 (50) per cent of turnover is obtained by
establishments that are affected (in)directly by March 2021 -
infection control measures5 August 2021
Covers up to 80 % of wage costs (or NOK 30 000
per month per person) for permanent employees December 2021 -
to keep them active at work instead of being fur- February 2022
loughed6
Salary compensation for Applied to employees who were furloughed due to | Norwegian La- March 2020 -
furloughed employees the Covid-19 situation bour and Welfare | August 2020

(Lgnnskompensasjon til
permitterte)

Compensation for wages for the first 20 days of
being furloughed

First 2 days are paid by the firm, 18 days are paid
by NAV

Administration
(NAV)

3 The first infection control measures were introduced in Norway on 13 March 2020. After several
periods of either escalation or relaxation of the infection control measures, the economy was com-
pletely re-opened on 12 February 2022. Application and processing procedures were active from 22
April 2020 to 10 May 2022.

4 These data can be found either through the government website ‘regjeringen.no’ or through the web-
sites of the responsible agencies.

5 The government developed a detailed list with definitions and examples of what could be treated as
direct and indirect effects of the pandemic. All these descriptions are available in Norwegian on the
government website www.regjeringen.no, but it is beyond the scope of this paper to go into these
details.

6 The highest amount of support was given in cases of 100% loss of turnover, overwise the following
formula was used to calculate the amount of support per employee: [3 000 + (30 000 - 3 000) * (turn-
over loss - 20%)/ (100%-20%)].
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Formulation of assumptions and construction of final sample

The compensation schemes presented in Table 3.1 were intended to help firms
that were negatively affected by government infection control measures. Hence,
our first key assumption is that firms that used these schemes were less resilient
to the crisis than firms that did not use them (given that they were still active in
February 2022)7:

Assumption 1 (A1): Firms that used Covid-19-related compensation schemes
during the pandemic were less resilient to the Covid-19 crisis than firms that did

not use them.

We also treat implementation of infection control measures on 13 March 2020 as
a shock and assume that firms had been equally impacted by these measures im-
mediately after their implementation. However, with time some firms were able
to adapt their products, services and activities to the new conditions and hence
benefited in terms of increased turnover. These firms were then expected to stop
using (exit from) the compensation schemes quickly. Our next key assumption is

the following:

Assumption 2 (A2): Firms that started to use Covid-19-related compensation
schemes but exited quickly (had a shorter duration in the schemes) were more
resilient to the crisis than firms that used the schemes throughout the period (had

a longer duration in the schemes).

From previous analyses we know that some industries such as the travel industry,
retail trade and other personal services (including hairdressers, skin care salons,
etc.) were hit especially hard.® In the next chapter we control for the industry and
other firm characteristics (i.e. firm size, age and location) to study how different
innovative firms were affected by the crisis. We also know from previous research
that the availability of skilled labour in a firm has a positive impact on firm perfor-
mance in terms of both innovative output and productivity (e.g. see Rybalka,

2015). We then assume that labour heterogeneity could also influence a firm'’s

70f 6360 firms covered by CIS2018, 13 were registered as bankruptin 2019, and 115 were registered
as bankrupt in 2020-2021. It usually takes up to 2 years from the start of bankruptcy proceedings to
being registered as bankrupt in the Register of Business Enterprises. Therefore, most of these pro-
cesses were started before the Covid-19 crisis and so were not caused by the pandemic. Moreover, it
was made temporarily impossible by government regulation to start bankruptcy proceedings during
2020. As a result, the statistics show a lower number of bankruptcies in 2020 than before the pan-
demic.

8 See for example Rybalka (2020, Norwegian text), which describes the distribution of users of the
Business Compensation Scheme by the main industry groups in the first months of the pandemic,
March-May 2020, in Norway.
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resilience to the crisis and control for it including in the model the share of high-
skilled employees in the firm. This share is defined as the number of man-hours
worked by employees with upper secondary education (which includes vocational
training) divided by the total number of man-hours in the firm.

After excluding 128 firms registered as bankruptin 2019-2021 (see footnote 3)
and 124 that were liquidated through mergers before March 2020, we are left with
6108 firms for further analysis. Table 3.2 presents descriptive statistics for the
size, age and turnover in 2018 of the firms in the final sample. As mentioned ear-
lier, all firms with 50 or more employees are included in the Community Innova-
tion Survey. At the same time, about 60 per cent of firms in our sample are small
firms with less than 50 employees, and about 15 per cent are micro firms with 5-
9 employees. Thus, our sample is representative of both small and large firms in
terms of both employee numbers and turnover (the median turnover is about NOK
6 million or EUR 600 thousand). Itis also representative of different industries and
regions.? As regards age, most of the firms in the sample are well-established, with
a median age of 20 years since their establishment. Approximately 10 per cent of
the firms in the sample were young in 2018 (i.e. 2-5 years old). The firms in the
sample are also skills-intensive firms (both the median and the average share of
high-skilled employees is about 70 per cent in terms of man-hours). In approxi-
mately 20 per cent of the firms in the sample, less than half of the man-hours

worked are skilled man-hours.

Table 3.2 Description of size, age and share of skilled employees in firms in the final
sample

. . Obs Mean Std.dev. Min Median Max
Firm characteristic
6108 98 383 5 32 17 998
Number of employees
Turnover (millions of NOK) 6108 496 5595 0 6 412000
Fi . 6108 22 16 2 20 177
irm age (in years)
Share of high-skilled em- 6108 0.70 0.22 0 0.73 1

ployees

Periodicity and duration of use of compensation schemes by
Norwegian firms

Figure 3.1 shows the number of firms, in total and represented in CIS 2018, that
used compensation schemes between March 2020 and February 2022. Panel (a)
shows users of the Business Compensation Scheme, while panel (b) shows firms
that were users of the Salary Compensation Scheme. The whole period is divided

into sub-periods of two months (due to availability of data for some of the sub-

9 The survey sample is selected using a stratified method for firms with 5-49 employees (larger firms
are full covered), where strata are based on industry classification (NACE codes) and firm size. Hence,
data are representative for industries and firm size by construction. Sample distribution figures by
industry group and region can be provided upon request.
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periods at this level) with one exception. The last two sub-periods cover three
months, to separate the relatively few users in the autumn of 2021 from the last
wave of the pandemic, and hence strict infection control measures and more users,
from December 2021 to the re-opening of society in February 2022.

From Figure 3.1 we see that users of the Business Compensation Scheme are
well represented by firms in CIS2018, i.e. the number of users covered by CIS2018
follows the same development over time as the total number of users.1® Many
firms had to stop or adjust their activities due to infection control measures, and
hence experienced significant loss of turnover compared to the normal situation.

The users of the Salary Compensation Scheme, which made it possible to keep
employees at work even when a firm’s activities in terms of turnover were mark-
edly reduced, are also well represented by firms covered by CIS2018 (see panel
(b) of Figure 1). Note that these compensation schemes were used most inten-
sively at the start and during sub-periods with escalation of infection control
measures (i.e. late autumn 2020-start of 2021, spring 2021 and turn of the year
2021-2022).

The data on furloughed employees are treated separately in our analysis
from two other compensation schemes due both to the limited time availability
of this scheme (i.e., it was available from March to August 2020) and to the
different sets of requirements that applied. While the Business Compensation
Scheme and the Salary Compensation Scheme for firms both had a require-
ment of significant loss of turnover (the main indicator in our analysis of resil-
ience), the latter scheme is related to the temporary downsizing of the firm in
terms of employees. In total, 54 191 firms furloughed more than 400 thousand
employees due to Covid-19related restrictions during in March-April 2020,
with most furloughing registered in March 2020 (see Figure 3-5 in Holden et
al. 2020, in Norwegian). In the next sub-periods the number of firms with fur-
loughed employees was markedly reduced, to 7 589 firms in May-June 2020
and 3 407 firms in July-August 2020. Of the firms covered by innovation sur-
vey, 2 805 used this scheme in March-April 2020, 755 in May-June 2020 and
501 in July-August 2020. We use data on furloughed employees only for the
probabilistic analysis of short-run resilience, while data from the Business
Compensation and Salary Compensation schemes are used to analyse long-run
resilience.

10 Only the first sub-period in the analysis (i.e. March-April 2020) is an exception from this pattern,
when relatively less firms covered by CIS2018 used the scheme compared to the total number of us-
ers.
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(a) Firms with compensation for unavoidable costs
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Figure 3.1. Number of firms that used Covid-19-related compensation by type of
compensation scheme (in total and represented in CIS2018). March 2020 - February
2022

Table 3.3 reports numbers of users of compensation schemes by the sub-period of
their first observed use. It demonstrates that most of the firms started to use com-
pensation schemes immediately after the implementation of infection control
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measures (i.e. 1080 of 1410 firms received their first compensation for reduced

activity in terms of significant loss of turnover in March-April 2020). Table 3.3 also

reports user numbers by the last observed sub-period of compensation use for

each user generation. This table provides an overview of variation in the duration

of compensation use.

Table 3.3 Descriptive statistics for firms’ first and last use of compensation schemes

Sub-period of first

Sub-period of last observed use of schemes

Use of schemes Total 1 2 3 4 5 6 7 8 9 10 11
1. march-apr 2020 1080 268 175 119 25 53 95 68 40 27 8 202
2. may-june 2020 90 33 23 8 8 7 2 2 2 1 4
3. july-aug 2020 82 48 5 8 5 1 3 2 1 9
4. sep-oct 2020 66 13 25 13 2 5 3 2 3
5. nov-dec 2020 29 16 4 2 3 0 2 2
6. jan-feb 2021 31 22 3 0 2 3 1
7. march-apr 2021 12 5 1 3 0 3
8. may-june 2021 1 0 1 0 0
9. july-aug 2021 1 1 0 0

10. sep-nov 2021 5 3 2

11. dec 2021-feb2022 13 13

Total 1410 268 208 190 51 110 146 83 54 41 20 239

Figure 3.2 shows that 30 per cent of users received compensation for a marked
loss of turnover during only one sub-period, while 17 per cent used compensation
schemes in two sub-periods and 11 per cent in three. At the other extreme we ob-
serve that about 14 per cent of users used compensation schemes throughout the
whole pandemic period.
32%
28%
24%
20%
16%
12%
8%
N I I
[ i .
1 2 3 4 5 6 7 8 9 10

Number of sub-periods

Figure 3.2. Share of users of Covid-19-related compensation by duration of use
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Further, we will explore whether there is any relationship between various ap-
proaches to innovation among Norwegian firms (as developed by Capasso and
Rybalka, 2022) and firm resilience to the Covid-19 crisis indicated by no or short

use of Covid-19-related compensation schemes.
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Empirical model and estimation
results for resilience

Let us now consider a model for resilience. Let RES™ be a latent variable that
measures the extent of a firm’s resilience to the crisis. The lower the value of RES”,
the higher the firm'’s probability of being affected negatively by the pandemic in
the form of losing turnover and/or downsizing. We assume that a firm'’s resilience

to the crisis depends among other characteristics on their innovativeness:

RES. = INNO o+ Bh+ Xy +7, , (i=1, .., 6108)
* (1)

where INNO! is a latent variable that measures the extent of a firm’s creativ-
ity /research activity and is represented by a vector of factor scores for different
approaches to innovation estimated by Capasso and Rybalka (2022), while 7, is
the share of employees with upper secondary education and X, is a vector of other
observed firm characteristics (i.e. firm size, age, industry, location and a constant
term), «, # and y are vectors of interest, and 77, is an error term.

As a measure of RESI.* we first use an indicator of whether a firm used compen-
sation schemes related to the marked loss of turnover due to the pandemic in the
given sub-period or not, i.e. a dummy variable that is equal to 1 in the case of use
and 0 in the case of non-use of compensation schemes in the given sub-period. This
model is then estimated for the whole observation period and for each sub-period
separately.’? The estimation results for different approaches to innovation, by
sub-period, are presented in Table 4.

From Table 4 we see that the strongest negative association with marked loss
of turnover (indicated by use of compensation schemes), and hence with highest
resilience to the crisis, is displayed by “active R&D doers”. The firms associated
with this approach to innovation had the lowest probability of using compensation

schemes both at the start of the pandemic and through the whole observation

11 Note that we do not have time series for firms’ characteristics at a detailed level such as month to
month. These characteristics are fixed at the pre-crisis level as provided by CIS2018. However, varia-
tion over time in the use of the compensation schemes allows us to estimate the extent of resilience
of a given firm at different stages of the pandemic.
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period. Other approaches to innovation strongly associated with more resilient
firms are used by “innovation suppliers” and “knowledge absorbers”. Having a
higher share of skilled employees also implies a lower probability of a marked loss
of turnover during the pandemic, and hence higher resilience to the crisis.

The strongest positive association with a marked loss of turnover (indicated by
the use of compensation schemes) throughout the observational period is demon-
strated by “strategic adapters”, i.e. firms whose main strategy is to produce high-
quality specialised products. “Customer-oriented service suppliers”, “hard-trying
innovators” and “early technology adopters” are also strongly associated with
marked loss of turnover both at the start of pandemic and in some sub-periods.
While “radical innovators” demonstrate a higher probability of marked loss of
turnover (indicated by the use of compensation schemes) in the later sub-periods,
“process developers”, “innovation promisers” and “individual standard service
suppliers” do not show any particular pattern with respect to the use of compen-

sation schemes.
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To illustrate the relationship between different approaches to innovation and firm
resilience to the crisis, we calculate an average predicted probability of firms using
compensation schemes for each sub-period among the 10 per cent of firms with
the highest scores for the respective approaches to innovation. This relationship
is presented in Figure 4.1. We see from Figure 4.1 that the average predicted prob-
ability of using Covid-19-related compensation has an expected shape, increasing
in periods with stricter infection control measures and decreasing when they are
relaxed. While “active R&D doers” had the lowest predicted probability of com-
pensation use throughout the period, “strategic adapters” had the highest pre-
dicted probability. Moreover, firms that scored high for being “strategic adapters”
had the highest volatility for probability of compensation use, implying that firms
of this type were probably restricted in adapting their products and services or
finding new customer groups through the period, and hence had a marked loss of
turnover more frequently.'?

Active R&D doers

Process developers
Innovation suppliers

Strategic adapters

Custormer-oriented service suppliers
Hard-trying innovators

1.
2.
3.
4.
5. Radical innovators
6.
7.
8. Knowledge absorbers
9.

Innovation promisers
e 1 0. Individual standard services suppliers
e ] 1. Early technology adopters

- == == Average predicted probability

Figure 4.1. Average predicted probabilities* of use of Covid-19-related compensa-
tion by sub-period and approach to innovation. March 2020 — February 2022

Note: Averages are calculated for the 10 per cent of firms with highest scores for their respective ap-
proaches to innovation.

12 The predicted level of compensation use during the third wave of the pandemic by this group was almost
the same as during the second wave.
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We also use an indicator for whether firms furloughed their employees due to
pandemic or not as well as suffering a marked loss of turnover, to check which
innovative firms were impacted especially severely by the lockdown of the econ-
omy in March 2020. The support scheme for furloughed employees was available
from March to August 2020 (see Table 1 for a description of the scheme) and the
additional analysis is conducted only for this period. The model (1) is then esti-
mated as a bivariate probit model where the latent variable RES l.* is represented
by a system of two equations for two binary indicators, one for using the compen-
sation schemes related to the marked loss of turnover and the other for furlough-
ing employees due to the pandemic in the given sub-period. The results are pre-
sented in Table 4.2.

The results in Table 4.2 support the finding that “active R&D doers” were most
resilient to the Covid-19 crisis in the short run, i.e. firms that applied this approach
to innovation had the lowest probability of both using compensation for loss of
turnover and furloughing employees. This finding applies to all three sub-periods
from March to August 2020. Having a higher share of skilled employees also im-
plies greater resilience to the crisis in terms of both turnover and furloughing. At
the same time, “innovation suppliers” and “knowledge absorbers” that were more
resilient in terms of turnover, do not display any significant pattern with respect
to furloughing.

On the contrary, “strategic adapters”, “customer-oriented service suppliers”
and “hard- trying innovators” had the strongest positive association with both
marked loss of turnover and furloughing, especially just after the economic lock-
down (i.e. in March-April 2020). While “early technology adopters” have a
stronger association with marked loss of turnover, “individual standard service
suppliers” prove to be less resilient in terms of furloughing. However, both results
apply only to the first sub-period just after lockdown and do not hold true in the
later sub-periods.

We also conduct an analysis of the duration of use of compensation to check
whether the pattern we have observed for “strategic adapters” holds through the
period and whether other types of innovative firms were affected by the pandemic

more frequently and hence proved to be less resilient in the long-run.
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Estimation results for duration of
compensation use

While previous models give an indication on what types of innovative firms were
more (less) resilient to the Covid-19 crisis in the short-run and in general, we also
want to investigate what types of firms suffered a long-term negative impact of
pandemic. For this purpose, we first apply probit model (1), but with dependent
variable RES" associated with an indicator for the number of sub-periods for which
a firm used compensation schemes (see assumption 2). This model is applied con-
ditionally to the use of compensation schemes and is estimated for i=1, ..., 1410
(the number of firms in our sample that used Covid-19-related compensation
schemes during the period March 2020-February 2022). We then apply a duration
model?3 to estimate a firm’s probability of exiting from the compensation schemes
in the given sub-period (conditional on the use of compensation until this sub-pe-
riod) versus using compensation schemes until the end of pandemic, i.e. until the
last wave of the pandemic in December 2021-February 2022. The estimation re-
sults for duration of compensation use for the different approaches to innovation
are presented in Table 5.1.

From the estimation results by probit models with duration as a dependent var-
iable grouped as 1, 2-3,4-10 or 11 sub-periods4, we see that the strongest positive
association with the shortest use of compensation schemes is demonstrated by
“individual standard service suppliers” (i.e. firms applying this approach to inno-
vation had a high probability of exiting from compensation schemes after only the
first period of use). These firms, with individuals and households as their main

customer groups, main market in Norway and main strategy of “introducing new

13 It is a statistical model that estimates the amount of time it takes for a certain event to occur. Dura-
tion models are commonly used in economics to study e.g. state dependence in unemployment and
hence the duration of receipt of welfare benefits. They are also used in fields such as finance to fore-
cast the length of time it will take to pay off a loan, in engineering to forecast the length of time it will
take to complete a project, and in health research to study survival rates for different medical treat-
ments (also then called ‘survival analysis’).

14 The reason for such a grouping is too few observations of exits in some of the sub-periods (see Table
3.3). At the same time, we want to focus on the case of early exits, i.e. after first use and after 2-3 sub-
periods, and on the “never” exits, i.e. firms that used the compensation scheme through the whole
observation period.
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goods and services”, seem to have adapted their products very quickly to the new

conditions of the pandemic, and so reduced their loss of turnover quickly.

Tabell 5.1 Estimation results for different models of duration of compensation use.
March 2020 - February 2022

(1) Probit models by duration of compensation use (2) Duration model

1 sub- 2-3 sub- 4-10 sub- 11 sub-peri-  Hazard func- Hazard
Approaches to innovation period periods periods ods tion for exit ratios
1. Active R&D doers 0.056 0.19 -0.187 -0.025 0.125 1.133
2. Process developers 0.078 -0.185* 0.013 0.316** -0.151* 0.860*
3. Innovation suppliers -0.071 0.109 -0.083 -0.1 0.119 1.126
4. Strategic adapters -0.01 -0.182 -0.06 0.546%** -0.234** 0.791%**
5. Radical innovators -0.151 0.069 0.128 -0.071 -0.043 0.958
6. Customer-oriented service suppl. -0.107 0.027 -0.018 0.183 -0.057 0.945
7. Hard-trying innovators -0.002 -0.01 -0.009 0.199 -0.073 0.930
8. Knowledge absorbers -0.164 0.135 -0.068 0.283* -0.114 0.892
9. Innovation promisers 0.183 -0.005 -0.115 0.106 0.021 1.021
10. Individual standard service suppl. 0.234%* -0.116 -0.052 -0.192 0.11 1.116
11. Early technology adopters 0.042 -0.108 -0.059 0.295* -0.06 0.942
Share of skilled employees -0.358* 0.023 0.287 -0.048
Number of observations 1392 1392 1392 1203 1410
Log likelihood -742.7 -762.3 -798.3 -379.9 -1550.2
Pseudo R2 0.117 0.076 0.037 0.302 -

Notes: All regressions include a constant, dummies for firm size, age, industry and location and are estimated (1) as separate
probit models and (2) as an exponential survival model in Stata.

Dependent variables: (1) binary indicator for use of Covid-19-related compensation schemes during the respective number of
sub-periods, i.e. 1, 2-3, 4-9 or 10-11 sub-periods; (2) duration of compensation use in number of sub-periods being equal from
1to11.

#4% 0,01, ** p<0.05, * p<0.1

At the other extreme, we observe that the longest use of compensation schemes,
and hence the lowest long-term resilience to the crisis, is again demonstrated by
“strategic adapters”. Other approaches to innovation that are more strongly asso-
ciated with less resilient firms in the long run are “process developers”. In general,
firms with a high score for being “process developers” were not significantly more
or less resilient than an average firm (see results in Table 4.1), but among users of
compensation this group of firms seems to be more state dependent than others.
These results are robust to the choice of estimation model and are confirmed by
the results from the duration model (2) (see last two columns in Table 5.1), where
the coefficient in the hazard function for exit from compensation use before the
end of the pandemic is negative for both “strategic adapters” and “process devel-
opers”, implying significantly lower hazard ratios and hence a higher rate of “sur-
vival” in the compensation schemes.

Figure 5.1 shows the average predicted exit rates from the duration model by
duration of compensation use for all users and by user cohort for the first four
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cohorts.15 We see that the average predicted exit rate has a negative trend, i.e. the
longer the duration of the compensation use, the lower the exit rate is. This finding
is in line with established literature on the state dependence, for example, in the
receipt of benefits by some types of individuals the longer they remain unem-
ployed (Heckman and Borjas, 1980).

To illustrate the relationship between different approaches to innovation and
firms’ duration of compensation use, we calculate the average predicted exit rates
for the 10 per cent of firms with the highest scores for their respective approaches
to innovation. These average predicted exit rates are then used to construct “sur-
vival in the compensation schemes” estimates for each of the types of innovative
firms. Figure 5.2 demonstrates “survival” estimates based on the parametric dura-
tion model, with results presented in Table 4.2. We also compare them to the
Kaplan-Meier “survival” estimates from the non-parametric model presented in
Appendix B. We see from both figures that “strategic adapters” and “process de-
velopers” stayed longer in the compensation schemes (more of them “survived in
the compensation schemes” until the end of the period), while “active R&D doers”
and “knowledge absorbers” exited faster from the compensation schemes.

All in all, our results confirm that firms responded differently to the crises de-
pending on their approaches to innovation prior to the crisis (after controlling for

other firm's characteristics). The next chapter presents a summary of our findings.

0.5
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03 \ \-/’ \\
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- LY
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Cohort4: sep-oct 2020
- e == Average exit-rate
0.0
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Duration of compensation use

Figure 5.1. Average predicted exit rates from compensation schemes by duration
and user cohort. March 2020 - February 2022.

15 Due to few observations and hence the high volatility of the results for other cohorts, these are not
represented in the figure.
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Figure 5.2. "Survival" in the compensation schemes by approach to innovation and
duration. March 2020 - February 2022*

* Based on the average predicted exit rates among the 10 per cent of firms with the highest scores for
their respective approaches to innovation.
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Conclusions

This paper sheds light on which innovative Norwegian companies were most re-
silient to the economic crisis due to the Covid-19 pandemic. All Norwegian firms
experienced a shock due to the overnight lockdown of Norwegian society in March
2020. There was great uncertainty as to how long the lockdown would last and
whether it would be gradually relaxed. Using information on the use of different
compensation schemes introduced by the Norwegian government, we test which
firms were most resilient to this shock. Our main assumption is that only the most
resilient firms neither used the compensation schemes related to loss of turnover
or furloughed their employees. Further, we assume that in the long run, the more
resilient user firms used the schemes for a shorter time than the less resilient.

The literature shows that a profound crisis, such as the Covid-19 pandemic, af-
fects the environment in which firms navigate. A crisis may also cause a change in
innovation patterns. For example, the financial crisis in the late 2000s changed the
landscape and identikit of innovators from exploiting pre-existing capabilities, en-
gaging in formal R&D and being well established, to being smaller, younger, not
dependent on pre-existing capabilities and exploiting new opportunities and new
markets (Archibugi and Filippetti, 2012). Our main hypothesis is that pre-existing
innovative capabilities do contribute to resilience to a crisis.

Our findings show that all firms were indeed affected by the initial shock. But
we also find differences as to which firms experienced a marked loss of turnover
and furloughing (and therefor used the compensation schemes) and the duration
of using the compensation with respect to their approach to innovation prior to
the crisis. The main characteristic of the most resilient firms, i.e. those with the
lowest probability of using compensation schemes, both at the beginning of and
throughout the whole period of pandemic, is that they are “active R&D doers”.
These are firms with innovation activities based on formal R&D activities, they of-
ten collaborate on R&D and innovation, they are no strangers to public measures
supporting R&D and innovation activities, their main market tends to be outside
Norway and novelty level of their innovation is also high (i.e. they introduce new
products that are new to the marked outside Norway). This result is in line with

previous empirical research that concludes that firms with regular R&D and

32 e Working Paper 2023:5



innovation investment (measured as a high share of turnover) and collaboration
with others are more likely to have the innovative capacity to adapt fairly quickly
to the new reality (Archibugi and Filippetti, 2012).

Our results also indicate that “innovative suppliers” and “knowledge absorbers”
used the compensation schemes to a lesser extent, and hence were more resilient
to the crisis. “Innovative suppliers” are active users of intellectual property rights
with a national or international market. “Knowledge absorbers”, on the other
hand, have no formal R&D expenditure, and their main customer group is often
public sector organisations, which is a possible explanation for why this non-R&D
group was more resilient to the crisis than other innovative firms, at least by our
measures.

Conversely, our results show that firms that are “strategic adapters” are least
resilient firms, i.e. those with the highest probability of using compensation
schemes, both at an early stage, and throughout. They also had a greater tendency
to furlough their employees as a short-term response to the lockdown in March
2020. According to the taxonomy used here, “strategic adapters” are firms that fo-
cus on high-quality products, improving existing products and trying to satisfy es-
tablished customer groups. In other words, these firms focus on very incremental
innovation. Notably, there is a lack of R&D and innovation activities in this parti-
cular group. The description indicates a lower level of innovation capacity and a
lack of ability to adjust to new demands from the market. Moreover, the focus on
more high-end products to an established group of customers seems to be a risky
strategy in times of crisis when customers are less concerned with high quality
and possibly quite expensive products.

Another group attempting to customise their products to their clients is the
“customer-oriented service suppliers”. They are shown to be less resilient to the
crisis in the short run, and particular exposed in the early stages of the pandemic.
Results for later sub-periods indicate that this group was neither more nor less
resilient than an average firm. The last group of firms that is shown to be less re-
silient to the crisis is the “hard-trying innovators”. These firms tried to be innova-
tive before the crisis, but they find the innovation process difficult and score high
on all type of factors that hamper innovation. Not surprisingly, these firms also
struggled during the crisis.

To sum up, our results indicate that firms with higher innovation capacity, in
terms of formal R&D activity on a regular basis and frequent collaboration on R&D
and innovation with others, were more resilient to the crisis. Conversely, the group
appearing to be least resilient to the crisis, the “strategic adapters”, clearly has a
lower level of innovation capacity. In this respect our results are supporting antic-

ipation of Archibugi and Filippi (2012), who suggest that pre-existing capabilities
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are important factors enabling companies to be resilient in terms of innovation
activities in response to crises.

Our results provide valuable insights for policymakers. R&D and innovation
support schemes are often evaluated according to their ability to provide premium
rents in the form of “higher than expected” growth, in terms of either value added
or employment. But these schemes also play a significant role in supporting R&D
and innovation activities that build capacity. Capacity-building is not easy to meas-
ure but becomes evident in times of crisis. Our results indicate that “active R&D-
doers”, who receive extensive public support for their R&D and innovation activi-
ties, were most resilient to the crisis indicating that public support contributed to
building capacity in these firms.

The Covid-19 pandemic caused a major exogenous shock, and though it obvi-
ously caused a lot of despair, it also provided a unique opportunity to conduct new
research. In this paper we have used unique data covering firms’ activities up to
February 2022, exploring their variation in approaches to innovation prior to the
crisis. Further research on this topic should use newer CIS surveys to examine
whether innovation patterns themselves have been affected by the crisis. For in-
stance, to what extent have R&D and innovation investment been affected by the
crisis for the different groups according to our taxonomy? And what firms have
been most agile, increasing their R&D and innovation investment during the crisis?
These are two examples of further research that will provide a better understand-
ing of how the concepts agility, resilience and firms’ innovative capabilities are re-
lated.
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Appendix

Appendix A: Approaches to innovation based on CIS2018 for Norwegian

firms16

Name

Main characteristics

1. Active R&D

doers

Practise formal R&D activities on a regular basis (both intramural and extramural)
Cooperate often with others

Receive mainly public support for R&D and innovation

Main market: outside Norway

2. Process de-

velopers

High score on all types of process innovation

Main strategy: improve existing goods or services

Cooperate within own group on the local/regional level

Innovation expenditures go mainly to machinery, equipment and software based on new technol-

ogy

3. Innovation

suppliers

Use actively different types of IPR

Sell, license out and exchange their own IPR to/with others
Innovation expenditures go mainly to purchasing services from others
Main market: not local/regional

4. Strategic

adaptors

Main strategies: focus on developing high-quality products, on improving existing products and
on satisfying established customer groups

Customise their products

Implement machinery, equipment and software based on new technology

5. Radical inno-

vators

Conduct formal R&D activities on a regular basis

Introduce product innovation with a high degree of novelty (new product on the national or in-
ternational market)

Engage in active patenting and license out their IPR

Cooperate with customers outside Norway

Main market: outside Norway

6. Customer-ori-
ented service

suppliers

Main strategy: focus on customer-specific solutions

Practise “co-creation” and “customisation” of their products
Introduce service innovation with local/regional/national novelty
Cooperate with private customers and the public sector

16 The main assumption in Capasso and Rybalka (2022) is that individual firms may practise different
approaches to innovation, so that scores obtained by factor analysis may highlight which of the ap-
proaches are applied by the firm. A firm might also have very low or negative scores for all approaches
to innovation, indicating that this particular firm does not perform any innovation activity. For more
details on definition of indicators, factor loadings from each particular indicator into the factor and
correspondence of identified approaches to innovation with sector-based taxonomies by Pavitt
(1984) and Miozzo-Soete (2001), see Capasso and Rybalka (2022).
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7. Hard-trying

innovators

Irregular R&D activity, innovation spending mainly on own personnel
High score on all types of factors that hamper innovation

Try to cooperate with competitors locally

Introduce product innovation that is new to the firm or local market

8. Knowledge

absorbers

Actively use all knowledge acquisition channels

Offer goods and services co-created with users, often public sector organisations

Practise skills upgrading, regular brainstorming sessions, cross-functional work groups or teams
No formal R&D activities or significant innovation expenditures and no innovation introduced
Implement machinery, equipment and software based mainly on existing technology

9. Innovation

promisers

Have not introduced any innovation, but have plans to increase their innovation spending
Have recently obtained funding (both private and public) for innovation

Have some formal R&D activities

Main strategy: focus on one or a small number of key goods or services

Main marked: outside the EU

10. Individual
standard service

suppliers

Main strategy: introduce new goods or services

Oriented towards households and individuals as main customers
Innovation spending mainly on own personnel

Introduce service innovation with novelty at local/regional/national level
Main market: Norway

11. Early tech-

nology adopters

Invest in machinery, equipment and software based on new technology
Expect reduction in innovation expenditures in the next period

Have recently obtained funding for innovation through a loan
Introduce new products that are new to the firm

Cooperate with suppliers
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Appendix B. Illustration of survival estimates for selected types of
innovative firms from non-parametric duration model.
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