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Abstract. Sustainable development in cluster organizations (COs) is most fully manifested in the synergy effect. In turn, the synergy effect
is achieved thanks to the development of proximity among cluster entities. The purpose of the paper is to test two conceptual models
reflecting relations between selected dimensions of proximity in cluster organizations. The author reports the findings of a quantitative
study conducted in four COs. The basic technique for collecting data was an online questionnaire. Both theoretical models were tested
using Structural Equation Modelling.The research goes beyond the state-of-the-art knowledge in the concept of industrial cluster by
exposing a broader view on cluster cooperation, which is developed on the basis of geographical proximity, and simultaneously contributes
to the development of proximity in other dimensions: social, competence and organizational.
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1. Introduction

The review of theoretical concepts regarding the issue of cooperation among economic entities anchored in a
specific location shows their strong connection with a broad understanding of the category of proximity. It turns
out that regardless of whether Marshall’s industrial districts or other theories perceiving the region as a hub of
knowledge (including the cluster concept) are analyzed, each of these ideas uses elements directly related to the
concept of proximity. This is important because without “proximity”, many elements that make up the definitions
of subsequent forms of the coexistence of economic entities operating in a given territory would be beyond the
reach of influence of the entities managing them. As numerous studies show, proximity in various dimensions
enables synergy to be achieved. According to Porter’s approach, the cluster is a system of mutually related
companies and institutions, and its value as a whole is greater than the sum of the values of its individual parts
(Porter, 2008). Cooperation in clusters, based on geographical proximity facilitating the development of strong
and lasting interactions within the cluster leads to the synergy effect, which is the basis for the sustainable
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development of the cluster and its constituent entities, but also for the region in which the cluster operates. Porter
clearly emphasizes the competitive advantage of clusters, claiming that cooperation in clusters has a positive
effect on increasing the efficiency, innovation and entrepreneurship of the enterprises operating in clusters.
Despite the accompanying competition risk, cluster cooperation could therefore be considered as one of the forms
of modern entrepreneurship that could help in the sustainable development of enterprises, especially those
representing the SME sector (Haviernikova & Kordos, 2019). “Proximity” provides a specific concretization of
the features, processes and mechanisms underlying the business activity of entities, and thus facilitates their
understanding, increasing the possibility of effective management. The knowledge of proximity and its
dimensions, as well as the ability to apply it in practice, therefore, seems to be extremely important for the
management of both individual enterprises and groups of enterprises associated in higher-order organizations,
including cluster organizations (COs).

Meanwhile, the concept of proximity, although cognitively attractive, is still a scarcely explored area in
management sciences. The literature especially lacks publications that would connect the concept of proximity
with cluster organizations (not clusters). As a result of a systematic review of the literature, no publication was
found that would associate different dimensions of proximity with COs. In the databases (Web of Science Core
Collection and Scopus), only publications combining the issue of proximity with the concept of clusters were
found (e.g. Yamada & Kawakami, 2015; Levy & Talbot, 2015; Bahlmann, 2016). This is also due to the fact that
most publications in scientific literature refer to clusters viewed in geographical or economic categories, yet only
a few of them address clusters as organizations. Insufficient recognition of the issues related to the development
of cooperation in COs, and their poor description in the literature as well as the lack of publications combining the
concept of COs with the concept of proximity, which is a visible juxtaposition regarding the dynamic
development of these structures in the world, indicate a huge cognitive, research and methodological gap.

The paper reports the findings of a quantitative study based on an analysis of four COs from the metal and the
ICT industries in Poland concerning the dynamics of proximity and its role in the development of cooperative
relationships in COs. The study presented in this paper should be considered as a continuation of the author’s
earlier study on the development of proximity in COs, in which priority was given to qualitative research (Lis,
2018). The aim of the current study was to test two research hypotheses formulated as part of the concept of
proximity, developed on the basis of the qualitative research, reflecting the relations between the individual
dimensions of proximity in COs.

The research goes beyond the state-of-the-art knowledge in the concept of industrial clusters (with a particular
emphasis on cluster organizations) by exposing a broader view of cluster cooperation, which is, on the one hand,
developed on the basis of specific dimensions of proximity (especially geographical proximity), and on the other,
contributes to the development of proximity in other dimensions. Although the study was conducted in Poland, it
offers findings that may be verified in other countries, especially those in the EU where cluster policies are
implemented, focused on cluster development by means of COs.

The paper is organized in the following manner. Firstly, the paper contains a literature review on proximity, and
its dynamics and connection with industrial clusters. Secondly, it includes details with regard to the methodology:
conceptual assumptions and research hypotheses, operationalization, the research sample, and the techniques for
collecting and analyzing data. The third part reports the empirical results. Finally, there is a discussion, followed
by conclusions with the study contributions, limitations and directions for future research.
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2. Literature review
2.1. Proximity and its dimensions

The use of “proximity” for scientific research and analysis in the economic field began to gain popularity at the
end of the twentieth century. Since then, more and more scientific works on this issue have been produced.
According to the latest systematic review of the literature, around 2,8 thousand papers on proximity are identified
in the Web of Science Core Collection database, whereas in the Scopus database this number is even higher
(almost 4,000). In the 1980s and early 1990s, the literature on proximity was dominated by an approach that
concentrated on the relationships within an organization (Monge et al., 1985; Rice & Aydin, 1991). Since the
mid-1990s, the focus of attention shifted to the inter-organizational context of proximity (Klimas, 2011; 2020).
The development of the concept of “proximity” as well as its dissemination in the literature was largely
influenced by the French school of proximity (Rallet & Torre, 1999; Gilly & Torre, 2000; Torre & Rallet, 2005),
emphasizing that proximity is the key element in the process of coordinating economically oriented activities. It
facilitates the transfer of knowledge, improves the mechanisms of providing strategic information and has a
positive effect on conflict resolution (Boschma et al., 2014). In addition, proximity is considered to be a factor
that significantly improves the processes of cooperation among entities (Petruzzelli et al., 2009), reduces
uncertainty in relationships (Boschma, 2005a; Paci et al., 2014) and remains conducive to the development of
innovation.

The term “proximity” is merely a common term that refers to a set of specific aspects; however, the list of these
aspects is neither complete nor unambiguous. Researchers most often refer to the five dimensions of proximity
proposed by Boschma: geographical, cognitive, social, organizational and institutional proximity (Boschma 2004;
2005a; 2005b; Boschma & Frenken, 2010; Boschma et al., 2014; Balland et al., 2015). In terms of the number of
publications in the above-mentioned databases referring to individual dimensions of proximity, geographical
proximity takes first place. Second place is occupied by social proximity, followed by organizational then
cognitive proximity, with the institutional dimension at the end of the list (Lis, 2018).

Geographical proximity is characterized by slight ambiguity (Knoben & Oerlemans, 2006). Relatively, the most
common understanding of geographical proximity is Boschma’s definition, according to which it is defined as the
physical distance between actors, and this distance can be understood as a distance measured in specific units or
as the time necessary to move from point A to point B (Boschma et al., 2014; Boschma, 2005a). Social proximity
refers to relationships among entities, characterized by the trust created due to at least one of the following
reasons: kinship ties, bonds of friendship, ties based on the past, personal experience connecting the analyzed
entities (Boschma, 2005a; Heringa et al., 2014; Broekel & Boschma, 2012). The positive impact of social
proximity on the results of cooperation among entities has already been quite well described in the literature, with
a particular emphasis on the impact of relationships on the exchange of tacit knowledge (Boschma, 2005a;
Boschma et al., 2014; Doloreux, 2002) and higher innovation (Tremblay et al., 2003; Paci et al., 2014; Guerini et
al., 2013), and therefore factors that can be associated with cognitive proximity. The most general understanding
of cognitive proximity indicates that this term is simply the similarity in the processes of receiving, interpreting,
understanding and assessing the world (Wuyts et al., 2005). Cognitive proximity can also be understood as the
degree of convergence of the knowledge systems of the analyzed entities. The importance of cognitive proximity
manifests itself in many issues, but the key aspect to which this dimension of proximity applies is the process of
knowledge exchange and creation. It is an element necessary for the proper functioning of communication
processes and knowledge transfer mechanisms, as it enables the accurate identification, proper interpretation and
effective use of new elements in the knowledge system (Cohen & Levinthal, 1990). The designations of the last
two identified dimensions of proximity — organizational and institutional — overlap to a large extent, but
maintaining the separateness of these categories allows their characteristic features to be captured. Using the
existing understanding of organizational proximity (Knoben & Oerlemans, 2006; Boschma, 2005a; Boschma et
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al., 2014), it can be defined as the suitability of two or more organizations in terms of both the logic of similarity
(e.g. the similarity of internal structures and processes, the degree of inter-organizational dependencies) and the
logic of belonging (sharing a specific space of relations, e.g. in participation in the same higher-order
organizations as the CO). In turn, most approaches to institutional proximity are based on the concept of
“institution” proposed by North (North, 1990). This dimension of proximity can be understood as the degree of
overlap between the formalized elements of normative order (legal provisions and administrative requirements in
force in a given area) and the informal system of values, thinking and behavioral patterns within which the
analyzed entity and the entities associated with it operate.

2.2. Dynamics of proximity

A characteristic feature of each of the created proximity dimensions is their dynamic nature. The static
perspective gives “proximity” primacy over relationships, while in the dynamic perspective, the analysis focuses
on conditions in which “proximity” becomes the source of relationships or the relationships produce “proximity”.
There is no dimension of proximity that would function in perfect isolation from the other dimensions. This
means that the dynamics of a particular aspect of proximity are influenced not only by what happens within that
particular aspect, but by anything that occurs in each of the other dimensions. The dimensions of proximity create
a structured system in which each element is related to the others, and the changes occurring in one part of the
system affect different areas with different strengths. From the point of view of dynamics, it is also important that
each of the dimensions of proximity differs from the others not only in the nature of the relationships it describes,
but also in a certain “susceptibility” to change. This means that some of the dimensions of proximity are much
more flexible (they are more often and easily changed), while others react with a delay and a smaller scope of
introduced modifications. The literature review shows that the dimension relatively the most prone to change is
social proximity (Dosi & Nelson, 1994), and the hardest to change, relatively, is the geographical dimension
(Stam, 2007).

Geographical proximity is a unique dimension of proximity, especially in the context of COs. This is the most
difficult to modify, but also the most basic and earliest recognized type of proximity. Geographical proximity can
stimulate other dimensions of proximity, and is often replaced by them (Boschma, 2005a). Geographical
proximity, although not a prerequisite for the establishment of cooperative relationships among economic entities,
may act as a factor supporting the formation of such relationships in other aspects of proximity. The effect of a
physical “neighborhood” will almost always contribute to the formation of a specific “overlay” between the
spatial dimension of proximity and its other dimensions (Malmberg & Maskell, 2006). This applies especially to
proximity in the social dimension (Hansen, 2015). However, this is not obvious in the case of cognitive and
organizational proximity, which have the feature of the substitutability of geographical proximity. Geographical
proximity can strengthen cognitive proximity (Paci et al., 2014; Guerini et al., 2013; Boschma, 2005a). This gains
importance especially in cases where establishing cooperation is accompanied by a low level of cognitive
proximity among potential partners. With a high level of cognitive proximity, however, the relevance of
geographical proximity significantly decreases (Singh, 2005). Compatible knowledge bases of cooperating
entities allow effective cooperation even when the involved partners are significantly distant from each other
(Hansen, 2015). Geographical proximity is not a catalyst for processes of the constitution and strengthening of
organizational proximity — both in its intra- and inter-organizational dimension. In addition, when organizational
proximity reaches a high level, i.e. when there is a detailed and precise division of tasks within the organization,
coordinated by a strong, central core and partners share common experiences (an element of cognitive proximity),
the need to be in geographical proximity may disappear (Rallet & Torre, 1999).

The lack of common ground resulting from the nature of the location of the enterprise may act as a brake on the
development of emerging or already established cooperative relationships. Too low a level of geographical
proximity characterizing relationships among entities means the lack of a certain group of common conditions
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determining the nature of their activities. However, too large a level of geographical proximity may have an
equally negative impact on the activities of cooperating enterprises (Malmberg & Maskell, 1997; Boschma,
2005a).

2.3. Proximity in industrial clusters

The concept of proximity can be superimposed on the concepts developed so far in the literature of the
cooperation of economic entities embedded in a specific territory, which all emphasize the inseparable link
between geographical proximity and other dimensions of proximity.

The vision of the industrial district is an example of an almost complete approach to the issue of synergies
occurring among business entities (in terms of the scope of including factors related to various dimensions of
proximity). In Marshall’s industrial districts (Marshall, 1890), as in the Italian industrial districts (Pyke et al.
1990; Becattini 2002; Bellandi, 2002; Sforzi, 2002), next to the obvious connections between the concept of the
district and geographical proximity, threads can be seen highlighting the importance of other dimensions of
proximity. The different dimensions of proximity: cognitive (knowledge spillovers, the similarity of entities in
terms of their set of competences and used technology, as well as their complementary diversity), social
(relatively stable relationships among entities), organizational (phases and technically divisible production
processes implemented in the cooperation of entities) and institutional (anchored in the local system of values and
norms) play the role of pillars in the industrial district arising from the foundation of geographical proximity. The
group of theories of regional development based on knowledge and innovation (Martin, 2003) are focused to the
greatest extent on the threads which emphasize the role of cognitive proximity (appearing primarily in the context
of innovation and pro-innovation activities), which does not mean, however, that they ignore the role of other
dimensions of proximity. Nevertheless, each of these concepts emphasizes a different dimension of proximity.
Cognitive proximity plays a key role in the concept of the learning region (Florida, 1995; Asheim, 1996; Morgan,
1997). This concept puts special emphasis on the mechanisms and processes responsible for the relative overlap
of the competency sets of entities operating in a specific area. The concept of the innovative milieu (Aydalot,
1986; Camagni, 1991; Maillat, 1998) emphasizes social and institutional proximity — that is, networks of informal
social contacts based on trust, developing on a common socio-cultural basis. A similar accent can be found in
concepts emphasizing the systemic dimension of innovation: regional innovation system RIS (Braczyk et al.
1998; Cooke 2001; Doloreux & Parto, 2005) or innovation ecosystem (Adner, 2006; Autio & Thomas, 2014).
They pay attention to the role of institutions and the relations among actors — in the RSI concept, the links
between entities (social and organizational proximity), and the processes of generating and diffusing knowledge
(cognitive proximity) are spotlighted, but additional emphasis is placed on the culture and institutions which
determine the cooperation of entities (connected to institutional proximity). In the innovation ecosystem concept,
proximity appears primarily in the organizational (the division of work among organizations based on their
specialization), cognitive (the complementarity of knowledge and skills) and social (the interrelationships of
system components) dimensions, while the rank of geographical and institutional proximity is slightly lower
compared to the other discussed concepts.

In the cluster concept developed by Porter (1998; 2000; 2008), individual dimensions of proximity can also be
highlighted. Already through the very definition of the cluster, Porter linked threads of geographical proximity (a
geographical cluster of entities of various types), organizational proximity (the fact of participation in the same
higher-order structure), social proximity (the simultaneous cooperation and competition of the entities forming the
cluster), cognitive proximity (the similarity of competences related to belonging to the same sector) and
institutional proximity (broadly understood as the cultural and administrative bases for conducting business by the
entities involved in a given cluster). However, cluster organizations are separate entities and cannot be identified
with clusters. They should be understood as formally established organizations which function at a higher level of
aggregation, are composed of institutional members that have joined them purposefully, and act actively in order
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to achieve some collective or individual objectives (Lis, 2018). Cluster organizations, also referred to in the
literature as bottom-up clusters or cluster initiatives, are focused on supporting the development of a given cluster
(Solvell et al., 2003; Lindgvist et al., 2013). Due to the obvious connotations with the cluster (the CO concept has
grown on the foundations of the cluster concept), the CO is based on similar types of proximity (primarily, the
geographical and institutional dimensions), although they may be slightly differently shaped (this applies
especially to proximity in the social, cognitive and organizational dimensions). The differences between the
cluster and the cluster organization can also be manifested in the relationships occurring between individual
dimensions of proximity.

3. Methodology
3.1. Conceptual assumptions

The qualitative research on which the current research is based was conducted by Lis in 2016. As a result of this
prior research, two theoretical concepts were generated (Lis, 2018). These concepts are interrelated, hence they
can be treated as one coherent theoretical concept, allowing for a better understanding and explanation of the
mechanisms of cooperation in COs. The first concept covers the trajectory of the development of cooperative
relationships in COs, while the second one concerns the development of proximity in such organizations. As part
of the first developed concept, four main levels of cluster cooperation were identified, with regard to “the main
objectives”, indicating the key type of activity in COs (Tab. 1). The second concept, raised to a higher level of
abstraction and applied to the first concept, explains how proximity can support the development of cooperation
in COs. The research results have proved that different dimensions of proximity strongly affect every single
identified level of cooperation. In turn, cooperation at every level causes the development of proximity in various
dimensions. This is reflected in the objectives defined at individual levels of cooperation that correspond to
different types of proximity, and therefore their achievement may mean the development of proximity in a
specific (assigned to a given level) dimension. In Table 1, each level of cooperation has been assigned defined
objectives and dimensions of proximity have been identified at the entry and exit levels.

Table 1. Levels of the development of cooperation in cluster organizations

Level Level name Main objectives Proximity: entry Proximity: exit
number

| “Integration at the | 1. Creating a base network of |- Geographical, competence - Social proximity
unit level” relationships among cluster |- Competence proximity (in terms of

partners the scope of competence)

1 “Allocation and | 2. Facilitating access to the |- Competence proximity (in terms of |- Competence proximity (in
integration at the increased pool of resources, | the scope of competence) terms of the level of
process level” including information competence development)

3. Increasing the quality of - Organizational proximity

products and services and /
or reducing the business

costs

1l “Impact on the | 4. Gaining impact on the |- Geographical, competence - Institutional proximity
environment” external environment of the |- Competence proximity (in terms of

organization the scope of competence)

v “Creation and | 5. Setting up conditions to |- Social proximity - Social proximity
integration at the create common added value |- Competence proximity (in terms of |- Competence proximity
organizational by pooling resources the scope of competence) - Organizational proximity
level” - Competence proximity (in terms of

the level of  competence
development)

Source: Lis, 2018.
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All the conceptual categories used to create both generated concepts were based on the conducted qualitative
research. The individual elements of the concepts were therefore not a preconceived idea, but constituted the best
theoretical explanation of the tendencies observed from the qualitative research in the analyzed organizations. The
identified dimensions of proximity basically coincided with the classic Boschma division (2004; 2005a; 2005b),
with the exception of cognitive proximity. The results of the empirical research showed that — in need of a better
explanation of the development of cooperation in the studied COs — it would be necessary to slightly differentiate
proximity in this dimension. Based on the research, it could be seen that the relationships among cluster entities
were shaped differently when their similarity was visible in the scope of their competences, and differently when
this similarity related to the level of advancement of these competences. The above observation led to the
distinction of a completely new dimension of proximity: “competence proximity” (taking into account both the
scope of competences and the level of competence development) in place of “cognitive proximity”.

Moving along the developed trajectory for the development of cooperation in COs (going from level | to level
IV), relationships among different types of proximity were identified: the development of cooperative
relationships in COs is determined by geographical and competence proximity (in terms of the scope of
competences), on the basis of which (with the commitment of cluster entities) social and institutional proximity
are developed, followed by competence proximity (in terms of the level of competence development) and
organizational proximity (Fig. 1). In the developed model, in addition to proximity in various dimensions, an
additional variable emerged on the basis of the qualitative research: the commitment of cluster members in
activities undertaken as part of the CO.

Competence proximity
(level of competence
development)

Social proximity

individual goals

Geographical proximity

\4

Organizational proximity

Competence proximity
(scope of competence)

Institutional proximity collective goals

4zmZ4-Z200

v

development of cooperation
Figure 1. Links between dimensions of proximity

Source: Lis, 2018.

3.2. Research hypotheses

The combination of levels of cooperation with the specific proximity dimensions expected at the “entry” and
“exit” of a given level, with linking together the identified dimensions of proximity, allows the analysis of
proximity in dynamic terms. This gives rise to the formulation of two research hypotheses (additionally divided
into constituent hypotheses), reflecting the complex nature of the cause-effect relationships occurring between
selected dimensions of proximity in COs (Table 2). The H1 and H2 hypotheses focus only on three successive
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levels (I, I1, 1V), best illustrating the development of cooperation in COs. The hypotheses do not take into account
level 111, referring to the relationships among cluster members and external entities (from outside the CO). The
qualitative research shows that institutional proximity (responsible for achieving objectives at level 111) plays an
insignificant role in the development of inter-organizational cooperation.

Table 2. Research hypotheses

Research hypotheses

Constituent hypotheses

H1. Social proximity created on the basis of
geographical proximity has a positive impact on the
development of competence proximity (in terms of
the level of competence development) and
organizational proximity.

H1.1. Geographical proximity has a positive effect on the
development of social proximity.

H1.2. Social proximity has a positive impact on achieving the
objectives directly related to the development of competence
proximity (in terms of the level of competence development) and
organizational proximity.

H1.3. Social proximity has a positive impact on gaining access to
information and knowledge, determining the development of
competence proximity (in terms of the level of competence
development).

H1.4. The achievement of the objectives directly related to the
development of competence proximity (in terms of the competence
development level) and organizational proximity positively affects
the access to information and knowledge.

H2: Geographical proximity is important for the
constitution and development of a cluster
organization because it has a positive impact on the
commitment of cluster members, which — in turn —

H2.1. Geographical proximity has a positive impact on the
commitment of cluster members.

H2.2. The commitment of cluster members has a positive impact
on the development of social proximity.

has a positive impact on the development of social
proximity.

Source: Lis, 2018.

The relationships described in the form of the H1 and H2 hypotheses form two multidimensional conceptual
models, tested in this paper (Fig. 2) (the separation of the H1 and H2 hypotheses was due to conceptual and
methodological reasons).

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Access to information
and knowledge [AIK]

Social
proximity [SP]

Geographical
proximity [GP]

Achieved objectives
[AQ]

Figure 2. Conceptual models
Source: Lis, 2018.
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3.3. Operationalization

The latent variables used in both models were operationalized by selecting the appropriate observable indicators,
and additionally using exploratory factor analysis. An ordinal scale (5-point Likert scale) was used to measure the
variables. In Model 1, a total of 4 latent constructs were used, described using 15 observable indicators. To
measure geographical proximity [GP], three variables were used to refer to the physical distance among cluster
entities. Social proximity [SP] was described by three variables showing the process of creating bonds among
cluster members: starting from the development of relationships, through trust building, to the verification of trust
based on the experience of cooperation. Another variable — achieved objectives [AO] — in the proposed
conceptual model was reduced to three objectives directly related to the development of competence proximity
(objective 1 — corresponding to level 11) and organizational proximity (objective 2 — level Il, objective 3 — level
IV). The last variable in the model — access to information and knowledge [AIK] (determining the development of
competence proximity in the discussed aspect) — was described using six observable variables.

Model 2 uses 3 latent constructs (described using in total 14 observable indicators): geographical and social
proximity (appearing in Model 1) and commitment [C], measured on the basis of eight observable variables
corresponding to individual levels of cooperation in COs (the two most characteristic forms of commitment for
each level).

3.4. Research sample

The research was carried out in 2017 in four purposefully selected cluster organizations in Poland. The same
COs that participated in the earlier qualitative research (2016) were selected for the quantitative research. In the
selection of COs the extreme cases approach was used to ensure maximum variability and diversity within the
research field. Taking the economic sector as the main differentiating criterion, the research was conducted in
two COs representing the ICT industry (Mazovia Cluster ICT [MC ICT] and Interizon: Pomeranian Region ICT
Cluster) and two from the metal industry (Metal Cluster of Lubuskie Province [MCLP] and Metal Working
Eastern Cluster [MWEC]).

The surveyed cluster organizations are formal organizations that were launched at a similar time (in the period
2007-2009). They also have a similar, regional scope of activity. However, they differ in the way they were
established. All four COs wre created as a result of a large involvement of the enterprises, but only one of them
(MCLP) is considered a bottom-up initiative, while the other three are mixed forms. In addition, COs
representing the ICT sector are much larger than metal COs (the number of members in the studied COs in the
analyzed period was: MCLP — 35, MWEC — 78, MC ICT — 200, and Interizon — 130). The research covered 132
cluster enterprises: 51 from metal COs (38 from MWEC and 13 from MCLP) and 81 from ICT COs (45 from
MC ICT and 36 from Interizon).

3.5. Techniques for collecting and analyzing data

The basic technique for collecting data was an online questionnaire. Both theoretical models were tested using
structural equation modeling. In the analysis, the two-step sequential approach of Anderson-Gerbing (1988; 1992)
was used. Exploratory factor analysis and confirmatory factor analysis were used to test measurement models.
Both analyses were performed using the maximum likelihood estimator and were based on the value of the KMO
(Kaiser-Meyer-Olkin) measure of sampling adequacy. After testing the validity of the measures of the
measurement models, structural models were constructed and all dependency paths in these models were
analyzed, which allowed the research hypotheses to be tested.
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4. Research results
4.1. Model 1

In the case of Model 1, exploratory factor analysis showed a very large fit of observable variables to latent
constructs (the value of the KMO measure of sampling adequacy was 0.818, Bartlett’s sphericity test was
statistically significant, p <0.001). The main analysis used to verify the conceptual model was, however,
confirmatory factor analysis (CFA). The value of y?> was 150.25 (DF = 84), while the value of CMIN / DF was
1.79. The RMR was achieved at an acceptable level of 0.07, as was the RMSEA approximation error, which
reached 0.078 (which is within the acceptable limits, but within the upper limit for a good fit). The CFI and TLI
exceeded the minimum 0.9 values adopted for well-matched models (Table 3).

Table 3. Confirmatory factor analysis results for Model 1

Variables Cronbach’s a CR AVE [GFC)Z]orrelat[isog]s bEtWT:ilo\aariabl[fl K]
Geographical proximity [GP] 0,83 0,85 0,67 0,82
Social proximity [SP] 0,77 0,78 0,54 0,28 0,73
Achieved objectives [AO] 0,82 0,82 0,6 0,11 0,26 0,77
Access to information and knowledge [AIK] 0,91 0,91 0,64 0,17 0,7 0,44 0,80

¥?=150,25 (DF=84); CFI=0,94; TLI=0,92; RMSEA=0,078 (90%CI=0,057-0,097); RMR=0,07; CMIN/DF=1,79; AIC=222,25; n=132

Source: the author.

The standardized value of factor loadings of all adopted observable variables exceeded 0.5, and the vast majority
(except for [GP3] and [SP3]) also 0.7 (all factor loadings were also statistically significant, p<0.001). The AVE
indicator calculated for each latent variable exceeded the recommended value of 0.5. The reliability measures:
Cronbach's a and CR for each construct exceeded the limits of 0.7. All of the fit and convergence indicator values
used exceeded their acceptability thresholds (Hair et al., 2014), which decided on the measurement model to
adopt for the structural modeling process.

A structural model was then built in which the interaction between latent variables was assessed. Based on the
conducted analysis, it was determined that Model 1 achieved the recommended degree of fit (Table 4).

Table 4. Path analysis results for Model 1

Hypotheses p t p A(r:g;zepctggﬁe/
H1.1. Geographical proximity [GP] —> Social proximity [SP] 0,27 2,53 | 0,011 A
H1.2. Social proximity [SP] —> Achieved objectives [AO] 0,27 2,44 | 0,015 A
H1.3. Social proximity [SP] —> Access to information and knowledge [AIK] 0,62 5,35 | 0,000 A
H1.4. Achieved objectives [AO] —> Access to information and knowledge [AIK] 0,28 3,23 | 0,001 A

Legenda: ¥?=150,58 (DF=86); CFI=0,94; TL1=0,93; RMSEA=0,076 (90%C1=0,055-0,095); RMR=0,07; CMIN/DF=1,75; n=132

Source: the author.

The analysis of the paths did not give rise to the rejection of the H1.1-H1.4 hypotheses (all four paths proved to be
statistically significant). It was established that geographical proximity had a positive impact on social proximity,
which supported the H1.1 hypothesis. Social proximity had a positive impact on the achieved objectives, related —
in this case — to competence proximity (in terms of the level of competence development) and organizational
proximity, which in turn supported the H1.2 hypothesis. The very high B value associated with the H1.3

125


http://jssidoi.org/jesi/
http://doi.org/10.9770/jesi.2020.8.2(7)

ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES
ISSN 2345-0282 (online) http://jssidoi.org/jesi/

2020 Volume 8 Number 2 (December)
http://doi.org/10.9770/jesi.2020.8.2(7)

hypothesis supports the argument about the strong positive impact of social proximity on access to information
and knowledge. It was also confirmed that the achieved objectives had a positive impact on access to information
and knowledge in the studied COs (support for the H1.4 hypothesis), which contributed to the further
development of competence proximity (in the indicated aspect).

4.2. Model 2

In the case of Model 2, exploratory factor analysis also showed a large fit of the developed constructs (KMO =
0.861, the Bartlett sphericity test was statistically significant, p <0.001). Based on confirmatory factor analysis,
the initial model was slightly modified. Modification indexes have shown that it is worth correlating the latent
residual variables in the construct “commitment” [C] (due to the high covariance values: e4 with e5, e5 with €9,
e10 with el11). This allowed the model to be improved to fit to the planned constructs in accordance with the made
assumptions”. After the above modification, the values of all indicators adopted for analysis fit within the
recommended ranges: 2 - 123.18 (DF = 71), CMIN / DF - 1.73, RMR - 0.061, RMSEA - 0.075. The
incremental fit indices were higher than 0.9: CFI reached 0.96 and TLI reached 0.95 (Table 5).

Table 5. Confirmatory factor analysis results for Model 2

Variables Cronbach’s & CR AVE Correlations between variables
[GP] [C] [SP]
Geographical proximity [GP] 0,83 0,85 0,67 0,82
Commitment [C] 0,93 0,93 0,64 0,34 0,80
Social proximity [SP] 0,77 0,78 0,54 0,27 0,60 0,73

¥?=123 (DF=71),18; CFI=0,96; TLI=0,95; RMSEA=0,075 (90%CI=0,052-0,097); RMR=0,061; CMIN/DF=1,73; AIC=191,18; n=132

Source: the author.

Tests on the accuracy of the proposed model were also successful: standardized factor loadings reached values
higher than the acceptable level of 0.5, and almost all (with the same exceptions as in the first model, i.e. [GP3]
and [SP3]) exceeded the minimum level of 0.7. For each latent variable, the AVE index value was over 0.5, while
the values of Cronbach's o and CR coefficients were at a level exceeding the minimum threshold of 0.7. The
positive assessment results of the measurement model allowed for its adoption to the next stage — structural
equation modeling.

In the next step, an assessment of the interaction between latent variables was carried out, which allowed the
research hypotheses to be tested. The analysis showed a good fit of the model (Table 6).

Table 6. Path analysis results for Model 2

Acceptance/
Hypotheses p t p rejection
H2.1. Geographical proximity [GP] —> Commitment [C] 0,34 3,66 0,000 A
H2.2. Commitment [C] —> Social proximity [SP] 0,60 5,84 0,000 A

¥?=123,93 (DF=72); CFI=0,96; TLI=0,95; RMSEA=0,074 (90%CI=0,051-0,096);RMR=0,064; CMIN/DF=1,72; n=132

Source: the author.

* The values of the indicators before the modification were: ¥?=186,23 (DF=74); CF1=0,91; TLI=0,89; RMSEA=0,11 (90% CI=0,088 —
0,127); RMR=0,067; CMIN/DF=2,52; AlC=248,23; n=132.

126


http://jssidoi.org/jesi/
http://doi.org/10.9770/jesi.2020.8.2(7)

ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES
ISSN 2345-0282 (online) http://jssidoi.org/jesi/

2020 Volume 8 Number 2 (December)
http://doi.org/10.9770/jesi.2020.8.2(7)

The path analysis did not give grounds for rejecting the hypotheses H2.1-H2.2. The B value associated with the
H2.1 hypothesis confirmed the statistically significant, positive impact of geographical proximity on the
commitment manifested at all identified levels of cooperation in the COs. In turn, the commitment had a
statistically significant, strong, positive impact on the development of social proximity, which supported the H2.2
hypothesis. This means that an increase in commitment in the activities within a CO will result in the
development of relationships among cluster partners and vice versa — a decrease in involvement will weaken those
relationships.

5. Discussion

Both conceptual models — Model 1 (based on the H1 hypothesis) and Model 2 (described by the H2 hypothesis),
proved to be valid under the conditions of the study. The relationships between variables reflected in Models 1
and 2 show the development of proximity in a CO. Geographical proximity is conducive to the development of
social proximity, taking into account the commitment factor. The short distance among cluster entities enables
involvement in activities undertaken at various levels of cluster cooperation (I-1V), manifested through the
personal contact of persons representing cluster members, which in turn leads to the development of increasingly
stronger relationships within the CO. This in turn causes the development of competence proximity (in terms of
the level of competence development) and organizational proximity. This means that as the distance among
cluster entities decreases, the potential for developing relationships among them (social proximity) increases,
which consequently increases the similarities in the competence systems of these entities in terms of their levels
of competence (competence proximity, in the analyzed aspect) as well as in their internal structures and the
existing degree of inter-organizational interdependencies (organizational proximity).

The obtained research results therefore support the thesis regarding the primacy of geographical proximity over
other dimensions of proximity, but at the initial stages of the development of cooperative relations in COs.
Geographical proximity turns out to be the most fundamental dimension in initiating cluster cooperation because
it provides the basis for the formation and development of proximity in other dimensions. However, along with
the gradual transition to higher levels of cooperation, the importance of a common location for the effects of
cooperation undertaken by cluster enterprises decreases. This causes a decrease in the rank of geographical
proximity, giving way to other dimensions of proximity, especially social and competence (in terms of the level of
competence development) dimensions, which increase as a result of developing relationships that guarantee better
access to resources, primarily to knowledge and information. At the highest level, to undertake the most advanced
forms of cooperation, leading to the gradual organizational integration of cluster partners (and thus the
development of organizational proximity), a high level of trust and a high, and at the same time, very similar level
of competence among the cooperating entities are already required. Therefore, the higher the level of cluster
cooperation, in conjuction with the development of proximity in the social, cognitive, and organizational
dimensions, the greater the synergy effect resulting from this cooperation, and thus the sustainable development
of the entire cluster structure can be.

Conclusions

The connection of the very current contemporary issue of clustering within the extremely rarely undertaken aspect
of cluster organizations with the concept of proximity has no equivalent in the literature. Since no similar
publications have been found in the existing literature combining the issue of proximity with the concept of the
cluster organization (or cluster initiative), it is impossible to find scientific publications that would simultaneously
address the three issues mentioned above: (cluster organizations — the development of cooperation — proximity).
Relying on four COs representing two very different sectors of the economy, and using them to test the
relationships between the four dimensions of proximity selected from among the five identified in the previously
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conducted qualitative research significantly enriches the existing achievements in the area of the discussed issues.
In addition, the results of the research take into account the assumptions regarding the dynamics of proximity. The
reasoning behind combining the identified levels of cooperation in COs with the specific dimensions of proximity
necessary “at the entry” and those arising or developing “at the exit” of each of these levels is an example of
considering the dynamic aspect of proximity.

The empirical findings can also provide some practical implications for public authorities, cluster coordinators, as
well as for cluster members. Politicians responsible for shaping cluster-based policy at various levels, taking care
of sustainable cluster development, should launch instruments of cluster policy that would strengthen the
development of proximity, especially in the cognitive and organizational dimension. This applies in particular to
supporting innovation, because the lack of investment in innovation can lead to the process of decline of
economic competitiveness (e.g. Bonetto et al., 2014), and event the declay of the whole cluster. In the case of
cluster coordinators, the concern for sustainable development of partner cooperation within a cluster organization
should be manifested in undertaking conscious and intentional activities leading to achieving ever higher levels of
cooperation (from | to IV) and motivating cluster members to engage in these activities. Finally, cluster members,
wanting to achieve the synergy effect resulting from cluster cooperation within the CO, should strive to create
more or less informal relationships, which can translate into the development of proximity in other dimensions.

The research has three main limitations. The first limitation is the relatively small and not very diverse research
sample. This, therefore, does not allow the findings to be generalized. Nevertheless, the applied logic of sample
selection according to the extreme cases approach (the sector as a differentiating criterion) allows the thesis to be
put forward regarding a wider universality of the discovered regularities. The second limitation is the subjectivity
inscribed in the specifics of research conducted in the field of social sciences. This also applies to the quantitative
research carried out in the proposed form. The problem of subjectivity in the study was partially solved, as the
guantitative research was a continuation of the previously conducted qualitative research. Thus it can be
considered a kind of triangulation of source data and research methods. The third limitation concerns the
structural equation modeling used to test the hypotheses (H1-2). An important limitation is the size of the research
sample adopted in the quantitative research because drawing conclusions based on the results of structural
modeling is only possible if stringent methodological assumptions regarding sample size are met. There is no
consensus on the minimum sample size in SEM — it is most often dependent on the complexity of the model
(Hair, 2014; Anderson & Gerbing, 1988; 1992). The number of variables in the analyzed models in relation to the
number of observations should not raise any objections, the more so in that both developed conceptual models
were well fit and the defined variables proved to be reliable.

From the viewpoint of the replication of results, the research should be repeated on a representative, large, random
sample, taking into account additional sectors of the economy, using the same measurement tools. This would
allow the confirmation of theoretical constructs, and in the case of obtaining results consistent with those obtained
in the conducted research — reveal the universality of the observed relationships. In future studies, it would also be
necessary to carry out an estimation of mediation in both models (omitted in this paper). In Model 1, two
variables can play the role of mediator: “social proximity” [SP] or “achieved objectives” [AO]; in Model 2 —
“commitment” [C]. In order to increase the universality of the developed concept of proximity, it should also be
considered to include new comparative groups in the research.
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