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While intellectual capital’s (IC) impact on innovation has been well-established, increasing 
understanding of related contingencies would yield great benefits to both research on and 
the practice of innovation and IC management. With the rise of the service economy, serviti-
zation degree – i.e., the degree of relevance of service provision compared with the delivery 
of manufactured goods – represents an important contingency, with significant potential to 
shed more light on and improve the understanding of the IC-performance relationship in 
the context of research and development. This paper examines how servitization moderates 
IC’s impact on innovation performance by testing related hypotheses on a sample of 180 
Spanish companies through a statistical analysis conducted through structural equation 
modeling based on partial least squares. The results indicate that servitization moderates 
the relationship between internal and external relational capital and innovation in differ-
ent ways: The moderation effect is negative for internal relational capital, but positive for 
external relational capital, i.e., more service-oriented companies benefit from internal col-
laboration and coordination to a lesser extent in their innovation endeavors, while external 
stakeholder communication and networks are crucial for achieving a high rate of innova-
tion performance. The findings help develop a more fine-grained understanding of IC’s 
role in innovation and related firm- and industry-level contingencies, as well as increase the 
understanding of R&D ecosystem agents.

1. � Introduction

Innovation’s importance in a company’s suc-
cess has spurred researchers to examine the an-

tecedents of innovation performance more deeply 
(Damanpour,  1991; Mention,  2011; De Massis et 
al.,  2015; Lin et al.,  2020). Innovation is a funda-
mentally knowledge-related process that entails using 

knowledge resources to create new assets such as prod-
ucts, services, and processes, among others (Nonaka 
and Takeuchi, 1995). As a result, it is hardly surprising 
that research that aims to explain innovation’s occur-
rence increasingly has focused on how knowledge-
related resources influence innovation outcomes.

Intellectual capital (IC) theory, which views 
specific knowledge assets or IC components as 
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conducive to superior performance, has been a 
common approach to conceptualizing the role of 
knowledge in innovation (Reed et al.,  2006). IC 
encompasses human, structural, and relational capital 
(Bontis, 1996, 1998; Sveiby, 1997) as the knowledge 
resources that the company manages to gain sustain-
able competitive advantages (Youndt et al.,  2004; 
Subramaniam and Youndt, 2005).

Human capital is inextricably linked to innovation 
because people with ideas, know-how, ability, cre-
ativity, intelligence, experience, and determination 
are required to create novelties. People are critical 
in the innovation process because they are the only 
ones capable of creating knowledge. Part of these 
knowledge assets can be saved in the form of written 
procedures and protocols, databases, and informa-
tion systems, among other things, for future use. This 
stored knowledge (i.e., structural capital) can support 
new creations because individuals can refer to it for 
inspiration and learning. People can also gain knowl-
edge by interacting with others (i.e., relational capi-
tal). Individual and company networks are a source 
of knowledge and useful for contrasting one’s own 
ideas during the innovation process.

While IC’s importance in innovation has been 
well-established (cf. Mention,  2012; Buenechea-
Elberdin,  2017), an open question remains con-
cerning the degree and nature of IC’s relevance in 
various kinds of settings. IC assets are context-
dependent resources and, thus, are ‘best understood 
within the specific context in which they are devel-
oped’ (Reed et al.,  2006, p. 876). This means that 
firm- and context-related characteristics – such as a 
company size, its level of technological sophistica-
tion, the industry to which it belongs, and the country 
where it operates – could alter how IC components 
affect innovation performance. To date, only a few 
studies have tried to shed any light on this issue by 
analyzing specific contingencies in the study of the 
IC-innovation relationship. Ortiz  (2009), Daou et 
al. (2014), and Inkinen et al. (2017) analyzed the IC 
composition’s characteristics in various geographical 
locations; Buenechea-Elberdin et al. (2018a, 2018b) 
examined the role of technological sophistication 
and innovation type; and Andreeva et al. (2021) stud-
ied the country context’s impact and related resource 
availability and appropriability regimes.

Along with the well-documented rise of the 
‘service economy’ (e.g., Buera and Kaboski, 2012; 
Witt and Gross,  2020), the role that services play 
in employment and value adding has become dom-
inant, and service components’ relative importance 
in product offerings has increased. Considering that 
IC’s efficacy greatly depends on its match with orga-
nizational and contextual requirements, a crucial 

contingency factor deserving special attention for 
better understanding the IC-innovation relationship 
is servitization degree, which refers to the degree of 
relevance of service provision compared to the deliv-
ery of manufactured goods. According to Kianto et 
al.  (2010), human capital and IC creation practices 
are more prevalent in service-oriented businesses 
than in product-oriented companies, while the oppo-
site occurs with IC protection activities. Kianto and 
Andreeva (2014) compared knowledge management 
practices in service-oriented and product-oriented 
companies, and discovered that service orientation 
impacts knowledge management practices’ efficacy 
in firms. Building on these findings, we propose 
that a firm’s servitization degree also may condi-
tion how IC contributes to innovation performance 
significantly.

The servitization field can be traced back to 1988 
(Vandermerwe and Rada,  1988), and since then, it 
has received increasing attention due to services’ 
relevance to manufacturers (Baines et al., 2017). As 
customer and competitive demands become more 
challenging, servitization is a way to offer bundles 
of products and services that are unique and help 
sustain competitive advantage (Baines et al.,  2009; 
Santamaría et al.,  2012). Following Santamaría et 
al.  (2012) and Baines et al.  (2017), the provision 
of services, in contrast to manufacturing goods, 
requires different approaches and capabilities. The 
IHIP paradigm (Zeithaml et al.,  1985; Edgett and 
Parkinson, 1993; Moeller, 2010) holds that services, 
unlike products, are intangible, heterogeneous, insep-
arable, and perishable, and these four characteristics 
can affect how IC components influence innovation 
performance. In a remote technical assistance com-
pany, for example, the service is created, provided, 
and consumed when the employee delivers it to the 
customer (real-time production and consumption, 
i.e., inseparability). Moreover, the employee must 
tailor the solution offered to the needs of each cus-
tomer at each time (high degree of customization, 
i.e., heterogeneity). In this scenario, employees’ abil-
ity to understand customers’ needs and adapt to them 
instantly makes the human factor an essential ally 
in the development of new services. Nevertheless, 
extant literature has not paid attention to this con-
tingency variable when studying the IC-innovation 
linkage.

Consequently, this paper addresses the follow-
ing research question: How does firms’ servitiza-
tion degree moderate the relationship between IC 
and innovation performance? By means of having 
a more nuanced understanding of how IC compo-
nents influence the creation of new products and 
services, the paper could identify relevant actors 
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in a research and development (R&D) ecosystem, 
and managers could benefit from more focused cri-
teria to deploy knowledge resources conducive to 
innovation. Considering that IC assets are context-
dependent resources, and taking into account the 
already known and expected changes in IC com-
ponents between service-oriented and product-
oriented businesses, it makes sense to investigate 
how servitization moderates IC’s impact on innova-
tion performance. The first set of hypotheses estab-
lishes a link between all IC elements and product/
service innovation performance, and the second 
set examines whether servitization degree influ-
ences the previously mentioned link. We tested our 
hypotheses through a multi-industry survey study 
conducted in Spain at manufacturing and service 
companies with at least 100 employees. The find-
ings, analyzed using structural equation modeling 
based on partial least squares (PLS-SEM), reveal 
a significant moderating effect in the relationship 
between internal and external relational capital vis-
à-vis innovation when servitization degree comes 
into play, paving the way for further research on 
this topic.

2. � Theoretical background

2.1. � Intellectual capital and innovation

IC theory, also known as IC view, aims to com-
prehend the main tenets of organizational perfor-
mance on the basis of specific knowledge assets 
known as IC components (Reed et al., 2006). The 
fundamental aspect of IC theory is IC, which refers 
to the knowledge-related resources that a corpo-
ration manages or can access to establish long-
term competitive advantages (Youndt et al., 2004; 
Subramaniam and Youndt,  2005). This theory is 
appropriate for providing managers with guidance 
on how to improve results because it focuses on spe-
cific knowledge resources (Priem and Butler, 2001; 
Reed et al., 2006).

A rather wide consensus appears to exist 
among researchers that IC’s most important ele-
ments are human, structural, and relational capital 
(Bontis,  1996, 1998; Sveiby,  1997; Subramaniam 
and Youndt,  2005; Hsu and Fang,  2009). Human 
capital refers to individuals’ knowledge, skills, 
experience, and motivation (Edvinsson and 
Malone,  1997; Bontis,  1998). Structural capital 
embraces the codified knowledge accumulated in 
documents, procedures, databases, and informa-
tion systems (Sveiby,  1997). Relational capital 
includes knowledge created and managed through 
networks of relationships among individuals within 

the company (i.e., internal relational capital) and 
between the company and external agents (i.e., 
external relational capital) (Bontis, 1996; Nahapiet 
and Ghoshal, 1998).

Although it has been defined in a variety of ways, 
from various perspectives, and through a variety of 
approaches, innovation ultimately entails generat-
ing something new (Lee and Tsai,  2005; Crossan 
and Apaydin,  2010; Sáenz and Aramburu,  2011). 
An examination of research that links IC and 
innovation illustrates the diversity in approaches 
to innovation, which has been analyzed from a 
results-oriented perspective, e.g., creation of new 
products, services, and processes, as well as from 
the perspective of the innovation process itself, 
e.g., ways to innovate and the capabilities required 
(Buenechea-Elberdin,  2017). Some studies have 
opted to examine the degree of radicality or change 
in the new creation (e.g., radical or incremental), 
while others have focused on innovativeness, i.e., 
a business’s intention to innovate (Buenechea-
Elberdin,  2017). To sum up, innovation has been 
conceptualized in many ways within IC research. 
In this paper, the choice has been made to focus on 
the results-oriented perspective, and more specifi-
cally, on the degree of product/service innovation 
success vis-à-vis competitors.

The relationship between knowledge and inno-
vation can be viewed as a cycle because knowledge 
is a necessary input and a result of the innovation 
process (Nonaka and Takeuchi, 1995). Innovation 
can be defined as the ‘multi-stage process whereby 
organizations transform ideas into new/improved 
products, services, or processes’ (Baregheh et 
al.,  2009, p. 1,334), while knowledge functions 
as both a necessary source in the innovation pro-
cess and as a consequence of it. The link between 
knowledge and innovation has been analyzed in 
depth in the literature and, given that IC refers to 
firms’ knowledge resources, IC-related anteced-
ents of innovation also have received considerable 
attention.

Extant research has demonstrated human cap-
ital’s direct influence on innovative performance, 
service innovativeness, innovative propensity 
and culture, and new product development per-
formance (Chen et al.,  2006; Cabello-Medina et 
al.,  2011; Carmona-Lavado et al.,  2013; Chahal 
and Bakshi,  2015). Considering that knowledge 
fundamentally is related to people (Nonaka and 
Takeuchi,  1995), any new development is depen-
dent on the availability of people with the capacity 
to carry out this development. Following Delgado-
Verde et al. (2016), human capital is a great enhancer 
of radical innovations, and ‘individual creativity 
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and talent is the first stage of the overall innova-
tion process’. Employees’ skills, capabilities, novel 
ideas, creativity, attitudes, and values contribute to 
the development of new products through customer 
capital (Chen et al., 2014), structural capital (Costa 
et al., 2014; Kianto et al., 2017), and organizational 
learning capabilities (Hsu and Fang, 2009), among 
other options.

Codified knowledge accumulated in databases 
and information systems is a source of ideas, insights 
and learning in the innovation process. For example, 
a company may analyze its customer database and, 
based on their preferences, design a new service that 
customers will value. Certain studies have used only 
structural capital in their models as they sought to 
deepen into the specificities of how elements that 
build structural capital affect innovation (Aramburu 
and Sáenz, 2011; Delgado-Verde et al., 2011), while 
other researchers prefer to analyze structural capital’s 
influence on innovation when the model includes 
other IC components. Wu et al. (2008) and Zerenler 
et al.  (2008) found that structural capital directly 
enhances innovation, while Buenechea-Elberdin et 
al. (2018a) proved that the direct link between struc-
tural capital and innovation performance only holds 
with firms that belong to low-technology sectors. 
This intangible asset also can assume a mediator 
role in the relationship between human capital and 
innovative performance (Wu et al., 2007), as well as 
indirectly impact technological innovation through 
supply chain learning (Zhang and Lv, 2015).

In the case of relational capital, the literature 
mainly has focused on how relationships with agents 
external to the firm affect innovation. Carmona-
Lavado et al.  (2013) found that relationships with 
other companies could enhance service innovative-
ness only when the firm collaborates actively with 
customers. Martin-de-Castro et al. (2013) also exam-
ined customers’ relevance, identifying customer rela-
tional capital as a key element in product innovation. 
Knowledge embedded in relationships with custom-
ers, suppliers, and strategic partners is a key source 
of product innovation (Chen et al., 2006). Other stud-
ies have analyzed knowledge created in relationships 
among employees vis-à-vis innovation. While inter-
nal relational capital’s impact on innovation could be 
direct (Delgado-Verde et al., 2014), it also could be 
mediated by other elements, such as knowledge man-
agement capabilities (Hsu and Sabherwal,  2011). 
Furthermore, Elsetouhi et al.  (2015), Menor et 
al.  (2007), and Zhang and Lv  (2015), among other 
studies, have examined both external and inter-
nal relationships as relevant knowledge sources for 
innovation. As for knowledge sharing as a means of 
encouraging innovation, Dost et al.  (2016, p. 687) 

contended that ‘when some individual experts work 
independently, they might not share their valuable 
ideas with colleagues, and this could be counterpro-
ductive for the organizations’. People and organiza-
tions benefit from sharing their learnings, thoughts, 
ideas, and points of view both inside and outside the 
company through professional associations and other 
types of networks because it can lead to the creation 
of novel knowledge assets that help them innovate.

To sum up, previous studies have demonstrated 
broadly that human, structural, and relational capital 
(including both internal and external relational capi-
tal) positively impact innovation. Therefore, the fol-
lowing hypothesis is proposed:

H1  IC (comprising human, structural, and both 
internal and external relational capital) is positively 
related to product/service innovation performance.

2.2. � Servitization degree

IC assets are context-dependent resources, i.e., their 
value depends on the context in which they are cre-
ated and developed (Reed et al., 2006). Subramaniam 
and Youndt (2005) recognized the need for a contin-
gency approach, particularly when analyzing the 
relationship between IC and innovative capabili-
ties. Considering that ‘the links between intellec-
tual capital and innovative capabilities are complex 
and contingent upon several multifaceted organi-
zational actions and attributes’ (Subramaniam and 
Youndt, 2005, p. 460), excluding them from the anal-
ysis elicits only a partial answer to how IC influences 
innovation. Nevertheless, apart from the few studies 
that have tried to disentangle the impact of technol-
ogy level and type of innovation on the IC-innovation 
linkage (Buenechea-Elberdin et al.,  2018a, 2018b), 
this contingency approach has often been omitted.

One contingency variable that could affect the 
IC-innovation relationship is servitization degree, 
which refers to services’ relevance when com-
pared with the products that the company offers. 
Servitization is the ‘transformation of a manu-
facturer’s business strategy towards increasing 
service provision’ (Turunen and Finne,  2014, p. 
603), producing ‘integrated product-service offer-
ings’ (Baines et al.,  2009, p. 547). Thus, the tra-
ditional distinctions between manufacturing and 
service companies become somewhat blurred. 
The literature recognizes Vandermerwe and Rada 
as the first to introduce the concept in the late 
1980s (Neely, 2008; Baines et al., 2009), and since 
then, servitization has aroused several research 
communities’ interest (Lightfoot et al.,  2013). 
Vandermerwe and Rada  (1988, p. 314) held that 
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companies should look ‘at their customers’ needs 
as a whole, moving from the old and outdated focus 
on goods or services to integrated “bundles” or sys-
tems’. Offering these product and service packages 
is a way for companies to survive and defend them-
selves against competition by being able to better 
meet customer demands (Neely, 2008; Santamaría 
et al.,  2012). Servitization’s impact on the IC-
innovation linkage will be examined below.

In the case of human capital, it seems reasonable 
to expect that increased servitization will strengthen 
human capital’s influence on innovation. Services 
are characterized by their inability to separate their 
production and consumption (Zeithaml et al., 1985), 
making human capital’s role crucial in guaranteeing 
service quality. As Nijssen et al. (2006, p. 242) put it, 
‘Due to services’ real-time production, new services 
go hand in hand with modifications of the service 
delivery process and changes in frontline employees’ 
skills’. Furthermore, considering that services are 
heterogeneous, i.e., difficult to standardize (Edgett 
and Parkinson,  1993), service quality depends 
greatly on the abilities of the employees providing 
them. Industrial machinery cleaning services are an 
example of these two distinct features because the 
service is provided concurrently with its creation 
and the cleaner must adapt the cleaning to the char-
acteristics and specific condition of each machine. 
Therefore, employees and their complex pieces of 
knowledge and combinations of abilities become 
particularly relevant to the development and delivery 
of new services (Kianto et al., 2010). Human capital 
is viewed as a valuable storehouse of knowledge that 
is difficult to duplicate and essential for innovation 
(Prajogo and Oke,  2016). Santamaría et al.  (2012) 
found that training employees and offering them the 
chance to acquire new knowledge are critical for ser-
vice innovation.

In conclusion, because services require real-time 
production and consumption, and are difficult to 
standardize, employees’ inner abilities, experience, 
knowledge, and motivation to provide a high-quality 
service are important for innovation. Consequently, 
the following hypothesis is proposed:

H2  Servitization degree positively moderates the 
relationship between human capital and product/ser-
vice innovation performance.

New services, according to Hipp and Grupp (2005), 
may rely heavily on structural capital in the form of 
data processing procedures provided by information 
and communication technology; however, services 
are viewed as intangible and perishable. On the one 
hand, this means ‘services are performances, rather 

than objects’; thus, ‘they cannot be seen, felt, tasted 
or touched in the same manner in which goods can 
be sensed’ (Zeithaml et al., 1985, p. 33). On the other 
hand, ‘they cannot be stored for use at a later date’ 
(Edgett and Parkinson, 1993, p. 27). Unlike services, 
products are tangible and, thus, can be saved for 
later use and shown to other people at any time. For 
example, traveling services in contrast with vehicles. 
While cars can be stored and shown to others, trav-
eling services such as a guided tour must be expe-
rienced during the visit itself and cannot be stored 
like vehicles. Intangibility and perishability seem 
to affect the role that structural capital ultimately 
plays in innovation, particularly as servitization 
degree increases. It could be said that the lower the 
servitization degree, the higher the knowledge that 
could be stored in databases and information systems 
(Kianto et al., 2010). Moreover, the greater degree of 
personalization distinctive of service provision (i.e., 
heterogeneity) (Zeithaml et al.,  1985; Edgett and 
Parkinson, 1993) makes it more difficult to rely on 
previously documented knowledge and procedures.

To sum up, because services are intangible and 
perishable, relying on stored and codified knowledge 
to support innovation is difficult. Therefore, the fol-
lowing hypothesis is proposed:

H3  Servitization degree negatively moderates the 
relationship between structural capital and product/
service innovation performance.

As far as relational capital is concerned, servi-
tization degree affects internal and external rela-
tional capital differently (Adler and Kwon,  2002). 
Although collaboration with external agents helps 
develop both new products and services (Nieto and 
Santamaría, 2007; Wu et al., 2007; Wu et al., 2008; 
Carmona-Lavado et al., 2013; Zhang and Lv, 2015), 
the impact is greater on service-oriented companies. 
Services are hard to standardize (i.e., heterogeneous) 
(Edgett and Parkinson, 1993), as they depend greatly 
on each customer’s different needs and desires (For 
example, legal services should be tailored to the spe-
cific needs of the individual or business who requires 
them.) The relationship between the service provider 
and the customer then should be close to guaranteeing 
that delivery satisfies customers’ needs and expecta-
tions. In fact, the servitization literature repeatedly 
has justified the relevance of tacit knowledge regard-
ing clients in the success of services (Vandermerwe 
and Rada, 1988; Baines et al., 2009; Santamaría et 
al., 2012).

In the case of manufacturing-oriented firms, inter-
nal relational capital plays a key role in innovation 
success. Product development requires combining 
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different types of specialized knowledge dissemi-
nated through company departments; this calls for 
fluent communication and knowledge sharing, as 
well as strong coordination between departments. 
García et al.  (2008) demonstrated that a good rela-
tionship between marketing and R&D departments 
helps facilitate new product development.

To sum up, unlike products, services are diffi-
cult to standardize, requiring that customers play an 
important role in describing their needs and desires. 
However, launching a new product typically necessi-
tates the involvement of a large number of specialized 
functions and staff members within the organization. 
Therefore, the following hypotheses are proposed:

H4  Servitization degree negatively moderates the 
relationship between internal relational capital and 
product/service innovation performance.

H5  Servitization degree positively moderates the 
relationship between external relational capital and 
product/service innovation performance.

2.3. � Control variables

This research includes size and R&D intensity as con-
trol variables. Compared with large companies, small 
ones follow different kinds of organizational practices 
(Cohen and Kaimenakis,  2007). Small businesses 
have simple internal procedures and hierarchical 

systems with few levels, rendering them more flexible 
and agile than large corporations (Nooteboom, 1994). 
Thus, smaller companies can implement innovations 
faster and more efficiently. As for R&D intensity, 
Nijssen et al.  (2006) and Hipp and Grupp  (2005) 
proved differences between the development of new 
products and services in terms of R&D intensity con-
figurations. Considering that R&D enhances innova-
tion, this variable should be controlled.

Figure 1 summarizes the research model:

3. � Research method

In this article, we follow a quantitative research 
strategy in which we first define five hypotheses by 
examining existing literature in the field. We then 
use survey research to collect data via a question-
naire, which then were analyzed using PLS-SEM. 
The acquired data then were analyzed to validate or 
refute the proposed hypotheses. Finally, we discuss 
the study’s contribution to IC theory.

3.1. � Data collection and sample

This study’s population comprised Spanish com-
panies with 100 or more employees and whose 
accounts were published in the SABI database 
(Sistema de Análisis de Balances Ibéricos [System 

Figure 1.  Research model.
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of Iberian Balance Sheet Analysis]). Due to budget 
constraints, out of the 1289 companies that met the 
established criteria, 700 firms were contacted by 
phone. Confidentiality was guaranteed to all poten-
tial participants. The aim was to obtain a convenience 
sample in which a balance existed between manu-
facturing and service companies, as well as com-
panies with different degrees of servitization. The 
final sample included 180 companies that answered 
a structured questionnaire (response rate: 25.71%).

The final sample is evenly divided between the 
manufacturing and service industries (86 vs. 94 
firms, respectively). Having companies from both the 
manufacturing and service sectors is advantageous 
for the purposes of this study because it provides a 
more varied degree of servitization. Furthermore, 
preliminary data analysis revealed that manufactur-
ing sectors are interested in expanding their product 
offerings by adding services, as more than 20% of the 
manufacturing firms in the sample have a medium or 
high level of servitization. In addition, the sample is 
also varied in terms of company size ranging from 
100 to more than 5,000 employees, while most of 
them are between 150 and 800 employees.

In terms of respondents’ profiles, a large per-
centage (89.44%) comprised managers or directors 
who held positions of responsibility in their com-
panies, and the remaining 10.56% were regular 
employees with no management responsibilities. 
As data for all variables came from the same self-
reported survey, common method bias was possi-
ble (Podsakoff et al., 2003). To determine whether 
this could constitute a relevant problem in the data 
set, a test that Kock (2015) conceived specifically 
for PLS-SEM was conducted, including both ver-
tical (predictor–predictor) and lateral (predictor-
criterion) collinearity analyses. According to 
Kock (2015), if all variance inflation factors (VIFs) 
resulting from a full collinearity test are equal to 
or lower than 3.3, the model can be viewed as free 
of common-method bias. The highest VIF in our 
model was 1.596, well below the 3.3 threshold, 
indicating that common method bias did not repre-
sent a relevant issue in the data set.

3.2. � Measures

After a comprehensive literature review, we (see 
Table  1 for specific sources and detailed word-
ing of the items) developed measures for IC stocks 
that were tested to ensure their operational validity 
and robustness. The single indicator used to mea-
sure product/service innovation was adopted from 
Weerawardena  (2003), and size and R&D intensity 
were included as control variables. For IC stocks 

and innovation, five-point Likert scales (in which 
1 = strongly disagree and 5 = strongly agree) were 
used.

All IC components were designed conceptual 
variables because they were the result of a concep-
tual abstraction and only existed as ideas, i.e., each 
IC component was conceived as a combination of 
different elements. Along these lines, human capi-
tal was viewed as a combination of employees’ high 
level of knowledge (expertise), skills, and motiva-
tion. Structural capital was conceived as a combi-
nation of relevant information systems to support 
business operations, technological facilities to sup-
port cooperation between employees, and availability 
and accessibility of documented knowledge. Finally, 
relational capital was viewed as a combination of 
mutual understanding and frequent and smooth col-
laboration between both internal and external par-
ties to solve problems. Thus, indicators built up (or 
defined) the conceptual variables, so a composite 
measurement model was applied (Henseler, 2017).

In composite measurement, latent variable 
scores are obtained as linear combinations (i.e., 
weighted composites) of the indicators comprising 
the variables without error terms. Two possibilities 
can be used to estimate indicators’ weights: Mode A 
(i.e., correlation-based) and Mode B (i.e., ordinary 
least squares regression-based) (Rigdon,  2016). 
According to Sarstedt et al.  (2016), Mode A per-
forms better when R2 values are small to medium, 
as is the case in this research (see Table 2). Thus, 
Mode A was used.

3.3. � Data analysis

The proposed hypotheses were analyzed using 
Structural Equation Modeling based on Partial Least 
Squares (SmartPLS software, Version 3.2.8) (Ringle 
et al.,  2015). Model 1 linked IC components, ser-
vitization degree, and control variables to product/
service innovation performance. Model 2 included 
interaction terms involving servitization degree and 
IC components.

The analysis comprised two stages – (1) measure-
ment model evaluation and (2) structural model eval-
uation – to test the proposed hypotheses (e.g., Hair et 
al., 2017; Henseler, 2017).

4. � Results

4.1. � Measurement model

In composite measurement, traditional assessment 
methods that aim to prove that the indicators cho-
sen to operationalize the concepts derive from the 
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same underlying phenomenon are not applicable. 
In this case, concepts emerge as a combination of 
the different elements included in the definition; 
thus, measurement-model assessment should guar-
antee that the indicators capture the essence of the 
conceptual variables (i.e., ‘conceptual fidelity’). 

In this regard, employees’ knowledge, skills, 
and motivation traditionally have been viewed 
as central constituents of human capital (e.g., 
Brooking,  1996; Marr,  2006). In the same vein, 
information systems, technological infrastructure, 
and documented knowledge have been recognized 

Table 1.  Measurement model evaluation Part I (baseline model)

Constructs and measures Parameters

Size (Control variable)

VIFs Loadings P-val. Weights P-val.

Natural logarithm of the number of employees N.A. N.A. N.A. N.A. N.A.

R&D intensity (Control variable)

VIFs Loadings P-val. Weights P-val.

Proportion of R&D staff N.A. N.A. N.A. N.A. N.A.

Human capital (Mode ‘A’ composite)

Sources: Bontis (1998); Yang and Lin (2009) VIFs Loadings P-val. Weights P-val.

HC1 Our employees are highly skilled at their jobs 1.643 0.874 .000 0.538 .000

HC2 Our employees are highly motivated in their work 1.221 0.664 .000 0.337 .024

HC3 Our employees have a high level of expertise 1.777 0.839 .000 0.364 .002

Structural capital (Mode ‘A’ composite)

Sources: Kianto (2008); Kianto et al. (2010) VIFs Loadings P-val. Weights P-val.

SC1 Our company has efficient and relevant information 
systems to support business operations

1.749 0.780 .000 0.282 .002

SC2 Our company has tools and facilities to support coop-
eration between employees

1.990 0.819 .000 0.267 .001

SC3 Our company has a great deal of useful knowledge in 
documents and databases

2.178 0.834 .000 0.300 .000

SC4 Existing documents and solutions are easily accessible 2.479 0.883 .000 0.352 .000

Internal relational capital (Mode ‘A’ composite)

Sources: Kianto (2008); Yang and Lin (2009) VIFs Loadings P-val. Weights P-val.

IRC1 Different units and functions within our company 
– such as R&D, marketing, and production – understand 
each other well

2.040 0.738 .001 0.091 .415

IRC2 Our employees frequently collaborate to solve 
problems

2.038 0.945 .000 0.617 .076

IRC3 Internal cooperation in our company runs smoothly 2.468 0.884 .000 0.395 .101

External relational capital (Model ‘A’ composite)

Source: Kianto (2008) VIFs Loadings P-val. Weights P-val.

ERC1 Our company and its external stakeholders – such 
as customers, suppliers and partners – understand each 
other well

1.827 0.816 .000 0.342 .000

ERC2 Our company and its external stakeholders fre-
quently collaborate to solve problems

1.627 0.873 .000 0.498 .000

ERC3 Cooperation between our company and its external 
stakeholders runs smoothly

2.112 0.858 .000 0.334 .000

Servitization degree (Moderating variable in Model 2)

Source: Kianto et al. (2010) VIFs Loadings P-val. Weights P-val.

Scale from 1 (100% product) to 10 (100% service) N.A. N.A. N.A. N.A. N.A.

Prod./Serv. innovation performance (Dependent 
variable)

Source: Weerawardena (2003) VIFs Loadings P-val. Weights P-val.

PIP Innovation performance in products and services for 
customers as compared to competitors

N.A. N.A. N.A. N.A. N.A.
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as key components of structural capital (e.g., 
Bontis,  1998; Youndt et al.,  2004), while quality 
relationships (e.g., based on mutual understanding, 
problem-solving oriented, frequent, and smooth) 
are viewed as the cornerstone of relational capital 
(e.g., Edvinsson and Malone, 1997; Stewart, 1997; 
Bontis, 1998; Marr, 2006).

Collinearity between indicators (measured in 
terms of VIF values) is another aspect to be ana-
lyzed. However, this is only relevant in Mode B 
(i.e., regression-based) estimation, in which case 
collinearity can affect indicators’ weights and could 
cause reversed signs. When this is the case, the 
researcher should consider replacing Mode B estima-
tion with Mode A, which collinearity does not affect 
(Rigdon, 2012, 2016). In our case, such a decision 
was made beforehand due to the rather small level of 
variance explained (i.e., R2) in the dependent variable 
(see Table 2).

Although using Mode A composites avoids 
collinearity problems, it prevents analysis of each 
indicator’s relative relevance when making up the 
latent variable score so as to maximize the amount 
of variance explained in the dependent variable. In 

Mode A composites, only each indicator’s absolute 
relevance could be analyzed (i.e., its total contri-
bution regardless of other indicators in the same 
construct). Such absolute relevance is provided 
by indicator loadings, which are equivalent to the 
bivariate correlation between each indicator and 
the construct (Hair et al., 2017). The above bivar-
iate correlations are the foundation of indicators’ 
weights in Mode A composites: The higher the 
loading, the higher the indicator’s weight, whose 
final value depends on the number of indicators in 
the same construct. As Table  1 shows, all indica-
tors’ loadings were statistically significant, which 
also translated into significant weights, except in 
one case (IRC1).

4.2. � Structural model

Once the measurement model’s quality was ensured, 
bootstrapping was applied to test the hypotheses. 
Table 2 provides the results.

In terms of IC’s influence on product/service 
innovation, structural and external relational capital 
are the only IC components that exerted a positive 

Table 2.  Structural model evaluation

Model 1 Effects STDEV t statistics P-values 5% 95%

Product/Service innovation performance (R2 = 15.6%)
Size −0.111 0.066 1.688 .046 −0.224 −0.008
R&D intensity 0.136 0.062 2.190 .014 0.038 0.239
Human capital 0.052 0.077 0.674 .250 −0.067 0.183

Structural capital 0.193 0.091 2.130 .017 0.044 0.340
Internal relational capital −0.104 0.105 0.993 .160 −0.352 0.016

External relational capital 0.217 0.081 2.668 .004 0.086 0.350
Servitization degree 0.026 0.074 0.356 .361 −0.097 0.146

Model 2 Effects STDEV t statistics P-values 5% 95%

Product/Service innovation performance (R2 = 19.3%)
Size −0.108 0.067 1.619 .053 −0.225 −0.003
R&D intensity 0.132 0.062 2.147 .016 0.034 0.236
Human capital 0.030 0.079 0.378 .353 −0.096 0.161

Structural capital 0.189 0.092 2.053 .020 0.033 0.340
Internal relational capital −0.093 0.098 0.945 .172 −0.305 0.024

External relational capital 0.228 0.084 2.711 .003 0.093 0.366
Servitization degree 0.049 0.072 0.675 .250 −0.070 0.168

Human capital × Servitization 
degree

0.070 0.096 0.735 .231 −0.074 0.244

Structural capital × 
Servitization degree

0.040 0.104 0.387 .349 −0.109 0.232

Internal relational capital × 
Servitization degree

−0.213 0.104 2.050 .020 −0.412 −0.077

External relational capital × 
Servitization degree

0.145 0.090 1.602 .055 0.000 0.293

Note: Bold values highlight significant relationships.
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and significant impact, partially confirming H1, as 
human and internal relational capital do not indicate 
this connection.

Regarding moderation effects, servitization degree 
does not affect the relationship between human cap-
ital and innovation, nor structural capital and inno-
vation. Therefore, H2 and H3 are not  supported. 
However, servitization degree does exert a moderat-
ing effect on the relationship between internal and 
external relational capital and product/service inno-
vation performance. In the case of internal relational 
capital, the effect is negative, while the opposite 
applies for external relational capital (thereby sup-
porting H4 and H5).

Regarding control variables, size exerts a signif-
icant and negative impact on innovation, indicating 
that small firms achieve better innovation results, 
and R&D intensity exerts a positive effect, revealing 
a connection between R&D and the creation of new 
products and services.

5. � Discussion

5.1. � Theoretical implications

Overall, our results elicit a greater understanding of 
IC’s role as an enabler of innovation and the nature 
of agents (internal or external) that best contribute 
to the R&D ecosystem in the innovation process. 
These findings contribute to IC theory in several 
ways.

Our study provides strong empirical support for 
previous research concerning knowledge-based 
resources’ impact on organizational performance, 
knowledge creation, and innovation (Subramanian, 
2012; Martin-de Castro et al., 2013; Hussinki et al., 
2017). In particular, our findings empirically con-
firm the expectation that higher IC leads to improved 
product/service innovation performance.

In terms of IC’s direct impact on innovation, 
our findings indicate that both structural and exter-
nal relational capital positively influence a firm’s 
product/service innovation performance. Contrary 
to our expectations, and some previous empirical 
findings (e.g., Carmona-Lavado et al., 2010, 2013; 
Delgado-Verde et al.,  2016), human and internal 
relational capital do not exert a significant impact. 
These results extend IC theory by offering a model 
about how such knowledge-related resources could 
contribute to the development of new products and 
services.

The aforementioned unexpected finding, related 
to the lack of direct influence from human and inter-
nal relational capital on innovation, could be due to 
the interrelationships among IC components. Several 

extant studies that have addressed more than one IC 
asset have demonstrated mediated relations among 
IC elements when influencing dependent variables, 
with many (Hsu and Fang,  2009; Cabello-Medina 
et al., 2011; Chen et al., 2014; Buenechea-Elberdin 
et al.,  2017, 2018b) finding human and internal 
relational capital to be antecedent variables that 
boost other types of IC elements and, therefore, 
do not directly impact the final performance vari-
able. We believe this to be the case in our data as 
well: Employee skills, knowledge, and motivation, 
as well as the interrelationships and interactions 
among them, enable a firm to build explicit knowl-
edge assets, structures, and processes, as well as 
extra-firm networks and collaborations needed for 
innovating. Thus, while we did not find a direct rela-
tionship between human and internal relational capi-
tal and innovation performance, it does not mean that 
these two types of IC elements are unnecessary for 
innovation.

Along with Buenechea-Elberdin  (2017) and 
Andreeva et al. (2021), we considered that the lack of 
attention paid to contingency variables could explain 
previous studies’ inconsistent findings regarding 
various IC elements’ role in influencing innovation. 
How IC influences innovation depends on contextual 
variables (e.g., company size, geographic location, 
industry, servitization degree, etc.) that tradition-
ally have been ignored and that could be behind the 
contradictory models within IC theory research. In 
this regard, this study sheds light on how the IC-
innovation relationship differs between firms with 
varying degrees of servitization. The results indicate 
that servitization degree moderates the relationship 
between relational capital and innovation, with dif-
ferent effects for internal and external relations.

In the case of external relational capital, we found 
that the moderation effect is positive, meaning that 
in more service-oriented firms, external relation-
ships are particularly beneficial to innovation per-
formance. Thus, companies that focus on value 
creation through services should pay extra atten-
tion to building beneficial external collaborations, 
along with the networks, trust, and collaborative 
norms that go along with such external relational (or 
social) capital (Nahapiet and Ghoshal,  1998; Adler 
and Kwon, 2002). In this sense, our findings confirm 
Mawdsley and Somaya’s  (2015) observation that 
the relevance of client-specific knowledge formed 
through external relational capital is amplified in the 
service context.

However, our results indicate that the opposite is 
the case for intra-firm interactions: We found that 
the moderation effect is negative, i.e., internal rela-
tional capital’s impact on innovation is diminished in 
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more service-oriented firms. Services are heteroge-
neous, i.e., they are adapted to each customer (Edgett 
and Parkinson,  1993). Thus, new services will be 
successful to the extent that they consider custom-
ers’ demands. This finding nuances the widespread 
belief that internal relationships are always of utmost 
importance for innovation regardless of context.

By bringing up and explaining servitization as 
an important contingency variable, we contribute to 
IC theory by building a more in-depth contextual-
ized understanding of knowledge-based issues’ role 
in organizational performance, which several recent 
studies have called for (Andreeva et al.,  2021; Liu 
et al.,  2021). Furthermore, we add to Subramaniam 
and Youndt’s (2005) discussion of contextual factors’ 
importance in comprehending IC. We also contend 
that our study begins to build a bridge between services 
and IC discussion, something omitted in the literature 
to a large extent (Bontis et al., 2015; Abd-Elrahman 
et al., 2020). In this regard, our study provides inter-
esting results that help contextualize IC in the current 
service economy setting (Alves et al., 2021).

To sum up, internal and external relational cap-
ital’s varied roles in terms of innovation depend on 
servitization degree, indicating that manufactur-
ing and service-oriented businesses require distinct 
agents to enhance the production of new products 
and services. This variation is due to the nature of 
products and services. Compared with services, prod-
uct development is more in-house-oriented, necessi-
tating knowledge exchange and good cooperation 
between departments (García et al., 2008). However, 
services are difficult to standardize and demand 
a high level of customization, making customer 
knowledge a critical innovation enhancer (Baines 
et al., 2009; Santamaría et al., 2012). Knowing how 
manufacturing and service-oriented businesses may 
make the most out of the relationships they can foster 
offers a more nuanced understanding of how to set up 
a robust R&D ecosystem.

5.2. � Implications for practice

To practitioners, our results demonstrate that to 
boost innovation, identifying, building, maintaining, 
and managing the organization’s intellectual capi-
tal are of utmost importance. In particular, ensuring 
knowledge-friendly organizational structures and 
support systems feeds innovation in all firms.

Furthermore, our study points out the usefulness 
of a firm understanding its underlying value genera-
tion logic and planning more specific IC investments 
based on that logic’s requirements. In companies 
with more service-oriented strategies, it is important 
to invest in building and maintaining high-quality 

external relationships. However, in such cases in 
which most revenues are derived from products, it 
may be wise to pay more attention to enabling and 
energizing intra-firm relationships and networks. 
Therefore, the nature of agents participating in R&D 
ecosystems, and thus contributing to the creation of 
new products and services should be adapted to the 
degree of servitization at stake.

5.3. � Implications for policymakers

For policymakers, the most interesting finding is the 
link between external relational capital and the creation 
of new products and services, particularly in firms 
with a high degree of servitization. Because of the 
benefits of knowledge created and shared in networks 
that extend beyond the boundaries of a company, pub-
lic policies should encourage these networks to gather, 
discuss, exchange ideas, and generate new insights. 
While this is especially true for service-oriented com-
panies, it is also the case for manufacturing-oriented 
firms. The wick that can light the flame of innovation 
is an innovation ecosystem that includes various com-
panies and companies of different sizes. In fact, the 
negative impact of size on innovation highlights the 
importance of including small businesses as part of 
these innovation-oriented networks.

5.4. � Limitations and avenues for future 
research

This study also has some limitations. First, we uti-
lized subjective assessment for our dependent vari-
able, innovation performance. Even if we statistically 
controlled for potential biases, future studies could 
find alternative ways to operationalize and measure 
innovation performance in a more objective manner. 
Second, data were collected from Spanish companies 
only, and expanding the scope to more national and 
cultural contexts obviously could yield added value. 
Our hope is that future studies will continue to build a 
more nuanced understanding of intellectual capital and 
its management requirements in different contexts.

Data availability statement

Data available on request due to privacy/ethical 
restrictions.
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