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Abstract. 
The objective of this paper is to assess the role of investments in advertising 
and human capital as a way to improve and to appropriate the returns to 
research and development (R&D). We evaluate firm performance focusing on 
the three intangible resources that the literature has argued as having the 
greatest strategic importance (technological, marketing resources and human 
capital) and develop hypotheses linking them with firm value creation. In order 
to test our hypotheses, we rely on a large sample of Spanish manufacturing 
firms. Our results show evidence of complementarities between technological 
and marketing resources, but they are not conclusive in the case of 
technological and human resources. Interestingly, the results are consistent 
with the idea that improvements in performance exist when the firms invest in 
the three assets at the same time. 
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1. INTRODUCTION 

In the last few years, there has been an upsurge in the study of 

complementarities in organizations. Following a recent review of Ennen and 

Richter (2010), 70% of the 108 empirical papers that they identify as dealing 

with this concept were published between 2002 and 2008. The importance of 

the idea is high, given its vast applicability to different contexts and the 

important performance implications that may arise. On the one hand, the study 

of complementarities has been applied to the study of the adoption of new 

technologies (Colombo and Mosconi, 1995; Gomez and Vargas, 2009), 

cooperation with other agents (Belderbos, Carree and Lokshin, 2006), 

investments in external and internal R&D (Cassiman and Veugelers, 2006) or 

the interconectness of intangible assets (Carmeli and Tishler, 2004), to provide 

just a few examples. On the other hand, it is important to underline that the 

implications of the concept for the study of competitive advantages are large 

and far-reaching. Given that firm resources are not used in isolation, but tend to 

be combined (Lippman and Rumelt, 2003), understanding performance 

differences requires the analysis of the nature of the interconnections among 

different organizational elements and of the way by which they improve or 

undermine performance. In this sense, the majority of the studies find evidence 

of the positive performance implications of complementarities (Ennen and 

Ritcher, 2010). 

In this paper, we focus on the complementarities that surround the 

innovation activities of firms. Innovation activities are a key driver of 

improvements in firm value creation. However, innovation capabilities tend to be 

scarce and firms have to engage in different activities to produce the knowledge 
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needed to obtain product and process innovations. Among the different sources 

of innovation that a firm may use, R&D investments occupy a preeminent role. 

From the seminal work of Griliches (1979), in which R&D investments are 

introduced in the production function, researchers have been interested in 

assessing the returns of R&D investments as a key component of a firm 

innovation strategy.  

Apart from R&D investments, to obtain innovations and to appropriate the 

returns to R&D, firms also need to invest in complementary elements (Teece, 

1986). In the words of Teece (1986: 288), these complementary elements are 

capabilities or assets that have to be utilized in conjunction with the innovation 

that is commercialised, such as marketing, competitive manufacturing or after-

sales support. However, complementarities are not only likely to explain the 

appropriation of the returns to innovation. They may also be important in the 

process of production of new products and processes. For example, to produce 

innovations investments in human capital are also needed.  

In this research, we focus on two intangible resources that are likely to 

interact with R&D investments in different stages of the process that creates 

competitive advantage. First, we consider investments in human capital, which 

are likely to play an important role in the production of product and process 

innovations. Second, we also analyse the complementarities between R&D and 

advertising investments, which are critical for commercialising innovations and 

to appropriate the returns that they generate. Overall, we centre our attention on 

the three intangible resources that the strategic management literature has 

indicated as of the greatest importance: technological resources, reputation 

(marketing resources) and human capital (Gomez-Mejía and Balkin, 2002; 
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Surroca, Tribó and Waddock, 2010). For them, markets are incomplete and 

their value is typically contingent upon the use of other resources (Denrell, Fang 

and Winter, 2003). Technological resources, reputation and human capital are 

likely to be protected by some of the isolating mechanisms proposed by the 

literature (Lippman and Rumelt, 1992). Therefore, selecting them means that 

we maximize the likelihood of finding complementarity effects in our sample.  

Our tests are performed over data on different sectors of the Spanish 

economy, which facilitates a complete assessment of the sources of 

performance differences. This is important, provided that a firm environment 

could hinder its ability to appropriate the rents created by a given asset (Coff, 

1999; Newbert, 2007). Given the difficulties to isolate the returns associated to 

innovation activities, we focus on the impact of R&D investments on firm 

performance. We adopt a revenue-based productivity approach (Syverson, 

2011) in which innovative products and processes can have an impact on the 

amount of inputs used by the firm and on its output, including improvements in 

the quality of the potential new products generated through R&D investments. 

Importantly, our model considers whether the improvements in productivity are 

explained by the interconnections between R&D investments and the ones 

incurred in advertising and human capital. This is achieved by applying a test 

for super-modularity with discrete choices, following the approach of Mohnen 

and Roller (2005). Our findings show that the interconnections between the 

different types of intangible resources are key to explain the persistent 

productivity differences documented in the literature (see, Syverson, 2011). In 

particular, they reveal that marketing resources are critical to leverage the 

performance effects of R&D investments. 



 

5 
 

Our contribution to the literatures of strategic management and innovation 

are, at least, three. First, we explain firm performance differences as a 

consequence of the interconnection of R&D and other intangible resources, 

showing the relevance of their interconnections. Second, by matching the 

characteristics of the resources selected with the ones required by the theory, 

we want to contribute to the resource-based view of the firm, adding evidence to 

the marginal support that it has received up to now (Newbert, 2007). Finally, the 

data also allow us to analyse complementarities in a longitudinal context, which 

constitutes an improvement over the majority of papers published (Ennen and 

Richter, 2010).1  

The rest of the paper unfolds as follows. First, we focus the discussion on 

the importance of investments in R&D to firm performance and develop the 

hypotheses that are tested. Second, the paper describes the methodology, the 

variables, and the sample used in the analysis of complementarities. Next, the 

paper presents the results of the estimations. Finally, we discuss some 

implications that are relevant for the study of complementarities and competitive 

advantage. 

2. RETURNS FROM THE INNOVATION STRATEGY: THE ROLE OF 

COMPLEMENTARITIES 

Our objective in this paper is to assess the conditions under which a firm 

maximizes the returns from its innovation strategy. In particular, we focus on 

one of the most important investments that the firm has to incur as part of it: 

research and development (R&D) investments. Investments in R&D are a key 

source of new products and processes and they share some of the 

                                                 
1 Ennen and Richter (2010) point out that only 6 studies out of the 108 in which they focus their 
attention take a truly dynamic perspective. 
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characteristics that are critical for securing a firm’s competitive advantage. First 

of all, they are subject to time compression diseconomies (Dierickx and Cool, 

1989). Time compression diseconomies emerge whenever the time to develop 

a given asset cannot be reduced without incurring in additional investments that 

increase the costs of production of innovations and erode the potential to obtain 

competitive advantages. Therefore, the existence of time compression 

diseconomies in R&D creates disadvantages in rivals.  

A second reason why R&D investments are difficult to replicate is that they 

may be subject to asset mass efficiencies, that is, their acquisition is reinforced 

by the previous possession of a higher stock of them. For instance, given that 

knowledge is accumulated as employees relate what they know to the new 

information available, those firms that possess a higher stock of research and 

development have a higher absorptive capacity (Cohen and Levinthal, 1990) 

that may be used not only to assimilate, but also to exploit, external and internal 

flows of knowledge. Finally, the last reason why R&D investments are more 

difficult to imitate is that they are subject to causal ambiguity. Causal ambiguity 

occurs whenever the link between competitive advantage and the resource 

base of the firm remains unidentified (Lippman and Rumelt, 1982). Contrary to 

tangible resources, intangible assets are invisible to potential imitation, which 

makes replication by the competitor considerably more difficult. 

Several researchers have attempted to link R&D investments and 

performance. A number of papers support the existence of a positive 

relationship between them. For example, Griliches and Mairesse (1984) and 

Cuneo and Mairesse (1984) conducted a parallel study in two different contexts: 

the USA and France. Both tried to evaluate the contribution of the stock of 
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technological intangible assets to firm productivity, obtaining positive and 

significant results. Similarly, other authors have found a consistent and positive 

share-price reaction to announcements of increased R&D expenditure (Hirchey, 

1985; Jose, Nichols and Stevens, 1986; Woolridge, 1988; Woolridge and Snow, 

1990 and Szewzyk and Tsetsekos, 1996). In this sense, Chan, Martin and 

Kesinger (1990) show that firms in research-intensive sectors obtain a 

significantly above-average return, with outcomes not being identical in 

companies that operate in non-intensive sectors. The relationship between 

market value and R&D expenditures has frequently been studied by regressing 

Tobin’s q ratio on R&D measurements. The findings point out that there is a 

significant correlation between both variables (Griliches, 1981; Hirchey and 

Weygandt, 1985; Hall, 1993; Hall and Oriani, 2006).  

Despite this evidence, we have to take into account that investments in 

R&D are not an isolated component of a firm’s strategy, but they are used with 

complementary assets. The main purpose of these investments is the 

production of both product and process innovations that need of other inputs, 

such as knowledge, experience or creativity, in order to be obtained. Similarly, 

they also need the collaboration of other firm resources and capabilities in order 

to be commercially exploited and to be able to appropriate the returns they 

generate (Teece, 1986). Below, we elaborate on the role of certain 

complementary assets at the time of increasing the returns from R&D 

investments.  
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Interconnectedness between R&D resources and other intangible 

elements 

As mentioned above, our objective is to test the presence of 

complementarities between R&D investments and other resources or 

capabilities that the firm possesses. The importance of complementarities has 

been stressed in the literatures of management and economics. Milgrom and 

Roberts (1995:181) explain that complementarities between activities appear 

whenever “doing more of one thing increases the return to doing (more of) the 

others”. In other words, the marginal return of a given activity is higher in those 

cases in which a second activity is also being developed inside the firm. 

The study of complementarities is relevant for firms, given their high 

applicability to different contexts and their consequences on firm performance. 

First, there are several situations in which complementarities are expected to be 

important. Researchers on management have usually focused on the analysis 

of the interactions between (1) firm resources, (2) practices and policies, (3) 

structure and processes, (4) strategy and (5) an organization and its 

environment (Ennen and Richter, 2010). Second some researchers have 

attempted to identify the impact of complementarities on firm performance. 

Generally speaking, the evidence shows that complementarity relationships 

arise in the majority of the cases analysed. Ennen and Ritcher (2010) show 

that, out of 108 studies on complementarities, 65 find unequivocal positive 

performance implications among all the elements considered, while only 7 

papers did not obtain any complementarity relations at all. 

Our interest is to analyse the performance effects of complementarities in 

the context of innovation activities and, particularly, R&D investments. Through 
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R&D firms obtain product and process innovations that are commercialised or 

applied to production. However, in order to produce innovations and to 

appropriate their returns R&D investments have to be undertaken in conjunction 

with other assets. For example, Teece (1986) argues that if a firm has 

proprietary complementary assets, that firm may obtain a competitive 

advantage. Therefore, apart from evaluating the returns associated to 

innovation activities, understanding competitive advantage requires the 

identification of the types of assets that interact with R&D investments and the 

nature of their interaction. The amount and characteristics of these 

complementary resources are a decisive factor in the relationship between 

innovation and performance, since they will affect the production of innovations, 

the easiness of imitation and the degree of appropriability of the returns to the 

innovation (Teece, 1986; Tripsas, 1997).  

In order to assess the complementarities surrounding R&D investments 

we choose two of the variables that are most potentially related to R&D, namely 

marketing resources and human capital. This selection is justified by two 

arguments. First, these two resources are very likely to be complementary to 

the stock of R&D resources. Although the reasons for this are explained below, 

investments in human capital and marketing interact with R&D investments at 

different stages of the production and/or the commercialization of innovations. 

On the one hand, investments in human capital are key for the production of 

process and product innovations. On the other, investments in marketing play a 

vital role in the commercialization of innovations, providing a way for 

appropriating their returns. 
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Second, even if the evidence showed that these two resources are not 

complementary to R&D investments, they are likely to be directly related to 

performance, given their intangible nature. The resource based view of the firm 

has argued that only those firm resources capable of creating value, being 

scarce, non-imitable and non-substitutable are candidates to be the source of 

sustained competitive advantage (Wernerfelt, 1984; Barney, 1991). The 

intangible resources that a firm possesses are more likely to fulfil all these 

requirements than their tangible counterparts. Intangible resources, such as 

knowledge, are frequently invisible or socially complex, and their acquisition is 

subject to time compression diseconomies or path dependence, what reduces 

the likelihood of being imitated by rivals (Barney, 1991; Dierickx and Cool, 

1989). Additionally, far from being consumed with their use, they are frequently 

enhanced by it.  

The importance of intangible resources has been recognised by the 

literature in strategic management. Efforts have concentrated on designing 

taxonomies of intangible resources (Hall, 1993; Fernández, Montes and 

Vázquez, 2000) and on linking them to competitive advantage (Hall, 1993; 

Carmeli and Tishler, 2004). In fact, they are an important part of the empirical 

tests performed within the resource-based view of the firm. Intangible resources 

such as “human capital”, “knowledge”, “experience” or “reputation” have been a 

frequent focus of attention within this line of research (Newbert, 2007). 

However, despite the interest of researchers within the resource-based view in 

their analysis, the support offered by empirical tests is far from satisfactory. As 

Newbert (2007) finds, only 37% of the test attempting to link resources to 

performance and/or competitive advantage (some of them involving intangible 
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resources) were supported. Choosing R&D, marketing resources, and human 

capital to test complementarity, we are also offering a test of the resource 

based-view of the firm.  

3. HYPOTHESES 

3.1. R&D and marketing investments 

Despite their potential for increasing firm performance, the analysis of the 

consequences of investments in innovation and marketing has largely evolved 

separately. The results of R&D investments frequently take the form of product 

and process innovations, and it is in the production of the former where 

complementarities are more likely to arise. However, in looking at product 

innovations, students of marketing have focused on the customer, whereas 

researchers on technology have centred on know-how. This is disappointing, 

given that these two strategic resources are intimately connected (Ghemawat, 

1991). Thus, it seems necessary to address the impact of both dimensions 

simultaneously, rather than considering them separately. In fact, recent 

research has encouraged additional efforts in the analysis of the 

complementarities between R&D and marketing capabilities (Krasnikov and 

Jayachandran, 2008). 

As argued, the clearest complementarities between R&D and marketing 

investments arise when one considers the commercialization of product 

innovations. Investments in advertising serve to provide customers with 

information of the new products or services that the company commercialises, 

increasing their awareness of the firm’s offer and their willingness to pay. 

Moreover, investments in advertising are likely to provide the firm with 

improvements in brand value. As other information assets, brands are unlikely 
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to be consumed by their use and they may be simultaneously utilized for 

several different products at the same time, generating scope economies and 

creating firm value. A higher brand value will, in turn, generate further incentives 

to perform R&D investments that produce new products and services to be 

offered to customers. Therefore, the expected interaction between R&D and 

marketing investments should have a positive impact on performance. 

Hypothesis 1: investment in marketing and R&D are complementary, so 

that the impact of R&D investments on firm performance increases when the 

firm also invests in marketing resources 

 

3.2. R&D and investments in human capital. 

The second relevant interaction that we identify in this paper relates R&D 

and human capital investments. We argue that the benefits from R&D 

investments are lower if the quality of a firm’s human capital is low. To profit 

from innovation, firms not only need to build on internal and external knowledge 

that has to be combined to create new products and processes. They also have 

to exchange information between different units, including marketing, 

manufacturing and after sales services. In such a context, firms that have a 

strong skill-base outperform those that do not.  

The positive interaction between innovation and human capital may be 

explained using, at least, three arguments. First, education contributes to the 

innovation process by increasing a “person’s capacity to think systematically 

and creatively about techniques” (Wozniak, 1984: 71). This is an essential skill, 

not only for creating new knowledge, but also for finding new combinations of 

existing knowledge that could help the firm to develop new products and 
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services. In fact, as Nahapiet and Ghosal (1998) have shown, knowledge is not 

just an individual attribute, but has a social dimension. Those firms with 

qualified workforce could also take advantage of knowledge sharing. 

Knowledge sharing increases the likelihood of finding new combinations of 

knowledge that would result in process improvement or new product 

development (Kogut and Zander, 1992). Organizations that neglect the social 

side of individual skills and do not create synergies between their human and 

social capital are unlikely to realize the potential of their employees to enhance 

organizational innovative capabilities (Subramanian and Youndt, 2005). 

Second, education may also be related to the increasing ability of 

educated workers to effectively integrate new knowledge into the activities of 

the firm. In this sense, skills are an important component of a firm’s absorptive 

capacity (Cohen and Levinthal, 1990). “An organisation´s absorptive capacity 

will depend on the absorptive capacities of its individual members” (Cohen and 

Levinthal 1990: 131). Therefore, more qualified workers are also more able 

“…to recognize the value of new, external information, assimilate it and apply it 

to commercial ends” (Cohen and Levinthal, 1990:128). As recent research has 

shown, more qualified employees may serve as boundary spanners (Hess and 

Rothaermel, 2011), helping the firm to codify tacit knowledge in a way that may 

be useful for innovation activities.  

Finally, more qualified workers are more likely to successfully take charge 

of workplace change and innovation (Morrison and Phelps, 1999). They are 

also more able to deal with complexity, and job complexity positively interacts 

with creativity and innovation (Song, Almeida and Wu, 2003). Therefore, more 

qualified workers are able to create more value per unit of investment in R&D.  
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Hypothesis 2: investment in human resources and R&D are 

complementary, so that the impact of R&D investments on firm performance 

increases when the firm hires a more qualified human capital  

3.3. R&D and investments in marketing and human capital 

Hypotheses 1 and 2 maintain that complementarities exist between 

different combinations of resources. In the case of advertising and R&D, the 

main reason is the improved knowledge about the innovations developed by the 

firm, together with the higher willingness to pay motivated by improvements in 

brand value. In the case of human capital and R&D, we have argued that the 

higher skills of more educated workers, who increase the absorptive capacity of 

the firm and are more successful in dealing with complexity and change, 

improve the production of innovations.  

The arguments used to develop Hypotheses 1 and 2 also serve to 

propose a third hypothesis. In our conceptualization of the returns to innovation 

activities we have considered that advertising and human capital, together with 

R&D investments, are the main elements of our model. However, Hypotheses 1 

and 2 only consider the potential interactions between pairs of resources 

(advertising and R&D, on the one hand; human capital and R&D, on the other 

hand), disregarding the possibility of three way interactions between them. 

However, firms are generally viewed as coalitions of resources (Lippman and 

Rumelt, 2003) in which the interconnections between the relevant elements 

cannot be limited to certain combinations. Therefore, the study of the 

complementarities considered in Hypotheses 1 and 2 should be widened 

through the analysis of the simultaneous effect of advertising, human capital 

and R&D, together with their interactions. Exploring the relationships between 
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the three resources is important to fully understand the sources of performance 

differences among firms. 

Hypothesis 3: investments in advertising and human capital are 

complementary to investments in R&D, so that the impact of R&D on firm 

performance increases when the firm simultaneously incurs in higher 

investments in advertising and hires a more qualified human capital  

 

4. MODEL SPECIFICATION AND ESTIMATION STRATEGY 

Our estimation strategy proceeds in two stages. The first stage consists of 

the estimation of the firm specific total factor productivity (TFP) levels. 

Specifically, the first stage estimates the following Cobb-Douglas production 

function: 

   yit = β0 + βkkit + βllit + βmmit + ωit+ eit  (1)   

where we denote the logarithm of real gross output, physical capital, labor and 

materials with yit, kit, lit, and mit, respectively; ωit is the firm’s productivity, which 

is assumed to be observable by the firm but not by the analyst; and eit is a 

standard error term. Subscripts i and t stand for firm and time period. Labor and 

materials are assumed to be freely variable inputs. Capital is a fixed factor and 

is affected only by the distribution of ωit conditional on information at time t-1 

and past values of ω. 

To obtain consistent estimates of TFP at the firm level we use a semi-

parametric method developed by Olley and Pakes (1996).2 To design the first 

stage it is important to note that many R&D investments have the introduction of 

new or improved products as a consequence, potentially increasing firm 

                                                 
2 Details on the construction of TFP using Olley and Pakes (1996) method are provided in 
Appendix 1. 
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revenue. Therefore, a pure efficiency TFP approach does not seem the most 

adequate under these circumstances. Instead, we use a revenue based 

productivity approach (Syverson, 2011). It not only takes into account variations 

in inputs, but also non-common price variation among the firms that populate an 

industry.3 This allows a more complete account of the diverse consequences of 

R&D investments on firm performance.  

In the second stage of our strategy we relate TFP levels to a vector of 

intangible assets and other control variables. We follow the approach of 

Mohnen and Roller (2005) and apply a test for super-modularity with discrete 

choices. The test takes the measure of TFP as the departing point as follows: 

TFPit =            (2) 

where si are the different combinations of resources (innovation strategies) 

chosen by a given firm, βi are the coefficients accompanying each of the 

innovation strategies (si), i,t is a vector of control variables that will be defined 

below, and eit is an error term. As noted, at the core of this approach is the 

construction of a set of dummy variables (si) corresponding to the set of all 

available possible strategies. Our hypotheses suggest the importance of the 

complementarities between three different types of investments (technological, 

marketing and human). In order to build a test for complementarities we define 

the eight different strategies that capture all the possible decisions of the firm. 

The set of available strategies is shown in Table 1. The comparison of 

                                                 
3 As a consequence, the results of the first stage cannot be interpreted as mere efficiency 
improvements/decreases. Additionally, this approach requires a complete account of the factors 
that can determine the value of a firm output, such as market power (Syverson, 2011), as we do 
in our estimations. 
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performance under the different situations defined by them will help us to 

understand the interconnections between these three resources.  

Table 1. Set of available strategies for a firm 

 R&D Marketing Human 
capital 

No intangible investment (s1) 0 0 0 

Only R&D (s2) 1 0 0 

R&D along with marketing (s3) 1 1 0 

R&D along with human capital (s4) 1 0 1 

R&D along with marketing and human capital 
(s5) 

1 1 1 

Only human capital (s6) 0 0 1 

Marketing along with human capital (s7) 0 1 1 

Only marketing (s8) 0 1 0 

R&D, Marketing and Human capital are binary variables. 

 

After estimating model (2) using linear regression, the coefficients 

associated to each of the strategies (βi) can be used to test for complementarity 

between the three intangible assets. This is done following the procedure 

developed by Kodde and Palm (1986). The procedure considers the null 

hypothesis that a set of relevant inequalities holds jointly, and it is slightly 

different depending on the number of resources that are considered 

complementary. For example, for the pairwise tests of complementarity 

between R&D and marketing the set of inequality restrictions that must hold are 

the following:  

β2 + β8 < β1 + β3  and 

β4+ β7 < β6 +β5 

Looking at Table 1, we can provide an intuitive interpretation of what this 

means. Rearranging terms in the first inequality (β2 -β1 < β3 - β8), we can see that 

it requires the improvement in performance of investing in R&D when the firm is 
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also investing in marketing resources (β3 - β8) to be higher than the same 

performance increase when the firm is not investing in marketing resources (β2 -

β1). The second inequality expresses the same condition for the pair 

“investments in R&D-human capital”. Similarly, it is also straightforward to test 

for substitutability (submodularity) between each pair of strategies. The only 

difference from the complementarity tests is that the inequalities are reversed. 

The test for complementarity (substitutability) can be extended beyond 

pairwise considerations. In our case, this would allow us to test for the 

relationship between R&D, marketing and human capital. The test is an 

extension of the one described above, but now with three-inequality restrictions 

on the estimated state dummy coefficients (βi). For example, testing for 

supermodularity implies considering the following relevant inequalities: 

β7 + β2 < β1 + β5 and 

β4 + β8 < β1 + β5 and 

β3 + β6 < β1 + β5 

Therefore, the method not only requires that higher performance 

improvements are detected when investments in R&D are simultaneous to 

investments in marketing and human capital than when investments in R&D are 

incurred in isolation (first inequality). It also requires that the same condition 

holds for the performance improvements of investments in marketing (second 

inequality) and human capital (third inequality). 

5. SAMPLE AND VARIABLES 

We test our hypotheses on a sample of Spanish firms operating in the 

manufacturing sector between 1993 and 2005. More precisely, we use the 

Survey of Business Strategies. This is an annual survey on the activity of 



 

19 
 

Spanish manufacturing firms and their business strategies, which is financed by 

the Ministry of Industry, Tourism and Trade and carried out by the SEPI 

foundation. It covers firms which have 10 or more employees and whose 

principal economic activity is listed in one of the two digit manufacturing 

industries of the NACE-Rev.1. One important attribute of the sample is that it is 

representative of the manufacturing firms operating in the Spanish economy. In 

the first year in which the Survey was carried out (1990), firms employing 

between 10 and 200 people were selected by means of a random sampling 

scheme, while firms with more than 200 were surveyed on a census basis. In 

subsequent years, those firms that, for any reason (e.g.: acquisition, merger or, 

simply not willing to participate) dropped out of the original sample are replaced 

every year by firms with similar characteristics according to the sampling 

procedure used in the base year. In other words, the dataset reproduces the 

entry and exit processes that take place in the population. Finally, it is important 

to highlight these data have been previously used for several purposes. Thus, 

they have been utilised in the analysis of diversification decisions (Merino and 

Rodríguez, 1997), of the effect of R&D on productivity (Beneito, 2003), of the 

introduction of product and process innovations (Martínez Ros, 2000) and the 

analysis of the adoption of new technologies (Gomez and Vargas, 2009). 

5.1. Variable measurement 

Variables used in the first stage of the procedure. To estimate the first 

stage of our procedure we need variables accounting for the elements of the 

Cobb-Douglas production function. In particular, gross output (Y), the stock of 

physical (tangible) capital (K), labour (L), and intermediate inputs (M). All the 

variables may be constructed from the information contained in the dataset. 
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Gross output is measured as the total volume of sales of firm i in year t. 

Following the revenue approach, we calculated the real values by eliminating 

the industry common price variations, i.e., using industry deflators. This practice 

is different from the one used by researchers when they attempt to exclusively 

detect efficiency improvements, given that in this second case, firm specific 

deflators are used. However, it allows for a more complete account of the 

consequences of R&D investments.  

The stock of physical capital is measured by using the perpetual inventory 

formula:  

t
t

t
tt I

p
PKdK 



1

1)1(  

where P is the price index for equipment, d is the depreciation rate, and I is the 

investment in equipment in year t. Labour is measured as the total number of 

hours worked by the employees of firm i in year t. Finally, intermediate inputs 

(materials in model (1)) are calculated as the sum of purchases and external 

services minus the variation of purchase inventories. As in the case of gross 

output, the Index of Industrial Prices has deflated all the nominal variables.  

Variables used in the second stage. Similarly, to estimate the effect of 

intangible resources over total factor productivity we need to build a set of 

strategies taking into account if the firm has invested in all, some or none of the 

intangible assets. In this sense, and for each of the intangibles resources 

considered, we have to build binary variables representing investments in R&D, 

commercial and human capital, as explained in Table 1. In order to do this, we 

first have to calculate the value of the three types of investments for each firm.  
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We approximate the stock of technological resources by using the 

perpetual inventory method, which specifies the stock for each year as the sum 

of the R&D stock, minus the depreciated stock and plus the investment of the 

previous period. This is calculated in the following way: 

1,1,, )1(   tititi RDRDSRDS   

where  stands for the rate of annual depreciation, which is assumed to be 

equal for all the firms, RDS is the stock of firm i up to t-1 and RD stands for the 

R&D expenditures of firm i in t-1. To estimate the stock of R&D we need an 

initial value for RDS to start the recursion. The initial stock is calculated as:  




g
RD

RDS i
i

0,
0,  

where g is the average growth rate for the R&D expenditures. Following 

Griliches (1981) and Griliches, Hall and Pakes (1981) we assume a value of 

15% for the depreciation rate () and a value of 5% for the growth rate (g).   

Similarly to technological resources, the stock of marketing resources is 

measured by using the perpetual inventory method. In accordance with 

Villalonga (2004) the depreciation rate () is assumed to be 45%. In order to 

use a realistic value for the growth rate, we calculated the mean growth of 

advertising expenditures in our sample, which is 15%. 

Finally, human capital is measured using the educational level of the 

workforce. We calculated the share of employees with university degree in 

relation to the total number of employees4.  

                                                 
4 In the database this information is only available every four years. Therefore, we have used 
linear interpolation methods to obtain a continuous series.  
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After measuring these resources, the method involves creating a set of 

indicators capturing whether the firm has invested in R&D and/or in marketing 

and/or human capital, as shown in Table 1. In other words, the innovation 

strategy of each firm is characterized by three binary variables pointing out 

whether the firm has invested in those resources. These binary variables take a 

value of one if the firm has R&D, marketing stock or human capital higher than 

the positive median of their industry, and zero otherwise. Table 2 shows the 

percentage of firms choosing each of the strategies available over time. The 

most popular strategy is that with R&D, marketing and human capital stocks 

below the industry average (s[0,0,0]), with over 35% of firms pursuing it. 

Nevertheless, its importance decreases over time. On the other hand, the least 

popular strategies are, either to combine R&D with human capital  (s[1,0,1]); or 

to conduct only R&D (s[1,0,0]), with over 2% of firms following these strategies, 

respectively. 

Table 2. Evolution of firm´s strategies by year 

Year s1 s2 s3 s4 s5 s6 s7 s8 

1993 43.5 2.0 7.9 1.7 9.0 11.1 6.9 17.9 

1994 43.3 2.4 7.9 1.6 9.7 10.4 7.3 17.4 

1995 39.0 2.6 7.0 1.7 12.6 11.4 9.7 16.1 

1996 39.6 1.7 8.6 1.1 11.6 11.9 9.3 16.2 

1997 40.2 1.7 8.6 1.7 10.1 12.1 9.3 16.4 

1998 40.5 1.7 9.6 1.9 10.2 11.4 8.9 16.0 

1999 38.2 2.0 8.1 2.2 11.9 12.1 9.0 16.5 

2000 37.3 2.4 8.0 2.2 12.6 12.9 8.6 16.0 

2001 36.4 2.6 8.7 2.2 12.1 13.6 8.2 16.2 

2002 36.5 2.7 10.5 2.2 12.0 11.7 8.5 16.0 

2003 35.4 2.6 9.6 2.2 13.0 12.0 9.8 15.4 

2004 35.0 2.7 8.7 3.0 13.2 11.7 9.1 16.6 

2005 35.0 3.2 8.4 2.7 13.1 12.4 9.3 15.8 
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Control variables. We also have included a detailed set of control variables 

in order to control for other sources that may affect productivity. These control 

variables are validated by previous research and include: market share, size, 

ownership, export activity, industry and temporal effects. 

Market share is defined as the ratio of firm sales to total sales in the main 

market in which the firm operates. As we have mentioned before, the use of the 

revenue based approach makes it especially necessary to introduce this 

variable in the model in order to control for differences in market power across 

producers that could affect product prices (Syverson, 2011). 

Large firms tend to have higher TFP levels than their smaller counterparts 

(Lee and Tang, 2001; Rao and Tang, 2000). In order to capture this effect we 

include a size variable that is measured using the total number of employees. 

The number of employees in each period is divided into the following four 

classes: firms with 20-49 employees, firms with 50-199 employees, firms with 

200-499 employees and firms with more than 500 employees.  

The assumption that foreign firms have higher productivity has been 

extensively analyzed in the literature (Doms and Jensen, 1998). Foreign owned 

firms outperform domestic firms because of superior technological knowledge, 

access to international networks and management structure. We define 

ownership as a binary variable indicating whether there is, at least, a 30% stake 

of foreign capital in the firm.  

The relationship of productivity and exporting has been broadly analysed 

in previous papers from two different approaches. The first one stresses the fact 

that only most productive firms are able to do well abroad because of high sunk 

costs associated to selling abroad and of higher competition (Bernard and 
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Jensen, 1999 and Bernard and Wagner, 2001). The second one emphasizes 

the learning effects associated to exporting, implying that exporting makes firms 

more productive (Grossman and Helpman, 1991). Export activity is measured 

as the ratio of export to total firm sales.  

Lastly, industry (19 industry dummies to account for the 20 industries 

identified in the survey) and temporal effects (12 year dummies to account for 

the observation window considered in the paper) have also been included.  

 

6. RESULTS 

Our objective in this paper is to assess the role of complementarities 

between technological, marketing and human resources at explaining firm 

performance. As described above, the procedure involves two steps. Firstly, we 

estimated a Cobb-Douglas production function using the method proposed by 

Olley and Pakes (1996) and using the 15,863 available observations. The 

results (not shown) were consistent with our expectations on the role of the 

physical capital, labor and intermediate outputs on productivity. Secondly, we 

estimated a model in which total factor productivity was explained by the eight 

strategies defined above, and by the control variables. Given our interest in 

complementarities, our comments focus on the results of the application of 

Kodde and Palm’s (1996) test, which are presented in Table 3. 

Table 3 presents the Wald test statistics for the complementarity (null 

hypothesis is that both resources are complementary) and substitutability (null 

hypothesis is that both resources are substitutes) test of the three resources 

and for the full sample. We also perform a three-way test in order to take into 

account the possibility that all the resources considered are complementary. In 
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order to interpret the results, it is important to consider that the thresholds to 

evaluate whether the strategies defined are complementary/substitutes differ 

depending on the number of inequality restrictions introduced. For the test that 

only considers two types of resources and a 10% significance level, the lower 

and upper bound critical values are 1.642 and 3.808 (Kodde and Palm, 1986). 

In the case of the three-way test the thresholds are 1.642 and 5.528. For values 

between the lower and upper thresholds the test is inconclusive. Values below 

the lower threshold (1.642) indicate that the null hypothesis of 

complementarity/substitutability is not rejected. Finally, values above the upper 

threshold (3.808, in the case of the two way test, or 5.528 for the three-way test) 

mean that the null hypothesis is rejected. 

Table 3. Tests of supermodularity and submodularity. 
 Complementarity test Substitutability test 
Two-way tests   
R&D and marketing 0.000** 2.452i 
R&D and human  0.409** 0.458** 
Marketing and human  0.011** 1.942i 
Three-way test   
R&D, human and marketing 0.000** 3.343i 
The critical values provided by Kodde and Palm for  = 0.10 are 1.642 and 3.808 for two way 
test and 1.642 and 5.528 for three way test. If the test is below 1.642, the null hypothesis of 
complementarity (substitutability) is accepted and is the test value is above 3.808 or 5.528, the 
null hypothesis is rejected. For test values between two critical values the test is inconclusive. ** 
Null hypothesis is accepted; * null hypothesis is rejected; i the test is inconclusive. 
 

Hypothesis 1 argued that the relationship between R&D and marketing is 

complementary. The results presented in Table 3 are consistent with the 

existence of complementarity between both types of resources (=0.000 < 

1.642) while the test for substitutability is inconclusive (1.642 > =2.452 < 

3.808). Therefore, for this pairing the test suggests complementarity, offering 

support for Hypothesis 1. Following our arguments provided before, 

investments in marketing increase the returns of R&D by providing customers 
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with information of the new products or services that the company 

commercializes and by providing improvements in brand value. 

Hypothesis 2 posited that the performance of investments in R&D is 

reinforced by investments in human capital. In this case, the results show an 

unclear indication of either complementarity or substitutability as both null 

hypotheses are accepted. First, we cannot reject the null hypothesis of 

complementarity (=0.409 < 1.642). Second, the substitutability test shows that 

the null hypothesis of substitutability cannot be rejected either, as the test 

statistic is also below the lower threshold (=0.458 < 1.642). Therefore, in this 

case the results cannot be interpreted as offering support to the hypothesis of 

complementarity between R&D and human capital.  

To finish with the analysis of complementarity between all the possible 

pairs of intangibles and although it is not the subject of our main attention in this 

paper, the method also tests the relationship between marketing investments 

and human resources. It is important to note that the complementarity 

relationship between marketing investments and human resources is also 

supported by the data. The test leads us not to reject the null hypothesis of 

complementarity (=0.011 < 1.642) and the substitutability test offers 

indeterminate results (1.642 > =1.942 < 3.808). Therefore, for this pairing the 

test suggests complementarity, as it could be expected. 

The absence of complementarity between R&D and human resources 

shown by the two-way test is surprising, given that the literature has long 

argued that investments in these two types of resources should be 

complementary when developing the innovation process (see, for example, 

Leiponen, 2005). One possibility is that the performance of the innovation 



 

27 
 

process would depend on the appropriability conditions that surround the firm 

(Teece, 1986). Thus, even if R&D and human capital investments were 

complementary at the time of obtaining product and process innovations, these 

complementarities would not be reflected on firm performance unless the firm 

would be able to appropriate the results of the innovation process. As argued 

above, marketing investments could serve to that end. If this were the case, the 

complementarities between all the three types of investments should be 

revealed through a three way tests, as expected by Hypothesis 3. Table 3 

shows such a test for the joint use of R&D, marketing and human resources. 

The test cannot reject the null hypothesis of complementarity between R&D, 

marketing and human capital (=0.000 < 1.642), whereas its application to the 

analysis of substitutability shows indeterminate results (1.642 > =3.343 < 

5.528). 

In summary, our results provide evidence of complementarities between 

R&D and marketing investments (Hypothesis 1). In the case of R&D and human 

capital (Hypothesis 2), the evidence is only consistent with our expectations 

when marketing investments are also incurred. Jointly, these results offer 

support for Teece’s (1986) theory of complementary assets, given that the firm 

only increases the returns to the innovation process when the appropriability 

conditions are good. 

  

7. DISCUSSION AND CONCLUSIONS 

Our purpose in this paper has been to test whether the returns to R&D are 

improved by the simultaneous use of certain complementary resources. In 

particular, our attention has focused on two intangible assets, commercial 
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resources and human capital, which are likely to interact with the former at 

improving firm performance. The reason to focus on intangible assets is that, 

following the resource base view of the firm, they are likely to be inimitable. This 

increases the chances of achieving performance improvements. In order to test 

the hypothesis that the three resources are complementary, we have defined a 

set of strategies that takes into account all the possible combinations of the 

investments that the firm may choose as part of its innovation strategy. 

There are two important conclusions that may be extracted from the 

exercise presented in this paper. First, our results show that the interactions 

between the intangibles considered in this paper are relevant at explaining firm 

performance. Therefore, our findings are in line with the literature on 

complementarities, which has found that the interaction of firm’s resources 

serves to limit effective imitation. In this line, Rivkin (2000) argues that, while 

isolated assets may be easily understood and imitated, a system of mutually 

complementary practices (especially if some are intangible) is be more difficult 

to copy. In this sense, those firms that invest on highly complementary assets 

outperform their rivals. In our case, we found strong complementarities between 

R&D and marketing investments. This finding, jointly with the fact that the 

relationship between R&D investments and human capital was only 

complementary when the firm performs investments in marketing assets 

indicates the importance of the latter at the time of improving firm performance. 

Marketing investments are used to communicate the existence of a new product 

to consumers, as well as to build brand name and increase firm reputation and 

they serve to commercialise the results of the innovation process. In our results, 

their interaction with human resources and R&D is essential for understanding 



 

29 
 

performance differences among firms. This seems to offer support to Teece’s 

(1986) model, by showing that certain complementary assets serve firms as 

mechanisms to appropriate the results of the innovation process. It also points 

out the importance of approaching the innovation strategy of firms in a global 

sense, and not only as a result of independent planning by the R&D function. 

The role of strategic management at devising a comprehensive approach to the 

innovation strategy seems clearly needed, given that the interaction with other 

intangible elements such as the ones created through advertisement 

investments.  

Second, although to a different extent, the paper stresses the role of 

intangibles at explaining firm performance. In other words, the combinations of 

R&D, marketing and human capital provide the firm with improvements in total 

factor productivity if adequately interacted. These results seem to offer support 

to the resource-based view of the firm, which explains differences in 

performance in terms of resources that are rare, valuable, inimitable and not 

readily substitutable (Barney, 1991). As several researchers have pointed out 

(Sanchez, Chaminade and Olea, 2000; Teece, 2000), intangible resources 

meet these criteria. In this sense, the three intangible assets analyzed in this 

paper are considered to be of the greatest strategic importance (Gomez-Mejia 

and Balkin 2002; Surroca et al., 2010). However, the fact that certain 

combinations of resources improve performance more than others seems to 

point out to the need of adopting a more global approach to the evaluation of 

resources. When these resources are mixed in some optimal combinations they 

seem to produce the highest performance effects. 
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A final consideration is that we have only focused on two of the multiple 

elements that may interact with R&D investments in order to provide firms with 

superior performance. In fact, the literature on complementarities seems to be 

divided between the studies taking the interaction approach and those choosing 

a systems approach (Ennen and Ritcher, 2010). As in our case, research 

belonging to the interaction approach study complementarities between a 

limited numbers of factors, not paying much attention to contextual factors. 

Given our results, a possible extension of this paper could consider the 

interactions of other types of resources. Some of the candidates are market 

orientation (Morgan, Vorhies and Mason, 2009) and investments in technology. 

Provided that our selection has attempted to maximize the likelihood of finding 

performance effects, a possible focus of attention could be the interaction 

between resources less likely to guarantee the appropriability of R&D. Some 

tangible assets, such as investments in technology (hardware), which are more 

easily imitable, could show if it is either the interaction or the characteristics of 

the resources the one which is critical for improving performance. Therefore, 

further research on the complementarities between R&D investments and other 

resources should enhance our understanding of the effectiveness of a firm 

innovation strategy. 
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Appendix 1. Estimation methology. The Olley and Pakes procedure 

To identify the influence of intangible assets on the productivity dynamics 

of manufacturing firms, we employ a two-stages procedure (see Griffith, 1999; 

Javorcik, 2004). The first stage consists of the estimation of the firm specific 

total factor productivity (TFP) levels, which we relate in a second stage to a 

vector of intangible assets. Econometric issues arise in the estimation of 

equation (1), due to the potential simultaneity bias between input choices and 

the productivity shocks, which cause the OLS estimates to be biased. Firms 

observe their own productivity and may respond to a positive productivity shock 

by using more inputs. A number of solutions have been proposed in the 

literature to overcome this problem. Among others, these include using firm-

level fixed effects and instrumental variable strategy for input choices. Instead, 

we use a semi-parametric estimator suggested by Olley and Pakes (1996), 

which solves the simultaneity problem by using the firm’s investment decision to 

proxy unobserved productivity shocks and explicitly controls for selection in 

estimating TFP.  

Olley and Pakes (1996) consider fixed capital as a quasi-fixed input, and 

take the usual assumption that capital is accumulated by firms through a 

deterministic dynamic investment process kit = (1 − δ) kit−1 + ii,t where iit denotes 

the investment expenditure at period t. Investment demand can be defined by 

means of an unknown function iit = i (kit, ωit). 

Since investment depends on fixed capital stock and firm unobserved 

productivity, we can invert the investment function, and therefore, express the 

unobserved productivity as a non parametric function of investment and capital: 

ωit = ht (kit, iit). In this way, equation (1) can be written as follows: 



 

39 
 

yit = β0 + βkkit + βllit + βmmit + ht(kit, iit)+ eit     (3) 

If we define φ(kit, iit)= β0 + βkkit + ht(kit, iit), we obtain:  

yit = βllit + βmmit + φ(kit, iit)+ eit      (4) 

The Olley and Pakes (1996) procedure consists of estimating equation (4) 

by OLS in a first step, using a higher order polynomial to proxy for φ(kit, iit). 

Estimation of equation (4) results in consistent estimates of the coefficients 

accompanying labour and materials, as well as the estimate of φ( kit, iit). 

To recover the coefficient on the capital variable requires a second step 

where it is necessary to exploit information on firm dynamics and involves 

estimating survival probabilities, which will then allow us to control for selection 

bias. Olley and Pakes (1996) assume that firms will continue to operate 

provided their productivity exceeds a threshold productivity level; i.e. χit=1 if 

; where χit is a survival indicator. Productivity is assumed to follow a first 

order Markov process, ωit = E[ωit | ωit-1] + ξit, where ξit is assumed to be 

uncorrelated with productivity and capital in period t. The probability of survival 

in period t (Pit =Pr{χit = 1}) thus depends on and , and in turn on capital and 

investment at time t-15.  

In a third step, one needs to consider the expectation of E(yit - βllit - βmmit) 

conditional on the survival of the firm, which results in the following expression: 

E(yit-βllit- βmmit/ kit,χit=1)=β0+ βkkit+E(wit/wit-1 χit=1)   (5) 

 

This regression equation implies the following model: 

yit-βllit- βmmit= β0+ βkkit+ E(wit/wit-1 χit=1)+ζit +eit 

                                                 
5 In the implementation the probability of survival is estimated by fitting a probit model, where the 
dependent variable is a survival dummy (i.e. dummy equal to one if the firm survives in a particular 
period). Left-hand side variables are the same polynomial terms used in the first stage of the estimation 
procedure, i.e. a higher-order polynomial in investment and capital in period t-1, including a constant 
term. 

it-1 1i t 
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= β0+ βkkit+g(Pit, φit-1- βkkit) +ζit +eit    (6) 

where E(wit/wit-1 χit=1)= g(Pit, φit-1- βkkit) follows from the law of motion from the 

productivity shocks (Olley and Pakes, 1996). Using the predictions for the 

variable input coefficients and for φ( kit, iit) from the first step and the predicted 

probabilities of survival from the second step, equation (6) is then estimated by 

nonlinear least squares, where the unknown function g(Pit, φit-1- βkkit) is 

approximated by a high order polynomial. Standard errors can be calculated by 

bootstrapping. 

From the estimation of equation (6), a measure of TFP is obtained, which 

is the difference between the actual and predicted output.  
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