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Introduction

The aim of the study was to analyse and compare the differences in the innovation
activities and strategies of Polish manufacturing companies during the economic
expansions (2004-2008 and 2013-2014) and slowdowns (2009-2013) of Polish econ-
omy. I assumed that supply factors play a key role in the innovation activities and
strategies of firms. However, because the aim was to analyse the impact of changes
in the macroeconomic conditions on the innovation strategies of firms, I had to
consider the role of the demand factors as well, including their influence on the
innovation activities and the use of innovation resources. During an economic slow-
down, market demand decreases, which emphasises the gap in competences be-
tween firms and may bring further incentives for introducing innovations. In other
words, a slowdown or recession may cause changes in a firm’s innovation strategy.
A preliminary analysis of the innovation activities of manufacturing companies in-
dicated that there is heterogeneity in the manner and timing of this type of activity.
Some companies undertake innovative activities in a procyclical way and some in an
anticyclical way. It was important to the answer to the question which factors influ-
ence a company’s innovation activity during an economic slowdown or expansion. It
was also relevant to analyse the behaviour of individual companies and the groups
of firms that carry out similar business activities (firms that belong to the same
subsectors of a manufacturing sector according to the Statistical Classification of
Economic Activities in the European Community (NACE rev. 2), and to determine
whether their behaviour in the aggregate is procyclical or countercyclical.
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1. Literature review and research hypotheses

Literature review

The problem of the differentiation of innovation strategies is a key element
of the discussion between mainstream researchers and those that represent
an evolutionary tradition. Evolutionary approaches, strategic management
and the Austrian business cycle theory focus on the differentiation of sources,
factors and the forms in which knowledge is accumulated among firms and in
time, which shape the innovation strategies of the firms and their behavior on
the market (Mintzberg 1988). The evolutionary perspective focuses primarily
on the supply side of innovation. However, in our study, we not only adopted
the supply-side approach, but also the demand one. The impact of the chang-
es in demand has been somewhat neglected in the literature. The objective
of this study is to fill the gap in the literature and to provide insights on the
differentiation of a firm’s innovation strategies during different phases of the
business cycle, which goes far beyond the current state-of-the-art. On the one
hand, an external shock, such as a decrease in market demand during an eco-
nomic slowdown, can make the introduction of innovation harder even with
a higher knowledge accumulation of a firm. Therefore, an external shock may
cause a change in a firm’s innovation strategy. On the other hand, following the
Schumpeterian approach, we can assume that the crisis can mobilize companies
that already have some innovation facilities and a history of introducing inno-
vations to the market.

Although the diversity of a firm’s innovation strategy constitutes one of the
three pillars of the evolutionary perspective, an empirical analysis of this prob-
lem has only recently been undertaken. Its main directions reflect two approach-
es: a sectoral or a micro-economic approach. Within the sectoral approach, two
streams of research have emerged. Both of these posit that the innovation strat-
egy of a firm is determined by the characteristics of its sector. Pavitt’s (1984)
taxonomy of industries paved the way for the first stream (Peneder 2003, de Jong
et al. 2006, Leiponen and Drejer 2007, Castellaci 2008). In the second one — the
OECD classified industries according to their technological intensity.

Subsequent studies (e.g. Srholec and Verspagen 2008) undermined the con-
clusion that the differences in the innovation strategies among the sectors were
greater than those among firms. A subsequent micro-economic research showed
the differentiation of the firms’ innovation strategies in some EU countries
(Wzigtek-Kubiak et al. 2013). In the empirical literature, there are two main ap-
proaches that deal with this issue. Both are extensions of the evolutionary ap-
proaches. The first one (Llerena and Oltra 2002, Damanpour and Wischnevsky
2006, Jensen et al. 2007) focuses on the internal and external sources of innova-
tion. The second one (Leiponen and Dreijer 2007, Srholec and Verspagen 2008,
Peneder 2003, Som et al. 2010; for an overview of some studies on innovation
modes, see Frenz and Lambert 2010) uses a cluster analysis to select different
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innovation strategies. Most of them are based on the data from the Community
Innovation Survey (CIS). This pool of research differs with respect to the peri-
od of the analysis, a company’s activities (manufacturing and/or services) and
the variables that are used. These analyses have raised the issue of innovation
persistence, which was analysed in certain countries. The non-availability of the
micro-data for Polish firms implied that the issue of innovation persistence could
not be studied for Polish firms.

The literature on the impact of a crisis or economic slowdown on the inno-
vation behavior of the firms is surprisingly scarce. Despite the Schumpeterian
origin of the evolutionary perspective, the above-mentioned topic was rarely
undertaken (Antonioli et al. 2011). To date, research on the relationship be-
tween the innovation behavior of the firms and changes in the business cycle
has shown (Archibugi and Filippetti 2011, 2012; Archibugi et al. 2013a, 2013b;
Correa and Iootty 2010; Wziatek Kubiak and Peczkowski 2013) a very strong
sensitivity of the innovation activities of the firms in the EU new member states
to an external shock such as an economic slowdown. This suggests that the level
of knowledge accumulation influences the sensitivity of the innovation activities
of the firms to changes in the business cycle. In addition, the recent publica-
tions of Wziatek-Kubiak (2019) and Kaszowska-Mojsa (2020) showed that the
demand effect was visible and that the crisis decreased the likelihood of inno-
vating while the entire sample of firms (innovative and non-innovative firms)
was considered.

The remaining open question is how the conclusions would change if we re-
stricted the sample to the firms which had innovation facilities and a history of
introducing innovations to the market. This problem is closely related to the issue
of innovation persistency. There are firms which are highly or moderate-persis-
tent and which have a successful history of implementing innovations. However,
there are also firms that have scarce experience in innovation development and
introduce them only occasionally.

Another problem which will be tackled in this paper is the problem of aggre-
gation bias. The Schumpeterian opportunity cost hypothesis predict that firms
concentrate innovative activities in recessions. Firms shift resources toward
“productivity-enhancing activities such as training, reorganization or software,
and away from productivity activities in recessionary times, when the opportu-
nity cost of doing so is lower” (Fabrizio and Tsolmon 2014, Hall 1991, Saint-
Paul 1993, Aghion and Saint-Paul 1998). As it was pointed out by Fabrizio and
Tsolmon (2014), “theory proposes that firms shift R&D investments and inno-
vation from recessions to booms to maximize returns by capturing high-demand
periods before imitators compete away rents”. However, empirical evidence
(carried out mostly on aggregates) suggests that innovative activities are procy-
clical (Berlevy 2007, Comin and Gerler 2006, Fatas 2000, Geroski and Walters
1995, Griliches 1990). Nonetheless, the results of analyses conducted on the
disaggregated data suggest a strong heterogeneity of firms’ innovation activities
and strategies. Moreover, the studies on the procyclicality of R&D and innova-
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tion activity are not concluding. In my paper, I attempt to answer the question
to what extent the procyclicality of innovation activity in Polish manufacturing
sector may be the result of aggregation bias. I also show how productivity-en-
hancing activities, such as training, R&D or purchase of software, were car-
ried out in different phases of business cycle by different firms classified by the
degree of innovation activity persistence (highly persistent innovators, moder-
ate-persistent innovators, low-persistent innovators, occasional innovators or
challengers).

Research hypotheses

Based on the presented literature research, I identified a number of issues that
require further research and verification of the established hypotheses. In this
article, I verify four main hypotheses.

H1: The procyclicality of innovation activities in the manufacturing sector is pri-
marily the result of an aggregation bias.

H2: Changes in the macroeconomic environment result in changes in the typolo-
gy of innovative firms in terms of their persistence in innovation and innovation
strategies.

The following groups of innovators can be identified: persistent innovators,
occasional innovators and challengers. The first group of firms undertakes in-
novation repetitively in the long term. The firms from the second group only
introduce innovation occasionally, primarily during a period of upswing. Finally,
challengers introduce innovation irrespective of the slowdowns.

H3: Changes in the macroeconomic environment are accompanied by a differen-
tiation in innovation strategies among and within the three types of innovators.

For example, the innovation strategies of persistent innovators change in an
upturn compared to a slowdown and differ from the innovation strategies of the
other groups of innovators.

H4: The probability of the commercialisation of an innovation is primarily deter-
mined by internal and external funding, the size of the company, the investment
in R&D and macroeconomic (demand-side) factors.

2. Innovative companies in the sample

We based our analysis on the Central Statistical Office’s survey on the innova-
tion activities of the Polish manufacturing companies (so-called PNT-02), which
partly overlaps with the Community Innovation Survey (CIS). In the project, we
used the data for the period from 2004 to 2014. Therefore, five databases were
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used for the following periods: 2004-2006, 2006-2008, 2008-2010, 2010-2012
and 2012-2014. We constructed a panel of 3691 manufacturing firms that had re-
ported in all five periods. We then studied the activities and strategies of the firms
that were not taken into account when constructing the panel. Some companies
were not included in all of the surveys because they had gone bankrupt or had
ceased to report data to the Central Statistical Office (CSO).

Definitions of innovative firms

The exact number of innovative firms in the sample depended on the definition.
We adopted three different definitions for an innovative firm based on different
questions in the PN'T-02 survey, all of which were consistent with the definition
of innovation that is presented in the Oslo Manual (2005). The Manual distin-
guishes innovation in four areas: product, process, marketing and organisational
innovations and so does the PNT-02 survey. A common feature of an innovation
is that it must have been implemented, that is, a new or improved product must
have been introduced on the market. New process, marketing methods or or-
ganisational methods are implemented when they are brought into actual use in
a firm’s operations.

We constructed three subsamples that corresponded to the three definitions
of an innovative firm, which differed in how restrictive the subject of company
innovation is approached.

According to the first definition, an innovative firm is one that declares the
introduction of new and/or significantly improved products, services, methods
of manufacturing products and services, methods in the field of logistics and/
or methods for the delivery and distribution of supplies, products and services,
new methods (systems) that support the processes, such as the maintenance sys-
tems or operating systems connected with accounting or computational systems
at least once in the period 2004-2014. The adoption of the first criterion enabled
us to answer the question of how many companies were able to commercialise an
innovative product at least once in the decade. This was the most general group
from which we could extract the companies that were able to introduce more
than one innovation in different phases of the business cycle (their persistence
was moderate or high).

The second definition assumed that a firm was innovative only if it declared
the introduction of new or significantly improved products, services or methods
in at least three of the five periods (at least three times in the decade). In this way,
we examined to what extent the innovative activity of a company had positive
results more frequently (not only occasionally). In this subsample, companies
might have introduced all three innovations in the expansionary phase of a cycle,
but none during the slowdown. This may have been an indication of the procycli-
cality of innovation activities (more innovations during an expansion and fewer
during a slowdown).
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The last definition implied that a firm had introduced innovations at least
three of the five periods, but that one had been introduced during a slowdown. In
this way, we identify the companies who were able to innovate in both the expan-
sion phase of the cycle and during an economic downturn. To test the persistence
of innovation activities, we also analysed the differences in the continuity of the
innovation activities and strategies of the firms through the business cycle.

The samples of innovative firms

First of all, we constructed a panel of all of the companies that conducted busi-
ness throughout the period from 2004 to 2014. In the sample of 3691 firms, we
grouped the firms according to the codes in the classification of business activities
in Poland (PKD 2007, which is compatible with NACE rev. 2). We distinguished
ten groups: I — codes: 10,11,12, IT - 13,14,15, III - 16, IV - 17,18, V - 19,20, 21,
VI -22, 23, VII - 24, 25, VIII - 26, 27, IX - 28, 29, 30, 33 and X - 31, 32. Table 1
presents the percentage of the total number of firms that operated in specific
groups of manufacturing companies.

Table 1

The percentage of firms that operated in specific groups
of manufacturing companies

No. group 2004-2006 | 2006-2008 | 2008-2010 | 2010-2012 | 2012-2014
I 17.53 17.53 17.39 17.50 17.50
II 8.67 8.67 8.83 8.91 8.86
11T 4.09 4.06 4.06 4.15 4.20
v 4.58 4.61 4.63 4.63 4.69
v 517 5.17 5.12 5.09 5.09
VI 12.84 12.79 12.79 12.79 12.79
VIl 14.85 14.82 15.47 15.42 15.44
VIII 6.83 6.85 6.64 6.50 6.45
IX 18.83 18.83 18.21 18.34 18.34
X 6.61 6.66 6.80 6.66 6.64
Sum 100 (3691) 100 100 100 100

Source: own elaboration based on PNT-02 data.

The percentage of the firms in each of the NACE subgroups was relatively
stable; only small number of firms changed groups (see Table 1).

The percentages of innovative firms that operated in a specific group in a giv-
en period, according to one of the three criteria, are presented in the following
tables below.
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Table 2

The percentage of innovative firms according to first criterion
in specific groups of manufacturing companies (the impact
of firms changing groups — NACE codes)

No. group 2004-2006 | 2006-2008 | 2008-2010 | 2010-2012 | 2012-2014
I 15.96 15.96 15.84 15.92 15.92
I 5.76 5.76 6.02 6.02 5.98

III 3.18 3.15 3.15 322 3.30
v 4.27 4.27 4.31 431 4.39
\Y% 6.76 6.76 6.68 6.64 6.60
VI 13.90 13.90 13.86 13.90 13.86
VII 15.22 15.22 15.84 15.77 15.84
VIII 7.96 8.00 7.84 7.65 7.53
IX 20.43 20.39 19.73 19.84 19.88
X 6.56 6.60 6.72 6.72 6.68
Sum 100 (2575) 100 100 100 100

Source: own elaboration based on PNT-02 data.

Table 2 presents the percentage of companies that were innovative in the to-
tal number of companies from a given group. Based on the presented data, it
can be seen that the percentage of innovative companies from a given group re-
mained at a similar level, i.e. the effect of changing the industry of the innovative
companies was negligible. Thus, the impact of an industry change by innovative
companies had little impact on the behaviour of the aggregates for the individual
groups. Therefore, it can be concluded that the analysed effects will be affected
by the structural changes of the databases to a very limited extent.

Table 3 presents the number of innovations that were introduced by compa-
nies classified as innovative according to the first criterion in a given period. The
largest percentage of innovations in the aggregate were commercialised in the
expansive phases of the business cycle, while definitely fewer were commercial-
ised during the crisis and economic weakness (2009-2013).An aggregate analysis,
therefore, suggests the procyclicality of innovation activities and the commercial-
isation of innovations. The behaviour of the sub-aggregates for groups I-1V and
VI-X replicated the aggregate for the whole sample. However, procyclicality was
not observed in the case of groups V-VI. The most innovative firms were those
from the groups nine, one, seven and six. The companies from the groups five,
eight and ten were moderately innovative. The companies from the groups two,
three and four were less innovative (see Tables 3 and 4).

In aggregate, the most innovations were commercialised in the period
2004-2006, i.e. 1875 innovations were introduced by the 2575 innovative firms



,Ekonomista” 2021, nr 2
http://www.ekonomista.info.pl

Innovation Strategies of Polish Manufacturing Companies... 231

Table 3

The number of innovations introduced by the firms defined as innovative
according to first criterion in specific groups
of manufacturing companies

No. group 2004-2006 | 2006-2008 | 2008-2010 | 2010-2012 | 2012-2014

I 308 240 220 212 222

i 95 80 68 61 76

I 52 45 44 35 42

v 77 59 55 58 65

% 144 132 136 133 128

VI 256 239 214 213 212
VII 273 262 236 215 241
VIII 171 167 151 142 145
IX 385 383 328 334 343

X 114 107 97 102 107
I:I)?lt(:)ffl;;l;); ;tr‘ggs 1875 1714 1549 1505 1581

Source: own elaboration based on PNT-02 data.

Table 4

Percentage of the innovative firms in a specific group of industries
that actually implemented innovations
in a given period

No. group 2004-2006 | 2006-2008 | 2008-2010 | 2010-2012 | 2012-2014

I 11.96 9.32 8.54 8.23 8.62

i 3.69 3.11 2.64 2.37 2.95

I 2.02 175 171 1.36 1.63

v 2.99 2.29 2.14 225 252

\Y% 559 5.13 5.8 5.17 497

VI 9.94 9.28 831 8.27 8.23
VI 10.60 10.17 9.17 8.32 9.36
VIII 6.64 6.49 5.86 551 5.63
IX 14.95 14.87 12.74 12.97 13.32

X 443 4.16 3.77 3.96 4.16
ilﬁfgszgtvaeggr‘l’is 72.82 66.56 60.16 58.45 61.40

Source: own elaboration based on PNT-02 data.
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Table 5

Percentage change in the number of innovative firms in a specific
group of industries that actually implemented innovations
in a given period (with respect to the previous period)

No. group 2006-2008 2008-2010 2010-2012 2012-2014
I —2.64 -0.78 -0.31 0.39
II -0.58 -0.47 -0.27 0.58

III -0.27 -0.04 -0.35 0.27
v -0.70 -0.16 0.12 0.27
A% -0.47 0.16 -0.12 -0.19
VI -0.66 -0.97 -0.04 -0.04
VII -0.43 -0.01 -0.82 1.01
VIII —0.16 —0.62 —0.35 0.12
IX -0.08 —2.14 0.23 0.35
X -0.27 -0.39 0.19 0.19

Source: own elaboration based on PNT-02 data.

according to the first criterion in that period. This can also be interpreted in
the following way: 72.82% of the innovative firms implemented innovations in
2004-2006 (see Table 4.). In the next period under study, a lower percentage of the
innovative firms introduced innovations (66.56% of the innovative firms). During
the global crisis and the period of an economic slowdown in Poland (2009-2013),
an even lower percentage of innovation was introduced by the innovative firms
according to the first criterion (60.16% in 2008-2010 and 58.45% in 2010-2012).
In the last period under study, which corresponded to the expansionary phase of
the business cycle, 61.40% of the innovative firms introduced innovations.

Table 5 presents the percentage change in the innovative firms that operated
in a specific group of industries, which actually implemented innovations in a giv-
en period (with respect to the previous period).

Based on the data presented in Table 5, we can observe in which periods the
percentage of introduced innovations fell in relation to the previous period. Only
in the last period, 2012-2014, there was an increase in the number of introduced
innovations compared to the previous period (2010-2012) in most groups.

Table 6 presents the percentage change in the innovative firms operating in
a specific group of industries that actually implemented innovations in a given
period (with respect to the base period 2004-2006). This presents a rather pes-
simistic picture of innovative activities in the manufacturing sector in Poland.
Although we observed the procyclicality of innovative activity and innovation in
the aggregate, it should be noted that in each period, the number of innovations
that were introduced by the innovative companies (according to the first criteri-
on) was lower than in the base period (2004-2006).
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Table 6

Percentage change in the number of innovative firms in a specific group
of industries that actually implemented innovations in a given period
(with respect to the base period 2004—-2006)

No. group 2006-2008 2008-2010 2010-2012 2012-2014

I —2.64 -3.43 -3.74 -3.34
1I -0.58 -1.05 -1.32 -0.74
111 -0.27 -0.31 -0.66 -0.39
v -0.70 -0.85 -0.74 -0.47
v -0.47 -0.31 -0.43 -0.62
VI -0.66 -1.63 -1.67 -1.71
VII -0.43 -1.44 -2.25 -1.24
VIII -0.16 -0.78 -1.13 -1.01
IX -0.08 -2.21 -1.98 -1.63
X -0.27 —0.66 -0.47 -0.27

Source: own elaboration based on PNT-02 data.

Table 7

Percentage of the innovative firms in the specific groups of manufacturing
companies according to the second criterion

No. group 2004-2006 | 2006-2008 | 2008-2010 | 2010-2012 | 2012-2014
I 14.10 14.10 14.03 14.10 14.10
II 4.06 4.06 4.25 4.25 4.25

111 2.35 2.29 222 2.35 2.48
v 3.94 3.94 3.94 3.94 4.00
v 8.51 8.51 8.44 8.44 8.38
VI 13.78 13.78 13.97 13.90 13.84
VII 14.67 14.67 15.37 15.24 15.37
VIII 10.16 10.22 10.22 9.90 9.78
IX 22.29 2222 21.21 21.59 21.59
X 6.16 6.22 6.35 6.29 6.22
Sum 100 (1237) 100 100 100 100

Source: own elaboration based on PNT-02 data.

Table 7 presents data on a more restrictive approach to company innovation
by industry (NACE groups). In subsample of 3691, there were 1237 innovative
companies that introduced new or significantly improved products, services or
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methods in at least three of the five periods (at least three times in the decade).
The most innovative companies according to the second criterion were from
groups IX, VII, I, VI and VIII, while the companies from groups V, II, IV, X and
IIT were moderately innovative.

Table 8

Percentage of the innovative firms in the specific groups of manufacturing
companies according to the third criterion

No. group 2004-2006 | 2006-2008 | 2008-2010 | 2010-2012 | 2012-2014
I 14.21 14.21 14.14 14.21 4.21
II 3.73 3.73 3.95 3.95 3.95

III 2.44 2.37 2.30 2.44 2.58
v 3.45 3.45 3.37 3.37 3.45
A\ 9.05 9.05 8.97 8.90 8.83
VI 13.35 13.35 13.64 13.64 13.64
VII 14.36 14.36 15.29 15.36 15.36
VIII 10.34 10.41 10.34 9.98 9.83
IX 23.04 22.97 21.90 2211 22.18
X 6.03 6.10 6.10 6.03 5.96
Sum 100 (1100) 100 100 100 100

Source: own elaboration based on PNT-02 data.

Table 8 presents the data on the percentage of innovative firms according to
the third criterion in specific groups of manufacturing companies. There were
1100 innovative companies in the database according to the third criterion, i.e.
those that introduced at least three innovations in the five periods under study in-
cluding at least one in the period of economic slowdown. The highest percentage
of such companies was in groups IX, VII, I and VI and VIII, respectively.

However, the differentiation of companies does not have to be closely con-
nected with the groups of industries in which the companies operate. In the next
part of the article, we will focus on the enterprise groups in relation to their inno-
vative activity rather than the activities in specific industries (NACE groups I-X).

3. Heterogeneous behaviour of firms: persistent innovators,
occasional innovators and challengers

The analyses that were conducted on the aggregates indicated the procyclicality
of the innovation activity of companies in Poland. However, a ‘pure’ procyclical
behaviour was only observed for 42 of 3691 firms in the sample. These compa-
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nies introduced three innovations in the periods that corresponded with the ex-
pansionary phase of the business cycle in 2004-2006, 2006-2008 and 2012-2014,
respectively, and did not introduce any innovation during the global crisis
(2008-2010) or during the recovery phase (2010-2012). This corresponded to
only 1.1% of the companies in the panel of 3691 companies and 1.7% of the in-
novative companies according to the first criterion, i.e. those that had introduced
an innovation at least once in the decade. On the other hand, only 28 companies
behaved in a purely countercyclical manner (0.7% of companies in the panel
of 3691 companies and 1.1% of the innovative companies according to the first
criterion). It is, therefore, worth noting that the behaviour of the companies and
their innovation activity was definitely more complex and diverse than was sug-
gested by the studies carried out using aggregate data.

It is worth noting that in the panel, 55.44% of the observations of the variable

describing the commercialisation of an innovation by firm i at time ¢ (Innovit)
were equal to zero and that 44.56% of the observations were equal to one (if the
innovation was introduced in that period). There was a considerable persistence
from period to period under study. There were 85.65% of firms that did not in-
novate in one year (one period) and also did not implement an innovation in the
next year (the next reporting period), while 78.04% of those who did innovate in
one year also innovated in the next. However, it was also observed that 21.96%
of the firms in the panel that innovated in the first period did not do so in the
following period. Only 14.35% of the firms that did not innovate were able to
implement an innovation in the following period.
However, the companies in the sample differed in the degree of persistence. The
strongest persistence was demonstrated by 859 companies that had introduced
one innovation in each of the five analysed periods (23.27% of 3691 firms in the
panel and 33.36% of the innovative firms). In addition, 345 companies intro-
duced innovations in four of the five periods (9.35% of 3691 firms in the panel
and 13.40% of the innovative firms), of which 52 did not innovate in the period
2008-2010 and 56 did not innovate in the period 2010-2012 (1.41% and 1.52%
of 3691 firms in the panel, respectively). 371 companies (10.05% of 3691 firms in
the panel) introduced innovations in three periods of the five (with 42 companies
—1.14% of the total number of all firms in the panel — that did not introduce any
innovations in 2008-2010 and 2010-2012).

A lower level of persistence was observed in the case of 436 companies that
introduced innovations in two of the five periods (11.81% of the firms in the pan-
el). Of these, 158 companies introduced two innovations in a row in the growth
phase (2004-2006 and 2006-2008) and 47 companies introduced two innova-
tions in a row during the slowdowns (2006-2008 and 2008-2010). In the case of
these companies, there was no strict cyclical pattern. 28 companies introduced
innovations in a purely countercyclical manner during the global crisis, that is,
in the periods 2008-2010 and 2010-2012; 84 firms in the phase of recovery from
the crisis and in the expansionary phase of the business cycle (in 2010-2012 and
2012-2014, respectively).
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It was also possible to distinguish the ‘challengers’ — companies that intro-
duced one innovation during the decade but only during the global crisis or eco-
nomic slowdown. There were 86 such companies in the database, which corre-
sponded to 2.33% of the panel of companies and 3.34% among the innovative
firms according to the first criterion. The occasional innovators that implemented
innovations only during the expansionary phases of the business cycle accounted
for 12.95% of the firms in the panel and 18.56% of the innovative firms according
to the first criterion (478 firms). A total of 564 firms were occasional innovators
(irrespective of the phase of the business cycle phase), that is, 15.3% of the firms
in the panel and 21.9 % of the innovative firms according to the first criterion.
We also analysed the specific PNT-02 data for each of the groups.? In the first
group of the most persistent innovators, enterprises undertook a large number of
projects, some of which have not yet been completed or were discontinued. The
percentages of uncompleted or discontinued projects are much higher than in the
case of any other group of firms under study, which may suggest a lower risk aver-
sion in undertaking innovation activities. In each period, more than half of the
companies in this group incurred expenses for research and development. The
percentage of these companies did not decrease during the global financial crisis
or economic weakness. After the crisis, the role of the companies that conducted
this type of research on a continuous basis increased (the percentage of compa-
nies that conducted research on an occasional basis decreased accordingly). The
percentage of persistent innovators who outsourced R&D tasks did not change
radically with the business cycle phase. The average percentage of expenditure on
internal research and development in the total expenditures gradually increased
over the decade after 2004.

In the group of persistent innovators, more innovation activity and more at-
tempts to develop and implement innovations were undertaken in all of years.
At the same time, the percentage of uncompleted or abandoned projects was
also higher. Unlike the group of the most persistent innovators, in this group,
the effect of the crisis on the percentage of companies that did not complete
or interrupted innovative projects was visible. Companies abandoned projects
that had a greater chance of failure. However, they did not stop research and
development altogether. Nonetheless, the percentage of firms that outsourced
R&D tasks was lower in this group compared to the group of highly persistent
innovators. Like in the first group, the percentage of persistent innovators that
outsourced R&D tasks was not specifically affected by changing macroeconomic
conditions. Although the percentage of firms that outsourced R&D tasks was
slightly lower during the crisis, the average percentage of outlays for the purchase
of knowledge from external sources was higher after 2008 than prior to the crisis.

In the group of moderate-persistent innovators, the percentage of projects
that had not been completed decreased in 2008-2010. However, it increased sig-

2 The numerical results of this disaggregated part of the analysis, in the form of 17 additional statistical
tables, are available with the author and can be rendered electronically on request.
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nificantly during the slowdown of 2010-2012. The analysis of the percentage of
companies that incurred expenditures on R&D over time might have suggested
procyclicality. However, the share of expenditures on R&D in total expenditures
increased during the crisis and economic slowdown (in a countercyclical manner).

During the crisis, the percentage of low-persistent innovators that abandoned
or did not complete innovative projects fell (only 1.61% of the companies). It
should be noted, however, that this was partly due to the fact that the percentage
of attempts to introduce innovative projects decreased during the crisis. After
2010, the percentage of companies that had undertaken new innovative projects
in this group increased and some of them were discontinued. However, their num-
ber did not reach the pre-crisis levels. The percentage of the firms that performed
R&D internally was significantly lower than in the case of the highly and moder-
ate-persistent innovators. Unlike in the case of the previous group of firms, the
percentage of firms that carried out R&D tasks on occasional basis was higher.
The average share of the expenditures for internal R&D dropped significantly
during the global crisis of 2008-2010.

There was no cyclical pattern in the expenditures for machinery and technical
equipment in the first group of companies. The percentage of highly persistent in-
novators that incurred these types of expenses increased in the two periods prior
to the global crisis, but gradually decreased after the crisis. The average percentage
share of expenditure on machinery and technical equipment, means of transport,
tools, instruments, mobility and equipment in this group of enterprises in the total
expenditures also significantly decreased after 2004. Similar pattern was observed
in case of persistent innovators. The percentage of persistent innovators that had
expenditures for the purchase of machinery and technical equipment, tools, instru-
ments and movable property was also relatively lower than in the group of the high-
ly persistent innovators. There was no evidence of a procyclical character of the
expenditures on machinery and equipment or fixed assets. In case of moderate per-
sistent innovators, the percentage of firms that incurred expenditures for machinery
has been decreasing gradually since 2004. However, the highest average percentage
share of expenditure on machinery and technical equipment was observed during
the crisis (2008-2010). The percentage of occasional innovators that incurred such
expenses decreased significantly during the crisis and the slowdown. Nonetheless,
there is no strict cyclical pattern in the average share of expenditure on machinery.
The highest value was observed during the crisis (2008-2010), while the lowest val-
ue was observed in the subsequent period (the economic slowdown of 2010-2012).

The average percentage shares of outlays on fixed assets and on buildings,
premises, civil engineering and land in the groups of highly persistent and persis-
tent enterprises increased in 2004-2008 and then gradually decreased. They have
been decreasing since 2004 in case of groups of moderate persistent innovators
and low-persistent innovators. In case of occasional innovators, the average per-
centages shares were significantly lower after 2010.

A higher percentage of companies which incurred expenses for the software
connected with the introduction of the innovations was observed in the groups
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of highly persistent, moderate persistent and persistent innovators as compared
with the groups of low-persistent or occasional innovators. After the onset of
the crisis, the highly persistent firms reduced the costs that were connected with
the purchase of new software. The percentages of persistent innovators which
incurred expenses for software were lower compared to the first group. The aver-
age percentage of expenditures on software in this group of enterprises was high-
er than in the first group in all of the periods under study. These companies real-
located expenditures for implementing innovation support software. In the case
of the group of the most persistent innovators, we can assume that this software
had already been implemented in the past. Expenditures on software during the
crisis turned out to be a relatively worse strategy of allocating funds (spending).

The purchase of technology from external sources in this form during the cri-
sis was intensified in the group of the most innovative and the most persistent
companies. Companies from these groups tried to combat the effects of the eco-
nomic slowdown in Poland and the global crisis. However, the average percent-
age of outlays for the purchase of knowledge from external sources in this group
of enterprises was moderate. The levels of the average percentage of outlays for
the purchase of knowledge form external sources in the groups of moderate per-
sistent and low-persistent innovators were comparable to the levels that had been
reported in the case of the second group, although they were more volatile.

At the same time, a larger percentage of most persistent companies incurred
additional expenses for employee training. Firstly, this concerned the period im-
mediately before the onset of the crisis (2006-2008). It is worth noting, however,
that even during and after the crisis, a larger percentage of companies decided to
prepare employees for the new market conditions and that there was higher level
of innovation activity than had been reported in the period 2004-2006. This was
connected with both the aforementioned proactive attitude of the companies and
increased resources from the EU funds that were received by the Polish firms.
However, the average percentage share of expenditures for employee training
that was connected with the introduction of innovations in the first group was
comparable or lower than in case of other groups.

Similar to the costs that were incurred for employee training, the highest per-
centage of companies that incurred expenses for marketing connected with the
introduction of innovations was observed in 2006-2008. In the subsequent years,
the percentage of companies that incurred these expenses decreased. However,
the average percentage share of the expenditure on marketing associated with
the introduction of new or significantly improved products in the total expendi-
tures was higher after the crisis than before 2008-2010. In most general terms,
the higher the average percentage share of the expenditure on marketing, the
most persistent was the firm in innovation process.

Finally, the survey also provides information on other expenses connected
with introducing innovations to the market. Apart from the first period, a very
high percentage of the companies from the first group incurred additional ex-
penses connected with the introduction of innovations in all of the periods. On
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average, the percentage share of other outlays connected with the introduction of
new or significantly improved products in the total outlays was relatively higher
during the crisis than prior to 2008. Such expenses were incurred by most persis-
tent innovators in a countercyclical manner. This countercyclicality in this aspect
was not observed in case of other groups.

In the context of the costs that were incurred for introducing innovations,
a key issue was the use of a company’s own financial resources and obtaining
additional external financing. In the group of highly persistent innovators, the
average percentage share of a company’s own funds in its total expenditures was
high in all of the periods under study. These companies also benefited from sta-
ble public funding. After 2008, the role of non-returnable funds received from
abroad increased. The impact of the crisis on the possibilities of obtaining ad-
ditional funds from loans was relatively high. However, the decline in lending
negatively affected, above all, the companies that financed their innovative pro-
jects with external funds. In the highly persistent innovators group, however, the
average share of a company’s own funds in financing the implementation of in-
novations was high, which enabled the implementation of innovations despite the
economic slowdown. Like in the case of the most innovative and persistent com-
panies, the percentage share of a company’s own funds in the total expenditure
on innovation activities in the remaining groups of enterprises was also high. In
the case of companies from the low persistent innovators’ group, the greater part
of the financial resources came from bank credit, which was partially limited in
2008-2010.The low-persistent innovators were much more dependent on exter-
nal funding in the form of loans, the number of which decreased during the crisis.

Because of the great diversity of innovation activities and commercialisation
strategies among the companies, it was worth analysing what we know about the
individual groups based on the data from the national CIS data (‘PNT-02’). In
particular, we paid attention to a company’s own funds and external financing
and the expenditure of these funds in the context of innovation activities. The
conclusions of this type of analysis are useful for formulating recommendations
for policies to support innovations. In the next part of the article, we explore what
factors influenced the probability of introducing innovations by companies.

4. The role of funding and expenditures of firms in innovation
commercialization: random effects logistic regression model

The logit RE model

Although we used in this research the random effects logistic regression model
like in Kaszowska-Mojsa (2020), it was applied to a different sample. We focused
on short panels in which a consistent estimation of the fixed effects models is
not possible in some standard nonlinear models such as binary logit. Following
Cameron and Trivedi (2009), we considered a nonlinear panel model for the sca-
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lar-dependent variable y;; with the regressors x;;, where i denotes the individual
firm and ¢ denotes time. As in Cameron and Trivedi (2009), we could specify
a fully parametric model with the conditional density:

f(yit |ai’xit)=f(yitﬁai+x£tﬁ’}/)7 t= 17 ) Ti’ i = 1’ ""N’ (1)

where y denotes any additional model parameter such as the variance parameters
and ¢; is an individual effect. In the random effects (RE) model, the individu-
al-specific effect ¢; is treated as an unobserved random variable with a specific
distribution g(¢;|y). Then, ¢; is eliminated by integrating over this distribution.
The unconditional density for the ith observation is

f(yit"‘yiT,- |xit"'xiT,-’ﬁ’y777)=f{zilf(yit |xinaia/5a7/)}g(ai |’7)daz‘- ()

Usually, this integral has no analytical solution because of the nonlinearity
of the model; however, numerical integration can be used. The logit individual
effects model specifies that

Pr(yit =1|xit’/3’ai)=A(ai+xz!t/3)’ (3)
where ¢; is RE in our case.
The logit RE model specifies that o;~N(0,02). Then, the joint density for the
ith observation, after integrating out o, is

f(y,'n---ayz‘T,.)=f[H;A(O‘i”fzﬁ)y“{I‘A(O‘i*'xfz/?’)}l_y"]g(ai |02)d0‘i, 4)

where g(o;| 0?) is the N(0,02) density. Usually, the numerical method is used to
obtain the solution to the integral. The standard default method that is frequent-
ly used is an adaptive 12-point Gauss-Hermite quadrature. For a discussion of
this and alternative methods see Mulkay (2015). The standard deviation of the
RE is given in the output of a statistical program as sigma_u, and therefore it is
estimated that o;~N(0,02).

The logit RE model can be motivated as coming from a latent-variable model
withy, = 1ify; =xj, + o; + ¢, > 0, where ¢, is logistically distributed with a var-
iance of 02 = 7%/3. The intraclass error correlation in the latent-variable model is
p = 02/(02 + o?2) and the quantity is reported as tho. The interpretation of the
odd-ratio and marginal (partial) effects for logit models is applicable.

Results of econometric study

In this section, I would like to present the individual factors that influenced the
probability that an innovation would be introduced the most. We constructed
a balanced panel of 2575 firms that had reported values in all five editions of the
PNT-02 survey and that had introduced at least one innovation over the decade
(2004-2014) (firms that were innovative according to the first criterion previously
described). The dependent variable was a binary variable Innov;, which is equal
to one for the innovations and is zero otherwise. Table 9 summarises the variables
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Table 9

The variables tested in order to determine whether they were significant
when estimating the RE logistic regression model

Variable Name
Innovy Innovations of firm i at time ¢
Group;, NACE group which firm i belongs to at time ¢
Size;, Size of firm i at time ¢
Percentage of expenditures allocated for internal R&D in total expendi-
R&D;, S
tures of firm i at time 7-1
Percentage of expenditures on the purchase of knowledge from external
ExtKnowl;, SR
sources of firm i at time ¢
Softw;, Percentage of expenditures on software of firm i at time ¢
FixAssets;, Percentage share of outlays on fixed assets of firm i at time ¢
Bulid Percentage share of expenditures on buildings, premises, civil engineering
it

facilities and land of firm i at time ¢

Percentage share of expenditures on buildings, premises, civil engineering
MachEgq;, facilities and land of firm share of expenditures on machinery and techni-
cal equipment of firm i at time ¢

Percentage share of expenditures on buildings, premises, civil engineering
Trainings; facilities and land of firm share of expenditures on staff training directly
related to the introduction of innovations of firm i at time ¢

Percentage share of expenditures on buildings, premises, civil engineering
Marketing;, facilities and land of firm share of expenditures on marketing related to
the introduction of innovations of firm i at time ¢

Percentage share of expenditures on buildings, premises, civil engineering
OtherExp;, facilities and land of firm share of other outlays related to introduction of
innovations of firm i at time ¢

Percentage share of expenditures on buildings, premises, civil engineer-
OwnFunds;, ing facilities and land of firm share of own funds received from the state
budget in total expenditure on innovation activities of firm i at time ¢

Percentage share of expenditures on buildings, premises, civil engineering
StateFunds;, facilities and land of firm share of funds received from the state budget in
total expenditure on innovation activities of firm i at time ¢

Percentage share of expenditures on buildings, premises, civil engineering
facilities and land of firm share of funds obtained from abroad (non-re-
turnable) in total expenditure on innovation activities of firm i at time ¢,
including EU funds

ForeingFunds;,

Percentage share of expenditures on buildings, premises, civil engineering
Loans; facilities and land of firm share of funds obtained from bank loans in total
expenditure on innovation activities of firm i at time ¢

GlobalCrisis, | Global financial crisis in 2008-2010 (dummy)
Slowdown; Slowdown in Poland 2008-2012 (dummy)

Source: own elaboration.
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that were tested in order to determine whether they were significant (in different
models) when estimating the random effects logistic regression model.

The results of estimating the logistic regression models with random effects
clearly showed that the probability of implementing innovations by the innova-
tive companies was affected by both supply side and demand side factors. Unlike
other studies, our analysis captured the occurrence of the global financial cri-
sis in 2008-2010. The results of the model estimation showed that the variable
GlobalCrisis;, was significant. Therefore, the likelihood of introducing an innova-
tion by an enterprise is also influenced by the demand factor.

In Kaszowska-Mojsa (2020) it was proved that a negative external shock de-
creased the likelihood of introducing an innovation in the sample of 3691 inno-
vative and non-innovative firms. According to this study, this effect is visible for
all of the enterprises that operated in the manufacturing sector. The likelihood
of introducing innovations increased with the size of the company, a higher ex-
penditure on research and development within the institution and more external
funds to carry out research and development. This study covered all of the com-
panies (innovative and non-innovative) in the panel. However, in our project we
also tried to answer the question of which factors influenced the probability of
introducing innovations by the firms that had already implemented at least one
innovation over the decade (a subsample of 2575 firms).

Table 10 presents the results of the estimation of the logistic regression model
with random effects. The probability of innovation was higher when the size of
a company was larger; it also increased with a higher percentage of expenditure
allocated for internal R&D, a higher percentage share of the expenditure on
software in total expenditures, a higher percentage share of the expenditure on
trainings, a higher percentage share of the expenditure on marketing and the
other expenses connected with the introduction of innovations. The probability
of innovation increased with a higher percentage share of a company’s own funds
in its total expenditures for innovation activities, with a higher percentage share
of the funds obtained from abroad (non-returnable) in the total expenditures for
innovation activities (including EU funds), and with a higher percentage share
of the funds obtained from bank loans in total expenditures for innovation ac-
tivities. The effect of the crisis of 2008-2010 on innovative companies was also
positive. In Kaszowska-Mojsa (2020), it was showed that although the negative
demand effect was visible, a decrease in the likelihood of innovating was limited.
The economic slowdown decreased the possibility of introducing innovation by
1.96 percentage points compared to that of the upswing. However, an in-depth
analysis shows that, in fact, when we limit the database to the companies that had
been innovative (i.e. had introduced at least one innovation during the decade),
the crisis had a less obvious impact on the likelihood of these companies intro-
ducing innovations in the future. A crisis can mobilise companies that already
have some innovation facilities and a history of introducing innovations to the
market. This is much more pro-Schumpeterian approach, which, however, finds
support in the results of the estimation.
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The estimation results of the logistic regression model with random effects
(integration method: mvaghermite, pts: 12)
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Random effects u; ~ Gaussian Prob > x= = 0.000
Variable Coefficient | Std. Error | P> |z]| 95% confidence interval
Size 0.3112748
2 0.5217252 0.1524739 0.041 0.124315 0.6101181
3 0.11659 0.1636769 0.001 0.2009244 0.842526
Rdlag 0.0430144 0.0015759 0.000 0.0085704 0.0147476
Softw 0.0864972 0.0781157 0.000 0.276958 0.0583329
Training 0.1241624 0.0398896 0.030 0.0083151 0.1646792
Marketing 0.212101 0.0303636 0.000 0.646507 0.183674
Oexp 0.0473117 0.0064437 0.001 0.0085807 0.338395
OwnFunds 0.036805 0.0012321 0.000 0.0448969 0.0497265
StateFunds 0.036805 0.0058497 0.000 0.0448969 0.0482702
ForeignFunds 0.0389415 0.0046944 0.000 0.0253398 0.0481423
Loans 0.0487566 0.0033068 0.000 0.0422754 0.0552377
GlobalCrisis 0.4664729 0.0701985 0.000 0.3288865 0.6040594
Const -1.550109 0.1492496 0.000 -1.842632 -1.257585
Insig2u -0.3404769 | 0.1404754 -0.6158036 -0.0651503
g, 0.8434637 0.0592429 0.7349875 0.9679497
o 0.1778 0.0205357 0.1410434 0.2216636
Prob >= chibar2 = 0.000

Source: own elaboration based on PNT-02, estimation in STATA.

The most innovative companies increased their share in their expenditures
on the key aspects of their business and innovation activity, including primarily
internal research and development, trainings, marketing and software. They also
changed the combinations of funding sources (adjusting them to the appropri-
ate phase of the cycle). This is an interesting result because despite research on
a full statistical sample, we can conclude that the crisis had a negative impact
on the innovation of the companies in the Polish manufacturing sector and the
likelihood of their introducing innovations in the future, but it would seem that
this is only part of the truth. In fact, we found a relatively large group of com-
panies that never innovate, regardless of the phase of the business cycle, as well
as a diverse group of innovative companies (persistent innovators, challengers
and occasional innovators) for which the impact of the crisis on their innovation
activities was also diverse. This impact on innovation activity was small in the
case of the persistent innovators or negative in the case of the selected occasional
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innovators. However, for the whole group of innovative companies (the aggre-
gate), the impact of the crisis on the probability of innovation was positive. The
results that were obtained are interesting for many reasons because they dispel
the widespread beliefs that:

Table 11
Conditional marginal effects
Model VCE: OIM  No of obs: 12,871
Expression Pr (innov =1) Predict (pr)

1. size = 0.0454510 (mean)
2. size = 0.6628079 (mean)
3.size = 0.2917411 (mean)
Rdlag = 11.6798740 (mean)
Softw = 3.2106400 (mean)
Training = 0.8419253 (mean)
Marketing = 2.6214730 (mean)
Oexp = 1.8642530 (mean)
OwnFunds = 42.9853300 (mean)
StateFunds = 1.2094220 (mean)
ForeignFunds = 1.9770750 (mean)
Loans = 4.4495380 (mean)
Crisis = 0.1999845 (mean)

Variable dx/dy _gggﬁ)— d P > |z| | 95% confidence interval
Size
2 0.4027050 0.0213165 0.059 | -0.0015092 | 0.0820501
3 0.0636478 0.0223028 | 0.004 0.0199352 | 0.1073604
Rdlag 0.0013413 0.0001927 | 0.000 0.0009636 | 0.0017190
Softw 0.0049486 0.0009001 0.000 0.0031844 | 0.0067128
Training 0.0099511 0.0045146 | 0.028 0.0011026 | 0.0187996
Marketing 0.0142843 0.0029498 | 0.000 0.0085028 | 0.0200659
Oexp 0.0024401 0.0007101 0.001 0.0009752 | 0.0039050
OwnFunds 0.0054430 0.0002937 | 0.000 0.0048673 | 0.0060187
StateFunds 0.0042342 0.0007101 0.000 0.0028425 | 0.0056260
ForeignFunds 0.0044800 0.0005917 | 0.000 0.0033204 | 0.0056397
Loans 0.0056092 0.0004698 | 0.000 0.0046884 | 0.0065300
GlobalCrisis 0.0536656 0.0087017 | 0.000 0.0366105 | 0.0707207

Source: own elaboration based on PNT-02, estimation in STATA.
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1) in the aggregate the behaviour of companies in the field of innovative activity
is purely procyclical or purely countercyclical;

2) the impact of a crisis on the innovation activity of all manufacturing sector
companies is negative, and therefore the crisis clearly negatively affects the
possibility (probability) of their innovations in the future.

This may also suggest the need for a change in innovation policy, which will also
require further research via specific econometric and simulation research on the
impact of the policies that support innovations for specific groups of enterprises.

Table 12
Average marginal effects

Model VCE: OIM No of obs. = 18,455
Expression: Pr (innov=1) Predict (pr)
Variable dx/dy Delta-method | P > |z| 95% Conf. Interval

Size

2 0.0294887 0.0140625 0.036 0.0019267 0.0570508
3 0.0504403 0.0153584 0.001 0.0203383 0.0805422
Rdlag 0.0011376 0.0001520 0.000 0.0008397 0.0014355
Softw 0.0041971 0.0075930 0.000 0.0027090 0.0056853
Training 0.0084400 0.0038891 0.030 0.0008175 0.0160625
Marketing 0.0121152 0.0029586 0.000 0.0063164 0.0179140
Oexp 0.0020696 0.0006279 0.001 0.0008389 0.0033002
OwnFunds 0.0046165 0.0000827 0.000 0.0044543 0.0047786
StateFunds 0.0035913 0.0005660 0.000 0.0024819 0.0047006
ForeignFunds 0.0037997 0.0004504 0.000 0.0029169 0.0046826
Loans 0.0047574 0.0003099 0.000 0.0041500 0.0053649
GlobalCrisis 0.0455163 0.0067693 0.000 0.0322488 0.0587838

Source: own elaboration based on PNT-02, estimation in STATA.

Conclusions

The aim of our study and project was to analyse and compare the differences in
the innovation activities and strategies of Polish manufacturing companies during
a period of the economic expansion (2004-2008) and slowdown (2009-2013) of the
Polish economy. The problem of differentiating innovations is important from both
a theoretical and empirical point of view. It has been the key element of discussions
between mainstream researchers and those that represent the evolutionary tradi-
tion. In our study, we used the evolutionary perspective, i.e. various evolutionary
theories (research-based theory, resource-advantage theory, relational-based view
and knowledge-based view), its modern extensions, the Austrian theory of busi-
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ness cycle, and the strategic management approach. The evolutionary perspective
focuses more on the supply side of innovations. However, neither the evolutionary
nor strategic management perspective explicitly considers how firms use their com-
petences flexibly when the environment suddenly changes or what the impact of
a crisis on the competences of firms is. In our opinion, the evolutionary approach
still underestimates the impact of changes in the demand for the accumulation of
knowledge and the innovation behaviour of firms. Therefore, we proposed a wider
approach to the differentiation of the innovation strategy of firms than the one that
has been used in the evolutionary tradition to date. We aimed to analyse the impact
of the supply-side factors and changes in the macro environment on the innova-
tion strategies of firms. During an economic slowdown, market demand decreases,
which emphasises the gap in competences between firms and may bring incen-
tives to introduce innovations. In other words, a slowdown or recession may cause
a change in a firm’s innovation strategy. It was important to determine the innova-
tion activities of which manufacturing companies in Poland are procyclical or coun-
tercyclical and which are acyclical. It was also relevant to determine the behaviour
of individual companies (or their groups according to similar business activities)
and whether their behaviour in the aggregate is procyclical or countercyclical. As
we proved, procyclicality is mostly the effect of the aggregation bias. We could dis-
tinguish between the groups of highly persistent innovators, moderate-persistent
innovators, low-persistent innovators and occasional innovators. We also identified
the group of challengers, who only introduce innovations during a period of eco-
nomic slowdown or crisis. We proved that there is direct link between the research
and development that is performed internally by companies and the probability of
the commercialisation of their innovations. While the probability of introducing
innovations is also affected by the demand-side factors, this effect is moderate.
Nonetheless, the companies that were more dependent on external funding in the
form of bank loans were less likely to introduce innovations during a slowdown. In
previous studies, the author showed that although the demand effect was visible,
a decrease in the likelihood of innovating was limited. However, when we limit the
database to the companies that had been innovative, we observed that the crisis
mobilised companies that already have some innovation facilities and a history of
introducing innovations to the market. This is in accordance with a Schumpeterian
approach, which finds support in the results of our estimation.
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INNOVATION STRATEGIES OF POLISH MANUFACTURING
COMPANIES THROUGH THE BUSINESS CYCLE

Summary

The paper analyses the differentiation of innovation activities and strategies of Polish
manufacturing companies during economic expansions (2004-2008 and 2013-2014) and
slowdowns (2009-2013) of the Polish economy. The research is based on the data from
five databases of the Central Statistical Office, which overlap with the Community In-
novation Survey (CIS). It is found that because companies are heterogeneous in their
innovation resources, they also differ in the continuity of the innovation activities and
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strategies that they introduce. Some of them — persistent innovators — innovate continu-
ously, while others — occasional innovators — innovate from time to time, most often dur-
ing an economic upswing. There is also a group of challengers that initiate innovation
activities irrespective of a slowdown.

Although existing theories propose that research and development and, in more gen-
eral terms, innovation activities are concentrated when output is low, aggregate data for
many developed economies repeatedly show their procyclicality. In the paper, the author
shows that it is possible to distinguish subgroups of Polish manufacturing companies
whose innovation activity is procyclical and those in which this activity is countercyclical.
Expenditures on R&D, machinery and technical equipment, technology and marketing
as well as the commercialisation of innovations also differ across groups. Due to strong
heterogeneity of the whole sample, the results of aggregate analyses may be misleading.
The policies that support innovation in Poland should take this heterogeneity into ac-
count. It is also highly recommended that the needs of persistent innovators, occasional
innovators and challengers be reassessed.

Keywords: innovations, innovation activity, manufacturing firms, Poland, aggregation bias
JEL: 031, 032

STRATEGIE INNOWACYJNE POLSKICH PRZEDSIEBIORSTW
PRZEMYSLU PRZETWORCZEGO W PRZEBIEGU CYKLU
KONIUNKTURALNEGO

Streszczenie

W artykule przeanalizowano zréznicowanie aktywnoSci innowacyjnej i strategii innowa-
cyjnych polskich przedsigbiorstw przetworstwa przemystowego w okresach ekspansji go-
spodarczej (2004-2008 i 2013-2014) oraz spowolnienia polskiej gospodarki (2009-2013).
W badaniu wykorzystano dane udostgpnione przez Gtéwny Urzad Statystyczny, groma-
dzone wedlug kwestionariusza stosowanego w programie badaf dzialalnoSci innowa-
cyjnej UE (Community Innovation Survey — CIS). W artykule wykazano, ze poniewaz
przedsigbiorstwa sa heterogeniczne pod wzgledem zasobow innowacyjnych, r6znia si¢
one takze pod wzgledem ciaglo$ci aktywnosci innowacyjnej i strategii wdrazania inno-
wacji. Niektore z nich — tzw. wytrwali innowatorzy — wprowadzaja innowacje w sposob
ciagly, podczas gdy ,,okazjonalni innowatorzy” wprowadzajg innowacje rzadziej, gtéwnie
w okresie ozywienia gospodarczego. Wyrdzniono réwniez grupe przedsigbiorstw, ktore
wprowadzajg innowacje pomimo spowolnienia gospodarczego.

Chociaz istniejace teorie sugeruja, ze badania i rozwQj oraz, bardziej ogolnie, aktyw-
no$¢ innowacyjna przedsigbiorstwa powinny by¢ wigksze w okresach spowolnienia go-
spodarczego, wyniki badan dla gospodarek rozwinigtych przeprowadzonych na danych
agregatowych wielokrotnie wykazaly ich procykliczno$¢. W artykule wykazano, ze moz-
liwe jest wyrdznienie podgrup polskich przedsigbiorstw przetwoOrstwa przemystowego,
ktorych aktywno$¢ innowacyjna miata charakter procykliczny, oraz takich, ktérych ak-
tywno$¢ innowacyjna byta antycykliczna. Wykazano rowniez zréznicowanie wydatkow
na badania i rozw6j, maszyny i wyposazenie techniczne, nowg technologi¢ i marketing
migdzy grupami oraz znaczace roznice w komercjalizacji innowacji. Ze wzgledu na duza
heterogeniczno$¢ catej proby wnioski z badan na danych agregatowych moga by¢ mylace.
Polityka wspierania innowacji w Polsce powinna uwzglednia¢ to zr6znicowanie. W szcze-
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gblnosci zasadne wydaje si¢ ponowne przeanalizowanie potrzeb ,,wytrwatych innowato-
row”, ,,okazjonalnych innowator6w” oraz przedsigbiorstw, ktore wprowadzajg innowacje
pomimo spowolnienia gospodarczego w kraju.

Stowa kluczowe: innowacje, aktywnos$¢ innowacyjna, przedsicbiorstwa przemystu prze-
tworczego, Polska, btad agregacji

JEL: O31, 032

WHHOBAIIMOHHBIE CTPATEI'MM MOJbCKUX MPEANPUATHIA
HEPEPABATBIBAIOIIEN TPOMBIIIJIEHHOCTH B XO/IE
KOHBIOHKTYPHOTI'O IUKJIA

Pe3ome

B crarbe mposeneH aHanu3 andQepeHnnanuy HHHOBAMOHHON aKTHBHOCTH U MHHOBAIIMOH-
HBIX CTPaTeTHil TMOJBCKUX MPEANpPUATHIA TPOMBIIUICHHONW NepepaboTKu B MEPHUOJ] SKOHOMH-
yeckor skcnancuu (2004-2008) u (2013-2014), a Takke B MEPHOM 3aMEUICHUS MOJIBCKON
sxkoHoMHKH (2009—2013). B uccnenoBanum ObUTH UCTIONB30BaHbI JaHHBIE, IPEIOCTABICHHBIC
I'maBHBIM CTaTUCTHYECKUM yrpaBieHueM. OHM OBUTH HAKOIICHBI HA OCHOBAaHWH OIPOCHHUKA,
HCTIOJIE3yEeMOT0 B IPOTrpaMMe HCCIICIOBaHUI HHHOBAIIMOHHOM NesitenbHocTH EC (Community
Innovation Survey — CIS). B cratse mokasbIBaeTcs, 9TO KaK TaK MPEINPHUATHS B IUIaHE WH-
HOBAaIIMOHHBIX PECYPCOB SIBJISIFOTCS] TETEPOT€HHBIMH, TO OHM PAa3IUYaIOTCS B TAKUX OOIACTIX
KaK HeMpepbIBHOCTh MHHOBALMOHHON aKTMBHOCTHU U CTPaTeTHH BHEApPEHUs WHHOBauui. He-
KOTOpbIE U3 HUX — TaK Ha3bIBa€Mble «CTOMKHE HOBATOPbI» — BBOAAT MHHOBAIMU [TOCTOSHHO,
TOT/Ia KaK «CIy4aifHble HOBAaTOPBD) BBOISAT WHHOBAIIMH PEXeE, IABHBIM 00pa3oM B IEPHOJ
9KOHOMHYECKOTO OXXHMBJICHHs. bblla BEIIEIeHa TakKe TPYyIIa MPeIIPHSTHH, KOTOPBIE BBOIAT
HMHHOBAIIUM HECMOTPS Ha SKOHOMHYECKOE 3aMEJUICHHUE.

CoracHo cymecTBymuM TeopusiM, 3arparsl Ha HUOKP u BooOmie Ha MHHOBaIMOHHYIO
AKTHBHOCTD, JOJDKHBI YBETMUMBATHCS B IIEPHOIBI SKOHOMHYECKOTO 3aMeieHust, Mccnenosa-
HUSI pa3BUTHIX YIKOHOMHUK, IPOBEIECHHBIX HA arperaTHbIX JaHHBIX, MHOTOKPATHO JOKa3all UX
MIPOLMKJINYECKUN XapakTep. B cTaThe BBICKa3bIBaeTCS MHEHHE, YTO BOSMOXKHO BBIJCIICHHE
MIOATPYIIT MOJTBCKUX MPEIIPUATHH MPOMBIIIICHHOH IepepaboTKH, HHHOBAI[MOHHAS aKTHB-
HOCTH KOTOPBIX MMeJa MPOIUKINIECKUH XapaKkTep, a Takke TAKUX, MHHOBAI[MOHHAS aKTUB-
HOCTh KOTODBIX SIBIISUTACH QHTUIMKIMYHOH. ABTOP YKa3bIBaeT Takke Ha TU(QepeHIranuio
Pacxo0B Ha HCCIEAOBAHUS U PA3BUTHE, MAIIMHBI U TEXHUYECKOE 000PyIOBaHUE, HOBYIO TEX-
HOJIOTHIO U MAapKETHHT MEXAYy IpyIaMH, a TakoKe 3HaYNTeIbHbIE PA3INUUsl B KOMMEPLHAIN-
3aI[¥ NHHOBAIWI. BBH Iy 60BIIOH reTeporeHMYHOCTH Beell POOBI, pe3ysIbTaThl arperaTHbIX
HCCIIEIOBAHMI MOTYT BBOAUTH B 3a0myxeHue. [lonuTrka moompenns nHHoBanwH B [lompmre
JIOJDKHA YYUTHIBATh 3Ty Muddepenimariro. Oco6eHHO 000CHOBAHHBIM KXKETCS IIPOBEICHHE
aHaNIM3a MOTPeOHOCTEH «CTOMKHUX HOBAaTOPOBY, «CIyYaiHBIX HOBATOPOBY. a TAKXKE MPENIpPH-
SITUH, KOTOPbIE BBOJST MHHOBALIMM HECMOTPS HA DKOHOMHUYECKOE 3aMeJIEHHE B CTpaHe.

KiroueBble cjioBa: HHHOBAIMH, WHHOBAIMOHHAS AKTUBHOCTH, MPEINPHUITHS MPOMBIIUICH-
Holi mepepad®otku, [Tonpima, ommbka arperaum

JEL: O31, 032



