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Abstract 

 
This research investigated the complementarity of internal and external R&D for innovation development and the 

effect of innovation on the financial performance of European manufacturing firms. Using multigroup structural 

equation modeling, this study partially supported that internal and external R&D are complementary in firms from 

high-technology industries, whereas they are not in firms from low-technology industries. For the two groups of 

firms, both internal and external R&D separately had a positive effect on innovation performance. These results 

suggested that if low-tech firms, which had lower absorptive capacity than high-tech firms, want to improve their 

innovation performance in the long term, they should start prioritizing internal R&D to improve their absorptive 

capacity while achieving a short-term satisfactory innovation outcome. As absorptive capacity rises, more complex 

strategies balancing internal and external R&D should be adopted. Contrary to expectations, the empirical analysis 

indicated that innovation performance did not influence short-term financial performance for the whole sample. 

However, in countries more affected by the 2008 crisis (for instance, Baltic countries, Portugal and Spain), this 

effect was detected, indicating that innovation helped firms to recover faster.   

 

Key words: innovation performance; internal R&D; external R&D; financial performance; manufacturing firms. 
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Introduction 

 

 
“Solve unsolved problems innovatively – previous 3M mission statement”  

(Collins & Porras, 1996, p. 69) 

 
It is commonly accepted that innovation is important for firms to help them reach their goals, but 

it is not exactly a goal itself. It is also a popular belief that innovative companies are better than ones 

that are not innovative. 3M seems to have noticed this fact and smartly used this belief as a marketing 

tool in a former mission statement. However, innovation development, besides having a strong 

marketing appeal, may help firms achieve better performance in many other ways. 

Innovation helps in the acquisition of sustainable competitive advantages through the introduction 

of new successful products and services or innovative processes that improve a cost-leadership position 

by lowering costs and increasing profits (Ceccagnoli, 2009; Christensen & Raynor, 2013). Extensive 

literature about the effects of innovation on a firm’s financial performance exists. Many authors (e.g., 

Cheng & Huizingh, 2014; Faems, Van Looy, & Debackere, 2005) empirically studied the influence of 

the level of firm innovation on financial performance and concluded that a positive relationship exists 

between them. Besides the impact on financial performance, innovation is essential for firm survival in 

today’s uncertain environment (Teece, 2007) and it is even more important in technology-based 

industries (Belderbos, Faems, Leten, & Van Looy, 2010). Concurrently, with the approach of the 

relationship between innovation and financial performance, research has emerged examining different 

innovation sources, which can be internal and external (Frenz & Ietto-Gillies, 2009).  

Internal sources come mainly from R&D developed inside the boundaries of the company. On 

the other hand, external sources can be innovations acquired from other firms, mergers, acquisitions and 

collaboration with other players in the industry (Chesbrough, 2003; Faems et al., 2005). Many studies 

examined the relationship among all these sources and innovation performance. The relationship 

between internal R&D and innovation is positive in many of them (Belussi, Sammarra, & Sedita, 2010; 

Faems et al., 2005), although it is dependent on firm structure (Arora, Belezon, & Rios, 2014) and on 

the knowledge type developed (Pérez-Luño, Medina, Lavado, & Rodríguez, 2011). Another branch is 

formed by studies that look for the relationship between external sources of R&D and innovation. This 

relationship depends on the type of partner (Chatterji & Fabrizio, 2014; Soh & Subramanian, 2014), the 

type of knowledge sought (Pérez-Luño et al., 2011) and firm absorptive capacity (Cohen & Levinthal, 

1990). Absorptive capacity affects the relationship between external R&D and innovation performance 

positively. As absorptive capacity rises, with higher levels of internal R&D (Tsai, 2009), internal and 

external R&D would be complementary. In contrast, some papers found that they may be substitutes for 

each other (Hagedoorn & Wang, 2012).  

The study of the relationship between innovation and financial performance is not as extensive as 

the studies associating R&D sources and innovation performance. Most studies of this type investigate 

only a specific country and focus more on developed economies (e.g., Faems, De Visser, Andries, & 

Van Looy, 2010). However, according to some authors, the process of accumulating innovation 

capabilities and their application by firms from less developed economies might be different from the 

process in developed countries. While firms in the latter countries usually have resources and 

capabilities to develop radical product innovation from the beginning (Utterback & Abernathy, 1975), 

firms in the former countries start their process of accumulating capabilities by copying or licensing 

products from foreign firms and gradually adapt their production process while accumulating innovation 

capabilities. This process can allow them to catch-up to be able to implement more sophisticated 

innovations in the future (Kim, 1998).  

These differences in the innovation process of firms from different countries must affect the 

relationship among the different sources of innovation, innovation performance and financial 

performance. So, the dearth of studies focusing on less developed countries justifies more investigation. 

European countries dominated the top positions of the 2016 ranking of the most innovative countries 
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according to the Global Innovation Index (Dutta, Lanvin, & Wunsch-Vincent, 2016), with four of the 

top five countries in the ranking, and 15 countries among the 25 most innovative. However, they are not 

homogeneous in their innovative stage. While some of the world’s most innovative countries are from 

Europe, the continent also has countries in moderate and low innovative development stages (European 

Union, 2015), which are less investigated by empirical studies than the top innovators.    

Building on the literature mentioned above, this paper aims to answer the following research 

questions: Do either internal or external sources of innovation impact on innovation performance? 

Are they complementary? And does innovation performance impact financial performance? 

Although several studies have investigated these relationships, most of them focused only on the 

relationships among R&D sources and innovation performance or on the relationship between 

innovation and financial performance. This study proposed a model to investigate these relationships 

conjointly. Besides, different aspects are known to influence these relationships, such as the country and 

the industrial sector. Most studies investigate only limited scenarios, however, we believe that different 

outcomes may emerge from a study considering different dimensions. Using a sample of manufacturing 

firms from 14 European countries (Bulgaria, Cyprus, Czech Republic, Spain, Croatia, Portugal, 

Hungary, Slovenia, Norway, Lithuania, Romania, Italy, Slovakia and Estonia), this paper tested the 

proposed model to investigate the relationships among the constructs mentioned above controlling for 

industry technology intensity (high-tech manufacturing and low-tech manufacturing) and for groups of 

similar countries (which have different innovation development levels). 

The proposed model, with some adaptations, is also being tested in other research projects 

considering other regions and industries, using different databases. The present study partially supported 

that internal and external R&D are complementary in firms from high-technology industries, whereas 

they are not in firms from low-technology industries. For the two groups of firms, both internal and 

external R&D separately had a positive effect on innovation performance. The relationship between 

innovation performance and financial performance could only be verified for Portugal, Spain, Estonia 

and Lithuania, countries that present some specificities provoked by how they are recovering from the 

2008 global crisis.  

The remainder of the article contains the literature review, presenting the hypotheses and the 

proposed model, followed by the methods section, which includes the description of the data, an 

explanation of the sample selection, a description of the variables and the statistical method. Then, we 

present the results, followed by a discussion and conclusions, which includes theoretical and managerial 

implications, limitations and suggestions for future studies.   

 

 

Literature Review 

 

 

Complementarity of internal and external R&D  

 
Internal R&D is most often mentioned in innovation management literature as causing a positive 

impact on innovation performance (Belussi et al., 2010; Frenz & Ietto-Gillies, 2009; Hagedoorn & 

Wang, 2012; Oerlemans, Knoben, & Pretorius, 2013). As internal R&D is mainly represented by proxies 

such as R&D expenditures and R&D intensity (Hagedoorn & Wang, 2012), this positive relationship 

indicates that the effort to produce internal knowledge is highly related to its effective generation. 

However, the level of impact internal R&D has on innovation performance depends on the type of 

innovation. Hall and Bagchi-Sen (2007) found that a high level of internal R&D is associated with high 

levels of research-based innovation, which is more associated with the patenting of new technologies, 

but not with high levels of product-based innovation, which is related to the introduction of or changes 

in products and services. Some studies found that internal R&D is more important for process innovation 
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than external R&D (Tomlinson, 2010), although a positive relationship between internal R&D and new 

product development was found in some empirical studies (e.g., Stam & Wennberg, 2009).  

External knowledge sources and R&D also have a central role in innovation development. Several 

empirical studies confirmed that the relationship between external R&D and innovation performance is 

positive (Belussi et al., 2010; Faems et al., 2005; Faems et al., 2010; Ritala, Olander, Michailova, & 

Husted, 2015). This positive relationship may be caused by the easier transference of tacit and codified 

knowledge, the access to new complementary assets or the sharing of R&D costs (Faems et al., 2005). 

However, these results are not unanimous and some studies suggested that the relationship might be an 

inverted U-shape, with lower levels when the firm has few or many types of partners and higher levels 

for a moderate amount of partner types (Duysters & Lokshin, 2011). Other empirical studies did not 

find a significant relationship (Belussi et al., 2010; Mowery, Oxley, & Silverman, 1996). These 

contrasting results may have been caused by the coordination and monitoring costs to avoid 

misappropriation, which increases with a greater number of partnerships and depends on the partner 

type (Hallen, Katila, & Rosenberger, 2014).  

Based on the previous discussion, one may conclude that balancing internal and external R&D is 

necessary in order to have successful innovation performance. The complementarity of internal and 

external R&D has been discussed in the academy (e.g., Cassiman & Veugelers, 2006). Complementary 

activities bring more return if implemented conjointly than if implemented alone (Milgrom & Roberts, 

1995). The complementarity between internal and external R&D would lie in the necessity of the firms 

to build internal know-how to be able to identify possible projects and partners. This internal know-how 

may be built by internal R&D efforts, among other internal activities, and develops a capability called 

absorptive capacity (Cohen & Levinthal, 1990). According to these authors, absorptive capacity is a 

firm’s capacity to recognize, acquire, assimilate and apply external knowledge. Empirical studies have 

found a positive moderation of the absorptive capacity, as represented by internal R&D expenses 

(Berchicci, 2013; Cohen & Levinthal, 1990; Hagedoorn & Wang, 2012) in the relationship of external 

R&D and innovation (Belussi et al., 2010; Frenz & Ietto-Gillies, 2009; Hagedoorn & Wang, 2012; 

Oerlemans et al., 2013). These led us to propose the following hypothesis. 

Hypothesis 1. A firm’s internal R&D level and its external R&D level are complementary in their 

contribution to improve the firm’s innovation performance.  

 

Innovation performance and financial performance 

 
Innovating is currently viewed as an effective strategy to improve firm performance. The way a 

firm uses its internal and external knowledge sources to develop innovation, conjointly with the 

environment, the industry structure, the firm’s characteristics and its overall strategies defines the 

amount of any innovation’s rents it will appropriate, and the amount that will be appropriated by 

suppliers, clients and imitators (Hurmelinna-Laukkanen & Puumalainen, 2007). An effective 

introduction of process and product innovation followed by the correct use of appropriability 

mechanisms should promote a better financial performance for the innovative firm (Ceccagnoli, 2009). 

Product innovation may be a source of sustainable competitive advantage and provide a better 

position in the market through the launching of better quality and lower cost products (Ateljević & 

Trivić, 2016), which allow the firm to fill gaps in demand (Galindo & Méndez, 2014) and increase its 

market-share (Leskovar-Spacapan & Bastic, 2007). Process innovation, in its turn may promote gains 

in productivity (Terjesen & Patel, 2017) and enables cost reduction by implementing improvements in 

the production process (Moutinho, Au-Yong-Oliveira, Coelho, & Manso, 2015). Radical innovations 

even have the power to change the whole industry, by transforming new ventures in industry leaders 

and moving incumbents out (Hill & Rothaermel, 2003; Schoenmakers & Duysters, 2006). For these 

reasons, among others, today’s environment is very uncertain, and innovation is one of the strategies 

that may contribute to firm survival (Teece, 2007). Corroborating the previously presented arguments, 

several authors empirically detected a positive impact that innovation performance has on firm financial 

performance (Du, Leten, & Vanhaverbeke, 2014; Faems et al., 2010; Tomlinson, 2010). Therefore, 
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innovative products and services that effectively gain an important share in a firm’s turnover could, 

consequently, guarantee a superior performance for the firm, reflected in some indicators such as 

revenue and market share growth. Process innovation, on the other hand, may increase productivity and 

lower production costs, promoting a growth in the firm’s profits.   

Hypothesis 2. The level of a firm’s innovation performance positively influences its financial 

performance. 

To test the two proposed hypotheses, we proposed the model in Figure 1, which is formed by the 

following constructs: (a) External R&D - Strategic Alliances; (b) Internal R&D - Absorptive Capacity; 

(c) Innovation Performance; and (d) Financial Performance. 

 
Figure1. Theoretical Model 

Although the relationships presented in Figure 1 are supposed to be true in most cases, their 

intensity depends on the context. In some studies, complementarity among internal and external R&D 

was not found (e.g., Mowery et al., 1996). This relationship is dependent on several endogenous and 

exogenous factors (Zahra & George, 2002), such as the partner type, the type of innovation (Tsai, 2009), 

the industry and the country. Regarding industry, one of the most influential characteristics is 

technological intensity. Firms in high-technology industries face challenges that make more intense and 

radical innovation development a critical factor (Rothaermel & Deeds, 2006). Some of these factors are 

a faster technological progress, manufacturing complexity and stronger competition (Wang & Hsu, 

2014). This reinforces the necessity of more intense use of R&D alliances by these firms (Hagedoorn, 

1993; Hagedoorn & Duysters, 2002).  

As internal R&D is necessary in order to improve absorptive capacity (Berchicci, 2013; Cohen & 

Levinthal, 1990), both internal R&D and alliances are necessary.  However, the more internal R&D and 

the bigger network of partners for R&D a firm has, the higher its costs are to manage this complex 

system (Hallen et al., 2014). Accordingly, the complementarity of internal and external R&D should be 

higher in high-tech industries, in which innovations are more radical and bring a greater financial return, 

a fact supported by several studies (Paula & Silva, 2017; Stam & Wennberg, 2009). On the other hand, 

in low-tech industries, a lower complementarity between these two types of knowledge sources is 

expected. This is because a lower management cost by choosing only one source of R&D (internal or 

external) should, at least partially, compensate for a possible higher level of innovation performance 

improvement caused by the implementation of a more complex strategy.   

Regarding country influence, different levels of economic development should influence the 

innovation development process. Firms from developed country firms are more likely to have enough 

resources and capabilities to develop more complex and radical innovations (Utterback & Abernathy, 

1975). On the other hand, ones from emerging countries are faced with higher barriers for AC (e.g., 

managerial biases, weaker social integration mechanisms and weaker appropriability regimes) and 

weaker innovation systems that count on fewer researchers, lower R&D investment and fewer patents 

(Cuervo-Cazurra & Rui, 2017). Therefore, they need to catch-up to the technological leaders of more 

developed countries through a process that starts with imitation or licensing of an innovation from 

another firm, followed by efforts to implement incremental changes while the firm accumulates 
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technological capabilities. Only after a certain level of accumulated capabilities, a firm catches-up to a 

level in which it can implement more radical innovations (Kim, 1998). In consequence of this 

accumulation process, firms from less technologically developed countries are supposed to be stages 

behind the ones from more developed countries. This should present a stronger complementarity 

between internal and external R&D, and any innovations developed should have a more rapid and strong 

influence on their financial performance. 

 

 

Methods 

 

 

Data source, sample and variable description 

 
To test the model in Figure 1 for manufacturing firms of the cited European countries - Bulgaria, 

Cyprus, Czech Republic, Spain, Croatia, Portugal, Hungary, Slovenia, Norway, Lithuania, Romania, 

Italy, Slovakia and Estonia - we used data from Eurostat’s CIS 2010 – Community Innovation Survey 

(Eurostat, n.d.a). This survey provides some indicators about innovation activities and financial 

performance of European firms for 2008, 2009 and 2010. For this study, we only considered 

manufacturing firms, based on the NACE Rev. 2.0 classification (Eurostat, 2016), that answered the 

survey with no missing values and which had declared that they had developed at least one product or 

process innovation in the period, had an ongoing innovation project by the end of 2010 or had abandoned 

or suspended some innovation project in the period between 2008 and 2010. As the firm response rate 

in CIS 2010 varied for each country, we calculated the number of firms by country in the final sample 

proportionally to a total number of manufacturing firms each country effectively has, based on the 

number of firms in the original sample divided by the response rates. The cases were randomly selected 

from each country. The total number of firms by country before (total sample) and after this final 

selection (weighted sample) is presented in Table 1.  

 

Table 1 

 

Sample of Manufacturing Firms by Country 

 

Country 

GII 

(country) 

GII 

(group) 

Total 

sample 

(country) 

Weighted 

sample 

(country) Group 

Total 

sample  

(group) 

Weighted 

sample  

(group) 

Bulgaria 38 43 1,509 50 1 1,783 141 

Romania 48  274 91 1 
  

Italy 29 29 731 731 2 731 731 

Portugal 30 29 1,496 209 3 9,083 1,336 

Spain 28  7,587 1,127 3 
  

Estonia 24 30 478 30 4 709 59 

Lithuania 36  231 29 4 
  

Croatia 47 37 535 53 5 1,144 90 

Cyprus 31  162 7 5 
  

Slovenia 32  447 30 5 
  

Continues 
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Table 1 (continued) 

 

Country 

GII 

(country) 

GII 

(group) 

Total 

sample  

(country) 

Weighted 

sample 

(country) Group 

Total 

sample  

(group) 

Weighted 

sample  

(group) 

Czech Republic 27 33 1,094 202 6 1,976 306 

Hungary 33  671 76 6 
  

Slovakia 38  211 28 6 
  

Norway 22 22 181 83 7 181 83 

Total   15,607 2,746 
   

Table 2 lists the constructs with their respective proxies and presents a description of them and 

their formulas. All constructs are reflexive. The models were tested separately with two control variables 

(through a multigroup SEM analysis). The first control variable was the industry’s technological 

intensity, which is central for testing hypothesis 1. Manufacturing industries were classified as high-

tech (HT) or low-tech (LT), with HT representing the set of high-tech and medium high-tech industries 

according to NACE Rev. 2.0 and LT the set of low-tech and medium-low-tech industries (Eurostat, 

n.d.b). Table 3 shows the list of industries from NACE 2.0 classified into HT and LT groups. 

 

Table 2 

 

Constructs and Proxies 

 

Construct Proxy name Proxy format 

Innovation 

Performance 

 (IP) 

% Turnover from new products or services - %_TURN 0 to 100% 

Introduction of product innovation – PRODINOV Yes/No 

Introduction of process innovation – PROCINOV Yes/No 

Innovative degree of product innovation – 

RADPRODINOV 

0- Did not introduce 

product innovation 

1- New to the firm 

2- New to the market 

Innovative degree of process innovation – 

RADPROCINOV 

0- Did not introduce 

process innovation 

1- New to the firm 

2- New to the market 

Innovation impact: 

- Increase range of goods or services – ORANGE 

- Replace outdated products or processes - OREPL 

- Enter new markets or increase market share - ONMOMS 

- Improve quality of goods or services - OQUA 

- Improve flexibility for producing goods or services - 

OFLEX 

- Increase capacity for producing goods or services - 

OCAP 

- Reduce labour costs per unit output - OLBR 

- Reduce material and energy costs per unit output - 

ORME 

- Reduce environmental impacts - OREI 

- Improve health or safety of your employees – OHESY 

0- Not relevant 

1- Low 

2- Medium 

3- High 

Continues 
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Table 2 (continued) 

 

Construct Proxy name Proxy format 

Innovation 

Performance 

(IP) 

Importance of the partnership/source of information by 

partner type: 

- Suppliers - SSUP 

- Clients - SCLI 

- Competitors - SCOM 

- Consultants, commercial labs, or private R&D institutes - 

SINS 

- Universities - SUNI 

- Government - SGMT 

- Conferences, trade fairs and exhibitions - SCON 

- Scientific journals and other publications - SJOU 

- Professional and industry associations – SPRO 

0- Not relevant 

1- Low 

2- Medium 

3- High 

Financial 

Performance 

(FP) 

   

Turn. growth – turn_growth Turn. 2010/Turn.2008-1 

Firm growth – emp_growth 
Num. Emp.2010/Num. 

Emp.2008 – 1 

Internal 

R&D - 

Absorptive 

Capacity   

(Int R&D) 

    

Internal R&D spending/total turnover – rrdinx_rat 0 to 100% 

R&D training – RTR Yes/No 

Importance of internal R&D as a source of information – 

SENTG 

0- Not relevant 

1- Low 

2- Medium 

3- High 

 

Table 3 

 

List of LT and HT Industries 

 

Groups 

Manufacturing Industries 

Classification 

NACE 2.0 

2-digit 

codes Industry description 

HT High-technology  21 Manufacture of basic pharmaceutical products and 

pharmaceutical preparations 
 

26 Manufacture of computer, electronic and optical products 

Medium-high technology 20 Manufacture of chemicals and chemical products 
 

27 to 30 Manufacture of electrical equipment; Manufacture of 

machinery and equipment n.e.c.; Manufacture of motor 

vehicles, trailers and semi-trailers; Manufacture of other 

transport equipment 

LT Medium-low technology 19 Manufacture of coke and refined petroleum products 
 

22 to 25 Manufacture of rubber and plastic products; Manufacture of 

other non-metallic mineral products; Manufacture of basic 

metals; Manufacture of fabricated metals products, excepts 

machinery and equipment 

Continues 
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Table 3 (continued) 

 

Groups 

Manufacturing Industries 

Classification 

NACE 2.0 

2-digit 

codes 

Industry description 

 

Low technology 33 Repair and installation of machinery and equipment  
 

10 to 18 Manufacture of food products, beverages, tobacco products, 

textile, wearing apparel, leather and related products, wood 

and of products of wood, paper and paper products, printing 

and reproduction of recorded media;  

  31 to 32 Manufacture of furniture; Other manufacturing 

Note. Source: adapted from Eurostat. (n.d.b). Aggregations of manufacturing based on NACE Rev. 2. Retrieved January 20, 

2016, from http://ec.europa.eu/eurostat/cache/metadata/Annexes/htec_esms_an3.pdf 

Second, to control for country-specific effects, countries were grouped according to a mix of 

regional and economic characteristics (see Table 1 for the list of countries and their respective groups) 

as follows: Group 1 (Romania and Bulgaria) - Danubian countries that were considered modest 

innovators according to the 2015 Innovation Union Scoreboard (European Union, 2015); Group 2 (Italy) 

– Italy was considered alone due to its economic importance; Group 3 (Portugal and Spain) – the 

countries from the Iberian Peninsula; Group 4 (Estonia and Lithuania) – the Baltic states; Group 5 

(Cyprus, Croatia and Slovenia) – Mediterranean countries, excluding Italy and the Iberian Peninsula; 

Group 6 (Czech Republic, Hungary and Slovakia) -  Danubian countries that were considered moderate 

innovators according to the 2015 Innovation Union Scoreboard; and Group 7 (Norway) – a Scandinavian 

country. Norway is the only country in the sample that is not a member state of the European Union. 

However, we decided to include it in the research because it is part of the Schengen area, which has 

officially abolished passport and all other types of border control at mutual borders (European 

Commission, 2008). Table 1 also shows the average GII of each group, which varies from 22 (Norway) 

to 43 (Bulgaria and Romania). This variation demonstrates the differences in the innovative environment 

of the country groups, which should influence the relationships to be tested.  

 

Statistical method   

 
The first step of the analysis involved conducting an exploratory factor analysis (EFA) with all 

the model variables to check the existence of common-method bias. We considered a total variance 

explained in one common factor higher than 50% as a cut-off to consider common-method bias to be an 

issue (Podsakoff, MacKenzie, Lee, & Podsakoff, 2003). We also conducted a second test to detect 

common-method bias, proposed by the same authors, which consisted of running a CFA with an 

additional construct in which we made all variables load equally. The square of this load is the common 

variance and if it is high, common-method bias might be an issue. 

As the second step, we conducted another EFA to verify the possibility for reducing the 

constructs’ dimensions. The number of factors was chosen by the scree-plot method (checking for which 

number of factors a plot forms an elbow) and guaranteeing that the factors explain at least 60% of the 

variables’ variance (Hair, Black, Babin, Anderson, & Tatham, 2006). After this, we applied a varimax 

rotation and calculated the final factors, whereupon the dimension reduction was applicable, with 

summated-scales of the variables with factor loadings equal or higher than 0.7 (Hair et al., 2006). 

Following, we proceeded with validation of the measurement model by confirmatory factor analysis 

(CFA). We also conducted validity checks. For convergent validity, we tested if the standardized loads 

of the variables inside each construct were higher than 0.7 (Nunnally, 1978), and if their average 

variance extracted (AVE) was higher than 0.5 (Fornell & Larcker, 1981). For discriminant validity, the 

AVE of one construct is supposed to be higher than the squared estimated correlations between two 

constructs (Hair et al., 2006). For nomological validity, the between construct covariances should be 

according to the theory. The construct reliability (CR) should be higher than 0.7 for each construct to 

indicate construct reliability (Fornell & Larcker, 1981).  



Balancing Internal and External R&D Strategies 11 

BAR, Rio de Janeiro, v. 15, n. 2, art. 5, e170129, 2018   www.anpad.org.br/bar  

To test the hypotheses and confirm the relationships among the constructs, we used Bayesian 

structural equation modeling (SEM). Bayesian Estimation was chosen to run the CFA and SEM as this 

estimation type has several advantages over others, such as maximum likelihood estimation. For 

instance, it: (a) is not based on the normality of the variables; (b) works better with smaller samples; (c) 

does not suppose a linear relationship; and (d) considers previous knowledge by demanding the 

imputation of a prior distribution, which may be a result of previous studies (Kruschke, Aguinis, & Joo, 

2012). We used a convergence statistic below 1.1 as acceptable (Gelman, Carlin, Stern, & Rubin, 2014) 

and a confidence interval of 95% for the regression weights. We used the mean-centering technique 

(Little, Bovaird, & Widaman, 2006) to represent the effect of the moderation relationship between the 

constructs Internal R&D - Absorptive Capacity and External R&D - Strategic Alliances on the 

Innovation Performance. This moderation was used to test the complementarity of internal and external 

R&D.  

According to this technique, we added a new moderation construct to the SEM that loaded the 

innovation performance construct. This constructs’ variables were calculated by multiplying all factors 

of the construct absorptive capacity with the factors of strategic alliances and applying the Z-score. We 

also correlated the residuals of the variables that were formed by the product of a common original 

factor (e.g., all variables formed by the multiplication of the first factor of absorptive capacity should 

have its residuals correlated) in the SEM. Because the firms from Italy do not have emp_growth 

information, we chose not to use Future Financial Performance as a latent variable, but instead ran two 

separate models using the variables turn_growth and emp_growth as endogenous variables representing 

financial performance. For the model that tested turn_growth, we used all firms in the weighted sample 

and for the one that tested emp_growth, we used the same sample, excluding the Italian firms. 

    

 

Results  

 

 
Table 4 shows the descriptive statistics for the total sample and for each country group (mean and 

standard deviation) and Table 5 shows the descriptive statistics for the HT and LT groups. For these two 

groups, we excluded firms competing in more than one industry with different technological intensities, 

ending up with 2,553 firms (805 HTs and 1,748 LTs). For all analysis, we excluded one case of group 

6 (a firm from the Czech Republic) that was an extreme outlier for turn_growth. We also ran a one-way 

ANOVA with the post-hoc test Tamahhane T2, comparing country groups and HT versus LT industries, 

to identify differences in variables’ means among the groups (Hair et al., 2006). An analysis of Table 4 

shows that all model’s variables present significant mean differences among country groups. 95% of all 

sample firms (a total of 2,608) succeeded in introducing at least one product or process innovation. Post-

hoc analysis could identify that group 7 (Norway), in which 100% of the sample firms introduced 

innovation, scored higher in this variable (INOV) than at least groups 3 (composed of Portugal and 

Spain), 6 (composed of Czech Republic, Hungary and Slovakia) and 2 (that represents Italy). The 

sample’s levels of product and process innovators were similar (74% or 2,031 firms, and 75% or 2,059 

firms). From these, 1,482 introduced both types during the period, with 549 only product innovation and 

577 only process innovation. In both indicators, group 7 was identified superior to all other groups.  

If we consider the three proxies of internal R&D, group 7 also scored higher than the other groups 

(with exception of the proxy rrdinx_rat, for which the group 7 average is not significantly different from 

group 5, composed of Croatia, Cyprus and Slovenia). In the case of the financial performance proxies, 

turnover growth between 2008 and 2010 was 56.20% on average and differences among groups were 

found. However, the post-hoc analysis did not identify significant differences between groups two by 

two. Group 1 (Bulgaria and Romania) has the highest average, followed by group 4 (Estonia and 

Lithuania). In the case of number of employee’s growth, which was not measured for group 2, we could 

find a total average of -2.0% (negative), with group 4 scoring higher than the others and groups 1, 3 and 

6 having a decrease of the number of employees in the period. Significant differences between groups 

two by two were hardly found by the post-hoc analysis for this indicator. Another interesting observation 

from the ANOVA analysis concerns the variables that represent External R&D – Strategic Alliances. 
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Group 7 scored higher or belongs to the group of firms that scores higher in most cases (for SSUP, 

SCLI, SCOM, SINS, SUNI, SGMT, SJOU and SPRO). From all these types of strategic alliances, 

collaboration with suppliers and with clients were considered the most important for the innovation 

process (1.72 and 1.66 respectively out of a maximum of 3). On the other hand, collaboration with the 

government (SGMT), with universities (SUNI) and with professional and industry associations (SPRO) 

scored less than 1, which indicates that they were considered somehow between irrelevant and of low 

relevance. 

An analysis of Table 5 also shows significant mean differences between HT and LT firms. The 

HT group overcome the LT group in most of the variables of the constructs innovation performance, 

external R&D, and internal R&D. In the case of innovation performance, HT firms introduce more 

product innovation. In the case of process innovation, there is no significant difference. On external 

R&D, HT firms score higher than LT firms in all types of partners, with exception of suppliers (SSUP). 

Internal R&D is also higher in LT firms, considering all the three proxies. On the other hand, financial 

performance differences could not be observed between the two groups. 

After, we checked the possible existence of common-method bias, using an EFA with all model 

variables to generate a unique factor. This factor presented a total variance explained of 28.9%, much 

lower than the limit of 50%. We also conducted a CFA with a construct representing the common-

method variance. Its common load was 0.32, representing a common variance of 10.2%, low enough to 

discard the existence of common-method bias.  
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Table 4 

 

Descriptive Statistics – All Firms and by Country Group 

 

  

All firms 

 (n = 2,745) 

Group 1 

 (n = 141) 

Group 2 

 (n = 731) 

Group 3  

(n = 1,336) 

Group 4 

 (n = 59) 

Group 5  

(n = 90) 

Group 6 

 (n = 305) 

Group 7 

 (n = 83) 

Construct Variable Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

Innovation 

Performance 

INOV 0.95* 0.23 0.97 0.17 0.95 0.21 0.93 0.25 0.95 0.22 0.96 0.21 0.94 0.23 1.00 0.00 

PRODINOV 0.74*** 0.44 0.79 0.41 0.82 0.38 0.67 0.47 0.63 0.49 0.86 0.35 0.79 0.41 1.00 0.00 

PROCINOV 0.75*** 0.43 0.76 0.43 0.76 0.43 0.77 0.42 0.69 0.46 0.78 0.42 0.63 0.48 1.00 0.00 

RADPRODINOV 1.22*** 0.83 1.21 0.77 1.47 0.78 1.03 0.83 0.93 0.83 1.36 0.74 1.31 0.80 1.81 0.40 

RADPROCINOV 0.96*** 0.68 1.09 0.76 1.16 0.79 0.83 0.52 0.95 0.75 0.97 0.84 0.74 0.80 1.67 0.47 

TURN 12.6%*** 22.1% 10.0% 16.0% 27.1% 31.0% 6.8% 15.0% 4.7% 6.9% 7.4% 13.7% 8.5% 14.5% 8.5% 11.8% 

ORANGE 2.17*** 1.02 2.50 0.78 2.31 0.88 1.96 1.12 2.17 1.05 2.53 0.80 2.41 0.89 2.58 0.74 

OREPL 1.87*** 1.09 2.18 0.98 1.95 0.99 1.68 1.15 2.17 1.02 2.20 0.89 2.07 1.02 2.39 0.85 

ONMOMS 2.09*** 1.05 2.32 0.90 2.16 0.90 1.96 1.16 2.22 0.89 2.32 0.90 2.16 0.99 2.58 0.61 

OQUA 2.25*** 0.98 2.49 0.81 2.41 0.76 2.06 1.12 2.37 0.74 2.61 0.71 2.38 0.86 2.60 0.58 

OFLEX 1.86*** 1.01 2.11 0.92 1.89 0.93 1.76 1.06 2.02 0.78 2.24 0.94 1.85 1.06 2.22 0.80 

OCAP 1.83*** 1.05 2.11 1.02 1.79 0.96 1.77 1.11 2.08 0.84 2.11 0.98 1.83 1.07 2.11 0.81 

OLBR 1.73*** 1.07 1.96 1.02 1.70 0.99 1.63 1.13 2.08 0.93 2.20 0.93 1.80 1.04 2.39 0.75 

ORME 1.68*** 1.08 2.00 1.05 1.74 0.99 1.50 1.12 1.90 0.94 2.11 0.98 1.86 1.04 2.34 0.80 

OREI 1.64*** 1.11 1.84 1.12 1.83 1.00 1.48 1.16 1.59 1.02 2.01 1.12 1.57 1.10 2.07 0.93 

OHESY 1.70*** 1.13 2.00 1.06 1.95 0.99 1.51 1.19 1.49 1.06 2.06 1.06 1.60 1.12 2.16 0.93 

Continues 
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Table 4 (continued) 

 

  

All firms 

 (n = 2,745) 

Group 1 

 (n = 141) 

Group 2 

 (n = 731) 

Group 3  

(n = 1,336) 

Group 4 

 (n = 59) 

Group 5  

(n = 90) 

Group 6 

 (n = 305) 

Group 7 

 (n = 83) 

Construct Variable Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

External R&D 

- Strategic 

Alliances 

SSUP 1.72*** 0.98 1.94 0.86 1.77 0.88 1.58 1.06 2.02 0.99 2.08 0.92 1.81 0.86 2.30 0.64 

SCLI 1.66*** 1.09 2.02 0.94 1.61 1.05 1.50 1.12 1.36 1.06 2.07 1.00 2.07 1.01 2.51 0.67 

SCOM 1.24*** 1.01 1.53 1.00 1.11 0.93 1.14 1.02 1.15 0.94 1.48 1.06 1.58 1.03 1.93 0.84 

SINS 1.07*** 1.01 0.96 1.02 1.33 0.97 1.00 1.03 0.80 0.94 0.71 0.94 0.93 0.94 1.33 0.94 

SUNI 0.75*** 0.96 0.73 0.96 0.85 0.98 0.69 0.96 0.36 0.71 0.50 0.80 0.76 0.92 1.31 0.90 

SGMT 0.67*** 0.94 0.54 0.79 0.51 0.79 0.82 1.03 0.20 0.52 0.36 0.75 0.42 0.74 1.47 0.98 

SCON 1.26*** 1.02 1.52 1.08 1.34 0.96 1.10 1.03 1.44 0.99 1.33 1.11 1.53 0.95 1.46 0.86 

SJOU 1.07*** 0.94 1.38 1.03 1.08 0.89 0.93 0.93 0.88 0.83 1.23 1.01 1.30 0.88 1.90 0.78 

SPRO 0.88*** 0.92 0.89 0.92 0.92 0.88 0.82 0.90 0.63 0.83 0.64 0.88 0.77 0.85 2.18 0.78 

Internal R&D 
- Absorptive 

Capacity 

rrdinx_rat 1.97%*** 5.18% 1.03% 2.52% 1.75% 3.67% 2.11% 5.69% 0.64% 2.57% 1.59% 7.39% 1.81% 5.00% 5.10% 8.41% 

RTR 0.37*** 0.48 0.50 0.50 0.44 0.50 0.21 0.41 0.61 0.49 0.58 0.50 0.55 0.50 0.89 0.31 

SENTG 2.22*** 1.01 2.18 0.93 2.27 1.02 2.15 1.03 1.85 1.06 2.27 1.02 2.33 0.92 2.75 0.46 

Financial 

Performance 

turn_growth 56.2%* 1269.6% 385.7% 3140.5% 15.6% 516.6% 53.7% 1417.2% 224.2% 1539.0% -1.7% 28.3% 11.0% 172.3% 4.5% 37.3% 

emp_growth -2.0%*** 39.9% -4.5% 38.0% - - -4.1% 27.6% 15.4% 63.8% 5.1% 29.0% -1.4% 50.6% 12.9% 102.1% 

Note. ANOVA - * p < 0.1; ** p < 0.05; *** p < 0.01.



Balancing Internal and External R&D Strategies 15 

BAR, Rio de Janeiro, v. 15, n. 2, art. 5, e170129, 2018   www.anpad.org.br/bar  

Table 5 

 

Descriptive Statistics – HT and LT Industries 

 

  HT (n = 805) LT (n = 1,748)  

Construct Variable Mean S.D. Mean S.D. t test 

Innovation 

Performance 

INOV 0.96 0.19 0.94 0.24 ** 

PRODINOV 0.86 0.35 0.69 0.46 *** 

PROCINOV 0.74 0.44 0.76 0.43 n.s. 

RADPRODINOV 1.46 0.73 1.12 0.85 *** 

RADPROCINOV 1.00 0.72 0.96 0.66 n.s. 

TURN 17.6% 24.8% 10.8% 21.2% *** 

ORANGE 2.32 0.94 2.09 1.05 *** 

OREPL 2.04 1.00 1.78 1.11 *** 

ONMOMS 2.27 0.95 1.98 1.08 *** 

OQUA 2.36 0.91 2.20 1.00 *** 

OFLEX 1.90 1.01 1.84 1.01 n.s. 

OCAP 1.85 1.03 1.82 1.05 n.s. 

OLBR 1.80 1.04 1.71 1.08 ** 

ORME 1.75 1.06 1.64 1.09 ** 

OREI 1.67 1.08 1.59 1.13 n.s. 

OHESY 1.77 1.09 1.64 1.15 *** 

External 

R&D - 

Strategic 

Alliances 

SSUP 1.69 0.94 1.74 0.99 n.s. 

SCLI 1.85 1.06 1.56 1.10 *** 

SCOM 1.34 0.99 1.18 1.02 *** 

SINS 1.19 1.00 1.01 1.00 *** 

SUNI 1.00 1.02 0.62 0.90 *** 

SGMT 0.79 0.98 0.60 0.90 *** 

SCON 1.35 0.99 1.22 1.03 *** 

SJOU 1.24 0.92 0.99 0.94 *** 

SPRO 0.97 0.91 0.83 0.92 *** 

Internal 

R&D - 

Absorptive 

Capacity 

rrdinx_rat 3.5% 7.5% 1.2% 3.5% *** 

RTR 0.43 0.50 0.34 0.47 *** 

SENTG 2.43 0.88 2,10 1.05 *** 

Financial 

Performance 

turn_growth 53.0% 1,372.2% 56.4% 1,258.9% n.s. 

emp_growth -3.3% 39.5% -1.7% 41.0% n.s. 

After applying the Z-core to all scalar variables to guarantee that we did not have scale problems, 

we followed the analysis with the EFA for the whole sample with a varimax rotation to reduce the 

constructs Innovation Performance and External R&D - Strategic Alliances. For the other two 

constructs, we decided not to reduce the variables as they have three or fewer variables and we tried to 

keep a minimum of three (for Financial Performance, the latent variable was exchanged for two models 
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and only one indicator in each, as previously mentioned). We successfully reduced the two constructs 

for three variables each. In the case of Innovation Performance, the EFA presented a KMO of 0.82 and 

the Bartlett’s test of sphericity was significant (p < 0.01), validating the reduction. The three factors had 

a cumulative variance of 62.5% of the original variables. For External R&D - Strategic Alliances, the 

EFA presented a KMO of 0.84 and the Bartlett’s test of sphericity was significant (p < 0.01). The three 

factors had a cumulative variance of 67.7% of the original variables. In Table 6, we present the results 

of the EFA after the varimax rotation, with the proxies that formed each of the factors (which weighed 

0.7 or higher in that factor) in bold.  

 

Table 6 

 

EFA Results – Varimax Rotation 

 

Innovation Performance External R&D - Strategic Alliances  

Variable Factor 1 Factor 2 Factor 3 Variable Factor 1 Factor 2 Factor 3 

PRODINOV 0.06 0.89 -0.03 SSUP 0.77 0.21 0.65 

RADPRODINOV 0.07 0.89 0.06 SCLI 0.11 0.17 0.83 

TURN -0.03 0.56 0.16 SCOM 0.18 0.19 0.79 

PROCINOV 0.155 -0.14 0.92 SINS 0.72 0.21 0.24 

RADPROCINOV 0.20 0.14 0.90 SUNI 0.80 0.25 0.08 

ORANGE 0.46 0.55 -0.16 SGMT 0.82 0.21 0.06 

OREPL 0.54 0.31 -0.03 SCON 0.13 0.82 0.28 

ONMOMS 0.57 0.45 -0.17 SJOU 0.23 0.83 0.22 

OQUA 0.70 0.28 -0.08 SPRO 0.36 0.69 0.19 

OFLEX 0.73 -0.04 0.22 
    

OCAP 0.73 -0.01 0.21 
    

OLBR 0.79 -0.03 0.18 
    

ORME 0.78 0.04 0.12 
    

OREI 0.74 0.14 0.07 
    

OHESY 0.76 0.11 0.10 
    

Factor 1 of Innovation Performance was formed by a summated-scale of OQUA, OFLEX, OCAP, 

OLBR, ORME, OREI and OHESY, which are variables that measure the impact of the innovations for 

the firm. The other variables that represents innovation impact did not participate in any other factor. 

For that reason, we called factor 1 Innovations’ Impacts (INNOV_IMP). Factor 2 was called Product 

Innovation Introduction (INTRO_PROD), as it was formed by the variables that indicate if product 

innovation was introduced (PRODINOV) and the degree of innovativeness of product innovation 

(RADPRODINOV). For a similar reason, Factor 3 was called Process Innovation Introduction 

(INTRO_PROC), as it was formed by the variables that indicate if process innovation was introduced 

(PROCINOV) and the degree of innovativeness of process innovation (RADPROCINOV). In the case 

of the construct External R&D - Strategic Alliances, Factor 1 was formed by collaboration with 

consultants and private research centers (SINS), the government (SGMT) and universities (SUNI), being 

called Alliances with Formal Institutions (ALL_INST); Factor 2 was formed by other external sources 

of information such as conferences (SCON) and journals (SJOU), being called Alliances with the 

Academy (ALL_ACAD); and Factor 3 was formed by alliances with clients (SCLI) and competitors 

(SCOM) and was called Alliances with the Market (ALL_MKT). 
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The next step of the analysis was the full-sample’s CFA considering only the three model 

constructs, excluding Financial Performance. The following errors’ correlations were added, according 

to the modification indexes’ analysis: ALL_INST with ALL_MKT in the construct External R&D – 

Strategic Alliances, and INNOV_IMP with INTRO_PROC in the construct Innovation Performance. 

Tables 7 and 8 respectively show the results of the measurement model and the tests for discriminant 

validity. All the standardized regression weights of the measurement model should be 0.7 or above to 

guarantee the reliability of the individual index. INTRO_PROC for Innovation Performance and 

rrdinx_rat for Internal R&D – Absorptive Capacity are considerably below this value (0.37 and 0.24 

respectively), but we keep them in the model as they are statistically significant (p < 0.05) and we want 

to keep a minimum of three proxies for each construct to guarantee that the model is identifiable. The 

minimum for the average variance extracted – AVE (0.5) and the composite reliability – CR (0.7) were 

only achieved for External R&D – Strategic Alliances. However, as some authors consider that the AVE 

is a very conservative criterion for convergent validity (Malhotra & Dash, 2011) and that the researcher 

may decide to continue even with more than 50% of the variance of the construct explained by error, 

we moved on.  

The discriminant validity was not achieved, as Table 8 shows. The main diagonal, presenting the 

construct’s AVE, is lower in all cases than the squared estimated correlations between the constructs, 

showed in the off-diagonal elements. However, as the criteria for the evaluation of discriminant validity 

depends on AVE, which as previously discussed is a very conservative criterion for validity check, and 

the choices of the proxies was based on a deep literature review which clearly stated the differences 

between internal and external sources of innovation and innovation performance, we considered that the 

proxies of one construct might not represent another better. For nomological validity, we expected to 

find significant covariances between constructs. It was found for all constructs. The covariance between 

Internal R&D – Absorptive Capacity and Innovation Performance was 1.00, between External R&D – 

Strategic Alliances and Innovation Performance was 0.98, and between Internal R&D – Absorptive 

Capacity and External R&D – Strategic Alliances was 0.88, all significant (p < 0.05). Even with some 

validity issues, we decided to follow with the analysis of the proposed model. 

 

Table 7 

 

Results of the CFA 

 

Variable S.R.W. 
t-test   

(p < 0.05) 
 CR AVE 

INNOV_IMP 0.72 *** 0.62 0.41 

INTRO_PROD 0.75 *** 
  

INTRO_PROC 0.37 *** 
  

rrdinx_rat 0.24 *** 0.52 0.35 

RTR 0.75 *** 
  

SENTG 0.67 *** 
  

ALL_INST 0.83 *** 0.81 0.67 

ALL_MKT 0.84 *** 
  

ALL_ACAD 0.78 *** 
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Table 8 

 

Discriminant Validity 

 

  IR&D ER&D IP 

Internal R&D - Absorptive Capacity (IR&D) 0.35 
  

External R&D - Strategic Alliances (ER&D) 0.88 0.67 
 

Innovation Performance (IP) 1.00 0.98 0.41 

Next, we ran the structural model using multigroup Bayesian estimation controlling by the 

technological intensity of the industry. The results were summarized in Table 9. The model presents a 

fourth construct, ExtR&D x IntR&D, representing the moderation of absorptive capacity (Int R&D) and 

the strategic alliances (Ext R&D), as previously explained.  

 

Table 9 

 

Results of the SEM – HT and LT Firms 

 

          FP - turn_growth           FP - emp_growth  

 HT (n = 805) LT (n = 1,748) HT (n = 805) LT(n = 1,748) 

Relationship S.R.W. Sig. S.R.W. Sig.  S.R.W. Sig. S.R.W. Sig.  

Ext. R&D → IP 0.383 *** 0.391 *** 0.301 *** 0.387 *** 

Int. R&D → IP 0.069 *** 0.042 n.s. 0.167 *** 0.038 n.s. 

Ext R&D x Int R&D → IP 0.010 *** -0.004 n.s. -0.002 n.s. -0.001 n.s. 

IP → FP  -0.003 n.s. -0.007 n.s. -0.100 *** 0.045 n.s. 

Note. *** p < 0.05. 

Examining the standard regression weights of the relationships in Table 9, we found that, with 

turn_growth as the measure of financial performance, hypothesis 1, which proposed a complementary 

relationship between internal and external R&D on innovation performance, primarily on the group of 

high-tech firms, was supported. The path coefficient between the moderation construct and financial 

performance is 0.010 and significant (p < 0.05) for the HT group and is not significant for the LT group. 

On the other hand, using emp_growth as the proxy of financial performance, the hypothesis was 

rejected, with both coefficients being non-significant. In consequence, hypothesis 1 was partially 

supported in this study. Hypothesis 2, which proposed that innovation performance has a positive 

influence on financial performance, was rejected for both firms’ groups, using both turn_growth and 

emp_growth, as shows Table 9.     

Next, we conducted a SEM analysis controlling by country group (see results in Table 10). The 

analysis in general did not support hypotheses 1 and 2, showing that the technological intensity of the 

industry is a better control variable, as the complementarity of internal and external R&D is contingent 

upon it. However, some groups presented differences regarding hypothesis 2. In the case of group 3 

(Portugal and Spain), we found a positive influence of innovation performance on emp_growth as the 

proxy for financial performance (0.044 for p < 0.05). In the case of group 4 (Estonia and Lithuania), this 

influence was supported for turn_growth as the proxy for financial performance (0.059 for p < 0.05).  
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Table 10 

 

Results of the SEM – by Country Group 

 

 Group 1 (n = 425) 

Bulgaria and Romania 

Group 2 (n = 731) 

Italy  

 FP – turn_growth FP – emp_growth FP – turn_growth FP – emp_growth 

Relationship S.R.W. Sig. S.R.W. Sig. S.R.W. Sig. S.R.W. Sig. 

Ext. R&D → IP 0.412 **** 0.393 **** 0.148 **** - - 

Int. R&D → IP 0.310 *** 0.322 *** 0.203 *** - - 

Ext. R&DxInt. R&D → IP 0.073 n.s. 0.061 n.s. 0.030 n.s. - - 

IP → FP 0.011 n.s. 0.071 n.s. 0.014 n.s. - - 

 Group 3 (n = 8,990) 

Portugal and Spain 

Group 4 (n = 470) 

Estonia and Lithuania  

 FP – turn_growth FP – emp_growth FP – turn_growth FP – emp_growth 

Relationship S.R.W. Sig. S.R.W. Sig. S.R.W. Sig. S.R.W. Sig. 

Ext. R&D → IP 0.356 **** 0.356 **** 0.229 **** 0.246 **** 

Int. R&D → IP 0.245 *** 0.245 *** 0.149 *** 0.151 *** 

Ext. R&DxInt. R&D → IP -0.128 n.s. -0.131 *** -0.014 n.s. 0.012 n.s. 

IP → FP -0.009 n.s. 0.044 *** 0.059 *** 0.003 n.s. 

 Group 5 (n = 909) 

Croatia, Cyprus and Slovenia 

Group 6 (n = 1,657) 

Czech Republic, Hungary and 

Slovakia  
 

 FP – turn_growth FP – emp_growth FP – turn_growth FP – emp_growth 

Relationship S.R.W. Sig. S.R.W. Sig. S.R.W. Sig. S.R.W. Sig. 

Ext. R&D → IP 0.231 **** 0.242 **** 0.258 **** 0.259 **** 

Int. R&D → IP 0.210 *** 0.188 *** 0.177 *** 0.162 *** 

Ext. R&DxInt. R&D → IP -0.027 n.s. -0.010 n.s. 0.001 n.s. -0.014 n.s. 

IP → FP 0.035 n.s. 0.028 n.s. 0.001 n.s. 0.009 n.s. 

 Group 7 (n = 141) 

Norway  

 FP – turn_growth FP – emp_growth 

Relationship S.R.W. Sig. S.R.W. Sig. 

Ext. R&D → IP 0.203 **** 0.253 **** 

Int. R&D → IP 0.180 *** 0.190 *** 

Ext. R&DxInt. R&D → IP 0.036 n.s. 0.043 n.s. 

IP → FP 0.009 n.s. 0.029 n.s. 

Note. *** p0.05. 
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Discussion 

 

 
This paper identified important differences in the influence diverse R&D sources have in 

innovation outcomes. In high-tech firms, internal and external R&D are complementary (in the model 

in which turn_growth represents financial performance), with each in isolation and their interaction 

having a positive influence on innovation performance. These findings corroborated the absorptive 

capacity theory and are in line with most empirical studies (e.g., Belussi et al., 2010; Cassiman & 

Veugelers, 2006; Frenz & Ietto-Gillies, 2009; Oerlemans et al., 2013). On the other hand, in low-tech 

firms, external R&D from strategic alliances and internal R&D investments, such as R&D intensity and 

employee training, had a positive influence on the innovation performance directly, which is in line with 

much of the preceding literature (e.g., Berchicci, 2013; Lin, Wu, Chang, Wang, & Lee, 2012; Schilling, 

2015). However, the moderation of internal R&D on the relationship between external R&D and 

innovation performance was not found (rejecting the hypothesis of complementarity between them).  

All proxies of the construct Internal R&D - Absorptive Capacity presented significantly lower 

values in the LT group than in the HT group (see Table 5). These findings corroborated the results of 

Hagedoorn and Wang (2012), which suggested that internal and external R&D are substitutes in firms 

with low level of absorptive capacity. As the countries in the study are moderate or modest innovators 

in the European and global context (Dutta et al., 2016; Europe Union, 2015), their manufacturing 

industry is not in a world-leading position in innovation. This disadvantage is even more prominent in 

manufacturing industries of low technological intensity. The firms should invest in accumulating 

innovative capabilities internally, by improving their investments in internal R&D and capacitation of 

employees, in order to increase their absorptive capacity and the effectiveness of their collaboration 

efforts, as suggested by several studies (Bell & Figueiredo, 2012; Kim, 1998; Lee & Lim, 2001).  

A positive effect of innovation performance on financial performance was not found in both 

groups of firms, leading us to reject hypothesis 2. Perhaps, the lack of a statistically significant 

relationship between innovation and financial performance derives from the fact that the effects of the 

introduction of innovative products, services or processes on firm performance may take some time to 

show up. The financial performance indicators had no time-lag compared to the innovation performance 

proxies, which didn’t allow capture of the expected relationship. It is expected that R&D investments 

and the innovations introduced take some time to mature. Increased revenues from new products and 

services takes time, as it is necessary to introduce them into the market, guarantee an appropriate 

distribution, and communicate with the consumer. Similarly, process innovations with the potential to 

reduce costs usually require training and operational adjustments that prevent an immediate positive 

result. On the other hand, in the short-term, the effect of the innovation introduction tends to be negative 

by the redirection of resources from marketing and sales to innovation activities, such as internal R&D, 

and of the managerial costs of the strategic alliances.   

However, when we analyzed by country group, there were exceptions. In group 3 (Portugal and 

Spain), innovation performance positively influenced emp_growth. In group 4 (Estonia and Lithuania), 

innovation performance had a positive effect on turn_growth. The case of group 4 may be explained 

because the Baltic countries’ growth was more negatively affected by the 2008 global crisis than the 

rest of Europe on average, followed by a very intense growth (Staehr, 2015), that was possibly pushed 

by innovative firms. This suggests that an innovation strategy may position firms to better recover from 

country level or global crises and to take advantage from the country’s recovery. Portugal and Spain 

were also in an especially bad position after the 2008 crisis (Lin, Edvinsson, Chen, & Beding, 2013), 

but their economies did not present recovery as fast as the Baltic countries. The industry in these 

countries contracted during the crisis and the analysis shows that innovative firms had a better recovery, 

by growing faster to reach their sizes before 2008, regarding the number of employees. However, we 

still did not capture an effect in turnover growth as this indicator should take more time to recover.    
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Conclusion 

 

 
This paper investigated how internal and external R&D influence the innovation performance as 

well as the influence of the latter on the financial performance of manufacturing firms from 14 European 

countries - Bulgaria, Cyprus, Czech Republic, Spain, Croatia, Portugal, Hungary, Slovenia, Norway, 

Lithuania, Romania, Italy, Slovakia and Estonia. We analyzed a sample of 2,745 firms which conducted 

innovation activities from 2008 to 2010, with success in the introduction of innovation or not, from CIS 

2010 survey and found some interesting conclusions. The main conclusion is that internal and external 

R&D strategies are complementary in firms of more technologically intense industries, as they usually 

have a higher absorptive capacity. In the case of firms in industries of low intense technology, both 

strategies alone are effective for improving innovation performance, but the effect of their interaction is 

not significant. Innovation performance did not influence short-term financial performance. Product and 

process innovations take some time to mature and for that reason, their positive influence on financial 

performance takes some time to emerge. Even some innovations that may promote some results in the 

short term, such as incremental process innovations that reduce production costs, are compensated 

against by a negative effect promoted by the redirection of resources from marketing and sales to 

innovation activities and to manage strategic alliances. However, an analysis by country group identified 

that in countries facing a strong economic crisis, innovation may more quickly improve the firms’ 

financial performance indicators.        

There are some limitations in this research. First, we may point the tolerance with the low 

discriminant validity of the measurement model. Also, there are some risks of endogeneity that may 

affect the statistical analysis. Some exogenous construct that affects conjointly internal and external 

R&D, innovation performance and financial performance may exist and may be the real source of the 

effects found in the analysis. Another source of bias is a possible existence of reverse causality. A better 

financial performance, for example, may be the cause of a higher innovation performance, and not the 

contrary. Another limitation is that the CIS questionnaire mostly uses a four-point Likert scale, which 

is not the most appropriate according to the Theory of Scales of Measurement, and it may have 

implications for statistical analysis (Hand, 1996). We may also point that we only had access to data 

from the countries cited above, while some important European countries such as Germany, France and 

UK, and some of the most innovative countries such as Sweden, Denmark and Holland (European 

Union, 2015) are out of the analysis, which may limit the generalizability of the results. The last 

limitation is that the CIS database is subject to feelings and experiences of the respondents by the 

presence of some subjective questions, which may bias the results. Regardless of these limitations, this 

paper contributes to understanding the relationships among internal R&D, strategic alliances, absorptive 

capacity, innovation performance and financial performance of European manufacturing firms, 

especially from the countries studied.  

As implications for practitioners, we may cite that high-tech firms should invest conjointly in 

internal and external R&D regardless of their goals. Low-tech firms, in turn, should focus on either 

internal or external R&D for an immediate improvement of their innovation performance levels. 

However, if the firm has long-term goals, starting with an internal R&D is effective to improve the 

firms’ absorptive capacity while achieving a satisfactory innovation outcome. This will allow firms to 

adopt more complex strategies, balancing internal and external R&D, effectively in the future, when the 

absorptive capacity level becomes high. For future studies, we suggest conducting the analysis of 

manufacturing firms in more European countries at different innovative stages compared to the countries 

presented in this analysis and compare the results with their respective innovative levels. Another 

possibility is to test the model with firms from different sectors, such as service firms, which may present 

different results.   
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