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ABSTRACT

I n todayods highly comedompary @d odlail |l iethyw i

innovations is a key success factor for sustaining competitive advantage, partiaularly

an unstable global macroe@mnic environment such as tame of crisis Changes in
consumer preferences over time require faster upgrades in innovation and technology on
an industrywide level. These changes range from basic considerations such as
improving food safety, shelf life, dnreducing wastage, to demands for increasingly
sophisticated foods having special characteristics in terms of nutritional value,

palatability, and convenience.

This thesis has two perspectiv€ne is economiave study firmginnovation efforg
in termsof R&D expenditure and in human capital resosrigeorderto capture the
value of its innovationThe other is a practical onee studythe creationof a new high
quality food product through the use @fmbinedfood processingechnologiesThe

resultsof this research are, thus, presented and analyzed from these two perspectives.

The firststudybegins by lookingat which main innovations should be of interest to
firms in the sector, then moves to examining how various determinants of innovation
(e.g. internal and external sourcing of innovation inputs as well as a specific firm
characteristics) allow food firms to improve their innovative performance even in
difficult times such as a general economic crisisthe secondtudy, we try to explain
how etemalR&D cooperatiorcan enhancefirms inovation performanceand
technological knowledge and the rgdayedby internal capabilities to extract value
from those external collaboratiaria the third studythe waythe development of new
products caroccur ata pilot-scalelevel through the introduction afombinedfood
technologies that could lead to improve food quality and provide, at the same time,
benefits in terms of a longer shelf lifle examinedIn thefourth study,we discuss the
role of the use of modified atmosphepackaging(MAP) to improve the sensory
properties ofthe new productwith regardto the ¢ o n s u rMemari@s In this
dissertation, we tried to address these questions using a conceptual analysis by
developing the applied econotrie model explaining the link between different sources
of innovation and performance using the Spanish Technological Innovation Panel
(PITEC). Furthermore, experimental studies werarried out using combined
processing technologies and safety assessntechniques available for meat



applications (i.eozonation; freezalrying and modified atmosphere packaging (MAP)).
These technologies offer several benefits, including increased process efficiency,
improved product safety, enhanced quality attribidggnded shelfife andstability of

theproducts.

The major contributions of this thesis to the field of fomehovation can be
summarized in four outcomes: The first stinghlightsthe importance of innovation in
agrifood sectors as key mechanism foorganizational growth and even surmivn
tough economic times, and a new approach to account for the role exercised by different
sources of innovation to improve their innovative performance in the coming yéars
secondstudy also contributes to brging the ResourceWliew (RBV) Theoryand as a
result the significam role of firm absorptive capaas such as knowledge and skills
improvement also appear to be key factorgtiereffective utilization and integration of
external knowledge needed fgreater innovation performance. The third study also
discusses thmle of food processing technology for the future application or integration
of the food supply chain in achieving safe foods of high quality tlegresent an
alternative, as they would ailv extendingthe retail period in the case of natural
catastrophes, military campaigns, export to third countries, scarcity in electricity supply,
etc. The fouth study focuses onthe benefits of the innovations using modified
atmosphere packaging techngikes for providing better sensory quality of meabrder

to reach more potential markets and satisfy consumer demands.

Keywords Firm Performance, InnovationRaw chicken Meat, Fooe€processing

techniquesshelt-life.



RESUMEN

Hoy dia, en un entoo tan altamente competitivo, las empresas pueden conseguir
ventajas competitivas a través de la innovacion, en particular en momentos de
inestabilidad econémica como estos Ultimos tiempos de crisis. Las empresas se ven
obligadas a un continuo cambio dwadizacion a nivel de la innovacion y la tecnologia
con el fin de mejorar su nivel competitivo. Estos cambios van desde consideraciones
bésicas, tales como la seguridad alimentaria, ampliar la vida atil de los alimentos,
reducir el desperdicio alimentari hasta la demanda de alimentos cada vez mas
sofisticados que tienen unas caracteristicas especiales en cuanto a su valor nutritivo,

palatabilidad y conveniencia.

Esta tesis tiene dos perspectivas, una econ@nidonde estudiamos el esfuerzo
innovador ddas empresas acumulado en ¢@stosde 14D y en los recursos humanos
para capturar el valor de su innovacion. Se complementa con ife yigActica,
mediante la elaboracion de un nuevo producto de alta calidad a través el uso de
tecnologias de procesamie de alimentoy las combinaciones de vaside elés. Los
resultados de esta investigacion se presentan teniendo en cuantas estas dos perspectivas.

En el primerestudiq se traa de analizar los tipos de innovaciones que pueden ser de
interés para lasmpresasgroalimentariasluego se examina el efecto ejerciular los
indicadores de inputs de innovacion (los gastos en |+D oderexteros asicomo las
propias caracteristicas de la empresa) sobre el rendimiento innovador de las empresas,
incluso enmomenta dificiles como la ultima crisis econdmica. En el segueshtudiq
tratamos de elicar como la cooperacién en |+puede mejona el rendimiento
innovador de la empresa, asi como el papel ejercido por las capacidades internas de las
empresas paraxtraer valor y conocimientos de esas colaboraciones externas. En el
tercer estudig analizamoscémo se produce el proceso de desarrollo de un nuevo
producto a nivel industrial a travée la introduccion deiecnologias deratamientos
combinadogjue podrn conducir a mejorar la calidaé tbs alimentos y proporcionar
una larga vida util de los alimentos. En el cuastudiq se discute el papel de la
innovacion enel envasado en atmosferanodificada para mejorar las propiedades
sensoriales de lasuevas productos. En estae$ishemos tratado de responder a estas
preguntas mediante un analisis conceptual, utilizando el Panel de Innovacién
Tecnologica Espafiola (PEC), donde hemos desarrollada modelo econométrico
gue sustenta los factores que afectda actividad innovadora y a los resultados de la



innovacion. Por otrparte,los estudios experimentales se lograron mediante el uso de
tratamientos combinados (ozonizacion, liofilizacion y envasado en atmésfera
modificada)en alimentosasi comda evalu&ion dela seguridadalimentarias aplicada
en el sector carnic@ichastecnologias pueden ofrecer varias ventajas, incluyendo un
incrementoen la eficiencia delos procesos,asi comomejorar la seguridad y los

atributos de calidade losproductosduranteun almacenamiento prolongado

Las principales aportaciones de e3tsis en el campo de la innovacion en las
industrias alimentarias se resumen en cuatro puntos: El primer estuistrala
importancia de la innovacion en los sectores agroalimentasio® enecanismo clave
para su crecimiento e incluso para sobrevivir en tiempos econémicos dificiEsas,
supone la influencia ejercida por diferentes fuentes de innovacion para mejorar el
desempefio innovador de las empresas en los proximos afos. Etflcsdrabajo
también contribuye a la Teoria de Recursos y Capacidades, destacando el papel de la
capacidad de absorcion de la emprada@s como los conocimientos y las habilidades
los cualesparecen ser factores clave para la utilizacion eficaz y la adiégr del
conocimiento externo necesario partener mayoes resultados de innovem. El
tercer capitulanaliza las implicaciones de las técnicas de procesamiento de aimento
asicomo sus futuras aplicarieso integracion en la cadena de suministraliteentos
con el objetivo de producir alimentos seguros gespondan a las necesidades del
mercado y das expectativas del consumid&t.cuatro estudio agrega los beneficios de
las innovaciones en las tecnologias de envasamoatmosfera modificadgpara
proporcionar una mejor calidad sensorial de los nuevos productos carnicos para llegar a
mercados potenciales y satisfacer las demandas del consumidor.

Palabras clave Desempefio innovador de las empresas, Innova€iéme de pollo

cruda Métodos combiados Vida util.
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Chapter I. Introduction
1.1.Researchmotivation

This thesis deals with the challenges of managing innovation procest$esfond
industry and aims to make a contribution towards understanding hoiv faocess
innovations can occur at company level in the context of implemewtngbined
food processingechnologieghat enhancdood quality and safetyThis thesis has two
perspectivesan economic viewthrough whichwe study the innovation efforts firms
in terms ofR&D expenditure and in R&D human resource investment to capture the
value of its innovation. It is complemented dgractical view (technological viewynd
studiesthe creation o& new food product through the usecombinedfood piocessing

technologies to imprathe quality and stability of food products.

With regardto thefirst perspective, this study is motivatedthg need to understand
the main drivers for innovation performance tihe agrifood sectoras compared to
other nm-food companieslt is important to identify which innovation inputs lead to
improve agrfood innovation performancdespite the recent crissmdthusidentify the
innovationtrends of this sector in the coming yeais. this contextthis study takes a
time frame of 58 years, including the current economic crisis periatiich will
provide insightdor food manufacturing managers to define and redirect their strategies
of innovation inthe future The second motivation of this study related to the rsgco
perspective view of this thesis is the need to understand food-processing
techniqueswill play a vital role in foodquality andsecurity Combinedprocessing
techniques providéhe opportunityfor thefood industry to adaptself to the changing
food market and t@onsumes @eeds given thatthe modern societies demand safety

and quality

1.2.Concept of innovation and innovation measurements

I nnovation is considered one of the most
growth and is also onef the important sources and enabler of competitive advantage
(Capitanio et al., 2009According to he Organization for Economic Cooperation and
Devel opment (InGdzaddd s the ilh@ledngntation of a new or significantly

3



improved product (good or service), or process, a new marketing method, or a new
organizational method in business practices, workplace organization or external
relation®. The OCDE (2005) classifies four types of innovation: product, process,
organization and marketing. Product and process innovations are often considezed
technological innovations while marketing and organizational are thought of as non
technological

A product innovation is the introduction of a good or service that is new or
significantly improved with respect to its characteristics or intended uses. This includes
significant improvements in technical specifications, components and materials,
incorporated software, user friendliness or other functional characteristics.

A process innovationis the implementation of a new or significantly improved
production or delivery method. This includes significant changes in techniques,
equipment and/or softwar

A marketing innovation is the implementation of a new marketing method
involving significant changes in product design or packaging, product placement,
product promotion or pricing.

An organizational innovation is the implementation of a new organinatl
met hod in the firmdés business practices, W
Organi zational l nnovations can be I ntende.
reducing administrative costs, improving workplace satisfactiorreducing costsfo
supplies.

Innovationalso encompasses botiadical andincremental innovation. Research
generally identifies an innovatioas either radical or incremental bgetermining the
degree of change associated with it. More precisegijcal innovations lead to
entirely new productshat are new to the markewhereasincremental innovations

lead to improvemestin existing productand are new to the firifkttlie et al., 1984).

All above types of innovation can be de&fthas outputs of innovation, which
measue the shortst term for success ofninnovative activity of the firm that ressit
from inputs.Input indicators are those factors, influences or conditions that support
the innovation process amdeused as a proxy for the level of innovative efforte3é
indicators include expenditure on R&D (intramural R&D comprises all R&D performed
within the enterprise anektramural R&D comprises the acquisition of R&D services),

innovation investment expenditure (expenditaremachinery and equipment in order



to implement new or significantly improved products or processes), investment in
human resources and skills for innovation (e.g. cost of staff training, workshops,
upgrading qualificationsgmong others (OCDE, 2005).

1.3. Innovation in the food sector

The food industry is one of the most important in the European Union and it is
highly significant in terms of economic output and employméHirsch &
Gschwandtner, 2013)n innovation literaturethe European food industiyas been
shown toparticularly invest much less in R&Rhencompared to other industries and
radically new products are rare (Co&taongen, 2006; Bigirdi & Galati, 2013).

However, food and drink companies both within and outside the E&dumtinued
to showresilience in the economic crisis, maintaining similar levels of R&D investment
(Chamorroet al., 2012). In Spain, the percentage of innovative firms in the sector is
now similar to the average for industry as a whole, the number of food firms that have
invested in R&D in the period 2012014 having multiplied by éur. According to
Spaird 8NE (2014), 3.78% of food firms introduced a pradt innovation in the 2010
2014 triennium,and the turnover generated by these innovations was 35.35% of the
total of those firms. However, very few new products survive in thg term; about
80% of those new products are expected to fail with@n first two yearsafter their
launch into the market (Tsimiklis and Mkatsoris, 20M/hen investigating the reasons
for the low success rates, studies concluded that failed produetiton® did not fully
understand customer needs, or ettt they launched products without taking into
consideration the realities of those who will use the product (Dougherty, 1992).

In order to produce and successfully commercialize innovation, firmst mu
synthesize a wide variety of expertise and knowledge produced by different
complementary source@Muscio, 2007). The collaborative approach to innovation,
termed Aopewganbenoomti astwed with the traditd.
innovation, which entails the complete integration Beserch and Development
(R&D) within the boundaries of a firm (an option not best suited to the strained
resource of smaller food companies) (Bigliardi and Galati, 2013; Hudnurkar et al.,
2014) . F i r trors with exterdndl endiitatiorss allows the expansion of their
range of expertise and can support the development of new products. However, in order
to successfully access new knowledge through collaborations with firms and

institutions, firms must managddir absorptive capability to ensure the effective

5


http://www.sciencedirect.com/science/article/pii/S0309174012002598

utilization and integration of external knowledge needed for development of new

producs (Haeussler et al., 2012).

Open innovation represents a vital source of knowledge for moss foaatder to
gain am sustain their competitive advantageey have to deliver the best customer
value at the lowest possible costs (Bigliardi and Galati, 2013; Hudnurkar et al., 2014).
The customer is increasingly demanding healthy food products, free of conventional
chemial preservatives. For this reason, food industry innovations are often aimed at
developing important replacement products, following nutritional directionagctimg
uponfood additive regulations. Innovations may occur throughout all parts of the food
chain and a possible classification of the food innovations is the following: (1) new food
ingredients and materials, (2) innovations in fresh foods, (3) new food process
techniques, (4) innovations in food quality, (5) new packaging methods, and (6) new
distribution or retailing method®B{gliardi and Galati, 2013)These trends in innovation
in foods and drinls are also applicable to the meat industry. Innovation in meat products
has become a global necessity given the forecasts of future meat consumgtibe a

resource constraints facing livestock production.

The consumption of meat and meat products, which contain important levels of
proteirs, vitamins, minerals and essential micronutrients, is growing in developing
countries. Meat processing providese tbpportunity to add value, reduce prices,
improve food safety and extend shelf liféne Livestock in Food Security report (FAO,
2011) estimaté a nearly 73% increase in meat consumption from 2010 to 2050. Fresh
meat is the most perishable food amonghal important foodstuffs due to its nutritive
compounds (Jay, 1992). Microbial growth is the meamiseof meat spoilage, which
results in offodors and oftflavors, as well as textural defects (SandHolley, 2012).

The growing concern for health has k@ meat industry to introd@new products to

meet rapid changes in consumer tastes and demands for healthier food products, safe,
natural, free of conventional chemical preservatiaad with an extended shelife.

Another factor influencing the needrfinnovation has been the series of food crises in
recent years and the effect they have had on the legislation affecting the sectisoand

the consumer confidence:e. the secalledii ma d ¢ o vepaviah iinBuenaas and
bluetongue diseas@Chamorroet al., 2012)All of them haveled the meat industry to

search for noveand innovative ways of processing meat for maintaining quality and

safetyin order to maintain andxpandnew markets (Troy et al., 2016). The hurdle
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technology is a combination of two or more different control techniques which have
been proven to be effective for controlling spoilage/ pathogenic microorganisms in food
products. The principle of thig¢hnology can be explained as two or more inhibition
and inactivation methods (hurdles) at suboptimal lelselagmore effective than one
(Leistner, 1992). This method is becoming attractive, becauseries ohurdles are
used to obtain optimum combimats which do not affect the sensory quality, while
maintaining the microbial stability and safety of food (Alzaaet al.1993; Leistner,
1992).

1.4. Development of the Research and the Overview of Thesis

This thesis consists of fourhapterscomplementd by this introduction and a
concluding chapter. In this section, we provide a brief overview of different papers and
the respective research questions they address. The objective of this research is twofold:
first, to identify the determinants of differetypes of innovative inputs (R&D and
technological acquisitions) and their relationship with different innovative outputs and
to provide some insights that heldirect strategies for innovation in the coming years.
Second, to explain how the innovatiprocess occurs within the food indystwhere
we take as an exampl e Brdlernlkewckamw Imeaaspoodu

The first two studies (Chapter2 and 3) are focused on the innovatiormanaging
processes in industry astiowwhat happesto factos (inputs) that likely drove firs 6
innovative performance. The remaining studies (Chapterand 5) show food
processingechnologies required to improve shelf life and food safety. In this way, we
believe that this dissertation allows us to analyze itadehe complete innovation

process.
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Chapter 2- Has the global financial crisis had different effects on innovation
performance in the agrifood sector by comparison tdhe rest of the economy?

This first study provides an extensive literature review of work relevant to research on
agrifood firm performance and innovation and provides a first comprehensive overview on
the effect o the global financial crisis on firmdsnnovative performance and on the effort
made by the firms in assigning resources for R&D. Then studies on the factors fostering
innovation in firms are reviewed by focusing on various internal and external resources which
impact uportheinnovation and grformance of food industries during a downturn. It outlines
the key indicators of innovation, such as R&D expenditure (internal and external R&D),
cooperation agreements, propensity to innovate, sales from new products etc., supplemented
by firm specific factors. The focal point of this thesis technological innovatian
Furthermore, it is acknowledged that organizational and marketing innovation can facilitate
technological innovation process(OECD, 2005), and is therefore an integral part of the

innovation process.

This chapter explorethe ideathat the economic crisis has had a significant and negative
impact on firms' innovative performance and on the effort made by the firms in assigning
resources for R&D. A crisis affects technological innovatitms great extent, as well as
small companies, those which carry out less internal R&D and cooperation efforts. However,
innovating firmshave beerproved to obtain better results both in economic and productive
terms. Further to that, the adood secto innovative behavior has been less affected by the
crisis thanothereconomic sectors. Our finding also has implications in understanding the role
of some innovation inputs ihelping firms to manage better innovation strategy durieg th
recentcrisis For instance,engagement in internal R&D activities not only influences the
process of innovation but also has a substantial role during a crisis in explaining the-counter
cyclical behaviorof firms (i.e. persisting in innovation). Our empirical evidence atsnfirms
the importance of cooperation with differgmartnersas an attractive strategy for Spanish
businesses in times of crids reduce costs and share the risks of innovaiibis highlights
the i mportance of the fweelBbyderanndgedaect at(@0daci t y o
(among others)when it comego takng advantage fronthis external knowledge. Firms need
to develop absorptive capability by building knowledge stocks through investment in internal

R&Dto better benefit from externahkwledge sourcesA series offirm characteristicsnay



alsostimulate firms to innovate; the findingégsoshow the important role of human capital

in cushioning the effect of crisis in innovation activities.

Chapter 3- Capturing Value from Alliance Portfolio Diversity: The Moderating Effect
of R&D Human Capital

Innovation is essential to success in the food sector. Since most food fimoshdwe the
competencies or the capital needed to innovate on their own, they need to find partners to join
forces in open innovation collaborations in search of successful new products and
technologies. Access to new knowledge through collaborations with external partners can
help firms reduce both their R&D costs and also the total product development time,
especidly in times of crisis. However, lowtechnology sectors like food industries often face
difficulties in establishing a strategic and efficient network.

This studyis a contination of the previous chapteaandhas a detailed investigation of
the collaboréion between supply chain partners of firms (e.g. with other firms, consultants,
universities, competitors, and customeosachiee new products. Research has demonstrated
the value of external linkages iticreasen-house R&D effortsbut very little 8 known about
how managers can operationally leverage the potential benefits of open collaborative modes
of innovation to create an innovative edge. This chapter explores how low technology sectors
(e.g.thefood sectoruse their cooperation networks coemngd to hightechnology sectors for

improving their innovation performance.

Additionally, this chapter informed our understanding of how firms develop valuable
resources and capabilities to take value from open stratégid¢isis sense, the moderating
effect of R&D human capitaeducation and skills on the alliance portfolio diversity
innovation performance relationship is explored. Using data from the Spanish Technological
Innovation Panel (PITEC) fothe 2005 2012 period, randoreffects panel Tobit mads
support the curvilinear (inverted -thaped) relationship between alliance diversity and
innovation performance reported in studies; however, the value of alliance diversity is more
accentuated in higtechnology industries, particulariyn radical innwation performance
given the technological complexity, market uncertainty and divergent skills set required for
breakthrough innovations in highchnology sectors. Further, vieund evidence that the
value of alliance diversity on innovation performanrgeic ont i ngent upon fir

capital, which emphasies the importance of internal capabilities to effectively integrate
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external flows of knowledge into innovation processes. This study provides valuable insights
to managers aimingtincreasng the effectiveness of their alliance portfalio

Chapter 4. Combined effects of ozone and freezdrying on the sheltlife of broiler

chicken meat

This paper deals witbombined foodechnologies which have shown potential for meat
processing applications. Thaarobial stability and safety of most traditional and novel foods
is based on a combination of several preservation factors (called hurtlas)the
microorganisms present in food are unable to overcome. In achieving the desired safety
throughonly one lurdle, great caran processing needs to be appld generallycauss
significant damage to the nutritional and sensory quality of foods. For this reason, it is
important to havex multi-hurdle approach for developing safe and wholesome food products
(Rahman, 2015). The multiple hurdle concept is becoramattractive technologgiven that
a series of hurdles are used to obtain the optimum combinations which do not affect the
sensory quality, while maintaining the microbial stability and safety ofaibe (Alzamora et
al., 1993; Leistner, 1992). Hurdle technology is generally defined as using the simultaneous
or the sequenti al application of factors and
et al., 2015).In this chapter, ozonation andefezedrying were employed as hurdles to
develop a new raw meat product frobnoiler chicken breasts. Ozone is a powerful
antimicrobial agent very effective in destroying a wide range of microorganisms including
viruses, bacteria, fungi, protozoa, and baatend fungal spore@hadre and Yousef, 2001)
Freezedrying is the most common form of food preservation to improve the-tknng
stability of food because the percentage of humidity and the water activity can be reduced if
the product is well lyophiied, which retards the growth of microorganisms for a long period.
The sheHlife of the chicken meat samples was determined using both microbiological and
sensory analysesduring eight months of storagelhe combined effect of gaseous ozone and
lyophilisation in chicken breast meat showed great antimicrobial effectiveness due to the
action of ozone as well as the low percentage of humidity (<10%) and water activity below
0.5 of the product. These techniques also allofwdextending the shelife of those
productsover eight months of storage at room temperature without refrigeration. However,
the combination of those hurdles were not sufficient to maintain the physicochemical (texture)

and sensory qualities of the ozonated dried meat lforg time( Cantalejo et al., 2016)
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Chapter 5. Study of modified amosphere packaging on the quality of ozonated freeze
dried chicken meat

This chapteris a continuation of the previous chapter, and feewseusing modified
atmospherepackaging technologies, which also have shdwnbe an effective way of
controlling spdage/ pathogenic microorganisms in new prodigt maintaining their quality
longer. Modified Atmosphere Packaging (MAP) is a technique for modityiegternal gas
atmosphere of the food packageorder toto slow deteriorative reactions inside theksge
and to prolong shelf life of the produdiNair et al., 2015) carbon dioxide, oxygen and
nitrogen, being the most commonly used gases in MAWRrefore, the aim of this study was
to evaluate the effects of MAP on the physicochemical and sensory properties of ozonated
freezedried chicken meat storeat room temperature in order to obtain a new raw -high
quality meat product with no preservatives and stable over time at room temperature. This is
the first time that these three combined techniques (ozonation,-ftegag and MAP) have

been applied onqultry meats.
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Chapter II. Has the global financial crisis had different effects on innovatin
performance in the agrifood sector by comparison to the rest of the economy?

2.1.Introduction

The agrifood industry is one of the most important sectors in the European Union and it is
highly significant in terms of economic output and employn{éhitsch & Gschwandtner,
2013) In addition, it is a leading industrial sector in the Spanish economy and the fi¢lstlar
in Europe (Alarcén, Polonio, & Sanchez, 2013) i t pl ays an I mportan
economy contributing 7.2% of its GDP and more than 20%otal employment{Spanish
Food & Drink Industry Federation, 2014)Yraditionally, the agffood sector is considered a
Low-Tech i ntensive industry and the evidence
growth depend on its capacity to innové@apitanio, Coppola, & Pascucci, 2009his is
because European food markets are characterized by high market saturation and strong
competition(Hirsch & Gschwandtner, 2013nd it allows firms to grow more quickly and be

more profitable than nemnovatorgAtalay, Anafarta, & Sarvan, 2013)

Nowadays, the globalization and expansion of financial markets and the current economic
crisis are changing the rules of the economy. Innovating in times of crisis is seen by many
authors a an opportunity to grow, survive and succeed and as the attempt to maintain or
devel op competiti venes gKihnen Vathondckey, 6Gellynck] & b a |
Verbeke, 2010; Mohezar & Nor,024; Peters, Shane, & Torgerson, 200Bgspite the
importance of innovation during crisis, most of the empirical literature dealing with the
I mpact of an economic crisis on innovation h
(Paunov, 2012pr on customer behaviogAsgeirsdattir, Corman, & Noonan, 2012; Mansoor
& Jalal, 2011)

However, this studjocuses on analyzing the overall effects of an economic crisis, both in
terms of innovation inputs and innovation performance. On this background, the overall
objective of this work is to examine the impact of the economic crisis on the probability of
Spanish firms to introduce innovations and on innovative sales opened up by a new product.
I n this sense, we studied firmsé decisions t
types of innovation described by the Oslo Man@(CDE, 2005).e. technological and nen
technological innovations. Additionally, we measured performance in terms of the market

success of firmsodé i nnovati on sateélymewrpductsy t o t

17



We chose the Spanish case because it is one of the countries which have suffered most
seriously from the financial crisis in the EBinitsky, 2013)

Finally, this paper developed a conceptual model highlighting different innovation
indicators which impact on the innovative performance of firms related to the psstulie
like business factors (ihouse R&D; external R&D; domestic and foreign cooperation in

innovation) and the international strategy of the firm measured by export operations.

2.2.Literature review

2.2.1.Source of innovation in the agiood sector

Agri-food industries are traditionally regarded as a sector with low levels of R&D intensity
(Capitanio et al., 2009; Grunert et al., 2Q08hich has been confirmed to be true in the case
of Spain (Garcia Martinez & Briz, 2000) Despite relatively low R&D investments,
innovation for this sector has become an important instrument in the turbulent environment
that increasing globalization creates, which includkeanging quality demands and price
discount fights among retaile(Batterink, Wubben, & Omta&2006) Food firms are mainly
processnnovation orienteqBatterink et al., 2006and both product and process innowat
are to a large extent characterized by incremental rather than radical c(Bagasa et b,
2013; Fortuin & Omta, 2009; Hervaliver et al., 2014) The importance of incremental
innovation is associated with constraints on the demand side (including retailer behaviour)
and conservative consumer behavig@api@anio et al., 2009; Filippaios, Papanastassiou,
Pearce, & Rama, 2009)

Regarding the origin of agfood innovations, a large part of them seem to start from
customer and retailer demandsarketing strategies, consumer perception of quality and
safety and environmental pressuté/anhonacker et al. (201®)dicate that few innovations
are widely accepted by consumers in this seethere 50% of new products launched on the
market fail(Ronteltap, van Trijp, Renes, & Frewer, 200Zpnsumer acceptance is crucial to
the adoption and dissemination of new technologies in food production and to thessofcce

any new product launched on the maigarcia Martinez & Briz, 2000)Additional detailed

! The implementation of food safety management systems has grown significantly in the food production chain

in order to improve food security. European food safety regulation covers a broad range of regulatory techniques
andstandats i ncl uding the GI obal GAdFprk Tdsc® Nurtiie, (Kikegievket@.pencer
2015).
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knowledge of consumer preferences in terms of food technologgvations can help
minimize innovation failure rate@Chen, Anders, & An, 2013)in this context, marketing
innovation plays an important role in the food sectapart from product and process
innovation when it comes to creating information exchange between producers and

consumers and to the success of new food products in the market.

Particularly i n ti mes of crisis, when C Ol
expenditures are greatly affed{doth the demand and the supply side pay great attention to
the price trends of food produdisoutsimanis, Getter, Behe, Harte, & Almenar, 20112)e
foregoing considerations are based on the literature and indicate the importance of all types of
innovation in the agtfood industry. Firms in this sector tend to innovate so as to staind
from their competitors at all times and fulfiie needs and expectations of their customers
particularly in times of crisis, and also Bustain prosperity, attain long term goals and
devel op competiti veneslihne et al.t 2080a Mahsoor § Uatab a | m
2011)

2.2.2.Determinantsof firm innovativegperformance

This section describes the conceptual framework built on the basis of the Rd3asede
View (RBV) (Berney, 1991) and the Dynamic Capabilities Theory (Teece et al., 1997) to
analyze how firms may adapt, assimilate and deploy their behavior, resources and capabilities
within a changing environment. Using the ResoiBesed View (RBV) of he firm as a
theoretical backdrop; we aim to find out the relative impact of different activities beyond
f or mal R&D (i nternal and external), source
(domestic and foreign coop e ichdracteristicsi(fibmsizeyn o v at
business sector and productivity) on their shahd longterm competitive position.
Extending the RBV theory, we build on the Dynamic Capabilities Theory to examine why
and how some firms have handled the current crisieibéttan others and how factors
(inputs) allow firms to effectively face the crisis by improving their innovative performance
during such periods. We argue that managers of firms that want to achieve competitive
advantage need to adapt, integrate and reqpmef resources and competences to match the
changing markefMakkonen, Pohjola, Olkkonen, & Koponen, 2014; Teece et al., 199&)

summarize our arguments in a set of hypotheses listed below.
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Firm factors

The first determinant on firm innovativperfomanceis Research and Development
activities (R&D). R&D is considered to be one of the key drivers for innovation
(BascavusoghMoreau & Tether, 2012)R&D has a particarly successful impact on
innovation efforts when firms carry it out in a continuing w#&phler, Sofka, & Grimpe,

2012) Mor eover, a strong set of I nternal C 0 Mj
innovative outputs but also allows them to use and exploit knowledge acquisedecthe

firm (Artz, Norman, Hatfield, & Cardinal, 2010)n this regard, some authors find that the

different options for using innovation inputs (internal or external) affect innovation
performance more than the R&D effort in general terfb§pez Rodriguez & Garcia
Rodriguez, 2005)

However, the rapid advance of technological knowledge, the growing costs of R&D and
shorter product life cycles make it impossible for any firm to sustain all the abilities and
knowledge requiredor production irhouse (Berchicci, 2013) In this line, Koschatzky
(2001) suggests that firms which do not exchange knowledge in innovegduce their
knowledge base on a loitgrm basis and lose the capability to enter into exchange relations
with other firms and organizationfAvermaete, Viaene, Morgan, & Crawford, 2003)
According to this agreement, firms should open their R&D activities to external sources as the
externalization of R&D activities allows firms to search for new external lediye sources
outside their environment to benefit from complementary sets of knowledge from external
agents and improve their performance and innovate successfully. There is agreement in the
literature that the agfood industries are slightly more op#ran other Spanish firms in this
regard(Bayona et al., 2013)urthermore, it is crucial for firms to be able to identify and
exploit the significant value of external knowledge from other sources of innovation. This
capabil ity enhanc e acittidireduced byComénsandd évimtbat (h9BJ) v e c a
who argue that internal R&D investments are necessary for firms not only to increase
innovative outputs but to enhance their capability to assimilate and exploit better sources of
knowledge generated outside its boundaries effectively. Firms that depend totally on external
partners sometimes lack internal R&D processes themselves and the ability tapture
and assimilate external knowled&hesbrough & Teece, 1996yhich suggests that external
knowledge should be used tomplement rather than substitute for internal R&@2ga
Jurado, Gutiérreracia, & Fernandebe-Lucio, 2009) However, previous studies have

found empirical evidence that firms with international R&D are more likely to generate
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innovative products and achievagher sales growth due to these new products as compared

to firms that innovate domestically on({iPeters & Schmiele, 2010Yhis suggests that the
internationalization of R&D increases the nbas of firms participating in international
knowl edge sharing. Foreign knowl edge wi ||
success with innovations when they possess the necessary abilities to make use of their
knowledge base. A key reason for firtesgo abroad with R&D activities is getting access to

new knowledge not available in their home couribgchs, Borowiecki, Kinkel, & Schmall,

2012) In line with this, we put forward the following hypotheses

H1.a. Firms that carry out internal R&D will see a positive impact on firm performance in
relation to yrms that do not.

H1.b National or international external technology acquisition positively correlates with

firmsdéd innovative performance.
H1.c. The e#ct of international R&D can be expected to be stronger than national R&D.

As a consequence of the recent ynanci al c
reduce their investment in innovatidd.i | i | s@g@edtd tRa) investments in innovations
and future growth are at risk during an economic crisis, when most organizations cut their
R&D budgets.Paunov (20125hows that in Latin American countries the current crisis has
led many firms to put a halt to ongoing innovation projects. Moreovgippetti and
Archibugi (2011)note that in certain countries in Europe the percentage of firms reducing
investments in innovation is higher than those increasing their innovation expenditure.
Similarly, Cincera, Cozza, Tubke, and Voigt (201&ighlight the fact that a large percentage
of companies in Europe haveduced R&D activities as a result of the crisis. Given the

decrease of R&D efforts during a crisis, we hypothesize that:

H1. d. |t i's to be expected that the positi

performance will be lower during economicsisi.

H1. e. It is to be expected that the positi

performance will be lower during economic crisis.

The second determinant of innovation performance is cooperation agreements, they is one
of the dimensions of opeinnovation and an additional knowledge sourcing strategy.
Cooperation with external partners has proved to be essential in the case of SMEs, where the
cost of innovation is more significant as compared to other sectors due to their limited labor,

financial and material resourcésaforet, 2013)Bayona et al., (2013pund that cooperation
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in Spanish agffood firms has a positive effect on inragion performance. However, firms

have opportunities to cooperate with different kinds of partners, namely national,
international, industrial and institutional partners. Cooperation with a specific type of partner
is generally more likely to be choserntlifat type of partner is seen as an essential source of
knowledge for innovation succe®®lderbos, Carree, and Lokshin (2004ed Dutch data on
innovating firms and found that competitor and supplier cooperation is associated with
incremental innovations, whereas custosn and universities are important sources of
knowledge for firms pursuing radical innovations. Similatjarhoff, Mueller, and Van
Reenen (2014highlights the fact that collaborations with customers are intended to adapt
existing products to new markets and can boost sales of products abroad. Due to international
economy integration, R&D cooperation is not limited by national borders. Some studies have
found a positive impact of international R&D cooperation on innovation performance.
Arvanitis and Bolli (2013)analyzed the differences between national and international
innovation cooperation in five European countries: Belgium, Germany, Norway, Portugal and
Switzerland, and found that innovation penfi@nce of firms improves with international
cooperation but remains unaffected by national cooperaliboiti and Sachwald (2003)
studied French manufacturing firms and showed thaiviation performance is not affected

by innovation cooperation agreements with national partners but is positively influenced by
cooperation with foreign partners. Howevéaklic, Damijan, and Rojec (2008hd positive

effects of national but not of international inmdn cooperation in Slovenian firms. During

the latest years of crisis, cooperation has become a more attractive strategy to cope with it for
Spanish business; this is particularly the case with SME firms, which have considerably
increased cooperatiofsiven the double aim of the collaborative strategy; pooling knowledge
and sharing development costs, this strategy should increase in periods of economic
downturng(Laperche, Lefebvre, & Langlet, 20149 as to preserve the innovation capacity of
firms. In line with theempirical studies above, we expect that an economic crisis will lead to
the development of collaborative strateg{éaperche et al., 2011Hence, the following

hypotheses are proposed:

H2.a. Cooperation agreements with different national partners will have a positive effect on

the innovative performance tife firms.

H2.b. Cooperation agreements with international partners will have a positive effect on the

innovative performance of the firms.
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H2. c. It is to be expected that this posit

innovative performance wibe easier to be perceived during economic crisis.

Numerous studies have shown that the expor
innovate. Firms competing in international markets are under intense innovation pressure in
general, which revealdself in a constant need to provide innovative products to remain
competitive(Kirner, Kinkel, & Jaeger, 2009Almeida and Fernandes (2008und that firms
that export are more likely to innovate than firms selling only to the domestic nmisré&td.
and Santamaria (2007@lso showed that export intensity has a positive and significant effect
on the likelihood of achieving incremental innovatiomtowever, in the current crisis
exporting has become an attractive and sustainable route to survive and get out of recession
not only for large companies but also for many SMEsters et al.,, (20099rgue that a
weakerdollar would be beneficial for the American agricultural sector since it would result in
higher export earnings, higher commodity prices, and an increase in proditioreat
Pé&ez, AragérSanchez, and SanchBtarin (2012) suggest that the economic crisis has
driven firms to sell their goods and services abroad. Because of the decrease in domestic
demand, firms have found that their products are more difficult to sell in toair markets.

In most cases, the motivation of firms to expand their markets seems to respond to the need to
survive a global market and to achieve a more stable competitive p@Bitipascu, Rialp, &
Rialp, 2009) Hence, we propose the following hypothesis:

H3.a. The exportvariablsposi ti vely related to innovative
H3.b. It is to be expected that his positive effect will be higher during economic crisis.

Firm internal characteristics

Although business factors are key drivers of innovation performance, the rolemof fi
internal characteristics cannot be negl&ntm size, business sector and productivity, have a
considerable impact on innovation performaneoductivity is considered to be the most
reliable indicator for evaluating the economic performance of a. f@mcini, Kose, ad
Otrok, (2011)suggested that total factor productivity shocks have been a primordial source of
fluctuations in global economic activity. Empirical findings suggest that the relationship
between firm productivity and innovation activities is positideraszelski andalimandreu
(2007) found that R&D spending is highly positively associated with the probability of
i ntroducing a new product and process innova

productivity. The same authors highlight that innovative firmgHhaigher labor productivity
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and are bigger than firms that do not innovate. In terms of type of innovétanmsi,
Schiantarelli, and Sembenelli (200&)alyzed Ithan firms and found that the introduction of
process innovation has a sizeable effect on product@ggsiman and Marting2os (2007)
suggest that product innovation rather than process innovation affects firm productivity.
Moreover,Antonioli, Mazzanti, and Pini (201%)nd a pcitive impact of organizational and
technological innovations on labour productivity. Hence, the following hypothesis is

proposed:

H4. There is a positive relationship between firm productivity and innovative performance.

Recent empirical evidence geneyadhows a positive relation between firm size and the
likelihood of innovation(Alarcon et al., 2013)but some studies show a nrsignificant
(L66f, Heshmati, Asplund, & Naas, 2004) even a negative relationship between firm size
and probability of innovatior{fPavitt, Robson, & Townsend, 198 Bayona et al., (2013)
detected a positive relation between larger firms and innovation because of improved access
to human ad financial resources and profit persistend@amanpour (2010)on his part,
suggests that size has a more positive association with process than with product innovations.
The recent downturn will negatively impact not only investment and productiohlas also
revealed employment problems related to higher unemployment (/asésord, Hall, &
Ashford, 2@.2). Spain is one of the countries that withessed the most marked expansion with

a sharp fall in employmeii©rtega & Pefialosa, 2012)herefore we hypothesize that:
H5.a. Size has a positive impact on the innovative performance of firms.
H5.b. This positiveffect is expected to be lower during economic crisis.

2.2.3.Impact of areconomicrisis on innovation performance

Many studies show the various changes which occurred when the global crisis hit. Some of
the effects of the current economic crisis onstonersare employment uncertainty and a
growing unemployment rate and gaxcome fall, all of which in turn affect customer purchase
behaviour, mostly negativelfpave & Kelly, 2012; Mansoor & Jalal, 201X onsumers tend
to be more careful, planning theirgenditure and focusing on spending efficiency, reducing
consumption level in different ways according to each product catéitaysoor & Jalal,
2011) Dave and Kelly (2012)ote alink between lowincome households and unhealthy
food consumption; they found a countercyclical effect for unhealthy foods and significant
procyclical effects for healthy food. That is, lower incomes caused by an increasing

unemployment rate and/or rediwct in working hours during a period of recession tend to
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raise the substitution of healthy food (e.g. fruits and vegetables) for unhealthy food
consumption (e.g. snacks, cheap fast food or limited service restaurants) in both old and
young adultsChang, Gunnell, Sterne, Lu, and Cheng (2@08) rote that young and middle

aged adults are more affected by a change in economic circumstances (such as an increase in

unemployment and lower income) than older people.

Another study byAsgeirsdéttir et al., (2012xnalyzed the effects of a macroaomic
downturn in Ireland on a range of health behaviors. Based on a longitudinal health and
lifestyle survey from 2007 to 2009, they concluded that the crisis in Iceland resulted in the
adoption of less healthy lifestyles such as a reduction in theummi®n of fruits,
vegetables, vitamins and supplements and an increased use of fish oil, food with little
nutritional value and smoking as a response to stress. Furthermore, the same authors
confirmed that the effect of a crisis was greater on the wgikge population in relation to
the adult populationBlanchard (1993jound that the 1990991 recessions the USA was
|l argely the result of a fAconsumption shock?o
can predict changes in output. Consumer confidence was much weaker than that which could
be accounted for by its usual correlation with an exogenoarskdo the economy, including

future income, unemployment rate, and inflation.

Under these conditions, innovative businesses suffered the lower demand for their products
and hence foresaw substantial uncertainties over future trends in consu{@g(dn, 2012)
Filippetti and Archibugi (20113uggest that the drop in demand played a substantial role in
firmsd decisions regarding innovation finvest
products have been affected in the same way by these environment changes. For example, due
to the importance of the food sector asegessary element to human survival, the impact of
the recent crisis has been lower than in any other sector of thenecam&pain(Baamonde,
2009) Food will continue to represent a significant percentage of consumer expenditure in
Spain (AAFC, 2012) Katchova and Enlow (2013analyze the financial performance of
publicly traded agribusinesses when compared to all foves the 19622011 period. They
show that agribusinesses had a strong financial performance and outperform the sample of all
firms based on a series of financial ratios. These findings are important for investors
considering adding agribusinesses to thiestment portfolios particularly during the recent
economic recessiokchiefer, Hirsch, Hartmann, & Gschwandtner (20fb8used on the EU

food sector and also found evidence of weak economic fluctuations which explained the
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difference in firm performance when compared to fspecification characteriss. In line

with this, we put forward following hypotheses:
H6. a. The economic crisis had a negative i mp

H6.b. It is to be expected that the effect of the economic crisis will be lower in tHeari

sector han in ary other sector of the economy.

Following the extant literature, a theoretical model of the case study was developed. In this
framework we have studied the factors selected for our model of analysis and the

hypothesized relationships between them in ddftju(e2.1).
Direct effect
Moderating effect

Crisis situation
Business Factors

/ Innovation inpput \
Internal R&D Hld-e; H2c; H5b
External R&D H3.b

Hé6a,b

Cooperation agreement

( Innovation performance

Technological innovation
Hla-c; H2a b; Non-technologcal innovation
H3a Innovative sales

H4-HSa

Business strategy
Export

Control variables

Size
Industry level
Productivity

\
|

Figure 2. 1. Theoretical model and hypotheses

2.3.Models used

The econometric models used aemdom effects logit model and randeaffiects Tobit
modeld. Those frameworks take into account the existenceultipte observations of each

2 We are considering a sample of the whole population of Spanish firms; the random effects model would be
more appropriate for a large populatiorefiderson & Ullah, 2005).
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firm in different periods of time and compute a different intercept for each of the observations
in each period of tim@Un, CuerveCazurra, & Asakawa, 2010)

The logit with panelevel random effects for firmin peiiod t can equivalently be written

as:
Yi=a+f X, | +p+5, (i=1..;n;t= 1;...;T)
Where = 1if Y'i>0
0 Otherwise
Y*trdenote the unobservable propensity to i nnc

parameters and i% is the vector of explanatory variabfesThe random effect model
decomposed the error term into two components+(ui)Un order to take account of
unobserved heterogeneity; one),ofamdhia hc dmp osn
stands for otlar unobserved variables (random error). The randfietts Tobit model is

obtained such that:

Yo=X,4F ta,+e, (i= L n;t= 1;..5T)
While yv=y'i ify'it>0
yi=0 ifyitOO0
We make the usual randonmn éfaf@dnddpenderd srslu mp t i

identically distributed ofix,...xrwi t h zer o me a Aya n dyrdbpestizely.i ances

In order to test our hypothesis (#62 cited above about the effect of a crisis on firm
performance, a set of interaction terms betweerh eexplanatory variable and the time
dummy (D_201€2012) is included in both the Logit and Tobit models.

3 We lagged all independent and control variables (except sector dummies which do not vary across panel
waves) by one period with respect to innovation output variables. This approach allows us to minimize
endogeneity and to jusfifthe inclusion of this variable as an-amte explaining variabléBradley, Wiklund, &
Shepherd, 2011)
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2.4. Data set Description

This section illustrates the dataset analysis and variables description. The database used for
our empirical analysis has beaaken from the Spanish Technological Innovation Panel
(PITECY, which is carried out on a yearly basis by the Spanish National Statistics Institute
(INE) in collaboration with the Spanish Science and Technology Foundation (FECYT) and
the Foundation for &chnological Innovation (COTEC). The data are collected annually,
gathering data since 2003, the latest available year at the present time being 2012.

For the purposes of this present paper, we used information from PITEC for thie 2008
2012 period and westudied all the Spanish sectors available in PITEC. Then, we organized
them separately under three principal sectors: agriculture, cattle, forestry, Tf{SINGE-

2009 code 0009, food, beverages, and tobaceblACE-2009 code 0003 and the rest of
Spani# firms. According to OECD (2005), the concept of innovation performance encloses
multidimensional measures in terms of technological innovation,-te@mological
innovation and the percentages of sales generated by new prddutiiss study we use
categgorical and numerical indicators of innovative performance. The first categorical indicator
output is measured by dichotomous variables, which indicate whether or not the firm
introduced an innovation during the last 2 years (frefrtd t). We distinguisibetween four
types of innovation described in the Oslo Many&CDE, 2005) product, process,
organizational and marketing innovations. The second output is the quantidtoators of
innovation performance based on the share of turnover derived from new or improved
products during the last 2 years (frds2 to t). These variables can be used to provide
important information on the impact of product innovation on turnawer on the degree of

innovativeness of the firm.

As explanatory variables, we introduce binary variables indicating whether the firm
undertakes R&D development activities and cooperation agreements, and if firm operates in

international markets for deleping innovation. Furthermore, we include a set of control

4 The Database is located free on the FECYT kite://icono.fecyt.es/PITEC

5 Due to the particularities of this survey, some of the output variables of interest such as organizational and
marketing innovations are available only for years 2004 and 2005 and then disappear again8until 200
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variables related to firmsodéd characteristics:
innovation behavior of firms depends on the sector in which it operates, we also controlled a

fimbs sector on the two digit NACE codes by
belongs to the respective twdbi g i t sector, and 6006 otherwise

agricultural and food sectoilhe rest of the sector was used as the contraolpgro

Finally, a time dummy D_201R012 which corresponds to years 2010 and 2011 was
added to the econometric model in order to control for the-ferrg effect of the crisis on the
innovation performance of firms. The baseline will be years 2008 and.286€rding to
Ghemawat (1993)during general business downturns, this investment has tended to decline
two to four times dster than output. Based on this work, we assume that the effect of a crisis
on firm performance is seen not at the beginning of the crisis but later on, and thus we
consider two periods: ()20 B0 09: t he Abeginni2@1@f thdercnig

cr i si s2dlistsThe deescaption oflahe variables used in detail.

Table 2.1. Description of the &riables

Variables Definitions Mean  Std.Dev.

Dependent Variables

INN_Product 1 if the firm introduced proddcinnovation, 0 0.561 0.496
otherwise

INN_Process 1 if the firm introduced process innovation, 0.590 0.492
otherwise

INN_Organizational 1 if the firm introduced organizationi 0.457 0.498
innovation, O otherwise

INN_Marketing 1 if the firm introducedmarketing innovation, ¢ 0.300 0.458
otherwise

INN_Radical The percentage of th 9.892 22.828

new to the market

The percentage of th 46.187 45992

INN_ Incremental new to the firm

6 The 20082012 period was characterized by a significant decrease in both demand for innovative products and
in the share of firms achieving innovations in all Spanish sectors. We noted that the effect of the crisis began to
show a negative impact @imost all innovation inputs and outputs from the year 2010 onwards. The noimber
companies carrying out exporting operations has increased significantly (approximately 5.4% for the food
industry and 4.9 % for the total sector).
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Independent Variables

Innovation sources

1 if the firm engaged Hmouse R&D activities 0.422 0.494
continuously

1 if the firm engaged Hmouse R&D activities 0.104 0.306
occasionally

1if the firm ergaged in national external R&D  0.209 0.406
activities

1if the firm engaged in international external 0.012 0.111
R&D activities

InternalR&D_continuous
Internal R&D_occasional
External R&D_Nat

External R&D _Inter

Cooperation partners
1 if the firm cooperated in innovation wit 0.212 0.409
national industrial ages (customers, supplier

COOP_Ind_NAT competitors and firms belonging to the sa
business group), 0 otherwise

1 if the firm cooperated in innovation wit 0.227 0.419
international industrial agents (universitie

public research organizations, teologic

centers and commercial laboratories/R¢é

enterprises), 0 otherwise

COOP_Ind_INTER

1 if the firm cooperated in innovation wit 0.100 0.300
COOP_Instit_ NAT national institutional agents, 0 otherwise

1 if the firm cooperated in innotian with 0.051 0.220

COOP_Instit_INTER international institutional agents, 0 otherwise

EXPORT 1 if firms that operate outside Spain, O otherw

Firm variables

SIZE Ln (total number of employees) 4.047 1.696

Productivityper employee Ln (ratio of firm sales to he total firm 11.772 1.054
employees)

Sectoral dummies

Food_SEC** 1 if the firm belongs to food, beverages secto  0.073 0.258
otherwise

Agri_SEC** 1 if the firm belongs to agricultural sector, 0.013 0.113
otherwise

Dummy time

D 20162012 Time dummy, 1 if the observation correspor 0.579 0.494
to the period 2012012, O if the period is 200¢
20009.

*The firm not engaged in ihouse R&D activities was used as reference categjpryhe rest of the sector was used as

the baseline category

Figure 2.2 shows changes in macroeconomic indicators (GDP rate growth per capita,
unemployment rate) in Spain as a response to the crisis. As Figusbds, the greatest
impact of the economic crisis in Spain was suffered from 2009 on. Like many developed
countries affected by a crisis (Peters et al., 2009 on the USA), the global crisis had a prompt

and significant impact on Spain; the unemployment rate went from 8.5 percent in 2006 to
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26. 1 percent in 2013. Spai nds egrowts mte fdlomme st i
2009 onwards. GDP fell 6.8 percent in 2009 vs. 2.9 percent in the previous year.

The crisis also had a negative impact on household consumption patterns irfdspkin
restaurant and hotels and housing, each accounting for around &%6arid 22% of
consumption expenditure respectividiad the largest weightind&urosta, 2015) Trends in
consumption in Spain during the crisis decreased by 2 percent{foodntems, the sectors
more affected being clothing, household equipment, transport and recreation/culture. Food,
alcohol and tobacco consumption remained stable 2006 to 2011, growing by nearly
0.5% percent in 2013. This provides some initial evidence to the fact that crises have a lesser

effect on this sector as compared to the whole sector.
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Figure 2.2. Trends in gross domesiicoduct (GDP) growth rate per capita and
unemployment rate as the percent of total labor force in Spain during2PQ@3Source:
Eurostat and the Word bank)

2.4.1. Main outcomes of the dataset
Figure 2.3 shows the growth rate of sales and employmentifiereint types of firms
(innovative versus nemnovative firms). We define firms which implemented an innovation
during the period under review (OCDE, 2005) as innovating firms. We can see that the effects
of the financial crisis differed considerably ass sectors. The agriculture and food sectors

are less affected in terms of sales and employment. The unemployment rate increased and
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reached 7.7%, 4.5% and 3.9% in 2012, while sales dropped &b,-0.6% and-3% for all
firms, agriculture and food indtrg, respectively.

The difference across innovative and fionovative firms shows that innovating firms
maintained employment and sales rates better than theimnowating counterparts. It is
interesting to note that both the food and agriculture stitks were able to derive better
shares of sales from innovation than the total Spanish sector; innovating firms show a

significantly positive sales growth in agriculture sector while-mmovatve ones have a

negative sales growth, which conyrms the i mp
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Figure 2.3. Sales and employment growth rates for innovative anedmuovative firms over
the 20@-2012 period.

2.4.2. Measurement model test and discussions
The results of randoraffects Logit model and Randefobit estimation&are reported in
Table 22 and Table2.3, respectively. In order to test our proposed hypotheses, we estimated
various moels. In the Table .2, models (1), (3), (5) and (7) are the base models present the
estimati onds resul ts for each i nnovation

organizational innovation) and models (2), (4), (6) and (8) introduce the interactioreebetw

” The models were testddr multicollinearity and the correlation values among all variables are quite low; a
maximum of 0.483 was obtained. This value is below 0.56, the maximum value recommended for the
multicollinearity test. Therefore, we calculated variahnce p at i on factors (VIFs) for ea
a maximum of 1.69. This level is well below the rule of thumbaffiof 10 (Neter, Kutner, Naatsheim, &

Wasserman, 1996)vhich indicates that multicollinearity does not pose a problem to our estimation models.
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each explanatory variable and the time dummy (D_ZI1P). In Table2.3, models (1) and
(3) show the relationship between explanatory variables and innovative product sales.

Interactions between the each explanatory variable with the time dummy (®2Q02) are
included in models (2) and (4).
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Table 2.2.Factors influencing the decision to innovate: Rangifacts logit model estimation

Technological innovations

Non-technological innovations

Continuous_Internal R&D
Occasional_Internal R&0Q
External R&D Nat;
External R&D _Intet;
COOP_Ind_NAT:
COOP_Instit_NAT:1
COOP_Ind_INTER,

COOP_Instit_INTER;
SIZE.

Export.1

Productivity.q

FOOD_SEC
AGRI_SEC

D 201062012

Interactions terms

Product innovation Processinnovation Organizational innovation Marketing innovation
1) (2) 3) (4) (5) (6) (1) (8)
2.598*** 2.578*** 1.290%*** 1.266*** 1.2471%** 1.229%** 1.377%** 1.363***
(0.057) (0.057) (0.052) (0.052) (0.053) (0.053) (0.059) (0.059)
1.739%** 1.733*** 1.194x** 1.174%** 0.831*** 0.810*** 0.874*** 0.856***
(0.065) (0.065) (0.063) (0.064) (0.063) (0.064) (0.070) (0.070)
0.252*** 0.250*** 0.361*** 0.352*** 0.264**+* 0.259*** 0.198*** 0.198***
(0.054) (0.054) (0.051) (0.051) (0.050) (0.050) (0.052) (0.053)
0.819*** 0.829*** 0.857*** 0.864*** 0.675*** 0.674*** 0.282 0.288
(0.202) (0.203) (0.193) (0.193) (0.184) (0.184) (0.189) (0.190)
0.541*** 0.529*** 0.568*** 0.577*** 0.438*** 0.443*** 0.262*** 0.259%**
(0.062) (0.062) (0.059) (0.059) (0.058) (0.058) (0.062) (0.062)
0.511*** 0.495*** 0.342*** 0.328*** 0.230*** 0.223*** 0.135** 0.138**
(0.064) (0.064) (0.060) (0.061) (0.060) (0.060) (0.064) (0.064)
0.426*** 0.424*** 0.288*** 0.294*** 0.297*** 0.294*** 0.186** 0.183**
(0.092) (0.093) (0.086) (0.087) (0.082) (0.082) (0.083) (0.083)

0.124 0.120 0.113 0.149 0.315** 0.317** 0.209* 0.199*
(0.126) (0.126) (0.118) (0.120) (0.113) (0.113) (0.112) (0.112)
0.074*** 0.067*** 0.461*** 0.458*** 0.4471%** 0.445*** 0.132*** 0.132***
(0.018) (0.018) (0.018) (0.018) (0.019) (0.019) (0.021) (0.021)
0.463*** 0.477*** -0.063 -0.047 0.057 0.067 0.273*** 0.277***
(0.049) (0.050) (0.046) (0.046) (0.048) (0.048) (0.052) (0.052)
0.139*** 0.140*** 0.156*** 0.158*** 0.065** 0.067** 0.077** 0.079**
(0.026) (0.026) (0.025) (0.025) (0.026) (0.026) (0.030) (0.030)
-0.235* -0.23p* 0.664*** 0.676*** 0.019 0.013 1.010*** 1.007***
(0.123) (0.124) (0.116) (0.117) (0.124) (0.124) (0.137) (0.137)
-1.067**  -1.0715*** 0.484* 0.508** -0.821** -0.829** -0.733** -0.769**
(0.265) (0.267) (0.254) (0.257) (0.283) (0.285) (0.325) (0.328)
-0.753**  -0.789***  -0.721**  -0.737**  -0.355*** -0.369*** -0.038 -0.061
(0.032) (0.036) (0.030) (0.033) (0.030) (0.033) (0.032) (0.037)
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0.052 20,3447+ 0218 0.147
*
D_20162012"Food_SEC (0.127) (0.121) (0.115) (0.119)
. 10.374 10.282 0.115 -0.548
*
D_20102012%Agri_SEC (0.273) (0.265) (0.282) (0.313)
D_20162012*Continuous_Internal 0,297+ 0,231+ 10.029 10,042
R&Dw: (0.079) (0.074) (0.075) (0.088)
D_20162012*Occasional_Internal 0.471%* 0.217** -0.182* -0.082
R&Dws (0.108) (0.106) (0.107) (0.117)
:0.027 -0.004 0.004 -0.042
*
D_20102012*External R&D_NAT: (0.093) 0,087 (©.084) (0.080)
0.682%* 0.234 0.274 0.152
*
0.223% :0.065 :0.087 -0.253+
D_20162012*COOP_Ind_NAT: (©.108) 0.102) (0.098) (6.102)
. . 0.108 :0.075 :0.149 0.209**
D_201062012*COOP_Instit NAT: ©.108) 0,099 0,087 0102
10.071 -0.034 0.068 0.209
D_20162012*COOP_Ind_INTER: (0.159) 0.148) 0.156) 0155
. . 0.203 10.394* 0.079 0.063
D_201062012*COOP_Instit_INTER 0212 0206) ©.159) ©150)
0,196+ 0,206+ 0,077 0,071+
*
D_20102012*S12R4 (0.020) (0.019) (0.019) (0.021)
. -0.202% 0,173 0.081 -0.052
D_20162012*Export, (0.072) (0.066) (0.067) (0.072)
. N 0.074% :0.043 0.036 -0.003
D_20162012*Productivity (0.033) (0.030) (0.031) (0.034)
Constant 2,822 Q558 3652 0.800%%  -3.650% 0378 4408 -1.048%
0317)  (0035)  (0.301)  (0.033)  (0.323) (0.036) (0.364) (0.044)
Wald 62 3911.88 3970.92%% 2722.93"* 2793.69"* 1017.01"* 1936.00"*  1062.25"*  1085.08*
AIC 39404.67 39299.65 43837.63 4372042 42809.55 42797.39  37802.63  37799.28
BIC 3954331 39550.95 4397627 4397171 429782  43048.69 3794127  38050.58

Standard errors are reported in parentheses. * p < 0.1; ** p < 0.05; *** p < 0.01.
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Table 2.3. Estimation results for innovation output: Sales of new products

Continuous_Internal R&D
Occasional_Internal R&D
External R&D NAT;
External R&D INTER:
COOP_Ind_NAT:

COORP Instit_ NAT:.1
COOP_Ind_INTER:

COOP_Instit_INTER,
SIZEw

Export:.1

Productivity:.s

FOOD_SEC
AGRI_SEC

D 20162012
Interactions terms
D 20162012*Food_SEC

D_20102012*Agri_SEC

D 201062012*Continuous_Internal R&D
D_20102012*Occasional_Internal R&D
D_201062012*External R&D_NAT1
D_201062012*External R&D_INTER:
D_20102012*COOP_Ind_NAT:
D_20102012*COOP_Instit NAT:
D_2010-2012*COOP_Ind_INTER,

D_20162012*COOP_Instit_INTER

D_201062012*SIZE1

Sales due to Incremental

Sales due to Radical

Innovations Innovations
(1) (2) ©) (4)

3.626*** 3.568*** 2.227*** 2.193***
(0.088) (0.088) (0.061) (0.061)
2.933*** 2.876*** 1.600*** 1.575%**
(0.103) (0.103) (0.071) (0.072)
0.159** 0.164** 0.232%** 0.231***
(0.075) (0.075) (0.049) (0.049)
0.716*** 0.706*** 0.449*** 0.452***
(0.261) (0.260) (0.170) (0.169)
0.620*** 0.607*** 0.256*** 0.251***
(0.089) (0.088) (0.058) (0.058)
0.378*** 0.359*** 0.564*** 0.556***
(0.091) (0.096) (0.060) (0.060)
0.232* 0.218* 0.246*** 0.236***
(0.119) (0.118) (0.076) (0.076)
0.062 0.046 0.351*** 0.338***
(0.157) (0.157) (0.099) (0.099)
0.187*** 0.173*** -0.057** -0.060**
(0.032) (0.036) (0.022) (0.022)
0.546*** 0.549*** 0.340*** 0.347***
(0.076) (0.076) (0.051) (0.051)

0.296*** 0.296*** -0.003 -0.002
(0.044) (0.044) (0.030) (0.030)
-0.307 -0.320 -0.392%** -0.384**
(0.212) (0.213) (0.149) (0.149)
-1.438*** -1.437%** -0.642** -0.700**
(0.466) (0.468) (0.325) (0.327)
-0.848*** -0.975%** -0.544*** -0.670%**
(0.046) (0.052) (0.031) (0.037)
-0.241 0.256**

(0.180) (0.123)

-0.478 -0.671**

(0.429) (0.294)

1.1171%* 0.528***

(0.118) (0.083)

1.093*** 0.531***

(0.169) (0.118)

0.043 -0.009

(0.123) (0.079)

1.093*** -0.122

(0.414) (0.269)

-0.221 0.058

(0.143) (0.093)

0.336** 0.042

(0.142) (0.092)

-0.055 -0.020

(0.185) (0.117)

0.045 -0.025

(0.240) (0.150)

0.228*** 0.152%**

36



(0.029) (0.020)

. -0.051 -0.127*
D_20162012*Export; 0.102) (0.068)
5 -0.115* -0.031
D_20162012*Productiity:. (0.050) 0.034)
Constant -5.376%** 0.796%* 2.874%%% 1 853%kk
(0.534) (0.062) (0.369) (0.050)
Wal d ¢ 2 3102.08*  3240.00%*  2507.55***  2585.00%**
AlC 114257.5 114073.9 88320.56  88217.13
BIC 114404.8 114333.9 88467.87  88477.09

Standard errors are reported in parentheses. * p < 0.1;** p < 0.05;*** p < 0.01

As predicted in H1.,ain-house R&D on bih continuous and occasional basis were found
positive and significanin all models showed in tab®2 (models 1, 3, 5 and @nd in table
2.3 (models 1 and 3)he results indicate that firms that carry out internal R&D have a better

innovative performace in relation to firms that do ho

Our results also support H1.b and H1.c, the estimations display thatdghisition of both
national and internationaxtramural R&Dh as a positive i mpact on
engage in innovation (models 1, 3,abd 7, table 2) and on innovative product sales (
models 1 and 3, tab23). The effects of international extramural R&D exceed the impact of
national extramural R&D on all innovation output measures (T&akeand2.3). This implies
that the internaation of R&D activities can be beneficial for companies to achieve more
innovation. This is in line with most other studi€eters & Schmiele, 2010vhich tend to
find that firms that have international R&D activities are more likely tmé¢s new products
than firms with homébased R&D onlyHowever,the coefficients of interaction term between
dummy time (D_201£2012) and internal R&D (D_201R012*continuous_Internal R&D and
D_201G62012*occasional_Internal R&Dgre positive and statistidya significant in model 2
4 (Tablex2and23) , suggesting that internal R&D not
innovation performance as revealed by H.l.a, but it also keeps playing an important role
during crisisas determinants of produd@=0.297 an®=0.471;p<0.01) and processh0.231
andb=0.217;p<0.01) innovations and innovative sales performaffsel.111 andb=1.093;
p<0.01 in radical innovation;p=0.528 andb=0.531; p<0.01 in incremental innovation).
However,in model 68 (Table2.2), continuous iFhouse R&Ddrop its significance as a
determinants of netechnological innovations which the interaction term between dummy
time (D_20162012) and internal R&D is negative and rggnificant. Whereasthe
interaction betweenccasional iFhouse R&Dand crisis variablel{ _201032012)is negatively

signed and significant in model 6 (TaldR), theresults can be explained by a decrease in the
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number of firms carrying out R&D investment in innovation in times of cyidi®refore,

H.1.d is patly confirmed.

Likewise, the positive and significant interaction terms (D_2PQD2*External
R&D_INTER) observed in Tablg.2 (6=0.682, p<0.01; model 2) and in Tald& (b=1.093,
p<0.01; model 2) showed the importance of internalization of R&D aetigiti on f i r mo
decision to engage in product innovation and to increase the percentage of innovative sales
due to the variety of knowledge shared abroad, particularly in times of crisis. However,
domestic R&D activities lose significance as a determinintpfamn the commercial success

of product innovation. Our H1.e is partially supported.

Regarding cooperation agreements, the effect of the different types of partner in
cooperation on a firmdéds innovation perfor ma
innovation, as well as on the degree of novelty of the innovat@ogperation agreements
with national partners show positive and significant effects f i r m6s deci si ons
and on firm innovativeness, both incremental and radical, thus sumgpdti@a. For
international partners, cooperation with industrial agents had a positive impact on achieving
all innovations types and innovative product sales, collaboration with international
institutional partners shows a positive and significant effedy dor nontechnological
innovations and radical innovatiolVe can see that the effect of national cooperation is
stronger than international cooperation on the achievement of all kind of innovations, which
contradicts H2.bDuring crisis,the significantand negative coefficients of the interactive
terms of (D_2012012*COOP_Ind_NAT) shown in models 2 and 8 (TahB®), implying a
decrease in the effect exercised by cooperation on achieving both product and marketing
innovations during a crisis. Howevetpntrary results showed when innovative sales is
concernedmodels (2) indicate that the interactive terfids 20162012*COOP_Instit_ NAT)
have apositive and significant sign, illustratirthat cooperation can help firms to improves
their innovative sales wling crisis, although, the other types of cooperation loses its
significance, this effect may be related to the decrease of internal R&D efforts made by firms
during a crisis seem to reduce the exploitation of external knowledge sources derived from
innovation cooperation agreements to increase innovative sales. These results contradict H2.c.
The export variable has positive impact for product and marketing innovétaaels 1 and
7; Table2.2), and ithas the expected positive sign in Table (modelsl and 3). Thus, H3.a
is supported. Turning to the interaction terms, the results do not support H3.b, the coefficient

of interaction term between the dummy time (D_2@002) and export variable is negative
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and significant in both product and process iratmn (=-0.202 andh=-0.173;p<0.05, Table

2.2), similar results revealed in Tab®3 with radical innovationf =0.127; p<0.1). The

negative expofinnovation link displayed in crisis period maybe associated to decline of
internal R&D efforts made byrins in such period. Prior studies argues that greater R&D

i nvest ment in time of crisis enlargdlesm firm
Beamish, Lee, & Park, 2009)

As far as the control variables are concerned, our results indicate a positive relationship
bet ween firmés productivity and all 2ilmnovat.
Table2.3, a positive relationship betwee a f i r mé6s productivity and
innovation p=0.296;p<0.001) is well showed, giving support to H4. In Models 2 (Tat2¢
as well as in model 2 (Tabl@.3), the significant and negative interaction (D_2010
2012*Productivity) showed aegative relation between firm productivity and firm innovative
performance.Two possible justifications for this latter result are that a decrease in R&D
spending and Il nnovation Il nvest ment by firm
productivity; he literature argues that investing in innovation and more specifically in internal
R&D activities i nc r(@sassnamrs MdrtingazRos,200p; IDorabzelski i v i t )
& Jaumandreu, 2007; Parisi et al., 2008nhother possible justification would be that in a
recession period many firms opt for cutting costs through manpmijestments and freezing

pay rates, increasing job insecurdtyd consequently decreasing productiy®gppas, 2014)

Regarding firm size, size has a positive impact on the decision of firms to innovate (Table
2.2) andon sales of products new to firms (Model 1, taBl8) whereas its effect is
significantly negativeon salef products new tthe market (Model 3, tab3). Our H5.a is
partially supported. Testing the H5.b, the positive and significaafficients of (D_2010
2012*SIZE) in Table2.2 (models 2, 4 and 6) and in Tal8 (models 2 and 4ontributes to
a beter understanding the important role of the human capital during a crisis in the process of

innovation as well as in the successful of innovative salass, H5.b is not supported.

As regards to crisis variablel6.a proposed that the economic crisis haggative impact
on firms&6 i nnovGutresultss shpvweed thahe effeat ofecrisis is more
pronounced for technological innovation than {technological innovation, firm&ecome
less likely to generate produdi=0.753;p<0.01) and process innovatiob=(0.721;p<0.01)
to a great extent and in organizational innovation to a less ekt 355;p<0.01). These
results are expected given the drop in R&D investments in innovation during a crisis as

already statedbove.Paunov (2012highlights three principal aspects that driveusibess to
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put a halt to innovation or innovation investments during a crisis: the first one is uncertainty
regarding the outcomes of such investments. Second, initial costs of innovation are high and
require firms to have important financial resources #rgse costs may or may not be
recovered. Third, a handsome share of the investment is directed at skilled workers and if the
innovation project is abandoned or left unfinished workers will be dismissed and knowledge
capital will be lost. However, we finda nonsignificant effect of crisis on marketing
innovation. This relates that all industries still innovate in marketing innovation during crisis

in order to creating information exchange between producers and consumers and to fulfil the
needs and the exgwtions of customers for the success of new products in the market.
JuS2kov§, Jur 89k ov §foundathat corfpanies that eiricreage@ €héir2 )
marketing budgets during a recession gained market share three times as quickly as those that
had cut themSimilarly, in Talle 2.3; we showed thahe economic crisis negatively affects

the turnover of innovative sales; this decrease is not surprising and is probably the result of
consumerso6 frugality in times of csuppostings and
H6.a

Concerning the variables related to the seasercan be noted from Takk2, the food
industry is significantly more likely to introduce proceds-(Q.664; p<0.01) than other
Spanish sectorfut have a lower probability of achieving prodybt-0.235;p<0.05)when
compared to the other Spanish firniszen though the food industry is oriented to process
innovation as revealed by different stud{Batterink et al., 2006§)our study has shown that
marketing innovation was also considered important in the food indUsgteymodel (7) in
Table 2.2 shows that food firms are significantly more likely to introduce marketing
innovation 6=1.101; p<0.001) than other Spanish sectors. This has to do with the
particularity of this sector, which is focused on market possibildies the needs of end
users.Regarding the agriculture sectare found that this sectés more focused on process
innovation tharother types of innovation¥he model (3) in Table.2 showshatagricultural
firms aresignificantly more likely to introdce process innovatio(b=0.603; p<0.01) than
other Spanish firms, butave a lower probability of achieving prodybt-1.067;p<0.001)
marketing (b=-0.821; p<0.05) and organizationakb=-0.733; p<0.05) innovations when
compared to the other Spanish firms (Models 1, 5 and BlgP22). This result is interesting
because it shows that agricultural firms keep engaging specifically in process innovation
rather than on diverse types of innovation to reduce exposure to risk and thus to attain higher

survival oddsRegarding salesf new productspur findings suggest that agricultural firms
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are less innovative in terms of both incremental and radical innovations than the rest of
Spanish firms, while the food industry shows the same behaviour as the rest of Spanish firms
in terms of hcremental innovation. These results are in line with tho&amsia Martinez and

Briz (2000) who fourd that the food industry is characterized by incremental rather than

radical changesduetodemas\d de constraints and consumer so

Finally, the results partially supported the H 6.b, which provide that the economic crisis
will be lower in the agrfood sector than in any other sector of the economy in Spagn.
interactive term between crisis variable and food sector in téhke (D 2010
2012*Food_SEC) is significant and has negative coefficighwts0.344;p<0.05)in models
(4) and(b=-0.218; p<0.05) in model (6), implying that this sector decrease their efforts to
make process and organizational innovations during crisis period respect to the other sector,
but still innovate in product and markagi innovation at the same level (Rsignificant
coefficients). This result is interesting because it shows that food firms keep engaging
specifically in product and marketing innovation rather than on others types of innovation to
still competitive by diferentiated its products and even explore new markets. Besides, the
agriculture sector shows the same behaviour as at the beginning of the crisis in all types of
innovationin order to get competitive. In Tabk3, the interaction term between food sector
and dummy time (D_201R012*Food_SEC) is statistically significant and positie= (

0.258 p<0.01, model 4), which indicates that the food sector is more likely to increase sales
due to radical innovations during the crisis than at the beginning of B®&2209 crisis.
These results show that the impact of the recent crisis has been lower in thisHmuter.

our H 6.b partially supported. Tabl2.4 includes a summary of the final confirmed or

rejected status of the different hypotheses proposed stubg.
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Table 2.4. Overview of hypotheses and findings

Hypothesis Results
Effect of R&D activities
Hl.a Firms that carry out internal R&D will see a posit \%
H1.b. National or international external technology acqu \%
H1.c. The effecof international R&D can be expected to be stronger than national R&D \%
H1.d. It is to be expected that the positive effect o f | partially supported
economic crisis
Hle ltistobeexpct ed that the positive effect of external R & | partially supported
crisis

Effect of cooperation

H2.a. Cooperation agreements with different national partners will have a positive effaetiandvative performance of the firm
H2.b. Cooperation agreements with international partners will have a positive effect on the innovative performance of the f
H2c. The positive effect of cooper at willbbaeasig o kegpeneinetd s tinesof dri
Effect of export

H3.a The export variable is positively related to innov
H3.b. It is to be expected that his positive effect will be higher in an economic crisis

Effect of productivity

H4. There is a positive relationship between firm productivity eEnnovative performance

Effect of firm size

H5.a. Size has a positive impact on the innovative performance of firms

H5.b. This positive effect is expected to be lower in an economic crisis

Effect of crisis

H6.a. Theeconomicr i si s had a negative i mpact on firmsoé innovat
H6.b. The effect of the economic crisis will be lower in the #god sectorhian in any other sector of the economy in Spain

< Cc<K ccL<

partially supported
U

Vv
partially supported
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2.5. Conclusions and implications

Companies are affected in many different ways by economic crises. Some have been
forced to reduce their investment in R&D and others put a halt to innovation as a result of
uncertainty regarding the market success of innovations and the fear of not reroverin
production costs. In the Spanish case study emplolgedijrtdingsprovide several important
implications for theory and practice. First, while innovation as a driver of firm performance
has been well established in the literat@kgihne et al., 2010)our paper provides the
importance of innovation during recession periods as key mechanism for organizational
growth and even survive in tough economic times, especially in the food and aggicult
sectors. The results reveal thatedgm od f i r msd profits and gr owt

innovate.

The food industry tends to engage in product and marketing innovations at the same level
rather more frequently than in other types of innovatidaring a time of crisis and is more
likely to increase its sales due to radical innovations than other Spanish sectors. On the other
hand, the agricultural sector continues to invest in all type of innovation at the same level in
order to stay competitevand to attain lonterm viability and even survive in tough economic
crisis. Second, increasing innovative performance should be a goal for many firms, especially
in difficult time to cope better and hence survive in tough economic times. The current pap
has confirmed that engagement in internal R&D activities not only influences the firms'
innovative performance, which is quite shown in litera{iayona et al., 2013; Veghrado
et al., 2009)but also has an important role during crisis as determinants of product and

process innovations and on the success of the innovations.

Additionally, opening up R&D activities to external knowledge by means of the
acquisition of exterrladR&D as well as by cooperation agreements allows firms to have access
to more knowledge, which helps their innovation process and improves innovative sales. In
order to take advantage of this expansion of knowledge access base through acquisition of
extenal R&D and cooperation, companies have to make more efforts in continulobosse
R&D investment.Senior managershould be encouraged to persist in their investment-in in
house R&D activities which do not depend solely on the acquisition of knowledgieleou
their environment and the exploitation of relevant external knowledge should also be set as a
priority (Tsai & Hsieh, 2009)
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Third, the results provide evidence that business managers should be aware of the
importan@ of innovation in times of crisis and of the need to invest more in R&D in a
continuing rather than occasional fashion, which would lead to better productivity levels and
to the international competitiveness of their firms. The relationship between & dirm
innovative performance and productivity and export intensity becomes more negative during
the crisis period than at the beginning of the crisis as a consequence of the fall in R&D efforts
seen in firms over the course of the crisis. PablaNorris, Kersting, & Verdier (2010)
pointed out that innovation is crucial to firm performance as it increpsmductivity in a

direct and measurable way.

Fourth, our findings highlight the importance of the human capital in the process of
innovation; firm size keeps playing a significanterah explaining innovation outputs during
a crisis. This should be taken into account by company managers, who should keep a staff of
skilled workers and persist in investment in innovation, which promotes higher levels of

employment and job creation.
2.6. Perspectives for future works

This study faced some limitations and these could suggest lines of future studies. Our
paper is limited in terms of years due the particularity of the PITEC database cited above,
which provides information until 2012 with @ output variables of interest available only as
from 2008. Therefore, the effect of the crisis is not yet clear enough so as to confirm some of
our hypotheses; we need more p&812 years to prove the whole set of hypotheses.
Furthermore, it would be taresting for future study to compare the innovative behaviour of
firms pre and postrisi€. Another limitation of the PITEC databaseti® lack of both
information about agfiood subsectorsand financial indicators, which can help to capture
the effect of crisis in several productive agdod sectors and also to boost other financial
ratios (i.e. total assets of firm, return on assets, return on sales). A promising future study path
would be to carry out a comparative study of the innovative betewdf Spanish firms

during an economic crisis in relation to other countries using a similar database, when they

8 n this regardBowden and Zhu (2008)oint out the advantages of carrying out the analysis of this sector with
long time series. Further to that, the special nature of the agricultural sector cycles should be taken into account
in the analysigJiarfei & Xiaorong, 2012)
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are available, for preand postcrisis years combined with the use of models which take into
account both individual innovation capabilitied firms and their environmental and

contextual role (industry, GDP, market power, among others).
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Chapter Il . Capturing Value from Alliance Portfolio Diversity: The Moderating Effect
of R&D Human Capital

3.1.Introduction

Todaydés fast paced business environment an:
to consider externally generated scientific knowledge and technédogygment irhouse
R&D efforts (Huston and Sakkab, 200&)pen innovation research has undersctredralue
of external sources of knowl edge and the u
innovation performance and meet new business chall§@esbrough, 201ZEnkel et al.,
2009 Laursen and Salter, 20061eterogeneity of external partners enables firms to access
diverse markets and technological knowledige, 2014 Zhou and Li, 201pand facilitates
the process of innovation by allowing firms to make new linkages and associ@&imimsn
and Levinthal, 1990

However, too much diversity of external sources could adversely impact innovation
performane due to increased organisational and managerial compl@itysters and
Lokshin, 2011 Bader and Enkel, 20]14~oss et al., 20)1 Studies report a curvilinear
(inverted Ushaped) relationship between R&D strategic alliances and innovation
performance, suggesting that collaborative diversity is beneficiaspeaific inflexion point,
after which further increasing diversity has a negative effect on innovation performance
(Chen et al., 2011Duysters and Lokshin, 201Derlemans et al., 2018le Leeuw et al.,
2014). Limited research, however, has focuseda@ystematic investigation of the impact on
product innovation performance of external channels of knowledge and technology transfers
from business ecosystems. Particularly, the role exerted by internal capabilities to extract
value from external collabaians remains largely undeesearchedLazzarotti et al., 205).
Absorptive capacityCohen and Levinthal, 1990defined as thability of a firm to recognize
and utilize new external knowledge, is essential for the effective exploitation of collaborative
i nnovation. A f i r spéerslson hsexdsting stock of knawvieggea, enuch of d
which is embedded in its products, processes and p@egdebano et al., 2009Specifically,
we ontend that human capital, defined as the knowledge, skills and abilities residing and
used by individualgSubramaniam and Youndt, 200®nables firms to benefit from a much

wider partner diversity.
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Responding to call for more research on how to manage business ecq8rstaans and
Langerak, 2015)this studyexaminegshe role of R&D human capital to capture valuenir
diversity in cooperation networks. We draw on the resouvemd (RBV) premise that
dynamic capabilities are sources of competitive advantéBasiey, 1991 Barney et al.,
2011, Teece et al.,, 1997and the theory of human capitéBecker, 196) to develop a
frameworkt hat positions R&D human capital as a ¢
strategy. Human capital enables firms to expand their technological boundaries and
succesfully absorb and deploy new and substantially different knowledge domains
(Subramaniam and Youndt, 2Q05aems and Subramanian, 2R1®ur hypothesising
suggests that R&D human capital can mitigate the diminishing returns in product innovation

performance from the integration of high levels of partner diversity.

This paper contributes to the literature wotimportant waysFirst, we contribute to
innovation management theory by proposing and testing the moderating role of R&D human
capital to identify, assimilate, transform and exploit externally generated knowledge for
greater innovation performance. Op@&movation research has largely focused on the
environmental context of the firm (e.g., type of indus{@hesbrough and Crowther, 2006
and organisational factor®.g., structures, systems and procedu(Bg}roni et al., 2011
Ritala et al., 200Pwhile the role of hman and social capital in cooperation networks remains
largely underexplored. Human capital is a source of competitive advantage that activates
firmsd capacity to monitor externally gener
relevance(Narula, 2004 for the adoption of productive innovations and new technologies
(Nelson and Phelps, 1966

Second, we demonstrate the contingent nature of human capital in open innovation,
indicating when and where R&D education and skills offer the greatest benefit to extract
value from partner diversity. The heterogeneity of technological intensity in manufacturing
sectors leads to differing knowledge needs and internal capabilities tdyiderdi integrate
external knowledge flows into internal innovation proce¢Besicolai et al. 2014)0ur study
demonstrates the need for firms to assess and develop R&D human capital strategies based on

the type of i nnovation activity pursmed as
capital) and skil | Beckeb $9p4reechél and Bfanh, 20%Fmpactc api t a
firmsdo ability to benefit from open innovat

the importance of R&D skills intensity, particularly in leéech sectors, compared to R&D

education intensity to capture value fromere open sourcing strategies.
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The paper is structured as follows. Following this introduction, in section two we provide
an overview of the relevant literature on APD and R&D human capital and present the
research hypotheses. Section three details tleanas design and methods and section four
presents the results. We discuss our findings in section five together with the theoretical and
managerial implications of our findings, and a direction for future research and practice in

external collaboration.

3.2. Theoretical background and hypotheses development

3.2.1. Alliance portfolio diversity and innovation performance

Increasing global competition, rapid technological advances and shortening product life
cycles put firms under unprecedented pressure ttodace new products and services to
survive and remain competitif@eirlinck and Spithoven, 2018an Beers and Zand, 2014
Breakthrough innovation requires a widerowledge base and organisations increasingly rely
on external knowledge assets for the successful realisation of their innovative endeavours
(Garcia Martinez, 201,3hiaroni et al., 2010 Sustainable superior innovation performance
can be attained by combining diverse market and technological knowledge sources in the
alliance portfolio(Lin, 2014 and exploiting possible complementarities and synergies
Leeuw et al.,, 2014 External coopeteon networks are an ideal platform for learning as
external partners bring diverse knowledge and resources that firms can integrate into new
products and servicd®oz, 1996 Hamel, 1991 Cohen and Levinthal, 1990In general, the
larger and more diverse the business ecosystems, the higher the innovation pedahea
firm (Caloghirou et al., 20Q4.aursen and Salter, 2006

However, managing coordinated innovation by network partners requires management
attention(Foss et al., 20)1The role of R&D managementamges completely and new sets
of skills and competencies are requi(@dtzeman et al., 20Q@vortara and Minshall, 2034
As noted byChristenser{2006, p. 35, 60pen innovation can be <co
i nnovationo. 't requi r eesand devetop knowtedge capatiteesne n t
(Lichtenthaler and Lichtenthaler, 2008 apply the open innotian approach effectively
(Gassmann and Enkel, 200& he integration of high levels of partner diversity could lead to
high coordination, monitoring and communication cof®ombs and Ketchen, 1999

resulting in an unsuccessful transfer of tacit knowledge by firms to their internal innovation
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activities (Grimpe & Kaiser 201Q)negatively affecting as a result innovation performance
(Katila and Ahuja, 2002.aursen and Salter, 2006

Thus, we hypothesise a positive but dimear relationship between APD and product
innovation performance. We expect that if the number of eakgrartners exceeds a certain
threshol d, organi zational tensi on, compl exi
ability to leverage the benefits of external collaboration for innovation. Consequently,

innovation search across diverse partners atlefdiminishing returns.

Hypothesis 1.Alliance portfolio diversity has a positive, curvilinear (inverteestihped)

impact on product innovation performance.

3.2.2. Intersectoral differences in optimal levels of APD

The present study hypothesises that hiegth and lowtech manufacturing sectors create
different contexts for knowledge creation and sharing, hence benefiting from different levels
of APD. Hightech sectors are characterised by high levels of technological sophistication and
extensive R&D actiies (Covin et al., 1990 These industries require a broad range of
external partners to remain competitimeheir rapidly changing business environmgiitset
al., 2010 Martin de Castro, 20}5In contast, firms in lowtechnology sectors require less
levels of external search breadttaursen & Salter 2006)nnovation in lowtech sectors is
driven by customerelated and praacal knowledge (Hirsch-Kreinsen, 2008 Von
Tunzelmann and Acha, 2008leidenreich, 2009 Low-tech innovation is usually not an
outcome of the latest scientific or technological knowledge. Empirical studies demonstrate
that lowtech industries acquire externally developed mature and -established
technologies, modify these or apply them in a new con{Bender, 2008 Thus, we
hypothesie that hightech industries focus on scieAsased modes of innovation and engage
in more open sourcing strategies whereas-tleeh industries target the exploitation of
practical and usedriven stocks of external knowledge by collaborating with a smaller

number of external partners.

Hypothesis 2 Different levels of APD are beneficial for different levels of technological
intensity. For HMHT manufacturing sectors, the optimum will be at a higher level of APD

compared to LMLT manufacturing industries.

3.2.3. The moderating effect of R&D human capital
Human capital theory affirms that individual skills, knowledge and capabilities are

valuable resources and an important source of economic productivity, and that those skills can
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be built through education arekperience(Becker, 1963 Effectively managing external
knowledge flows requires the development of complementary internabitags (Teece et

al., 1997 Chiaroni et al., 2010 A firmdéds ability to | earn
interaction with external partners requires sufficient technical understanding to capitalize on
that knowledg€Huang et al. 2015)This internal capability, referred to as absorptiveacdp

(Cohen and Levinthal, 199Cohen and Levinthal, 1989 r e f | e cHility to &enfify, r moé s ¢
assimilate and expl oit external knowl edge f
levels of internal R&D capabilities are expected to effectively utilise external knowledge
(Arora and Gambardella, 1994 aursen and Salter, 200&nd engage in more open
knowledge search strategi@Sassiman and Veugelers, 2006uch open sourcing strategies

require high levels of human capitéleixeira and Tavaresehmann, 2014 Fukugawa,

2013.

Empirical research highlights the importance of a highly skilled workforce to assimilate
andintegrate external knowledge into internal innovation procg3sadinck and Spithoven,
2013 Huang et al 2015. Particularly, high task specific (skills) human capital is required to
integrate external knowledge with high degree of tacitness associated with highly
sophisticated, complex technological proces@@gbons and Waldman, 2004Further,
Veugelers (1997)Caloghirou et al. (2004and Spithoven and Teirlinck (20)Cargue that
highly educaed human resources are <critical di men
resources and capabilities. However, the complementarity betwéeuse R&D efforts and
external knowledge flows is ndmear (Grimpe and Kaiser, 201®erchicci, 2013 and our
premise is that R&D human capital can mitigate the diminishing returns in product innovation

performancdrom the integration of high levels of partner diversity.

Hypothesis 3a.Education positively moderates the invertegshaped relationship between
APD and product innovation performance, such that the curvilinear relationship will be flatter

in firms with high R&D education compared to firms with low R&D education.

Hypothesis 3b.Skills positively moderate the inverteddbhaped relationship between APD
and product innovation performance, such that the curvilinear relationship will be flatter

under in firmswith high R&D skills compared to firms with low R&D skills.
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Our hypothesised model is depicted in FigBiuie

R&D
education
! H3a
Alliance Portfolio HicHz Radical InnovatioRerformance
Diversity N .
i H3b Incremental InnovatiorPerformance
R&D Skills

Direct effect
_______________ Moderating effect

Figure 3.1. Research framework

3.3. Methodology

3.3.1. Data and sample

The data for the quantitative analysisshHaeen drawn from the Spanish Technological
Innovation Panel (PITEC), which is a statistical instrument for studying innovation activities
of Spanish companies over time. The databisseompiled by the Spanish National Statistics
Institute (INE), in colaboration with the Spanish Science and Technology Foundation
(FECYT) and the Foundation for Technological Innovation (COTEC). The PITEC dataset
contains panel data for more than 12,000 firms since 2003. The study was conducted using
i nf or mat i onnovatiam pefrformance and R&D employment characteristics for the
years 2008012°. For the purposes of this research, the dataset was confined to
manufacturing firms that have introduced radical or/and incremental innovations over the
studied period. Ouririal sample contained 32836 observations, 14740 for HMHT industries
and 18096 for LMLT industries.

3.3.2. Measures

Dependent variable
Innovation PerformanceThe literature in organisational innovation distinguishes between

incremental and radical innovati (Damanpour 1991; Damanpour et al. 200Qpdical

9 The data base is placed at the disposal of researches on the FECYT site:
http://icono.fecyt.es/conigdo.asp?dir=05%29Publi/AA%29panel
10R&D education and skills data is only available from 2005.
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innovationi s measured as the percentage of the fi
market in the last 2 yearBicremental mnovationi s def i ned as the perce

total sales from innovations new to the firm in the last 2 years.
Independent variables

Alliance Portfolio Diversity. To measure APD we consider survey information on
cooperation agreements for innowattiin the previous three years. Collaborative alliances are
distinguished by means of eight partner types: 1) customers, 2) suppliers, 3) competitors, 4)
firms belonging to the same enterprise group, 5) universities, 6) public research organizations,
7) technological centres, and 8) commercial laboratories/R&D enterprises. For each type of
partners, information is further categorized by their geographical location: Spain, EU and
Other Countries. Thus, 24 binary variables are generated, representing ablleposs
combinations between partner type and geogr
(2014) approach, APD is calculated by dividing the number of different partner types of a
firm by the maximum possible number of partner types (24 in our case) and then squaring the
result. The result of this calculation is a diversity score with valueseket® (least diverse
all partners belong to the same category) and 1 (highest divdsaignced distribution of

partners across a larger number of different categories).

R&D human capital intensityour study uses the traditional measures of humanatapi
education and skill s, empl oyed in empirical
dimensions of human capital, respectiv@dyiechel and Pfann, 2005Education intensity is
a continuous variable capturing the percentage of R&D staff with third level education or
higher (Xia, 2013 Teixeira and Tavaresehmann, 2014 Top educated staff increase a
firmds capacity to absorb and appl (Rothwalw know
and Dodgson, 1991and facilitate knowledge sharing within the organisat{@thmidt,

2010. Skills intensity is also a continuous variable accounting for the pereentatpp
skilled R&D workers (researchers and technicigfi®ixeira and Tavaresehmann, 2014
Skilled workers offelgreater ability to find, integrate and use new tacit knowledge and later

developmental opportuniti€¥’ang et al., 2009
Control variables

Firm sizeis measured by (the natural logarithm of) the number of empldipEasanpour,

1996. Further, we account for ndimear effects of firm size by computing a squatedn
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(SizeSqg)(Cassiman & Veugelers 20D2NVe expect firm size to have a positive effect since
larger firms have the necessary internal capabilities to engage in R&D partnerships.

Prior experience we i nclude a dummy variable to ca
external collaboration sincexperienced firms are more likely to effectively manage their
alliance activities than those withdi@ampson 2007)

R&D intensity, defined as firm R&D expenditure as a proportion of firm total sales
(Laursen and Salter, 200Auang et al., 2015 contributes to the internal knowledge base of
the firms, secalled absorptive capacitfCohen and Levinthal, 199ahra and George,
2002, necessary to efficiently absorb and deploy external knowl@@g#ith et al., 2003
Arora and Gambardella, 199P0R&D intensity is expected to complement (rather than
substitute) external knowledge search and have a positive impact on innovation outputs
(Veugelers, 1997b

Export intensityis measured by (the natural logarithm of) the ratio of export sales to total
sales. Firms competing in international markets are under intense innovation pressure to
remain competitivéKirner et al., 200R Hence, export intensity might act as an incentive to

improve innovation performance through collaborative innovation.

Industry effectsAs the innovation behaviour of firms is closely linked to their respective
industry sector{Malerba et al., 1997Audretsch, 199) we also controlled for the firm's
industry affiliation based on the classification proposedrdny Beers and Zand (2014Ne
created two industry dummy variables itdBmng HMHT and LMLT industries.

Year effectsWe use firrdevel innovation performance data from 2005 to 2012. Eight year
dummy variables are included to control unobservable factors that change over time but
remain relatively constant across industfies 2014) Table3.1 summarses variable names

and definitions.
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Table3.1Vari abl esd Description

Variables Type Definitions

Dependent Variables

Continuous Percentage of the firm’s sales from products new to tt
market in the las2 years

Continuous Percentage of the firm’s sales from products new to tt
firm in the last 2 years

Radical Innovation

Incremental Innovation

Independent

Variables

APD Continuous Alliance Portfolio Diversity

ADP? Continuous Alliance Portfolio Diversity squared

Moderator variables

R&D education Continuous Percentage of R&D staff with third level education or
higher

R&D Skills Continuous Percentage of R&D top skilled workers

Control variables

Firm Size Continuous Number of employees (Ln)

Firm SizeSq Continuaus Number of employees (Ln) squared

Prior experience Binary Fi rmés prior experience

R&D intensity Continuous R&D expenditure as a proportion of total sales

Export intensity Continuous Ratio of export sales to total sales

Indudry Binary = Dummy variables indicating the sector where the firm
operates

Year Binary = Dummy variables indicating the year to which

observations belong to (20@012)

Model and estimation

We use randoreffects panel Tobit models to test our hypothesesesourdependent
variable is the percentage of sales from innovative products (radical and incremental), a

variable that is truncated at zero and Ie model is specified as:

Y =Xuf +o;+5; (i=1.;n;t=1;..5T)

While { y=y*it  ify*i>0
yit=0 ify% OO0

wherei refers to the firm antrefers to the time period. We make the usual random effects
assumption thatl and Gt are independent and identically distributddxa, ..., , with zero
means and variance8zy and U2 respectively (Matyds and Sevestre, 2008A log-
transformation of both radical and incremental innovations variables is used to reduce the

problem of nomormality of the residualéLaursen and Salter, 2006n order to observe
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inter-sectoral differences, estimations are reported for two industry groups: HMHT and
LMLT industries. Standard ormiled ztest is used to compare regression coefficients
between the two grougPaternoster et al., 1998an Beers and Zand, 2014

b_b’!
,_ b bal

M 5
Icrgi + o'g,:
where b; andb; are the estimated coefficients associated with the two subsample®; and

andUn. are the standard errors.

34. Results

Table3.2 provides descriptive statistics for each of the variables. Correlation values among
all variables are generally low to moderate, suggesting there is a low risk of facing
collinearity issues or reshdancies with this set of variables. The highest correlation is 0.58,
far less than the problematic level. The general rule of thumb is that correlation values should
not exceed 0.78Tsui et al., 199b This is confirmed by the analysis of Variance of Inflation
(Vif). The maximum Vif value is 1.49, well below the rule of thumb-efitof 10, which
again indicates that there are no sesiowlticollinearity problems in the moddNeter et al.,

1996.

Table 3.2. Correlation and descriptive statistics

Variable Mean S.D. 1 2 3 4 5 6 7 8 9

1.Radicallnnovation 10.14 22.68 1

2.Incrementalnnovation  50.47 45.77 -0.13* 1

3.APD 0.04 0.09 0.08 0.15* 1

4.R&D education 29.74 33.77 0.14* 0.24* 0.24* 1

5.R&D skills 50.12 43.09 0.16* 0.29* 0.24* 0.58* 1

6.R&D intensity 0.04 0.212 0.10* 0.02* 0.09* 0.15* 0.14* 1

7. Export intensity 0.12 0.20 0.05* 0.07* 0.13* 0.16* 0.15* 0.01 1

8.Prior experience 0.27 0.44 0.07* 0.13* 0.50* 0.18* 0.21* 0.08* 0.04* 1

9. Firm size (Ln) 402 139 -0.01* 0.14* 0.28* 0.20* 0.16* -0.13* 0.14* 0.16* 1

Vif 1.48 146 140 119 1.18 1.48 149 142 1.4€
N = 32836

*p < 0.01; S.D = standard deviation; Vif= Variance Inflation Factor
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Table3.3 and3.4 present the randomffects Tobit estimations regarding the probability of
introducing radial and incremental innovations, respectively. For each subsample (HMHT and
LMLT industries), we estimate six model specifications. Model 1 is the baseline model,
including only the control variables. In Model 2, we augment our baseline specification by
adding APD and its squared term (ABDo test Hypotheses 1 and 2. Model 3 addthb
linear and squared terms of R&D education. Similarly, Model 4 includes the other dimension
of R&D human capitali skills and skills squared. In order to test Hypothesis 3a, the
interaction effects of APD and APith R&D education are introduced in Mel 5. Finally,

Model 6 includes the interaction effects of APD and AR@th the R&D skills to test
Hypothesis 3b. To avoid potential multicollinearity problems of interaction terms, we have
meancentered all the independents variables before calculttenghteraction termgAiken

and West, 1991 and subsequently check&densure that all Vif values were below (MNeter

et al., 1998 The randorreffect models show an overall adequate level of validity according
to various statistics commonly used for interpretafidair et al., 201 highly signficant
modele2, and the smaller values of the Akaike information criterion (AIC) and the Bayesian
information criterion (BIC) in models compared with each previous model indicate that the

relative goodness of fit in each model improved significantlyhenprevious one.

34.1. Direct effects

Hypothesis 1 suggests a curvilinear relationship between APD and product inmovatio
performance. Model 2 (Tables33and 3.4) shows that the linear APD term has a significant
positive coefficient (p<0.01), while APDhas a significant negative coefficient (p<0.01),
suggesting an inverted -thaped relationship between APD and product innovation
performance. Hypothesis 1 is supported. Hypothesis 2 posits that different levels of APD are
beneficial for different levels oftechnological intensity.According to the noitinear
specification of APD Nlodel 2 in Table3.3), the numbers of partner types at the tipping
point'! is 17.03 foHMHT and 15.4 folLlMLT industries for radical innovation performance.
The difference betweetihe two subsamples is statistically significant (z=1.63, p<0.05). For
incremental innovatin performance, Model 2 (TabBe4) shows that the optimal APD level is
also higher for HMHT (16.58) than for LMLT industries (15.6Blpwever,the difference
betweenboth sectors is not significant (z= 0.89, ns). Therefore, Hypothesis 2 is partially
supported. These results suggest that the impact of partner diversity on product innovation

performance is contingent upon t bfennovaticchu st r y ¢

1 We follow de Leeuw et al. (2014) to calculate the tipping points and the corresponding optimal number of
partner types.
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activity pursued by companies (Figuse?). Greater product complexity, market uncertainty
and thedivergent set of skills needed to achieve explorative performance objectibEHm

industries require greater diversity of partn@an Beers and Zand, 2014
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--+-- Radical innovation (High-tech) —=— Radical innovation (Low-tech)

----x--- Incremental innovation (High-tech) Incremental innovation (Low-tech)

Figure 3. 2. Relationship between APD and product innovation performarceaustry
Differences

3.4.2. Moderating effects of R&D human capital
R&D education

Hypothesis 3a stated that R&D education moderates the relationship between APD and
productinnovation performanceModel 5 (Tables3.3 and3.4) shows that the interaction
coefficients are significant and negative in linear terms (APD*R&D educafst).01) and
significant and positive in quadratic terms (APR&D education) (p<0.01). Hence,
Hypothesis 3a is supported. Figui@8 and 34 show the curvilinear relationship between
APD and radical and incremental innovation performance for threeslet&&D education:
low (minus one standard deviation from the mean), moderate (mean value) and high (plus one
standard deviation from the meg@iken and West, 1991Findings indicate that firms with

low levels of R&D education intensity (as a proxyiofernal absorptive capacity) exhibit
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lower innovation performance compared to firms with moderate and high R&D education

intensity.

However, results suggest differences in the moderating impact of R&D education
depending on fir mg.GortHRHKThndustries ghigere3.8), a simpken s i t
slope analysis shows that the relation between %40 radical innovative performance is
negative and significant when R&D education is low {924, p<0.01) and less
significantly negative for moderate R&Pducation (b=6.408, p<0.01). Interestingly, the
effectof APFi s not significant for high R&D educat
levels of R&D education intensity enables HMHT industries to capture value from more open
sourcing strategies. lcontrast, the moderating effects obtained for LMLT industriegufei
3.3b) show that the effect of APDon radical innovation performance is negative and
significant for low R&D education (b49.90, p<0.01) while less negative and significant for
moderde (b =1 3. 41, p<0.01) and high R&D education
results demonstrate that LMLT industriesod | c
ability to recognise and access external innovation knowlédgben and Levinthal, P9,
HervasOliver et al., 201}

Figure 34 shows similar results for incremental innovation performance. A simple slope

analysis shows that the relationship between 2@l incremental innoviain performance is

negative and significant for low R&D education {b8.52 and-30.16, p< 0.01, for HMHT

and LMLT, respectively) and moderate R&D education {8.69 and b=18.35, p< 0.01 for

HMHT and LMLT, respectively). However, for high levels of R&Mdueation intensity, the

effect of APDF is positive but not significant for HMHT (b =1.15, n.s) (Figuré.®, whereas

less negative and significant for LMLT (b-6s55, p< 0.01) (Figure.8b). Overall, these

estimates support the absorptive capacityagunt t hat hi gh | evels of ¢
intensity are required to increase the effectitibzation of external sciencbased knowledge

in HMHT sectors.

R&D skills

Hypothesis 3b posits that R&D skills moderate the relationship between APD anattprod
innovatian performance. Model 6 (Tabl&s3 and3.4) shows that the interaction coefficients
are significant and negative in linear terms (APD*R&D skills) (p<0.01) and positive and
significant in quadratic terms (APFR&D skills) (p<0.01). Hence, Hypbesis 3b is

supported. Figure3.5 and 3.&how the curvilinear relationship between APD and radical and
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incremental innovation for three levels of R&D skills: high, medium and low (Aiken and
West, 1991). Results are similar to those presented above ore&cation, suggesting that

hi gher l evel s of 6general 6 and Ospecifico
effectively utilise external knowledg@rora and Gambardella, 199Qaursen and Salter,
2004. The arc of the APD curve becomes flatter when firms possess moderate and high
levels of R&D education and skills intensity.

In terms of industry dferencesthe results of a simple slope test show that the effect of
APD on radical innovation performance (Figd®) is negative and significant for low R&D
skills (b=16.21 and b=26.99, p<0.01 for HMHT and LMLT, respectively) and moderate
R&D skills (b=-8.21 and b=15.24, p<0.01 for HMHT and LMLT, respectively) but no
significant for high R&D skills (b=0.22 and b=3.48, ns for HMHT and LMLT,
respectively). Significantly, these findings highlight the importance of high levels of
6speci fi c 0lintensityfonbotlc seqtarst capture value from more open sourcing

strategies.

Regarding incrementahnovation performance, Figure 3ghows a strong moderating
effect of R&D skills intensity: for high levels of R&D skills, the relationship between APD
and incremental innovation performance turns positive and significant for HMHT industries
(b=5.27, p<0.01) and not significant for LMLT sectors {61, ns). Taken together, these

results stress the i mportance onfpartcalglgioi fi co

LMLT sector s, compared to dédgeneral &6 human
performing the work activities themselves (i.e., learning by doing) become critical for
building high absorptive capacity to effectively utilizeternal knowledge. High levels of

R&D skills intensity lead to a linear relationship between partner diversity and incremental
innovation performance in HMHT industries whereas in LMLT sectors it makes the

curvilinear relationship nesignificant.
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Table 3 3. Randomeffects Tobit models for radical innovation performance

HMHT LMLT z-test
)] @) 3 4 ®) (6) (€] 2 (€)] 4 ®) (6)
Main effects
APD 5.80*** 4.88*+* 4.59%+* 6.08*** 6.01*** 9.84*** 8.04*** 7.27%* 10.51%** 10.69*** 4.04***
(0.73) (0.72) (0.72) (0.8) (0.81) (0.92) (0.91) (0.91) (1.05) (1.03) 1.17)
H1. APD? -5.76%* -4, 67 -4.20%** -6.96%** -6.19%** -11.94%  -9,63%** -8.27%* -13.41%** -11.26%** 6.18**
: (1.50) (1.48) (1.48) (1.89) (1.72) (2.22) (2.19) (2.18) (2.73) (2.42) (2.68)
*kk Lzl *kk
H2. N. of Partner at Tipping Point 1?6?29) 1?&‘27) 1('8'347)
R&D education 0.04*** 0.04*** 0.05*** 0.05*** 0.01**
(0.00) (0.00) (0.00) (0.00) (0.00)
R&D educatiod -0.00** -0.00*** -0.00%** -0.00*** 0.00**
(0.00) (0.00) (0.00) (0.00) (0.00)
. 0.05%* 0.04%** 0.06*** 0.06*** 0.01*
R&D Skills (0.00) (0.00) (0.00) ©0.00) | (0.00)
_— -0.00%*** -0.00%** -0.00%** -0.00*** 0.00**
R&D Skills (0.00) (0.00) (0.00) 000 | (0.00)
Interaction effects
" . -0.09%** -0.14%** 0.05*
APD*R&D education (0.02) (0.02) (0.03)
" ) 0.14%* 0.21%* 0.07
H3a.APD2*R&D education (0.05) (0.07) (0.08)
. . _0. 10*** _0 . 17***
APD*R&D Skills (0.02) 0.02
" . 0.20*** 0.27***
H3b.APD*R&D Skills (0.06) (0.07)
Controls
R&D intensity 0.73** 0.66%+* 0.40%* 0.36%** 0.41%* 0.38%** 0.74%* 0.63*** 0.280 0.19 0.30* 0.22 0.01
(0.14) (0.14) (0.14) (0.14) (0.14) (0.14) (0.18) (0.18) (0.179) (0.18) (0.18) (0.18) (0.22)
Export intensity 0.59%* 0.52%* 0.39** 0.40%* 0.38** 0.41%* 0.48** 0.40* 0.312 0.26 0.31 0.26 0.11
(0.16) (0.16) (0.16) (0.15) (0.16) (0.15) (0.22) (0.22) (0.212) (0.22) (0.22) (0.21) 0.27)
Prior experience 0.63** 0.41% 0.37%* 0.36** 0.36*** 0.35%* 0.82%** 0.49%** 0.422%* 0.40%** 0.39%* 0.37* 0.19
(0.09 (0.08) (0.07) (0.07) (0.07) (0.07) (0.08) (0.09) (0.084) (0.08) (0.08) (0.08) (0.11)
Firm size (Ln) 0.33** 0.35** 0.09 0.02 0.07 0.00 0.94%** 0.90%** 0.591%* 0.41* 0.55%* 0.38** 0.61%**
(0.15) (0.15) (0.14) (0.14) (0.14) (0.14) (0.18) (0.18) (0.172) 0.17) (0.17) (0.17) (0.23)
Firm size Sq -0.01 -0.02 -0.00 0.00 -0.00 0.00 -0.07* -0.07%* -0.051** -0.03 -0.05** -0.03 0.06**
(0.02) (0.02) (0.01) (0.01) (0.01) (0.01) (0.02) (0.02) (0.020) (0.02) (0.02) (0.02) (0.03)
Log-likelihood -19063.26 -19011.64 -18898.22 -18847.39 -18889.25 -18838.90| -18617.44 -18534.45 -18380.11 -18298.81 -18357.83 -18264.57
Wal d 62 426.50%**  526.51**  743.71%* 829.93**  758.49**  84232** | 486.85** 641.81** 926.42** 1059.28** 961.52***  1108.95***
AIC 38182.53 38083.28 37860.43 37758.79 37846.51 37745.81 | 37308.87 37146.9 36842.23 36679.62 36801.66 36615.14
BIC 38395.8 38311.23 38103.58 38001.93 38104.85 38004.15| 37597.6 37451.23 37162.17 36999.56 37137.21  36950.68

Standard error in parentheses. *Sygraince at 1%;**signjicance at 5%;***signjcance at 10%. Year and sector dummy variables weluded in the analysis but results are omitted here.
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Table 3.4. Randomeffects Tobit models for incremental innovation performance

HMHT LMLT Ztest
1) ) 3) (4) (%) (6) @ 2 3) 4 (%) (6)
Main effects
APD 5,350 3,915 3,520 6.03% 6.26% 11,97 9.3 8.04% 12,72 11.80%%* 6.624
(0.89) (0.88) (0.88) (0.98) 0.97) (1.39) (1.38) (1.37) (1.56) (1.53) (1.65)
L APD? 5,604 3.91% 3.20% 8,69+ 6,98+ -13.99%+ 110,745 8.61% -18.35% 14,367 8.39%*
' (1.86) (1.84) (1.83) (2.34) 2.07) (3.42) (3.37) (3.35) (4.16) (3.70) (3.89)
H2. N. of Partner Types at 16.58*** 15.69*** 0.89
Tipping Point (1.70) (1.24) (2.10)
) 0.06% 0.06%+ 0.08% 0.08% 0.02¢%
R&D education (0.00) (0.00) (0.00) (0.00) (0.00)
o -0.00% -0.00%* -0.00%* -0.00% 0.00%
R&D educatio (0.00) (0.00) (0.00) (0.00) (0.00)
. 0.06%+ 0.06%+ 0.08% 0.07% 0.02%*
RE&D Skills (0.00) (0.00) (0.00) (0.00) (0.00)
. -0.00%* -0.00%* -0.00%* -0.00 0.00%*
R&D Skills* (0.00) (0.00) (0.00) (0.00) (0.00)
Interaction effects
i . 20,154 0194 0.04
APD*R&D education (0.03) (0.04) (0.05)
. . 0.28%+ 0.38% 0.10
H3a. APD*R&D education (0.07) (0.10) 0.12)
. . -0.20% 20,02+ 0.00
APD*RE&D Skills (0.03) (0.023) (0.03)
. 0.40% 0.48% 0.00
H3b.APD2R&D Skills (0.06) 0.10) ©:00)
Controls
R&D intensity -0.08 -0.14 057 0,64+ 0544 -0.60%+ 1,16+ 1.00% 0.49* 0.32 0.52+ 0.36 124w
©0.17) (0.18) (0.18) (0.18) (0.18) (0.18) (0.29) (0.28) (0.27) (0.27) 0.27) (0.27) (0.33)
Export intensity 0.22 0.15 -0.04 -0.03 -0.05 -0.02 0.09 -0.01 0.14 0.23 -0.14 -0.24 0.13
(0.19) (0.19) (0.19) (0.18) (0.19) (0.18) (0.31) (0.31) (0.31) (0.31) (0.31) (0.30) (0.36)
Prior experience 0.65%* 0.45% 0.38% 0.37%%+ 0.36%+ 0.35%%+ 1175 0,77+ 0.68+ 0,64+ 0.64+ 0.61% 0,52+
(0.09) (0.09) (0.09) (0.09) (0.09) (0.09) 0.12) (0.12) ©0.12) ©0.12) 0.12) (0.12) (0.15)
Firm size (Ln) 1,345 1.36%* 1.00%* 0.90%+ 0.98%+ 0.86%+ 2,445 2,420 2,055+ 1,795 2,020 1,785 1.10%*
0.17) ©0.17) 0.17) (0.16) ©0.17) (0.16) (0.25) (0.25) (0.24) (0.24) (0.24) (0.24) (0.30)
Firm size Sq L0.11%% 0,124 -0.09% 0.08% 0.09% -0.08% 0210 0,220 -0.20% 0.17%% 0.20% 0174 0.10%
(0.02) 0.02) 0.02) (0.02) (0.02) 0.02) (0.03) (0.03) (0.03) (0.03) (0.03) (0.03) (0.03)
N. observations 14740 14740 14740 14740 14740 14740 18096 18096 18096 18096 18096 18096
Loglikelihood -22804.25 -22776.65 -22618.59 -22546.11 -22602.31 -22519.79 -24305.00 -24248.52 -24113.79 -24028.57 -24100.24 -24013.03
wald 62 2117.87%%  2171.20% 2429.03% 254056  2455.18%*  2579.99%* 1866.46% 1054.76%% 215336+ 2269.90% 2169.43%  2288.94%
AIC 45664.49 45613.31 45301.17 45156.23 45272.62 45107.59 48684 48575.03 48309.58 48139.14 48286.48 48112.05
BIC 45877.25 45841.25 45544.32 45399.37 45530.96 45365.94 48972.73 48879.37 48629.52 48459.09 48622.02 48447.6

Standard error in parentheses. *Sygrsince at 1%;**signjicance at 5%;***signjcance at 10%year and sector dummy variables were included in the analysis but results are omitted here.
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Figure 3.5. Moderating effect of R&D skills on radical iomation performance: (a) HMHT and (b) LMLT
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Figure 3.6. Moderating effect of R&D skills on incremental innovation performance: (a) HMHT and (b)r/LML
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