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ALEKSANDRA LECH "

Research and Development Expenditures of Innovative Enterprises
in the Time of Crisis

Abstract

The paper presents the reaction of companies that have been making the
largest outlays on R&D in a global scale to the current economic crisis. The
analysis paid special attention to what extent R&D investments had been
affected in comparison with net sales and profits and how R&D investments
were affected across industries and regions.

The analysed enterprises reduced their net sales and profits to a greater
extent than outlays on research and development, which confirms an anti-
cyclical character of R&D activity in leading innovative enterprises. It has to be
noted that in an analysed sample some companies significantly decreased
outlays on R&D, however, there were some that increased these outlays in spite
of worsening economic performance.

Among investigated sectors the one that proved to be the most crisis-
resistant was the pharmaceuticals & biotechnology sector - classified as high
technology, whereas the most crisis-prone one was the automotive sector.

Nonetheless, the thesis that high tech industries are more crisis-resistant
cannot be substantiated — outlays on research and development in the following
sectors: computer  production, office  equipment, semiconductors,
telecommunications equipment (technology hardware & equipment) - classified
as high technology in 2009 were reduced in relation to year 2008.

In an analysed group of enterprises the smallest “resistance” to crisis
was observed in American companies. The enterprises from the EU also reduced
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72 Aleksandra Lech

research and development expenditures but the mHcen fall in these
expenditures was smaller than in the case of Amerompanies.

1. Introduction

The reduction of research and development expeeditcan be
a corporate reaction to an economic crisis - ireaafsbusiness entities it is
referred to as a “cyclical” one. The anti-cyclicdlaracter of R&D activities,
however, means that in the time of crisis enteegricrease investments in
research and development, thanks to which theyirnprove their competitive
position in the market, even during the time ofremuic slowdown.

The aim of this paper is to examine the impactrefic (2008-2009) on
R&D activity of leading innovative enterprises. Tlamalysis pays special
attention to what extent R&D investments were affddn comparison with net
sales and profits and how R&D investments werecgdt across industries and
regions.

The introduction to the analysis is the presentatibvarious research and
development strategies undertaken by enterpris@sraaction to an economic
crisis. Later on, the changes of R&D expenditure Iéading innovative
companies in the period between 2008-2009 have bgamined [enterprise
ranking based on European Commission (20I6g 2010 EU Industrial R&D
Investment Scoreboard_uxemburg]. The cited report presents a group of
leading innovative enterprises i.e. those whose R&idget in 2009 exceeded
the annual level of 28 million Euros. The criterimas met by 1400 companies
(400 from the EU, 1000 from outside the EU).

2. Corporate Research and Development Strategies irthe Time
of Economic Crisis

The assessment of the impact of economic crisishendynamism of
corporate research and development investmentuwkee a lot of controversy
in the economic literature.

Research and development activity is treated silyita other functional
segments (activities) of enterprises which take pathe process of creating
value, i.e. value chain (Rymarczyk 2004, pp. 90-8hus companies can
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decrease R&D expenditures in order to reduce castich defines this activity
as cyclical in the time of crisis. As M. Cincera, ©ozza, A. Tuebke, P. Voigt
claim: ,Implementation of new ideas can be postplobg enterprises to the
times of economic recovery” (Cincera, Cozza, TueMagt 2010, p. 3).

The factor that notably limits research and devalept expenditure is
a difficult access to external sources of finandimghe conditions of financial
crisis. Enterprises that suffer from a fall of dewhdor their products and lower
profits simultaneously lose the ability to applyr foredit to finance R&D
activities. Moreover, the reluctance of banks tadl¢heir financial surpluses to
other financial institutions limits their lendingn the economic literaturi is
emphasized that R&D expenditure has a “cyclical’arelater in case of
enterprises facing credit crunch (Aghion, AskenaBgyman, Cette, Eymard
2008, p. 2).

S. Martin, P. Valbonesi (Galli, Pelkmans 2000, @1)1draw attention to
a high level of risk accompanying R&D activity, whi results in
“underinvestment” in research and development imketasystem. A company
that invents a new technology tries to protectsiiang as possible from being
publicized and used by other producers in orderbamefit from their
innovativeness for a long time (Goérniewicz, Sigikowski 2006, p. 120). The
process of using the knowledge by followers whondb incur expenditure on
R&D activity but take advantage of results of othaterprises is inevitable. The
fact that the knowledge is used by imitators distieis the profits of innovators.
The conflict between the public character of knalgke and profits made by
innovator-enterprise is defined as a problem ofr@ppation. The risk of
appropriating innovator's profits undoubtedly discages research and
development activities. In the time of crisis pafe like that are highly
adventurous (as it was already stated all R&D #idd/ are) and often are
“suspended”, which supports treating R&D expendisiais cyclical.

However, reducing R&D expenditures can in futureplyn losing
a competitive fight with companies that in the tiwfecrisis did not decide to
decrease this type of investments (Cincera, Cdazehke, Voight 2010, p. 4).

Describing research and development activity as ey Fkactor of
competitive advantage is a starting point for fartlanalysis of anti-cyclical
character of research and development expenditufeanks to increased
expenditures on R&D companies not only improverthempetitive position in
a short time but they also gain a long-term contipetability.

The negative impact of crisis on a company profiitgbcan force it to
undertake some actions stimulating growth of praditg (Voight, Moncada-
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Paterno-Castello 2009, p. 5). So-called modelseskarch and development
activities (referred to as endogenous models oh@mic growth) by means of
production functions enable to analyse the impattR&D activity on
productivit. The characteristics of these theories, contrarytraditional
endogenous growth models, is the occurrence of R&Btor (as a separate
sector of economy) as well as modelling of techgie®. The research proves
that company innovation, described as their abilityadapt new solutions is
a very important determinant of productivity growogliacino, Pianta 2009,
p. 3).

According to the J.Schumpeter’s concept of “creatiestruction” crisis
brings new opportunities for an enterprise inclgdiaorganization and increase
of advancement level of R&D activity (Bunzski 2010, p. 42). A disappearing
profitability rate forces business entities to igmpkent new techniques of
production. Companies that will not implement a g®o reorganization of
research and development activity as a reactiorrifis can be susceptible to
bankruptcy.

Strategic and long-term character of research amdeldpment
investments results in their “resistance” to crifimancial constraints being the
effect of crisis to a greater extent influence diecis concerning the launch of
new research and development projects (crisis esultrin the abandonment of
new research and development ventures), wheregwrafects in the course of
realization are influenced to a lesser extent. Bhandonment of already
commenced projects, advanced in the course of megiéation generates so-
called “sunk” costs (Cincera, op. cit., p. 3).

It must be stressed that an enterprise reactiarists to a great extent
depends on the specificity of a given sector/brariafterprises belonging to
high-tech industries find themselves in a bettepnemic position than
enterprises from other sectors (Leadbeater, Mead08, p. 12)A. Stephen
observes that enterprises from high-tech industaes more resistant to
a business cycle than those belonging to sectdisedeas medium-low-tech
industries, so the reaction of the first group oteeprises to crisis can be
described as anti-cyclical (Stephan 2004).

A crucial factor that determines the change ofasge and development
expenditures as a reaction to crisis is also thee @i a company characterized by
the level of employment or annual turnover. Largeegprises i.e. those who

! More on so-called R&D models see Nowak (2007, 8).28
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possess relatively big budgets for research anélolement projects are more
resistant to crisis than small and medium-sizecerpnises. A pro-cyclical
character of R&D expenditures in SME’s sector isadibbed by M. Cincera,
C. Cozza, A. Tuebke, P. Voigt (Cincera M., Cozza Gebke A., Voigt P. p. 5).

3. Changes in research and development expendituresf innovative
enterprises as a reaction to crisis — overall anatjs

1400 leading innovative enterprises allocated 402, Zuros to research
and development in 2009, which was only 1.9% laas in the previous yéear
The crisis to a great extent reduced net saled @by %) as well as profits (by
21%) of analysed companies, which may imply theesments in research and
development are relatively resistant to recesdtdn.also confirmed by priority
meaning of research and development activity faerpnises that incur the
biggest expenditures on R&D on a global scale.

The global leader of R&D expenditures is still ga@ese company,
Toyota (compare graph 1) although in 2009 the cowypeeduced R&D
expenditures in relation to year 2008 by 5.7% (caraprab.1). Toyota kept its
number 1 position in the ranking in spite of a ffigant decrease of net sales
value and operating profit (European Commissior02¢0123).

2 Analysis of research and development activitynmfovative enterprises on the basis of the
European Commission (The 201@U Industrial R&D Investment Scoreboarduxemburg.
Group of 1400 leading innovative enterprises (4@imfthe EU, 1400 from outside the EU)
consists of enterprises whose budgets for R&D exaeadally 28 m Euros.
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Figure 1. Ranking of the world's top 50 R&D companés by their total R&D investment
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Table 1. Characterization of the world's top 50 R&Dcompanies (2009)

Compan R&D InvestmenR&D/Net Sales ratioOperating Profit

(change 09/08, %) | (2009, %) (% of Net Sales,
2009)

1. Toyota Motor -5,7 4.4 -3,2

2. Roche 9,4 19,4 25

3. Microsoft -3,3 13,9 38,6

4. \olkswagen -2,3 57 2,4

5. Pfizer -2,4 15,5 213

6. Novartis 2,5 16,7 23,2

7. Nokia -6,1 12,2 2,8

8. Johnson&Johnson 7,8 11,3 26

9.Sanofi-Aventis 0,3 15,3 24,6

10. Samsung Electronics 8 5,4 9,3

11. Siemens 1,9 5,6 4,9

12. General Motors -24,1 53 -7,7

13. Honda Motor -4,2 5,6 1,4

14. Daimler -6,2 53 -0,3

15. GlaxoSmithKline 9,5 12,8 26,8

16. Merck 21,6 21,3 56,6

17. Intel -1,2 16,1 15,6

18. Panasonic -6,6 6,7 -5

19. Sony -4,5 6,5 -3

20. Cisco Systems 11 14,4 19,9

21. Robert Bosch -8,6 9,4 -3

22.1BM -9,9 5,2 19,1

23. Ford Motor -32,9 4,1 2,6

24. Nissan Motor -0,4 5,4 -3,1

25.Takeda Pharmaceutica 64,3 29,5 20,3
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26. Hitach -2,7 4,2 -1,8
27. AstraZeneca -12 13,5 34,6
28, Eli Lilly 12,6 19,8 25,3
29. Bayer 8,8 9,5 9
30 EADS 4.4 6,7 -1,1
31. Toshiba -3,8 5,7 -5
32. Alcatel-Lucent -14,3 17,9 -5,8
33. NEC -1,6 8,2 -6,3
34. Bristol-Mayers 1,7 16,9 29,8
35.BMV -14,5 51 0,5
36. Boeing 0,9 51 3,1
37. Ericsson -12,1 11,9 2,4
38. General Electric 10,1 2,1 18
39. Peugeot -2,4 4.8 -2,8
40. Canon -18,6 9,5 7
41. Oracle 17,6 12,1 33,6
42. Denso -4,6 9,5 -2,5
43. Motorola -22,5 14,4 -0,2
44. Boehringer Ingelheim 5 17,4 17,7
45. NTT -1,1 2,6 10,9
46. Amgen -5,5 19,6 37,6
47. Google 1,8 12 35,2
48. Hewlett-Packard -20,4 25 8,8
49. Finmeccanica 9,9 11,7 7
50.Abbott Laboratories 2 8,9 24,7

Source: European Commission (2010)

Research and development activity remains stromgigcentrated in
enterprises that earmark a lot of money for R&D enditures (10 leading
innovative enterprises accounted for 13.6% of tagpenditures on R&D
among 1400 analysed companies).
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In the group of 50 companies with the biggest R&penditures 30
enterprises reduced their investment in this agti@dmong which 15 companies
by more than 5%). In the following companies a dewtigit reduction of R&D
expenditures was noted: Ford Motor (by 32.9%), Gand&lotor (24.1%),
Motorola (2.5%), Hewlett-Packard (20.4%), Canon.§¥8), BMW (14.5%),
Alcatel-Lucent (14.3%), Ericsson (12.1) and Astnag€ea (12%). Among
remaining 20 companies that noted the rise of R&pPeaditures 9 enterprises
increased this investment by more than 5%. Douigii-dse of research and
development expenditures was observed in the follpwompanies: Takeda
Pharmaceuticals (64.3%), Merck (21.6%), Oracle§%j, Eli Lilly (12.6) and
General Electric (10.1%).

In the whole group of enterprises increasing R&[panditures we can
find not only companies achieving good financiabulés (i.e. net sales or
operating profit value) such as Huawei Technolog{ggrease of R&D
expenditures by 27.8%), Apple (25.4%), Oracle (%),6but also companies
experiencing a significant decrease of sales aofit@rBayer (8.8%,) General
Electric (10.1%) or Daiichi Sankyo (12.9%). In tbase of the latter company
the decrease of profits in 2010 in relation to y2a09 amounted to 294%
[European Commission (2010)].

4. Reaction of innovative companies to crisis — decal aspects

Research and development expenditures in the gmumnalysed
enterprises are characterised by strong conceortrati the cross section of
economic sectors. Three among sectors of so-calleB - Industry
Classification Benchmark: Pharmaceuticals & Biotesbgy, Technology
Hardware & Equipment, Automobiles&Parts in 2009 aotded for 51.7% of
total investments in R&D among 1400 innovative gmises, whereas 15
leading innovative sectors accounted for 92% o#éltivestments in R&D.
In this paper the notion: innovative sectors isdute describe the sectors in
which we find enterprises with the biggest shard¢otdl R&D expenditures of
1400 analysed enterprises.

Among 50 companies with particularly high R&D exg#ares in 2009
35 enterprises belonged to three sectors: Pharticaisu& Biotechnology,
Automobiles & Parts and Technology Hardware & Equépt (compare tab. 2),
which confirms a strong concentration of researchd adevelopment
expenditures in cross-section of economic sectors.
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Table 2. Leading innovative enterprises (50) by econuc sectors

Sector Total
Pharmaceuticals&Biotechnolo 14
Automobiles&part 11
Technology Hardware&Equipme 10
Software&Computer Servic 4
Aerospace&defenc 4
Leisure good 3
Electronic&Electrical Equipme 2
Chemical: 1
Industrial Engineering 1

Source: European Commission (2010).

The best results in the field of R&D expendituresrev achieved by
Pharmaceuticals & Biotechnology sector and it wiased in No 1 position in
the ranking of the most innovative sectors. R&D andlitures in this sector
accounted for 19% of R&D investments observed iA0L#ading innovative
enterprises. Research and development expendiforeBharmaceuticals &
Biotechnology sector in the group of analysed gmises rose in relation to the
previous year by 5.3% (compare tab. 3). Simultaskgout is one of very few
sectors that managed to increase net sales inirtlee df crisis (by 6.4% in
relation to year 2008) To a great extent the strengthening of researnth a
development ability was achieved by processes oh@mic concentratidn
Pharmaceuticals&Biotechnology sector is also thetosecharacterised by the
biggest intensity of research and development ekpees in 2009 (i.e. the
relation of research and development expenditarest sales).

No 2 position in the ranking of the most innovatsextors was occupied
by Technology Hardware&Equipment sector which in020accounted for
17.2% of total investments in R&D of 1400 innovatienterprises. However,
this sector turned out to be little resistant tsisr— research and development
expenditures of this sector in the group of analyeaterprises fell in relation to
the previous year by 6.4%.

3 European Commission (2010).

* p. Roche acquired Genentch, Pfizer acquired WysHmofi-Aventis acquired Zentiva
[IMMA (2009), Mergers and Acquisitions Repprt
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Automobiles & Parts sector proved to be even lesstant to crisis. Even
though it is still one of the most innovative sest@n the ranking of leading
innovative sectors it held no 3 position in 2009 accounted for 15.6% of total
investments in R&D in analysed enterprises), it tés very sector in which the
biggest decrease in R&D expenditures (by 11.6%)abaerved.

Automotive industry that belongs to medium-techuistties was one of
the first to suffer from an economic crisis in theea of sales, company value
and profit. Among 12 global car manufacturers iswaly Hyundai Motors that
increased research and development expenditur2®byg 2009.

Table 3. Changes of expenditures in innovative entprises and the value of R&D intensity

index by economic sectors

Sector R&D Investment (change R&D

09/08, %) intensity, %
1. Pharmaceuticals&Biotechnology 5,3 15,9
2. Technology Hardware&Equipment -6,4 6,6
3. Automobiles&part -11.¢ 4.7
4. Software&Computer Servic -0,1 9,6
5.Electronic&Electrical Euipmen 11 4.4
6. Chemical 2,7 34
7. Aerospace&defence -1 3,9
8. Leisure goods -4,8 6,5
9. Automobiles&parts -1,8 3,1
10. Industrial Engineering -1,8 2,6
11. Fixed line telecommunicatic 1,3 17
12. Health care equipment&services 51 6,2
13. QOil&gas production 2,6 0,4
14. Food producers 0,8 1,2
All sector -1,€ 3.t

Source: European Commission (2010).

Some sectors noted an increase of research anbpenant expenditures
in spite of a significant fall of net sales (Cheat&; Oil & Gas Production).
Research and development expenditures in Chemseal®r in the group of
1400 analysed enterprises increased in relatidinet@revious year by 2.7% and
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Oil & Gas Production by 2.6 % (net sales value feipectively by 26% and
16.1%). The increase of R&D expenditures in Headtre equipment & services
sector is also an example of a positive, anti-cgtlieaction to crisis.

4. Reaction of innovative companies to crisis — gg@phical aspects

The factor differentiating the changes in reseaartd development
strategies of innovative companies in their resporie crisis is their
geographical location.

1400 enterprises analysed in the cited report whiete classified on the
basis of their research and development expenditoa® be divided on the
ground of their geographical location into two grod00 leading enterprises
from the EU, 504 from the USA (27 less than thevimgs year ranking), 259
from Japan (3 more than in the 2008 ranking) and [&3siness entities from
other countries (24 more than in the previous year)

In 2009 American enterprises accounted for 34.3%tal investments in
R&D among 1400 innovative enterprises, whereasrgrnses from the EU for
30.6% (compare graph 2).

Figure 2. Research and development expenditures déading innovative enterprises by
the most important regions of the world in 2009

BUSA
(34,30%)

BEU
(30,60%)

@ Japan
(22,00%)

0O Other
Countries
(13,10%)

Source: European Commission (2010).
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The share of American companies in total R&D expenels of 1400
leading innovative enterprises decreased signifiganfrom 37.7% in 2008 to
34.3%, whereas the share of the EU enterprisegdred by 1.7 percentage
points. Japanese companies maintained their shaeséarch and development
investments in the analysed companies on the sawe. |However, the
enterprises from other parts of the world increabeit share in total research
and development expenditures of 1400 leading inmavanterprises by 1.9
percentage points.

The companies that turned out to be the leastta@siso crisis were the
companies from the USA which reduced R&D expendgusy 5.1% in relation
to the previous year. The enterprises from the Bl teported a fall in sales
similar to American companies but a bigger fall profits reduced R&D
investments by 2.6%. Japanese companies in spite significant fall in net
sales (by 10%) and a dramatic fall in profits (I8:286) managed to maintain
research and development expenditures on the sere. [However, the
companies from other parts of the world increasesearch and development
expenditures by 5.8% despite a fall in sales byuddhd a fall in profits by
12.4%.

The companies whose research and developmenttagiirnoved to be
exceptionally resistant to crisis were the entsgsifrom other Asian countries —
innovative companies from this region increaseccassh and development
expenditures by 11% and at the same time theirsakts rose by 5%. The
highest dynamism of research and development expeesl was observed in
enterprises from China (40%), India (27.3%), Horan¥ (14.8%), South Korea
(9.1%) and Taiwan (3.1%).

Pro-cyclical reaction of Asian enterprises to erisialso confirmed by the
fact that new companies from this region appeanethé ranking of the most
innovative companies in the world. As it was alyeadentioned the ranking
from 2009 included also three Japanese compariespspanies from China,
four from Taiwan, four from South Korea, two fronohty Kong and two from
Singapore.

The crisis has not changed sectoral specialisatibnthe regions.
Enterprises from the USA dominate in sectors produdigh-tech goods,
whereas companies from the EU in sectors produtiedium-low tech goods.
69% of research and development expenditures inridarecompanies in 2009
went to high-tech sectors, and 25% to medium-lostrtsectors. However,
“only” 35% of research and development expenditunesthe European
innovative companies went to high-tech sectors 486é to medium-high
technology sectors.
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5. Conclusions

In the economic literature we can find argumentgairour of cyclical as
well as anti-cyclical enterprises’ reactions toremmic crisis.

In the analysed period 1400 leading innovative rpniges reduced to
a greater extent net sales and profits than rdseamd development
expenditures, which supports an anti-cyclical fieacbf innovative companies
to crisis. Some companies increased research argdogenent expenditures in
spite of worse economic results. However, someyandl companies reduced
research and development expenditures, which cosfirdifferentiating
a research and development strategy as a reactwisis.

The impact of crisis on corporate research and ldpueent activity
depends on an economy sector. Among analysed coespihie most resistant to
crisis were the enterprises belonging to Pharmazdsit& Biotechnology (high-
tech sector) and the most susceptible were thepeisies from Automobiles &
Parts sector (medium technology). On the other lWaddction in research and
development expenditures was noted also in Techgolblardware &
Equipment sector that belongs to high technolodiesyever, the hypothesis
that high—tech industries are more resistant w<cr$ not supported -in a group
of sectors that showed a cyclical reaction to rige find both high-tech and
medium-tech sectors.

The reaction of innovative companies to crisis watermined also by
their geographical location. American companiesvaell as those from the EU
in response to crisis reduced research and develapaxpenditures, whereas
Japanese companies maintained them on the unchdeged Research and
development activity in companies from the otheogyaphical regions was
definitely anti-cyclical (particularly the Asian gpanies).

It must be noted, however, that analysed enterprisgresent a sector of
big enterprises which possess a large budget $eareh and development, thus
their reaction to crisis is different than the téat of less innovative companies.
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Streszczenie

NAKLADY NA BADANIA | ROZWOJ PRZEDSI EBIORSTW
INNOWACYJINYCH W DOBIE KRYZYSU

W opracowaniu zbadano reakcffirm charakteryzujcych s¢ najwiekszymi
naktadami na B+R w skafiwiata na aktualny kryzys. Celem analizy byta odeoivha
pytanie, jak wraliwa na kryzys okazala sizmiana nakladéw na badania i rozwoj
przedsgbiorstw innowacyjnych w poréwnaniu ze zmianami egpaz/ i zyskow oraz,
w jaki sposob charakter sektora i pochodzenie gaficgne przedsbiorstw wptywa na
zmiany ich naktadéw badawczo-rozwojowych.

Analizowane przeddbiorstwa w wgkszym stopniu ograniczyly sprzédaetto
oraz zyski, i naklady na badania i rozwoj, co potwierdza wdgl; odporng¢ firm
innowacyjnych na kryzys. Co prawda w badanej pra@izg¢ przedsgbiorstw znaczco
zmniejszyta naktady na badania i rozwdj, jedigakiektore firmy zanotowaly wzrost
naktadéw na B+R, mimo pogorszenia wynikéw ekonamaz

Wsrdéd badanych sektoréw najbardziej odpornym na lgyakazat si, zaliczany
do wysokich technologii, sektor Pharmaceuticals&Bitnology, natomiast szczegdlnie
podatnym na kryzys sektor Automobiles&parts. Nagduje jednak potwierdzenia teza,
ze przemysty wysokiej techniki ®ardziej odporne na kryzys — wydatki na badania
i rozwoj sektora: Technology Hardware&EquipmentliGzanego do wysokiej techniki)
w 2009 r. zmniejszylyesiv stosunku do 2008 .

W badanej zbiorowsmi przeds¢biorstw najmniejsz ,odpornosé¢” na kryzys
wykazaly firmy ameryl@skie. Firmy wywodze seé z UE réwnié zanotowaty
zmniejszenie naktadéw na badania i rozwdj, jedmmhpo spadku naktadow badawczo-
rozwojowych byto tu mniejszeznir przypadku firm amerykakich.



