
INTRODUCTION 

Over the last decades, the textile industry has devel-
oped a broad process of globalization that has led its
firms to develop a robust network of international
relations and extend their processes around the
world [1]. Despite this scenario, the importance of
local relations in localised textile clusters has not lost
value, allowing their companies to improve their
knowledge bases and innovation capabilities [2]. The
effective management of this knowledge intensive
“global context” [3] can help textile firms to improve
their competitiveness and adapt to future challenges.
The importance of collaborative knowledge networks
in regional clusters has been highlighted by numer-
ous research contributions [4–5]. These studies empha-
sized the importance of the territory, which through its
collaborative and localized networks, influenced
firms’ innovative behaviour and performance. For
example, Signorini [6] in the Italian textile industrial
clusters of Prato and Biella revealed the existence of

productivity and profit differentials in favour of firms
belonging to these clusters compared to non-cluster
firms. However, in recent years, literature has ques-
tioned this view, carrying out a “relational turn” [7] and
focusing more on established linkages and networks
than on geography per se [8]. This change implies a
focus on the firm itself and its set of relationships
rather than on the territory, highlighting that it is these
actors and elements that make it possible to gener-
ate their regional environments [9].
This relational turn has generated an important
debate in economic geography, helping to overcome
the limitations of previous research work. Among the
most relevant questions addressed and still being
unravelled, we may find those related to the way in
which the nature of networks impacts on the eco-
nomic development of regional clusters [8]. In gener-
al, scholars have supported the idea that interorgani-
zational networks are a key factor for firms’ innova-
  tion in clusters [10–12]. However, existing empirical
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evidence suggests that although networks can
enhance innovation processes, not all network ties or
structures do so equally [13–14]. In this sense, the
involvement of firms in the cluster business and tech-
nical knowledge networks may have a different influ-
ence on their performance. In addition, the specific
characteristics of certain industrial sectors may deter-
mine the presence of such networks and their influ-
ence on the firms’ innovation performance. 
The textile industry has undergone a remarkable pro-
cess of modernization in recent years through the
acquisition of new knowledge to face the new chal-
lenges of the global competitive scenario. Thus, tex-
tile firms, especially those in the more advanced
economies, have increased the development of inno-
vative products in new market niches thanks in part
to the development of an appropriate portfolio of
knowledge relationships.
Challenged by the above theoretical premises and
the absence in the literature of unambiguous evi-
dence on the impact of networks on innovation, this
paper aims to explore in textile industrial clusters how
the involvement in business and technical knowledge
networks influences the innovation performance of
textile firms. To address this research question, the
empirical study draws on a sample of 92 firms
belonging to the textile industrial cluster of Valencia,
located in one of the most important industrial areas
in the eastern Spain.
This paper is structured as follows: first, theoretical
foundations upon which the research is based are
discussed. Research hypotheses are defined within
this section. Next, the research design and the
results of the empirical study are described. Lastly,
main conclusions are presented along with the limita-
tions of the work.

THEORETHICAL FRAMEWORK AND RESEARCH
HYPOTHESES

In the new globalised environment, textile companies
are under enormous pressure from the competitive
context and fashion retailers and distributors, ques-
tioning their capacity to survive and carry out their
activities efficiently [15]. While some textile compa-
nies in cluster have relied on strategies focusing on
relocating activities to low-cost countries and reduc-
ing prices, more resilient companies have promoted
functional and inter-sectoral improvement strategies
[16]. In this sense, these textile companies have
taken on new, higher value-added functions in their
activities, such as R&D, design or marketing. In addi-
tion, they have also sought synergies with other sec-
tors by expanding their product range, for example
through the development of new technical textiles
for the car, construction or health industries, among
others.
Textile firms’ worldwide competitiveness increasingly
tends to be grounded on a unique collection of assets
and capabilities developed by each company over
time through internal resources and also external
sources, especially those closely related to the cluster.

Thus, thanks to their frequent grouping in clusters,
textile firms can access new external sources of
knowledge and upgrade their knowledge base and
competitive advantage through multiple collaborative
networks [17]. 
Numerous contributions have pointed out the pres-
ence in clusters of a multiple set of overlapping net-
works [8, 18]. In particular, the literature emphasizes
the existence mainly of a business knowledge net-
work (BKN) and a technical knowledge network
(TKN).
According to Giuliani, the BKN can be defined as the
set of relationships established by cluster firms when
they interact on issues related to their business [8].
Business knowledge networks appear in cluster con-
texts thanks to the frequent occurrence of market,
social and institutional relationships [11]. The trade in
raw or semi-processed materials, membership of the
same local associations or the attendance at social
events in the local context are examples of these
types of relationships.
On the other hand, the TKN deals more with techni-
cal knowledge as well as the resolution of problems
within the firm. More concretely, the TKN is defined
as the informal and unplanned network that links
firms through the knowledge transfer, aimed at the
solution of complex technical problems promoted by
the local community of technicians and entrepreneurs
[8].
The BKN structurally differs from the TKN [11]. While
the BKN is extensive, allowing a large number of
cluster firms to be linked together, the TKN is selec-
tive because it sties are unevenly distributed [8].
Therefore, the BKN is expected to be denser than
TKN.
The literature agrees with the positive influence of
cluster networks on innovation [19–20]. Yet, as sug-
gested by different authors, not all network linkages
have the same influence [13–14]. The type of net-
work determines the kind of knowledge acquired.
Thus, the knowledge acquired in the BKN differs from
that obtained in the TKN.
On the other hand, knowledge of the cluster is not
obtained in a homogeneous way among its compa-
nies, thus contributing to the divergent innovative
results of cluster firms. Among the main characteris-
tics of cluster networks and firms that determine their
capability to innovate is the level of network connect-
edness. This is defined as the number of ties that a
company maintains in the cluster, allowing it to repre-
sent the opportunities it has to obtain new knowl-
edge. The literature shows a positive effect of cluster
network connectedness on firm innovation [21].
Therefore, from a multi-network approach in clusters,
we expect that the connectedness of cluster firms to
both their BKN and TKN will provide their companies
with new knowledge and skills in different areas that
will lead them to improve their innovative perfor-
mance. In this way, a high level of connectedness to
the BKN is expected to provide firms with new gen-
eral information on the business or industry, better
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access to international markets, institutional informa-
tion or new commercial exchanges that may have an
impact on the improvement of their strategies. On the
other hand, we expect that those companies that
are better connected to the TKN will have a better
chance of solving technical problems and generating
new ideas to improve processes and products both in
the current market and in new market niches. In con-
sequence and based on the previous theoretical
framework, we can formulate the following two
hypotheses:

H1: The level of connectedness of a textile firm in
the cluster BKN positively influences its inno-
vative performance.

H2: The level of connectedness of a textile firm in
the cluster TKN positively influences its inno-
vative performance.

EMPIRICAL SETTING

The Valencian textile cluster

The textile industry in Spain has traditionally played a
central role in its pattern of industrial specialization.
Among the most important textile areas in this coun-
try, we find the Valencian textile cluster, where a wide
range of SMEs carry out a wide variety of activities,
from spinning to dyeing, printing or weaving. This
cluster, which is located in eastern Spain, comprises
numerous textile SMEs, employing 22,695 workers
with a production value about 1,975 million Euros in
2016 according to the Spanish Inter-Textile Council
(CITYC). In addition, it accounts for the 19 percent of
the total Spanish sector.
Traditionally, the Valencian textile cluster has distin-
guished itself in recent decades by the production
and commercialization of home-textiles in the form of
a wide range of traditional products among which we
can highlight blankets, duvets, upholstery and cur-
tains. However, the economic crisis at the end of the
last decade has forced these companies to look for
new sectors and reposition their products in high
added value segments. Among these actions, we
highlight the development of new yarns and non-
woven and woven fabrics of a more technical profile
for new sectors and industries. This fact has enabled
many Valencian firms, either to devote part of their
production or, in other more extreme cases, their
totality, to high added value technical textiles mainly
intended for the technical clothing and footwear,
automotive and transport and healthcare industries.
This evolution of the companies has allowed the clus-
ter to grow again and partly regain the momentum
that it had decades ago. This fact is corroborated by
the data provided by CITYC. According to this institu-
tion, the Valencian textile cluster has experienced an
increase of about 13% in turnover and of about 20%
in exports over the period 2012–2016.

Sample collection and data sources

The data collection process started with the definition
of the study population. To proceed, firstly, we drew

up a roster of companies from the SABI1 database
including general information about firms in the textile
cluster, such as their location, main activities,
turnover, financial performance and number of
employees. As we commented earlier, the textile
cluster in Valencia is made up of a wide range of
manufacturing processes involving a large number of
primary and auxiliary activities. Thus, the number of
companies in the cluster is large, around 300, mainly
including micro enterprises and SMEs. Such a large
number of companies cannot, however, be managed
in the roster-recall technique used to obtain reticular
data. So, in order to refine the population, from the
initial list we selected the companies that are more
representative, based on the opinion of a panel of
experts from several cluster institutions (such as the
Universitat Politècnica de València and the main
trade associations) and following criteria such as
turnover, number of employees or commercialization
of innovative products. After applying this filter, a final
sample of 110 companies was established, thereby
allowing us to proceed with a representative set of
enterprises from the total population addressed by
this research.
Data collection took place between July and
September 2016. To collect network data, we applied
the roster-recall method [22], since it has been fre-
quently used in previous research in this particular
field [18, 23]. This technique consists in sending a
questionnaire to a sample of firms, attaching the
complete list of these firms. They are then invited to
select from an open list of local companies those
from which business and/or technical knowledge was
received. Additionally, participants are also invited to
include the firms not on the list from which business
and/or technical advice was obtained.
Complementarily, firms were also asked to provide
information about their market strategies, innovation
activities and product portfolio. The process conclud-
ed satisfactorily with a total of 92 completed ques-
tionnaires obtained. Network data were recorded in
two 92 by 92 data matrices in which cell ij was coded
‘1’ when any of the respondents of firm i reported
technical or business tie with firm j.
In order to improve the understanding of the sample
studied, table 1 shows a classification of the anal-
ysed companies according to their activity, size and
age.
Finally, in order to statistically validate that the sam-
ple is representative from the entire Valencian textile
cluster, we performed a Student’s t-test. To proceed,
we carried out three different tests referring to the
variables number of employees, turnover and age.
We used SABI database as the source of this infor-
mation. The results confirmed the representativeness
of the sample used for the research as we cannot
reject the null hypothesis about mean differences,
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1 SABI is a directory of Spanish and Portuguese companies that
collects general information and financial data. In the case of Spain,
it covers more than 95 percent of the companies of the 17 Spanish
regions with total yearly revenues over 360,000–420,000 €.



number of employees (t = –.204; sig = .839), turnover
(t = –.609; sig = .544) and age (t = 1.637; sig = .105).
We can consequently conclude that there is no bias
between sample and population.

Variables

Innovation

This variable attempts to capture the capacity of the
company to improve processes in the existing prod-
ucts and services. We have measured this variable
by adapting the scale of Jansen et al. of the variable
incremental innovation to the particular characteris-
tics of our study [24]. We have used incremental
innovation variable as a general innovation measure
of cluster firms because this type of innovation, as
opposed to radical innovation, is the most represen-
tative in cluster contexts of medium-low tech indus-
tries such as textiles and also where there is a preva-
lence of SMEs [25]. We used a seven-point Likert
scale with seven different items. The items were
defined as follows: 1) your company frequently
improves the existing range of products and services;
2) your firm regularly applies small adaptations to the
existing products and services; 3) improvements in
existing products and services are introduced in the
local market by your company; 4) your firm improves
the efficiency of your supplies of products and ser-
vices; 5) your company increases economies of scale
in existing markets; 6) your firm provides services to
the existing customers; and finally 7) reducing costs
of internal business processes is a major goal in your
company. A factor analysis was run to identify the
multi-item scale of the innovation construct. The
resulting Cronbach’s alpha value was 0.905 and the
results of the factor analysis reported by the Barlett’s
test of sphericity were significant (2 = 324.834;
p < .001). On the other hand, the value of the Kaiser-
Meyer-Olkin (KMO) measure of adequacy was
greater than 0.6 (KMO = .892).Therefore, the data

collected in this measure were adequate for factor
analysis. Finally, the analysis revealed a one-factor
solution representing 62% of the overall variance.

Firm connectedness

This variable seeks to capture the level of connect-
edness of the cluster firms within the cluster bound-
aries for both, BKN and TKN. In line with Boschma
and TerWal [26], we followed an ego-network
approach, estimating the firm connectedness to each
network by means of the size of the egonet of each
node in both networks. An egonet or ego-network is
a part of the whole cluster’s network that consists of
a firm (ego), all its relations to other firms (alters) and
the relationships among them. The larger the size of
a firm’s egonet, the larger its connectedness to the
network. From the knowledge relationship data matri-
ces previously obtained from the roster-recall
method, we calculated each firm’s egonet in both net-
works through social network analysis techniques
using the UCINET v.6 software application [27].
These techniques provide a tool to explore the struc-
tural properties of a network, and encompass theo-
ries, models and applications that are expressed in
terms of relational concepts or processes [22]. They
have been used in cluster studies by several authors
[11,18, 26].

Statistical methods

As commented earlier, network data gathered in the
roster-recall method were processed using UCINET
v6 software [27]. Complementarily, ANOVA Independent
simple t-test was performed to analyse the influence
of cluster interorganizational knowledge networks on
innovation by means of inter-group comparisons. To
proceed, we previously confirmed two basic assump-
tions. First, it was verified that data were normally
distributed (Shapiro-Wilk test at p > .05). In addition, it
was also confirmed that there was homogeneity of
variances between the groups analysed (Levene test
at p>.05). For all these analyses, we used the SPSS
v16 statistics software.

RESULTS

Before addressing research hypotheses, the basic
descriptive statistics of the cluster BKN and TKN
(table 2) calculated through Social Network analysis
are presented.
Based on the figures from the table above, we can see
that both networks show notable levels of interaction,
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Indicators BKN TKN

Number of nodes in the network 92 92
Density 4.1% 2.3%
Number of ties in the network 346 190
Average connectedness (average
number of ties per node) 3.761 2.065

Isolated nodes 17 24
Gini Coefficient 0.601 0.752

Table 2

Characteristics of firms Number Percentage

Number of employees

small (1–20) 43 46.74%
medium (21–100) 42 45.65%
large (> 100) 7 7.61%

Year of foundation

before 1966 10 10.87%
1966–1975 11 11.96%
1976–1985 26 28.26%
1986–1995 29 31.52%
1996–2005 13 14.13%
2006 to today 3 3.26%

Activity

Yarn manufacturing 15 16.30%
Fabric manufacturing 41 44.57%
Non-woven manufacturing 9 9.78%
Textile finishing, dyeing and
printing 27 29.35%

Table 1



thus confirming that the textile firms significantly
develop both business and technical knowledge rela-
tionships. On the other hand, they also confirm that
density, that is, the proportion of linkages in the net-
work compared to the total possible linkages, is sig-
nificantly higher in the BKN (4.1%) than in the TKN
(2.3%). This leads us to deduce that the textile firms
in the sample have more business than technical
knowledge relationships. In addition, the higher pres-
ence of business knowledge relationships is also
confirmed by the number of links in the networks and
the average number of ties per node, which are con-
siderably higher in the BKN. Thus, we can conclude
that the textile cluster TKN is more restrictive than the
BKN, as already suggested by previous empirical
studies. On the other hand, the Gini concentration
index measures the degree of inequality in the distri-
bution of links between the textile firms. As this index
approaches one, the number of linkages established
by the actors of a network is much more unequal.
Conversely, a value close to zero indicates a more
homogeneous distribution of the links between the
different actors of the network. In the Valencian tex-
tile cluster, both networks analysed show high levels
of heterogeneity in the number of relationships per
firm, although significantly higher for the TKN. In this
way, the access of the textile firms to the TKN is done
more unevenly than the access they perform to the
BKN. This fact is also corroborated by the number of
isolated companies, which is notably higher in the
TKN than in the BKN.
Complementarily, the graphical representation of both
networks (figures 1 and 2) allow verifying the results
obtained from the descriptive statistics. In the figures,
one node represents one textile firm, and a line
between two nodes indicates the presence of a rela-
tion between them. The direction of the line indicates
how knowledge flows between the two companies.
As can be visually verified, the BKN has a higher
density. 
Once the main differences between the textile cluster
BKN and TKN were identified, we analysed to what
extent the involvement of textile firms in these net-
works influence firm’s innovation (hypotheses 1 and
2). To this end, we studied the relation between the
firms’ connectedness to these networks and their
innovative performance.

To proceed, we initially divided the firms in each net-
work according to their level of connectedness. More
precisely, we calculated each firm’s connectedness
values for the BKN and TKN and then, classified
them into three groups in both networks according to
this value. Thus, the first group (G1) is made up of
the nodes with a low connectedness value (lower ter-
cile), that is, the firms less connected to the network.
A second group (G2) made up of the nodes with inter-
mediate connectedness values (central tercile), was
composed of the firms located in a medium relation-
al position, and finally, the third group (G3) which
brings together the firms with a high connectedness
value (higher tercile). As a result, three groups were
obtained for each network (BKN and TKN) of similar
size. Specifically, Group 1 and Group 2 comprised
31 firms each one and Group 3 30. Once the firms
were classified into three groups for both networks
according to their relational level, we proceeded to
analyse the differences between the innovative per-
formance of the firms in each of the three groups sep-
arately for both BKN and TKN. 
As we indicated above, since assumptions of nor-
mality and homoscedasticity were met for all cases,
we considered the application of ANOVA Independent
simple t-test. In this case, the design of the experi-
ment for both networks would have two independents
factors (high, medium or low connectedness in the
BKN and high, medium or low connectedness in the
TKN), while firm’s innovation performance would be
taken as the dependent variable. The results of the
ANOVA tests are shown in table 3.
Based on previous results, we only found significant
differences in the mean innovative performance
among the different groups in the case of the TKN.
Therefore, hypothesis 2 cannot be supported by the
empirical evidence.
In order to assess where the differences among the
three groups in the TKN are, we performed a post-
hoc analysis through pair-wise comparisons. In this
case, we used the Tukey method, an analysis com-
monly accepted in research. The results are shown in
table 4.
The results point out that the mean of the innovative
performance of the group of firms with higher con-
nectedness (G3) in the TKN is higher than and sig-
nificantly different to the others (G1 and G2). Thus,
this third group would comprise a homogeneous
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Fig. 1. Graphical representation of the BKN Fig. 2. Graphical representation of the TKN



group. In turn, the mean of the innovative perfor-
mance of the firms of the second group is also high-
er and significantly different than those of the first
group. Therefore, G1 and G2 would also comprise
two others homogeneous groups. Based on these
results, we can assume hypothesis 1. With the goal
of clarifying this finding, we included the bar dia-
grams per group (figure 3) in the TKN.

CONCLUSIONS

The aim of this work has been to study the structure
of collaborative networks in a textile cluster and their
influence on firms’ innovative performance. The
results obtained confirm the notable presence of both
business and technical knowledge relationships in
the textile cluster studied. They also confirm, as it
was stated in the theoretical development, the
unequal distribution of relations in these networks,
both at a general level between the two networks and
specifically between the companies in each of them.
Furthermore, the results reveal the influence of the
firms’ connectedness to the cluster network on their
innovative results, although only in the case of the
TKN. 
These results show the relevance of technical knowl-
edge links in the innovation processes of textile com-
panies, as is the case in other industrial sectors such
as the wine industry [11, 18] or toy industry [28].
Conversely, the business knowledge linkages in the
textile cluster do not have a significant influence on

the innovative performance of their firms, which
demonstrates that in these linkages, the type of
knowledge acquired is not relevant to the innovation
processes of textile companies, especially those
more closely linked to product innovation, which is
the type of innovation addressed in this research.
This may be due, as suggested by Malmberg [29], to
the fact that local business relations ‘are relatively
broad and diffuse, sometimes unwanted and often
seemingly of little immediate use’. On the contrary,
relationships within the TKN are more profound and
directed towards solving specific problems, many of
which usually deal with technical aspects of textile
products and processes. These findings not only
enhance the academic corpus of the cluster and tex-
tile literature, but also provide insights for an efficient
management of territorial networks at the firm level
and for a better definition of clusters’ industrial poli-
cies. In this sense, managers, local institutions and
policymakers must be aware of the advantages pro-
vided by the exchange of technical knowledge
between cluster firms to improve their innovative per-
formance. On the other hand, they should promote
the development of joint actions and research pro-
jects within the cluster that facilitate the exchange of
know-how and experience between companies.
Finally, this research suffers from some limitations. In
this way, the stage of the cluster life cycle, the current
post-crisis situation or the types of textile products
produced by the companies studied may affect the
potential generalization of the results in other textile
clusters. Therefore, we must be cautious about the
universality of these results and a broader analysis is
in consequence needed to study how other cases
vary. On the other hand, the conceptual division
between BKN and TKN can be somehow considered
as partially blurred, which makes it difficult to com-
pare and draw conclusions. However, the operational-
ization of concepts that are to some extent complex
and abstract into measurable variables, necessarily
requires for simplification. Finally, while BKN con-
nectedness does not influence product innovation,
we can expect that it may influence other types of
innovation such as market innovation. However, we
leave this analysis for future work. 
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G1-G2 G1-G3 G2-G3

Dif. Std. error Sig. Dif. Std. error Sig. Dif. Std. error Sig.

–.512 .207 .040* –1.115 .209 .000** –.603 .209 .013*

Table 3

Note: * p < .05; ** p < .01

Fig. 3. Box-plot of the results

Network G1 Mean G1 Sd. G2 Mean G2 Sd. G3 Mean G3 Sd. df F Sig

BKN .083 .988 .135 1.026 .163 .771 2 .057 .945
TKN –.410 .966 .102 .814 .705 .628 2 14.251 .000**

Table 3

Note: * p < .05; ** p < .01
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