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Abstract
The aim of this study is to examine the collaboration among members of a business cluster
in the field of technology management, specifically focusing on the Metal Processing Cluster
operating in Poland. Utilizing survey data, a structural model is developed through the Partial
Least Squares Structural Equation Modelling technique. The resulting statistically valid
model elucidates several significant relationships that are crucial for fostering collaboration
within a business cluster, while simultaneously affirming the advantages associated with
membership in such an organizational structure. Participation in a cluster has the potential to
expedite information acquisition, cultivate valuable new knowledge within firms, and yield both
operational and strategic benefits. Although knowledge that facilitates and supports innovation
is deemed essential for maximizing the advantages of cluster participation, a significant number
of surveyed cluster companies have yet to implement such knowledge, suggesting the existence
of untapped opportunities for further benefits among members.
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Introduction

An important issue in the product innovation and
competitiveness area is the technological changes,
which can impact not only individual companies but
also entire industries in various ways. Technological
change is a major focus of technology management
(TM) research. While a substantial amount of informa-
tion on this topic is available in the literature concern-
ing business organizations, there is a notable paucity
of knowledge regarding interorganizational collabo-
ration within the realm of technology management
(Krawczyk-Dembicka, 2017). One of the pioneers in
TM research, Gregory, contributed significantly to the
understanding of the general framework of the TM
process (Gregory, 1995). Subsequent scholars have
identified several valuable concepts that enhance his
foundational work (Cetindamar et al., 2016a). How-
ever, the existing literature has predominantly concen-
trated on individual companies or specific industries,
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leaving the exploration of multi-actor collaboration
largely unaddressed. Consequently, it is posited that
the most suitable context for investigating this issue
would be the structure of a business cluster, which fun-
damentally embodies interorganizational collaboration
across various critical business domains.

A business cluster is defined as a collective of
interconnected research and development units,
institutions within the business environment, and com-
panies that operate within the same industry sector
and specific geographical regions. All entities affiliated
with a cluster share common objectives aimed at
deriving specific advantages from their participation
in the cluster (Porter, 2000; Awad & Amro, 2017).
Among the various benefits that companies engaged
in a cluster structure may experience, the literature
highlights advantages such as reduced operational
costs, enhanced revenues and profits, and an overall
increase in the competitiveness of both the firms and
the surrounding region (Hsu et al., 2013). Furthermore,
research indicates that firms benefit from technological
advancements, heightened innovation, and improved
research and development capabilities, which include
the sharing of information, resources, and knowledge
(Anić et al., 2022; Awad & Amro, 2017; Hsu et al.,
2013; Porter, 1998). The configuration of a business
cluster is distinctive due to the simultaneous presence
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of collaboration and competition among the partic-
ipating partners, which represents a unique model of
collaboration (Grangsjo, 2003; Nie et al., 2020).
The aim of this study is to conduct a thorough

investigation of the internal collaboration with regard
to TM among members of the business cluster of metal
processing companies. This research identifies the fac-
tors that influence TM in these companies, as well as
the advantages gained from their participation in the
cluster. Additionally, common practices employed by
the companies in the realm of TM were delineated. The
data collected facilitated the development of a model
illustrating the impact of business cluster membership
on the TM domain among the participating companies.

TM and business clustering

A pioneer in TM research was Gregory, whose model
comprises five primary TM processes (named often
as TM stages): identification, selection, acquisition,
exploitation, and protection (Gregory, 1995). Subse-
quent researchers have expanded upon his framework
by incorporating considerations related to knowledge,
technology development, organizational levels, firm
strategy, market mechanisms, and technology with-
drawal (Phaal et al., 2004; Cetindamar et al., 2016b;
Skilbeck & Cruickshank, 1997; Sumanth & Sumanth,
1996; Levin & Barnard, 2008). It is important to note
that technologies acquired by companies often necessi-
tate customization to address the specific needs of the
organization. Furthermore, when technologies are de-
veloped from scratch, a comprehensive analysis of their
functionality and the formulation of specific technolog-
ical assumptions are essential. These tasks fall within
the domain of TM and pose significant challenges for
many organizations, as evidenced by numerous aca-
demic studies (Lee & Kang, 2018).
Nowadays, technology is regarded as the primary

driving force behind organizational success. Conse-
quently, effective TM is perceived as a vital tool for
creating customer value, which simultaneously fosters
a competitive advantage (Bandarian, 2020). Thus, it
can be concluded that TM plays a crucial role in eco-
nomic development (Yubo et al., 2023). An in-depth
study conducted by Urban and Krawczyk-Dembicka
(2020) revealed that TM in metal processing manu-
facturing firms is grounded in technological principles,
modular acquisition, technology adaptation, and
commissioning. These activities are interconnected
with economic evaluation, and each step comprises
a series of tasks that demand significant time and
effort from employees. Furthermore, their findings

indicate that certain typical activities outlined in
the literature on the TM concept, such as knowledge
protection measures, may not be implemented at all
be business players, despite the fact that knowledge
itself is essential in the course of TM process.
Cetindamar et al. (2016a) emphasize that techno-

logical competence and knowledge-sharing skills are
crucial at every stage of TM. They also highlight the
significance of the learning process itself, which encom-
passes technological activities that occur both within
and outside the firm. This learning process serves as
a foundation for establishing collaboration with other
entities for knowledge sharing and technology develop-
ment. Furthermore, they point out that the execution
of individual technology management activities is in-
fluenced by the competence of managers, which can
determine their inclusion or exclusion within a given
company. It is important to note that many TM activ-
ities are integrated by companies into other business
processes (Phaal et al., 2001), such as those related to
supply chain management or new product development.
This integration often complicates the clear definition
of a technology management framework. To effectively
incorporate technology into the business, it is essential
to leverage acquired knowledge and experience.
Knowledge, both tacit and explicit, is a crucial

factor in the success of any organization and plays
a significant role in gaining a competitive advantage
for the company (Qandah et al., 2021). In the context
of TM, the influence of knowledge can be observed
at virtually every stage of the process. It manifests in
the company’s ability to effectively seek and acquire
knowledge from the external environment, as well as
to create and disseminate it within the organization.
A particularly important aspect is the firm’s capacity
to integrate these two sources of knowledge and utilize
them effectively to develop new technologies and
modify those that have already been implemented
and used within the organization (Qandah et al.,
2021; Quintane et al., 2011; Zheng et al., 2011; Cao
& Xiang, 2012; Denford, 2013).

It is important to recognize that companies’ ability
to develop new specialized knowledge often transcends
traditional business boundaries (Di Maria et al., 2019).
This phenomenon can be attributed to the nature of
clusters, which facilitate close collaboration between
companies and universities, the primary providers of
advanced and specialized knowledge. Such collabora-
tion enables companies to enhance their technological
resources by leveraging innovative solutions, while also
mitigating the risk of failure (Scarpellini et al., 2017).
Furthermore, access to external knowledge through
participation in a business cluster positively influences
the technological development capabilities not only of
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individual firms but also of the entire collaborative
network (Fioravanti et al., 2023).

Collaboration on TM issues among the various par-
ticipants in a business cluster can foster the initiation
of intensive research and development activities, which
may ultimately lead to product or process innovations
(Belderbos et al., 2004). However, the collaborating
partners often have differing goals, motives, and needs.
For companies, the new knowledge generated through
collaboration must be materialized and practically
applied in their operations, which can subsequently
enhance the company’s economic performance and in-
crease its competitiveness in the market. Conversely,
from the perspective of universities, new knowledge
should primarily contribute to scientific publications
and the advancement of science, which can unfortu-
nately hinder the achievement of the companies’ objec-
tives. These differing motivations can result in conflicts
and tensions among cluster stakeholders, thereby nega-
tively impacting the cluster’s overall performance (Eu-
ropean Commission, 2013). Therefore, addressing these
diverse interests necessitates a flexible approach to
managing collaboration within the cluster and a thor-
ough understanding of the individual partners’ inter-
ests (Sölvell et al., 2003; Albahari et al., 2019).

It is important to recognize that companies collabo-
rating within a cluster function as both partners and
competitors. Consequently, the opportunity to initiate
joint activities may arise only when they face similar
challenges within the industry or when the potential
benefits of collaboration are acknowledged. Effective
inter-organizational or even cross-sectoral collabora-
tion often hinges on the ability to identify interdisci-
plinary solutions. Additionally, it is noteworthy that
collaboration among companies fosters a sense of mu-
tual trust, which in turn facilitates the acquisition and
dissemination of external knowledge, thereby driving
innovation in products and processes. Through this
collaborative approach, firms can overcome informa-
tion barriers and gain access to new knowledge and
technologies, which can yield further potential benefits
(Murillo-Luna & Hernandez-Trasobares, 2023).

Collaboration within a cluster enables companies to
adopt an open innovation approach, which facilitates
the overcoming of barriers and the transfer of knowl-
edge among cluster partners. Most importantly, it con-
tributes to the overall development of knowledge within
the company, allowing cluster stakeholders easier access
to various types of resources and opportunities (Xie &
Wang, 2020). Close collaboration among different cluster
stakeholders can serve as a catalyst for addressing indus-
try challenges while providing firms with opportunities
to reduce risks or costs and enhance their competitive
advantage (Krawczyk-Dembicka & Urban, 2024).

It is widely accepted that researchers identify TM as
a latent form of competitive advantage for companies
(National Research Council, 1987).

However, the literature indicates a significant need
for a deeper understanding of this topic (Yubo et
al., 2023), as TM is inherently complex (Sahlman &
Haapasalo, 2012). In particular, there is still limited
knowledge regarding TM within business clusters,
which are increasingly emerging as hubs for the
development of new technologies.

Research methodology

The Metal Processing Cluster is bottom-up initiative
that unites scientific and research institutions, business
environment organizations, and enterprises engaged
in the metal processing sector in Poland. Established
in 2007, the cluster has been functioning continuously,
primarily in the north-eastern region of the country.
At the time of the survey, a total of 74 entities were
participating in the cluster, of which 60 companies met
the criteria of a business entity involved in production
activities pertinent to metal processing and were thus
eligible for inclusion in the survey process.
The research employed a survey methodology.

A questionnaire featuring items scaled on a five-point
Likert scale was developed and disseminated utilizing
Computer-Assisted Telephone Interviewing (CATI)
and Computer-Assisted Web Interviewing (CAWI)
techniques. Additionally, a series of face-to-face meet-
ings were conducted with respondents. Participants in
the survey included business owners, board members,
and executives from engineering or manufacturing sec-
tors. Ultimately, 54 questionnaires were deemed valid
and were submitted for statistical analysis and explo-
ration. The reliability of the survey questionnaire was
assessed, yielding a Cronbach’s α coefficient of 0.906,
which, according to the literature, indicates a very
high level of internal consistency (DeVellis, 2003).
The research employs Structural Equation Mod-

elling (SEM) utilizing Partial Least Squares (PLS)
methodology, as outlined by Hair et al. (2022). SEM
facilitates the consideration and estimation of linear
and/or causal relationships among multiple exogenous
and endogenous constructs, thereby advancing theoret-
ical understanding and explanatory frameworks (Babin
& Svensson, 2012). PLS-SEM is characterized as a soft
modelling approach that does not impose strict as-
sumptions regarding data distribution (Wong, 2013).
Furthermore, it has demonstrated efficacy in sce-

narios involving small sample sizes and non-normally
distributed data (Magno et al., 2024). The method’s
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utility is further underscored by its causal-predictive
nature, rendering it appropriate for achieving a bal-
ance between explanation, prediction, theory devel-
opment, and the formulation of inherently predictive
recommendations (Becker et al., 2022; Sharma et al.,
2023). PLS-SEM is increasingly recognized as vital
for models of success factors (Aquilani et al., 2017;
Carmona-Márquez et al., 2016) and for the exami-
nation of competitive advantage (El Shenawy et al.,
2007; Sciarelli et al., 2020), particularly within the
context of business clusters. Additionally, some studies
indicate that PLS-SEM path modeling is suitable for
confirmatory factor analysis and exhibits greater relia-
bility and accuracy compared to alternative modelling
approaches (Afthanorhan & Afthanorhan, 2013).
The implementation of SEM methodology necessi-

tated the formulation of a series of latent or unob-
servable constructs, each characterized by multiple
measured variables (Babin & Svensson, 2012). The
data were analysed in conjunction with established
theoretical frameworks and the findings from qualita-
tive research conducted among companies within the
business cluster. The results obtained were processed
through descriptive statistical methods, and a corre-
lation matrix analysis was performed. This approach
facilitated the identification of factors influencing vari-
ous stages of TM, as well as the practices most com-
monly employed by the companies participating in the
studied cluster. Following a comprehensive analysis
of the results, it was determined that some of the
identified benefits of cluster participation were also
associated with specific stages of TM.

One direct variable (non-latent) and five latent vari-
ables have been considered as constituting specific re-
search parameters to be examined by SEM procedure.
The Collaboration (Coll) is a triggering variable of the
model, it is composed of four elements and represents
the collaboration between participants of examined
business cluster. The variable Knowledge Acquisition
(KnowA) expresses the way in which companies en-
gaged in the cluster acquire knowledge related to TM.
It includes three components. Active search for new
technologies (ASear) describes the four methods used
by the surveyed companies in the technology search
phase. Technology Development (TDev) variable is
characterized by two elements related to the active
practices of participants in this stage of TM. Market
Proactivity (MPro) includes two research elements
related to the expansive behaviour of companies in
new markets and niches by exploiting the potential of
cluster membership. The last variable is the duration
of TM activities (Time), which is a direct (non-latent)
variable. This variable represents the effect of collabora-
tion in/through the cluster on reducing the duration of

TM activities. For each variable constituting the model,
the abbreviated names are provided as indicated in
parentheses, the average scores (on a 5-point scale) for
each survey item are presented in Table 1 below.

Table 1
Characteristics of SEM variables

SEM
Variables

Elements Characterizing
the SEM Variables

Average
score

C
ol
la
bo

ra
ti
on

(C
ol
l)

Opportunity to collaborate with
new business partners 3.4

Opportunity to collaborate with
research and development

institutions
2.4

Opportunity to collaborate with
business support institutions 2.4

Ability to collaborate with
regional governments and other

authorities
1.9

K
no

w
le
dg

e
A
cq
ui
si
ti
on

(K
no

w
A
)

Exchange of technology
knowledge and information

between companies
3.6

Exchange of experience and best
practices among cluster

members
3.5

Access to specialized training 3.6

A
ct
iv
e
Se

ar
ch

fo
r

N
ew

T
ec
hn

ol
og
ie
s

(A
Se

ar
)

Participation in trade fairs and
exhibitions

3.7

Analysis of offers from other
competing companies 3.1

Market/industry analysis 3.3

Analysis of patent databases 2.1

T
ec
hn

ol
og
y

D
ev
el
op

m
en
t

(T
D
ev
)

Search for new ways to apply
already implemented

technologies
3.2

Analysis of opportunities to
extend the functionality of

already implemented
technologies

3.3

M
ar
ke
t

P
ro
ac
ti
vi
ty

(M
P
ro
) Business expansion into new

markets
3.5

Identification of new market
niches

3.3

D
ur
at
io
n

of
T
M

ac
ti
vi
ti
es

(T
im

e)

Reducing the time required for
TM activities, e.g. by acquiring
technology components from

other companies

2.6

The literature indicates that the minimum sample
size is contingent upon the number of variables con-
stituting a latent variable and the number of paths
within a structural model. Hair et al. (2011) assert
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that in PLS-SEM, the minimum sample size should
be determined by the greater of the following two cri-
teria: (1) ten times the highest number of formative
indicators utilized to measure a construct, or (2) ten
times the highest number of structural paths directed
towards a specific latent construct within the struc-
tural model. In this study, a total of 54 respondents,
specifically companies engaged in a cluster structure,
were successfully interviewed, taking into account the
aforementioned only one latent variable, the sample
size satisfies desired minimum requirements.

PLS-SEM modelling

A structural model represents a type of “multiple and
interrelated correlational and causal” relationships that
exist among the elements constituting a given model. It
encompasses more than just “cause-and-effect” relation-
ships (Babin & Svensson, 2012); it creates complex con-
structs that, when analysed simultaneously, elucidate
the phenomenon under investigation. In this study,
a structural model was developed based on the results
of quantitative surveys conducted among companies
within a business cluster (see Fig. 1). The primary ob-
jective of any business cluster is to foster collaboration
among the firms involved. In this context, collaboration
(the variable Coll) initiates the entire model and signif-
icantly influences and shapes the subsequent activities.
Specifically, the impact of collaboration on knowledge
acquisition (variable KnowA), both among cluster par-
ticipants and with other stakeholders, is evident. The
knowledge acquired strongly affects the actions taken
by firms at two stages of technology management,
each with distinct effects. These stages are technology
development (TDev) and the active search for new
technologies (ASear). The active search for new tech-
nologies significantly reduces the time (variable Time)
required for the technology management process within
companies. Conversely, the development of technology
fosters proactive behaviour among these companies
in the marketplace (variable MPro), which, according
to the quantitative research conducted, is particularly
pronounced at one stage of technology management
among the surveyed firms. Although this variable is
not a typical business outcome, it holds considerable
significance within the developed structural model.

Developed equation model (SEM) is statistically ro-
bust and offers valuable insights into TM within the
studied business cluster. The fit and quality indicators
are presented in Table 2. The average path coefficient
(APC) equals 0.326 with p-value less than 0.05, in
accordance with the recommendations of Kock (2017).

Fig. 1. The structural model of TM in a business cluster

Table 2
Model fit and quality indices

Indices type Indices value

Average path coefficient (APC) = 0.326,
p = 0.002

Average R-squared (ARS) = 0.112,
p = 0.098

Knowledge Acquisition (KnowA)
Average adjusted R-squared

(AARS) = 0.095,
p = 0.118

Active Search of New Technologies
(ASear) Average full collinearity

VIF; acceptable if ≤ 5, ideally ≤ 3.3
(AFVIF) = 1.411

Tenenhaus GoF; small ≥ 0.1,
medium ≥ 0.25, large ≥ 0.36

(GoF) = 0.278

Sympson’s paradox ratio;
acceptable if ≥ 0.7, ideal = 1 (SPR) = 1.000

R-squared contribution ratio;
acceptable if ≥ 0.9, ideal = 1 (RSCR) = 1.000

Statistical suppression ratio;
acceptable if ≥ 0.7

(SSR) = 1.000

Nonlinear bivariate causality
direction ratio; acceptable if ≥ 0.7

(NLBCDR) =
0.800

The explanatory power of the model is primarily repre-
sented by the Tenenhaus Goodness of Fit (GoF) index
(Kock, 2017).

Its level is considered medium, with a GoF value of
0.278, where values of 0.25 and above are recognized
as medium. The predictive and explanatory quality
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of the model can be deemed acceptable. The p-values
for all related variables are below the 0.05 threshold,
as illustrated in Fig. 1, which also includes the path
coefficient values.

Discussion

The structural model presented above illustrates
how the TM sphere in companies benefits from their
participation in a business cluster. It outlines the
sources and key factors involved, as well as the critical
effects of this engagement. The chain of dependencies
depicted in the structural diagram (Fig. 1) originates
from a characteristic activity of cluster structures –
collaboration (Kahle et al., 2020; Connell et al., 2014).
The latent variable of four elements is related to mul-
tilateral collaboration with business partners and all
stakeholders from the Triple Helix, which includes re-
search and development (R&D) institutions, business
environment units, and companies. Each of these ele-
ments was evaluated by respondents on a scale of 1 to
5, as detailed in the methodology section. The rating
of 2.4 for “opportunity to collaborate with research
and development institutions” and 1.9 for “ability to
collaborate with regional governments and other au-
thorities” (Table 1) corresponds to the low level of
variance indicated by SEM, which is attributed to
the limited number of companies examined. Notably,
among the stakeholders involved in collaboration, there
is an element concerning authorities (both regional and
beyond). This is undoubtedly linked to the fact that
the business sector under study is included in the list
of regional and national smart specializations, thereby
qualifying it as a beneficiary of various forms of pub-
lic interventions. At the same time, the results may
indicate the untapped potential of clusters in terms
of collaboration. The small number of R&D units and
local government units involved in the business clus-
ter means that their collaboration with enterprises is
limited to the implementation of projects requiring
the involvement of various types of stakeholders and
to the implementation of the statutory objectives of
the cluster. R&D units are mostly engaged in the so-
called “close collaboration group”, where they closely
collaborate with selected enterprises, but this does not
apply to all units. This is possibly the reason that the
goodness of fit of the model is not high (GoF = 0.278,
Table 2). In order to enhance collaboration among
individual cluster stakeholders, it is advisable to estab-
lish clear strategic goals for the cluster’s activities and
to streamline the procedures governing collaboration,
which often vary for each party.

The involvement of companies in the activities of
a business cluster enables these entities to acquire
and accumulate valuable knowledge (KnowA variable),
which is particularly evident in the SEM model at
two stages of technology management. Both the stage
focused on the search for new technologies (ASear)
and the stage dedicated to the development of existing
technologies (TDev) were strongly emphasized during
the empirical research and were predominant among
all seven stages of technology management analysed in
the study (identification/search, selection, acquisition,
development, exploitation, protection, and withdrawal
of technology).
According to the respondents, the acquired knowl-

edge should originate from external sources, including
other companies and specialized training programs.
Knowledge generated from the experiences, both
positive and negative, of other entities within the
business cluster is invaluable, as these entities operate
under similar conditions and in comparable markets,
allowing them to learn from one another. The exchange
of knowledge and experience during the technology
search stage can provide insights into the technological
possibilities, potential, efficiency, and limitations of
a given technology, as well as practical advice related
to its exploitation. Conversely, at the technology
development stage, it can serve as a valuable resource
for configuring individual parameters of technology
and equipment, as well as offering guidance on the
development of new products or the enhancement and
modernization of existing products and technologies.
The type and scope of knowledge acquired from

business clusters depend on the specific stages of tech-
nology management mentioned above. The stage of
technology exploration necessitates domain knowledge,
which enables an assessment of industry specifics and
the value of available technological solutions, ulti-
mately leading to the selection of the most advan-
tageous options. The practical experiences of other
companies and technology users are invaluable in this
context. Conversely, the technology development stage
requires access to architectural knowledge, which fo-
cuses on understanding the structure of a given technol-
ogy. This type of knowledge fosters new ideas, provides
practical examples, and explores new technological
possibilities, thereby expanding the functionality of
implemented technologies. It encompasses knowledge
of new applications for existing technologies and their
potential for improvement, as well as knowledge that
facilitates the creation of innovations. It is important
to note that the aforementioned activities aimed at
technology development are closely linked to the proac-
tive approach of companies in exploring new markets
and identifying market niches (MPro). This proac-
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tive stance is highly beneficial for long-term business
development and competitiveness. The left path of
the observed model highlights the strategic dimension
of TM in relation to the company’s involvement in
the business cluster. The connections between knowl-
edge acquisition (KnowA), technology development
(TDev), and market proactivity (MPro) demonstrate
the strongest relationships among the variables. Ac-
cording to the data presented in Fig. 1, the path coef-
ficients are 0.407 and 0.426, respectively, representing
the highest values in the entire model.
These relationships are also evident in the litera-

ture, which indicates a correlation between companies
with advanced technology management capabilities
and improved business outcomes (Wu et al., 2010).
Furthermore, R&D management is regarded as

a continually evolving strategic tool essential for the
long-term competitiveness of a company (Edler et al.,
2002). The developed structural model, along with
the aforementioned observations from the literature,
confirms the validity of the inherent perspective of TM
from a strategic standpoint, aligning with findings from
several studies (Cetindamar et al., 2009; McCarthy,
2003). SEM demonstrates that participation in a busi-
ness cluster is a significant factor in the strategic role
of TM within a company. Additionally, architectural
knowledge appears to be particularly crucial in the
strategic dimension of TM. It allows access to very
valuable and rare tacit knowledge, which is incorpo-
rated into the organizational practices of the company.
Effective transfer of architectural knowledge between
cluster partners has an impact on the results achieved
by the cluster (Leszczyńska & Pruchnicki, 2016).
Looking at the right path of SEM (Fig. 1) one can

identify specific benefits arising from the initial stage
of TM – the technology search. This stage significantly
reduces the time required for activities undertaken in
both this and subsequent phases of TM. The reduction
in time stems from the knowledge gained through
participation in business clusters, and its impact is
evident across all aspects of TM. A company that
leverages best practices and the experiences of other
organizations can save considerable time and effort
in all activities, from technology search to selection,
acquisition, and development. The time invested by
a company in bringing new technology to market is
crucial in today’s era of global competition, which
necessitates increased flexibility and efficiency during
the technology or product development phase (Lu et
al., 2000; Rafinejad, 2007; Haddad, 1994; Vesey, 1992).

Additionally, shortening the time of TM activities is
possible thanks to “acquiring technology components
from other companies”, which the respondents rated at
a level of 2.6 (Table 1). Although this rating may not

appear particularly high compared to other factors,
it is comparable to some values of the Collaboration
(Coll) variable factors that are significant for this study
and should be considered alongside the low level of
variance. This observation leads to an important con-
clusion: the model reflects the behaviour of a limited
number of companies within the studied business clus-
ter, which, as a result, derive greater benefits from
their collaboration. The conclusions drawn goes in line
with facts known about the cluster, there exists “the
close collaboration group” within it, its participants
(selected companies) probably derive real, measurable
benefits from their involvement in the cluster. Con-
versely, companies that do not belong to this group
often express scepticism during public discussions re-
garding the potential benefits of the cluster.
To summarize, it can be stated that, according to

the structural modelling (SEM), two TM stages are
particularly beneficial regarding the impact of clus-
ters on whole TM: technology search and technology
development. These stages are highly dependent on
knowledge acquired from external sources.

Conclusions

This study was conducted in the metal processing
industry, where breakthrough technologies that have
the potential to revolutionize the sector emerge in-
frequently. Nevertheless, it serves as an example of
a highly interesting and stable industry. The objective
of the study was to investigate the internal collabora-
tion among members of a business cluster concerning
technology management. The findings indicate that
the multidimensional collection facilitated by the busi-
ness cluster enables the acquisition of technological
knowledge from external sources, thereby reducing
the duration of TM activities and significantly en-
hancing market engagement. The knowledge derived
from the cluster is particularly utilized by companies
during two key stages of TM: the search for new tech-
nologies and technology development. Membership in
a cluster proves advantageous for companies during
those phases of TM where knowledge plays a critical
role. The equation modelling method (SEM) revealed
that architectural knowledge is of paramount impor-
tance in the TM domain for companies involved in
the business cluster structure. This type of knowledge
pertains to the configuration and reconfiguration of
technologies, as well as the redevelopment of existing
and new products. During the technology development
stage, this knowledge is especially crucial. Companies
that leverage this cluster knowledge tend to be more

Volume 15 • Number 1 • March 2025 7



E. Krawczyk, W. Urban: Structural Model of Technological Collaboration within a Manufacturing . . .

proactive in the market, actively seeking new opportu-
nities and identifying market niches. This trajectory
of the developed model can be viewed as strategic;
companies capitalize on strategic advantages rooted
in their cluster involvement. The observed chain of
influence is significant for long-term business develop-
ment and warrants further investigation. Researchers
should also focus on the in-depth identification of ar-
chitectural knowledge and its impact on the creation
of new technologies and products, which may lead to
the development of breakthrough technologies in the
industry in the future.
Although the assumptions of the model presented

in this study pertain to the stable machinery indus-
try, the authors assert that they can also be applied
to other, more dynamically developing sectors, such
as information technology or biotechnology. However,
this application necessitates further research which
will consider the unique characteristics of these in-
dustries, particularly concerning the duration of the
technology life cycle. Other assumptions, such as the
intensity of collaboration, mechanisms for knowledge
collection and exchange, and methods for acquiring
new technologies, appear to be quite similar; however,
they require thorough examination.

References

Afthanorhan, A., & Afthanorhan, B.W. (2013). A Com-
parison Of Partial Least Square Structural Equation
Modeling (PLS-SEM) and Covariance Based Struc-
tural Equation Modeling (CB-SEM) for Confirmatory
Factor Analysis. International Journal of Engineering
Science and Innovative Technology, 2(5), 198–205.

Albahari, A., Klofsten, M., & Rubio-Romero, J.C. (2019).
Science and Technology Parks: a study of value cre-
ation for park tenants. The Journal of Technology
Transfer, 44(4), 1256–1272. DOI: 10.1007/s10961-018-
9661-9.

Anić, I.-D., Rašić, I., & Aralica, Z. (2022). What
do Members Expect from Cluster Membership?
The Case of the Croatian Wood Cluster. E&M
Economics and Management, 25(2), 59–74. DOI:
10.15240/tul/001/2022-2-004.

Aquilani, B., Silvestri, C., Ruggieri, A., & Gatti, C. (2017).
A systematic literature review on total quality man-
agement critical success factors and the identification
of new avenues of research. The TQM Journal, 29(1),
184–213. DOI: 10.1108/TQM-01-2016-0003.

Awad, I.M., & Amro, A.A. (2017). The effect of clus-
tering on competitiveness improvement in Hebron:
A structural equation modeling analysis. Journal of
Manufacturing Technology Management, 28(5), 631–
654. DOI: 10.1108/JMTM-12-2016-0181.

Babin, B.J., & Svensson, G. (2012). Structural equa-
tion modeling in social science research. Eu-
ropean Business Review, 24(4), 320–330. DOI:
10.1108/09555341211242132.

Bandarian, R. (2020). Explaining the competitive advan-
tage in strategic research and technology manage-
ment for research and technology organisations. Int.
J. Bus. Continuity Risk Manag., 10(1), 23–45. DOI:
10.1504/IJBCRM.2020.105614.

Becker, J.-M., Cheah, J.-H., Gholamzade, R., Ringle,
C.M., & Sarstedt, M. (2022). PLS-SEM’s most
wanted guidance. International Journal of Contem-
porary Hospitality Management, 35(1), 321–346. DOI:
10.1108/IJCHM-04-2022-0474.

Belderbos, R., Carree, M., & Lokshin, B. (2004). Coop-
erative R&D and firm performance. Res. Pol., 33,
1477–1492. DOI: 10.1016/j.respol.2004.07.003.

Cao, Y., & Xiang, Y. (2012). The impact of knowledge gov-
ernance on knowledge sharing. Management Decision,
50(4), 591–610. DOI: 10.1108/00251741211220147.

Carmona-Márquez, F.J., Leal-Millán, A.G., Vázquez-
Sánchez, A.E., Leal-Rodríguez, A.L., & Eldridge, S.
(2016). TQM and business success: do all the TQM
drivers have the same relevance? An empirical study
in Spanish firms. International Journal of Quality
and Reliability Management, 33(3), 361–379. DOI:
10.1108/IJQRM-04-2014-0050.

Cetindamar, D., Phaal, R., & Probert, D. (2016a). Tech-
nology Management Activities and Tools. 2nd ed. Pal-
grave Macmillan, New York.

Cetindamar, D., Phaal, R., & Probert, D.R. (2009).
Understanding technology management as a dy-
namic capability: A framework for technology man-
agement activities. Technovation, 29, 237–246. DOI:
10.1016/j.technovation.2008.10.004.

Cetindamar, D., Phaal, R., & Probert, D.R. (2016b).
Technology management as a profession and the chal-
lenges ahead. Journal of Engineering and Technology
Management, 41, 1–13. DOI: 10.1016/j.jengtecman.
2016.05.001.

Connell, J., Kriz, A., & Thorpe, M. (2014). Industry clus-
ters: an antidote for knowledge sharing and collabora-
tive innovation? Journal of Knowledge Management,
18(1), 137–151. DOI: 10.1108/JKM-08-2013-0312.

8 Volume 15 • Number 1 • March 2025

https://doi.org/10.1007/s10961-018-9661-9
https://doi.org/10.1007/s10961-018-9661-9
https://doi.org/10.15240/tul/001/2022-2-004
https://doi.org/10.1108/TQM-01-2016-0003
https://doi.org/10.1108/JMTM-12-2016-0181
https://doi.org/10.1108/09555341211242132
https://doi.org/10.1504/IJBCRM.2020.105614
https://doi.org/10.1108/IJCHM-04-2022-0474
https://doi.org/10.1016/j.respol.2004.07.003
https://doi.org/10.1108/00251741211220147
https://doi.org/10.1108/IJQRM-04-2014-0050
https://doi.org/10.1016/j.technovation.2008.10.004
https://doi.org/10.1016/j.jengtecman.2016.05.001
https://doi.org/10.1016/j.jengtecman.2016.05.001
https://doi.org/10.1108/JKM-08-2013-0312


Management and Production Engineering Review

Denford, J.S. (2013). Building knowledge: developing
a knowledge-based dynamic capabilities typology.
Journal of Knowledge Management, 17(2), 175–194.
DOI: 10.1108/13673271311315150.

DeVellis, R.F. (2003). Scale Development: theory and
applications. 2nd ed. SAGE Publications, London,
New Delhi.

Di Maria, E., De Marchi, V., & Spraul, K. (2019). Who
benefits from university–industry collaboration for
environmental sustainability? Int. J. Sustain. High
Educ., 20(6), 1022–1041. DOI: 10.1108/IJSHE-10-
2018-0172.

Edler, J., Meyer-Krahmer, F., & Reger, G. (2002).
Changes in the strategic management of technology:
results of a global benchmarking study. R&D Man-
agement, 32, 149–164. DOI: 10.1111/1467-9310.00247.

El Shenawy, E., Baker, T., & Lemak, D.J. (2007).
A meta-analysis of the effect of TQM on compet-
itive advantage. International Journal of Quality
and Reliability Management, 24(5), 442–471. DOI:
10.1108/02656710710748349.

European Commission (2013). The Role of Clusters in
Smart Specialisation Strategies. Publications Office of
the European Union, Luxembourg.

Fioravanti, V.L.S., Stocker, F., & Macau, F. (2023).
Knowledge transfer in technological innovation clus-
ters. Innovation & Management Review, 20(1), 43–59.
DOI: 10.1108/INMR-12-2020-0176.

Grangsjo, Y. (2003). Destination networking: Co-
operation in peripheral surroundings. Inter-
national Journal of Physical Distribution &
Logistics Management, 3(5), 427–448. DOI:
10.1108/09600030310481997.

Gregory, M.J. (1995). Technology management: a pro-
cess approach. Proceedings of the Institution
of Mechanical Engineers, 209, 347–356. DOI:
10.1243/PIME_PROC_1995_209_094_02.

Haddad, C.J. (1994). Concurrent engineering and the
role of labor in product development. Control Engi-
neering Practice, 2(4), 689–696. DOI: 10.1016/0967-
0661(94)90014-0.

Hair, J.F., Hult, G.T.M., Ringle, C.M., & Sarstedt, M. (2022).
A Primer on Partial Least Squares Structural Equation
Modeling (PLS-SEM). Sage, Thousand Oaks, CA.

Hair, J.F., Ringle, Ch.M., & Sarstedt, M. (2011). PLS-
SEM: indeed a silver bullet. Journal of Marketing
Theory and Practice, 19(2), (spring), 139–151. DOI:
10.2753/MTP1069-6679190202.

Hsu, M.-S., Lai, Y.-L., & Lin, F.-J. (2013). Effects of in-
dustry clusters on company competitive-ness: special
economic zones in Taiwan. Review of Pacific Basin
Financial Markets and Policies, 16(3), 1–28. DOI:
10.1142/S0219091513500173.

Kahle, J.H., Marcon, E., Ghezzi, A., & Frank, A.G.
(July 2020). Smart Products value creation in
SMEs innovation ecosystems. Technological Fore-
casting and Social Change, 156, 120024, 1–14. DOI:
10.1016/j.techfore.2020.120024.

Kock, N. (2017). WarpPLS User Manual: Version 6.0.
ScriptWarp Systems: Laredo, Texas.

Krawczyk-Dembicka, E. (2017). Process of technology
management in SMEs of the metal processing in-
dustry – the case study investigation. Engineering
Management in Production and Services, 9(1), 18–25.
DOI: 10.1515/emj-2017-0002.

Krawczyk-Dembicka, E., & Urban, W. (2024). Cooper-
ation Between Companies in Technology Manage-
ment Really Matters – Explored Through PLS-SEM
Modelling. [In:] Advances in Manufacturing IV. Vol.
2, Production Engineering: Digitalization, Sustain-
ability and Industry Applications. Trojanowska J., et
al. (ed.). Lecture Notes in Mechanical Engineering,
Cham, Springer, 265–275. DOI: 10.1007/978-3-031-
56444-4_21.

Lee, H., & Kang, P. (2018). Identifying core topics in tech-
nology and innovation management studies: a topic
model approach. The Journal of Technology Transfer,
43, 1291–1317. DOI: 10.1007/s10961-017-9561-4.

Leszczyńska, D. & Pruchnicki, E. (2016). Location of
a multinational corporation in a cluster: A theoretical
model of knowledge transfer. Multinational Business
Review, 24(2), 144–167. DOI: 10.1108/MBR-07-2015-
0033.

Levin, D., & Barnard, H. (2008). Technology management
routines that matter to technology managers. Inter-
national Journal of Technology Management, 41(1–2),
22–37. DOI: 10.1504/IJTM.2008.015982.

Lu, Y., Loh, H.T., Brombacher, A.C., & Oudenc, den E.
(2000). Accelerated stress testing in a time-driven
product development process. International Journal
of Production Economics, 67(1), 17–26. DOI: 10.1016/
S0925-5273(00)00006-2.

Magno, F., Cassia, F., & Ringle, C.M. (2024). A brief
review of partial least squares structural equation
modeling (PLS-SEM) use in quality management
studies. The TQM Journal, 36(5), 1242–1251. DOI:
10.1108/TQM-06-2022-0197.

Volume 15 • Number 1 • March 2025 9

https://doi.org/10.1108/13673271311315150
https://doi.org/10.1108/IJSHE-10-2018-0172
https://doi.org/10.1108/IJSHE-10-2018-0172
https://doi.org/10.1111/1467-9310.00247
https://doi.org/10.1108/02656710710748349
https://doi.org/10.1108/INMR-12-2020-0176
https://doi.org/10.1108/09600030310481997
https://doi.org/10.1243/PIME_PROC_1995_209_094_02
https://doi.org/10.1016/0967-0661(94)90014-0
https://doi.org/10.1016/0967-0661(94)90014-0
https://doi.org/10.2753/MTP1069-6679190202
https://doi.org/10.1142/S0219091513500173
https://doi.org/10.1016/j.techfore.2020.120024
https://doi.org/10.1515/emj-2017-0002
https://doi.org/10.1007/978-3-031-56444-4_21
https://doi.org/10.1007/978-3-031-56444-4_21
https://doi.org/10.1007/s10961-017-9561-4
https://doi.org/10.1108/MBR-07-2015-0033
https://doi.org/10.1108/MBR-07-2015-0033
https://doi.org/10.1504/IJTM.2008.015982
https://doi.org/10.1016/S0925-5273(00)00006-2
https://doi.org/10.1016/S0925-5273(00)00006-2
https://doi.org/10.1108/TQM-06-2022-0197


E. Krawczyk, W. Urban: Structural Model of Technological Collaboration within a Manufacturing . . .

McCarthy, I.P. (2003). Technology management – a com-
plex adaptive systems approach. International Jour-
nal of Technology Management, 25(8), 728–745. DOI:
10.1504/IJTM.2003.003134.

Murillo-Luna, J.L., & Hernandez-Trasobares, A. (2023).
Cooperation with the Triple Helix and corporate envi-
ronmental innovation. Journal of Cleaner Production,
384, 135479. DOI: 10.1016/j.jclepro.2022.135479.

National Research Council (1987). Management of Tech-
nology: The Hidden Competitive Advantage. The Na-
tional Academy Press, Washington, D.C.

Nie, PY., Wang, C., & Lin, LK. (2020). Cooperation of
firms yielding industrial clusters. Area, 52(4), 731–740.
DOI: 10.1111/area.12632.

Phaal, R., Farrukh, C.J.P., & Probert, D.R. (2001).
Technology management process assessment: a case
study. International Journal of Operations & Produc-
tion Management, 21(8), 1116–1132. DOI: 10.1108/
EUM0000000005588.

Phaal, R., Farrukh, C.J.P., & Probert, D.R. (2004).
A framework for supporting the management of
technological knowledge. International Journal of
Technology Management, 27(1), 1–15. DOI: 10.1504/
IJTM.2004.003878.

Porter, M.E. (1998). Clusters and the new economics of
competition. Harvard Business Review, 76(6), 77–90.

Porter, M.E. (2000). Location, competition, and economic
development: local clusters in a global economy. Eco-
nomic Development Quarterly, 14(1), 15–35. DOI:
10.1177/089124240001400105.

Qandah, R., Suifan, T.S., Masa’deh, R., & Obeidat, B.Y.
(2021). The impact of knowledge management capa-
bilities on innovation in entrepreneurial companies
in Jordan. Internation-al Journal of Organizational
Analysis, 29(4), 989–1014.

Quintane, E., Casselman, R.M., Reiche, B.S., & Ny-
lund, P.A. (2011). Innovation as a knowledge-based
outcome. Journal of Knowledge Management, 15(6),
928–947. DOI: 10.1108/13673271111179299.

Rafinejad D. (2007). Innovation, Product Development and
Commercialization. J Ross Publishing, Plantation, FL.

Sahlman, K., & Haapasalo, H. (2012). Structures of
Strategic Management of Technology in a Concep-
tual Framework of Enterprise Practice. International
Journal of Synergy and Research, 1(1), 57–76. DOI:
10.1109/IEEM.2009.5373484.

Scarpellini, S., Portillo-Tarragona, P., Vinuesa, L.M.M.,
& Moneva, J.M. (2017). Green patents in the manu-
facturing sector: the influence of businesses’ resources
and capabilities. Universia Bus. Rev., 56, 18–35. DOI:
10.3232/UBR.2017.V14.N4.01.

Sciarelli, M., Gheith, M.H., & Tani, M. (2020). The rela-
tionship between soft and hard quality management
practices, innovation and organizational performance
in higher education. The TQM Journal, 32(6), 1349–
1372. DOI: 10.1108/TQM-01-2020-0014.

Sharma, P.N., Liengaard, B.D., Hair, J.F., Sarstedt, M.,
& Ringle, C.M. (2023). Predictive model assessment
and selection in composite-based modeling using PLS-
SEM: extensions and guidelines for using CVPAT. Eu-
ropean Journal of Marketing, 57(6), 1662–1677. DOI:
10.1108/EJM-08-2020-0636.

Skilbeck, J.N., & Cruickshank, C.M.(July 1997). A frame-
work for evaluating technology management processes.
PICMET‘97, Portland: OR.

Sölvell, Ö., Lindqvist, G., & Ketels, C. (2003). The Cluster
Initiative Greenbook. Ivory Tower Publishers, Stock-
holm.

Sumanth, D.J., & Sumanth, J.J. (1996). The technology
cycle approach to technology management. [In:] Hand-
book of Technology Management. Gaynor, G.H. (ed.),
McGraw-Hill, New York.

Urban, W., & Krawczyk-Dembicka, E. (2020). An In-
depth Investigation of Technology Management Pro-
cess in the Metal Processing Industry. European Re-
search Studies Journal, XXIII, Special Issue 1, 115–
136. DOI: 10.35808/ersj/1749.

Vesey, J.T. (1992). Time-to-market: Put speed in prod-
uct development. Industrial Marketing Management,
21(2), 151–158. DOI: 10.1016/0019-8501(92)90010-Q.

Wong, K.K. (2013). Partial Least Squares Structural
Equation Modeling (PLS-SEM) Techniques Using
SmartPLS. Marketing Bulletin, 24, Technical Note 1.

Wu, W., Liang, D.P., Yu, B., & Yang, Y. (2010).
Strategic planning for management of technology
of China’s high technology enterprises. Journal of
Technology Management in China, 5(1), 6–25. DOI:
10.1108/17468771011032769.

Xie, X., & Wang, H. (2020). How can open innovation
ecosystem modes push product innovation forward?
An fsQCA analysis. J. Bus. Res., 108, 29–41. DOI:
10.1016/j.jbusres.2019.10.011.

10 Volume 15 • Number 1 • March 2025

https://doi.org/10.1504/IJTM.2003.003134
https://doi.org/10.1016/j.jclepro.2022.135479
https://doi.org/10.1111/area.12632
https://doi.org/10.1108/EUM0000000005588
https://doi.org/10.1108/EUM0000000005588
https://doi.org/10.1504/IJTM.2004.003878
https://doi.org/10.1504/IJTM.2004.003878
https://doi.org/10.1177/089124240001400105
https://doi.org/10.1108/13673271111179299
https://doi.org/10.1109/IEEM.2009.5373484
https://doi.org/10.3232/UBR.2017.V14.N4.01
https://doi.org/10.1108/TQM-01-2020-0014
https://doi.org/10.1108/EJM-08-2020-0636
https://doi.org/10.35808/ersj/1749
https://doi.org/10.1016/0019-8501(92)90010-Q
https://doi.org/10.1108/17468771011032769
https://doi.org/10.1016/j.jbusres.2019.10.011


Management and Production Engineering Review

Yubo, S., Ramayah, T., Hongmei, L., Yifan, Z., & Wen-
hui, W. (2023). Analysing the current status, hotspots,
and future trends of technology management: Using
the WoS and Scopus database. Heliyon, 9(9). DOI:
10.1016/j.heliyon.2023.e19922.

Zheng, S., Zhang, W., Wu, X., & Du, J. (2011).
Knowledge-based dynamic capabilities and innova-
tion in networked environments. Journal of Knowledge
Management, 15(6), 1035–1051. DOI: 10.1108/1367
3271111179352.

Volume 15 • Number 1 • March 2025 11

https://doi.org/10.1016/j.heliyon.2023.e19922
https://doi.org/10.1108/13673271111179352
https://doi.org/10.1108/13673271111179352

