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Abstract
Our knowledge on differences in business model characteristics of thriving and failing Multi-Sided Platforms in competitive 
B2B networks (B2B-MSP) and potential influences of increasing governmental involvement remains fragmented. This study 
develops a taxonomy to classify special B2B-MSP with varying governmental influence in the supply chain and transportation 
context, viz. Port and Cargo Community Systems (CS). Based on the classification of 44 international CS, we identify four 
archetypes using cluster analysis. The taxonomy provides practitioners with a differentiated view on the configuration options 
of CS business models including the involvement of governmental institutions, while the presented archetypes contribute an 
aggregated view of CS business models. The statistical analysis of our results provides initial explanatory approaches on CS 
business model dimension interdependencies, thereby laying the basis for a deeper understanding of sectoral and geographic 
differences of B2B-MSP and their diffusion dynamics as well as facilitating a higher contextualization of future research.

Keywords  Taxonomy · Port Community System · Cargo Community System · Cluster Analysis · Business model · Multi-
sided platform

JEL Classification  L86 · L91 · M15 · O3

Introduction

Seaports and airports around the world have been imple-
menting Port and Cargo Community Systems (CS) to enable 
efficient information exchange as well as an extended ser-
vice offer for their stakeholders (EPCSA, 2011; Moros-Daza 
et al., 2020). With technological advancement, the initial 
information exchange focus has broadened towards a coope-
tition and ecosystem scope, which involves a wider range of 
processes and stakeholders (Adaba & Rusu, 2014; Kenyon 
et al., 2018) on which ports heavily rely on during supply 
chain disruptions such as the worldwide Covid-19 vaccine 
distribution (Putzger, 2020b).

CS present a unique set of characteristics that distinguish 
them from other digital platforms and therefore justify a ded-
icated analysis. CS are digital multi-sided platforms (MSP) 
connecting competitive, international B2B networks (Wall-
bach et al., 2019) and can add, as such, to the limited body 
of literature concerning MSP in B2B contexts (Loux et al., 
2020). As MSP, CS minimize the necessary interfaces while 
enabling a direct interaction amongst all involved stakehold-
ers (Hagiu & Wright, 2015). Distinctively, deeply involved 
governmental stakeholders, such as legislators, port authori-
ties, customs and police departments exert strong influence 
on the platform and its members. Commonly, governmental 
influence is not considered in the context of MSP and mar-
ketplaces (Bivona & Cosenz, 2021; de Reuver et al., 2018; 
Täuscher & Laudien, 2018). Additionally, CS are locally 
bounded in that they only address the stakeholders of ports 
in one country or even only one singular port. Lastly, in 
comparison to many of the successful and well-studied 
MSP examples such as Amazon or eBay, CS connect a 
wider range of stakeholders, viz. members of various sup-
ply chains, governmental agencies and value- added service 
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providers such as banks and insurances (Rodon et al., 2008). 
Interactions and services offered through the CS are both 
consumed and provided by all members and therefore also 
have a peer-to-peer character.

A variety of studies has investigated the factors influ-
encing the adoption and assimilation of CS (Rodon et al., 
2008; Simoni et al., 2020; Wallbach et al., 2019), but we 
argue that a taxonomy of CS is needed in order to improve 
contextualization, comparability and clarity. Recent findings 
from IS and management literature suggest that platforms 
of the same general sector but with different business mod-
els in different geographical areas face different challenges 
(e.g., Cusumano et al., 2019; Gross et al., 2020; Li, 2019). 
Insights from one platform in its specific context might not 
be fully transferable to another. Practitioner reports on CS 
assimilation point into a similar direction (Gladiator, 2020). 
Accordingly, contextualization is relevant for CS studies 
(Moros-Daza et al., 2020), but also in general IS research on 
platforms (de Reuver et al., 2018; Robey et al., 2008). Com-
parability is also hindered by inconsistent terminology in the 
context of CS. For example, the term “single window” some-
times refers to a single point of entry of B2G communication 
(Heilig & Voß, 2017; Morton, 2018), but other authors use 
it to describe a Port Community System that offers a much 
wider range of services (Adaba & Rusu, 2014).

External disruptions, such as changing international cir-
cumstances which increase B2G communication require-
ments (e.g. Brexit) (Courea, 2020) or cyberattacks on the 
digital infrastructure with serious consequences (Warrick 
& Nakashima, 2020) show that modern ports are highly 
dependent on a seamless exchange of information and inte-
gration of digital services. In light of these developments, a 
lacking adoption of CS as central information platforms in 
developing countries and less frequented transport network 
nodes such as dry ports (Moros-Daza et al., 2020) paired 
with a CS adoption literature body that does not offer con-
cise insights into contextualized facilitators and barriers due 
to hampered comparability of studies is debilitating. In both 
a scientific and practical discussion of CS, it is important to 
consider their different characteristics to better understand 
how they are best designed and unfold in practice. At the 
same time, existing taxonomies of digital platform business 
models are not directly applicable to CS due to their special 
attributes, such as a sometimes- strong governmental influ-
ence or geographic boundedness. Accordingly, we want to 
investigate the characteristics differentiating CS business 
models to build a CS-specific taxonomy. By using a CS-
specific taxonomy, interested parties can better identify other 
platforms using similar business models on the market, the 
difficulties they face as well as potential growth opportuni-
ties. MSP research can benefit from a detailed view on CS 
business models as the contextualized insights from B2B-
focused, locally bounded MSPs with varying governmental 

influence can support a better understanding of MSPs as a 
comprehensive concept. All three contexts are relevant for 
that matter, as it is firstly still not clear why B2B-focused 
MSPs have not gained the same momentum that their B2C 
or C2C counterparts have (Riemensperger & Falk, 2020), as 
secondly de Reuver et al. (2018) already asked which role 
boundaries play for digital platforms and only a limited num-
ber of platforms that are bounded locally exists and lastly, as 
MSP research rarely investigates the implications and effects 
of governmental influence, which is gaining importance due 
to regulators slowly catching up with the special conditions 
of MSP markets (Evans, 2008; Reck, 2021). Therefore, we 
formulate the following research question:

RQ1: Which dimensions and characteristics of Port and 
Cargo Community Systems business models exist and 
can any of these further the extant knowledge on MSP 
business models?

To answer RQ1, we draw on and synthesize research on 
CS and business models of adjacent domains, as well as 
the results of an analysis of 44 international CS. We want 
to showcase the usefulness of the developed taxonomy by 
extending the conceptualization of CS platforms and help 
to overcome the ambiguity of terminology in the field by 
distinguishing archetypes of CS based on the previously 
deduced characteristics. By “archetype” we refer to a rep-
resentative example of a particular type of CS, i.e., what 
typically distinguishes different types of CS. Accordingly, 
our second research question is:

RQ2: Which archetypes of Port and Cargo Community 
System business models can be distinguished?

We thereby answer the call of Moros-Daza et al. (2020) 
to add to the limited body of holistic CS research studies 
by providing a taxonomy which allows to describe CS as 
well as their context in a structured way and therefor acts 
as a “theory for analyzing” (Gregor, 2006). This can be the 
foundation of future contributions to develop more advanced 
theories which explain, predict or give design and action 
advice (de Reuver et al., 2018; Gregor, 2006). Furthermore, 
we present archetypes of CS business models which can 
serve researchers and practitioners in comparing existing 
CS amongst each other and to other digital platforms based 
on their characteristics. This can support future decisions 
on CS and other platform developments (de Reuver et al., 
2018). With our results we also lay a basis for answering 
the call of de Reuver et al. (2018) for a deeper understand-
ing of sectoral and geographic differences in the success 
factors of digital platform assimilation. Additionally, we 
support future research in the field to follow Robey et al. 
(2008)’s suggestion that “Inter- organizational systems’ 
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(IOS) characteristics” should be explored in IOS adoption 
research, where the context in which an IOS is adopted as 
well as the governance arrangements are seen as particularly 
relevant.

The article proceeds as follows: First, we describe and 
discuss the domain background of CS as well as extant tax-
onomies on platform and digital business models. Next, we 
develop a taxonomy for CS business models based on the 
procedure proposed by Nickerson et al. (2013). Then, we 
use the developed taxonomy to classify the business mod-
els of 44 international CS, conduct a cluster analysis and 
build archetypes that represent typical CS business models. 
Finally, we discuss our results, outline the implications and 
limitations, and suggest further research.

Domain background

Community Systems as multi‑sided platforms 
in competitive B2B networks with governmental 
influence

CS are geographically bounded, digital, multi-sided plat-
forms, enabling more efficient and effective business-to-
business (B2B) and business-to-government (B2G) commu-
nication (Chandra & van Hillegersberg, 2019; Moros-Daza 
et al., 2020; Srour et al., 2008). Additional services are real-
ized and offered through a modular architecture of CS (e.g., 
Carlan et al., 2016; Mayanti et al., 2020; Simoni et al., 2020; 
Wallbach et al., 2019). Depending on the specific location of  
CS, they are referred to as “Port Community System” (PCS) 
in the context of seaports and “Cargo Community System” 
(CCS) or “Airport Community System” (ACS) at airports 
(Carlan et al., 2016). While there is an abundant research 
body on PCS (cf. Moros-Daza et al., 2020), CCS/ACS have 
received less attention (e.g., Chandra & van Hillegersberg, 
2019; Christiaanse & Damsgaard, 2006; Wallbach et al., 
2019). As briefly mentioned in the introduction, currently, 
a certain ambiguity and conceptual overlap exist between 
the terms “Community System” and “Single Window” (e.g., 
Moros-Daza et al., 2020). The International Port Commu-
nity System Association (IPCSA) stresses the interconnec-
tivity of the various (private) firms of a port community as 
a key characteristic of CS (Morton, 2015). Accordingly, we 
excluded all those locally bounded platforms labeled “single 
window”, which solely cover B2G, G2B and G2G interac-
tions, as we consider them to fall under the research field of 
e-government (cf. e.g., Abramson & Morin, 2003; Davison 
et al., 2005; Silcock, 2001).

While CS have been described as digital MSP before 
(Moros-Daza et al., 2020; Wallbach et al., 2019), they can 
be considered a special case of MSP as they connect a 
wide variety of distinct groups, from the various cargo 

transport network actors, software developers, banks and 
insurances (B2B-connections) to governmental agencies 
such as customs, port authorities, and others (B2G- and 
G2G-connections) (Rodon et al., 2008; Wallbach et al., 
2019). CS stakeholders regularly face network exter-
nalities (Wallbach et al., 2019), i.e., positive or negative 
effects that arise from other platform participants either 
from their own or another side (cf. Evans & Schmalen-
see, 2016; Parker et al., 2016 for the distinction between 
positive and negative, same-sided or cross- sided network 
effects).

CS are set in medium to highly competitive B2B net-
works, depending on the local circumstances. Wallbach et al. 
(2019) describe the ACS of Frankfurt, Germany airport to be 
a highly competitive B2B network based on the distinction 
of competitive models by Farahani et al. (2014). Wallbach 
et al. (2019) divide B2B markets into three distinct groups 
based on five characteristics, viz. market structure, market 
share/barriers, regulation, product and service characteristics 
and governance structure. Due to the air cargo market at 
the airport of Frankfurt being polypolistic, with low market 
shares per stakeholder, regulation being imposed by the mar-
ket rather than the government, the service characteristics 
being interchangeable and the network being governed by 
a broader community, it falls in the highly competitive cat-
egory of B2B networks (Wallbach et al., 2019). While some 
evidence from PCS seems to support this categorization also 
for seaports (e.g., Rodon et al., 2008), other authors point out 
the crucial role that governmental agencies such as the port 
authority or customs have, especially in ports with a non-
privatized management model (e.g., Adaba & Rusu, 2014; 
Chandra & van Hillegersberg, 2018; Damsgaard, 1999; Gus-
tafsson, 2007). Given that in such cases a seaport is rather 
lead-organization governed and has regulations that are at 
least partially imposed by government actors, seaports can 
also be viewed as conventional or medium competitive B2B 
networks. In contrast to other B2B MSP (e.g. Agarwal & 
Brem, 2015; Kumar, 2019) and B2C MSP examples, such 
as Amazon or eBay (Cusumano et al., 2019; Gawer, 2014), 
which might experience regulation from governments at 
some point in their existence (Reck, 2021), CS commonly 
face a long-lasting and strong influence by governmental 
agencies, as those are commonly part of the directly involved 
stakeholders (Chandra & van Hillegersberg, 2018).

Moreover, CS are locally bounded, which potentially 
offers interesting insights compared to internationally active 
platforms (de Reuver et al., 2018). The individual CS needs 
to be adapted to local conditions, therefore a one-size-fits-all 
strategy of implementing the same CS at every port around 
the world has proven to be difficult (Baron & Mathieu, 2013; 
Moros-Daza et al., 2016). The majority of CS is used on a 
local port or – at best – a country level (Baron & Mathieu, 
2013).
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Platform and digital business model taxonomies

Publications discussing taxonomies cover a highly diverse 
set of topics, and we want to focus on those that are loosely 
related to our research question, i.e., taxonomies on platform 
or marketplace business models and digital business models. 
To identify such taxonomies, we conducted a semi-struc-
tured literature search utilizing the procedure described by 
Durach et al. (2017). A detailed description of the keywords, 
including and exclusion criteria can be found in the appen-
dix. Most business model taxonomies are based on similar 
basic frameworks, for example on the practitioner-oriented 
business model canvas (Osterwalder & Pigneur, 2010) and 
extend or enrich the respective dimensions according to the 
specific context (e.g., Passlick et al., 2021; Schoormann 
et al., 2016; Weking et al., 2020). To structure the evaluation 
of existing taxonomies, we utilize three initial criteria based 
on the differentiating characteristics of CS as described 
above, viz. a B2B focus, a more or less direct influence of 
governmental stakeholders and the local boundedness of 
the platform. Table 1 presents a non-exhaustive overview 
of taxonomies in the context of platform or digital business 
models and if they address any of the three initial criteria 
identified in the context of CS. Although we looked specifi-
cally for taxonomies on platform and digital business models 
that cover local boundedness of such, we were not able to 
identify any. Most platform business models are assumed to 
particularly not be bounded locally, one of the reasons for 
de Reuver et al. (2018) recently asking whether geographic 
boundaries matter.

Some authors argue, that digital platforms and their 
respective business models are not directly comparable to 
traditional companies and non-digital platforms as they offer 
some special characteristics (cf. de Reuver et al., 2018). For 
example, in contrast to traditional business models, digital 
platforms regularly create at least parts of their value through 

increased usage (Vargo & Lusch, 2008). The VISOR frame-
work (El Sawy & Pereira, 2013) for digital business models, 
tries to account for these special characteristics as it intro-
duces new meta- dimensions, i.e., on top of the commonly 
used Value proposition and Revenue model dimensions, also 
Interface, Service platform and Organizing model. Hodapp 
et al. (2019) as well as Remane et al. (2016) and Remane 
et al. (2017) utilize the VISOR framework for their respec-
tive taxonomies. Remane et al. (2016) build a taxonomy for 
car sharing platforms, which has a strong B2C and C2C 
focus and does not cover any of the three key characteristics 
of the CS context. Similarly, Hodapp et al. (2019)’s taxon-
omy for Internet of Things platform business models, which 
can comprise both B2C and B2B interactions, is too specific 
to be useful for classifying CS on the one hand and also does 
not account for the governmental influence and local bound-
edness of these platforms. Bock & Wiener (2017) choose a 
different approach, as they aim to develop a general, non-
domain-specific taxonomy on digital business models. They 
identify “digital offering”, “digital experience”, “digital plat-
form”, “data analytics” and “digital pricing” as the dimen-
sions of their taxonomy (Bock & Wiener, 2017). Given the 
generality of this particular taxonomy, CS can be located on 
it, but a distinction of different CS aspects seems difficult. 
Take for example the “digital offering” dimension, which is 
divided into five characteristics, viz. digital products, digital 
services, human services, complementary digital services 
and physical products with embedded digital technologies. 
The vast majority of CS will only offer digital products (e.g., 
data (Rodon et al., 2008)) and digital services (e.g., track and 
trace services inside the port (Simoni et al., 2020)), as none 
of the other characteristics can be applied in this context. 
Therefore, we conclude that the digital business model tax-
onomy of Bock & Wiener (2017) is not specific enough for 
our context, given that it neither accounts for the B2B focus 
of CS nor the role governmental actors or the implications 

Table 1   Overview of taxonomies in relation to key aspects of CS and themes of platform and digital business models covered

Source Perspectives Key aspects of CS covered Business model themes covered

B2B focus Governmental 
influence

Local 
bounded-
ness

Stakeholder 
ecosystem

Value 
creation

Platform architecture 
& organting model

Value capture

Remane et al. (2016) x x x
Bock and Wiener (2017) x x x
Täuscher and Laudien (2018) x x x x
Blaschke et al. (2019) x x x
Hodapp et al. (2019) x x x
Passlick et al. (2021) x (x) x x x
Weking et al. (2020) x x x x x
Abendroth et al. (2021) x x x x x
Bivona and Cosenz (2021) x x
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of the local boundedness of the ecosystem. Passlick et al. 
(2021) develop a taxonomy for predictive maintenance busi-
ness models, which are not solely digital business models 
but are closely related to the Internet of Things, and we 
therefore include their taxonomy in our overview. The tax-
onomy focuses on B2B relationships and considers, at least 
partially, the influence of governmental actors, even though 
they are only seen as potential customers not as influenc-
ing stakeholders. Overall, the taxonomy of Passlick et al. 
(2021) is too specific for our context, as it neither focuses 
on platform nor solely digital business models and also does 
not account for regional limitations of companies’ business 
models.

Täuscher & Laudien (2018) create a taxonomy on the 
key business model characteristics of (digital) marketplaces. 
They aggregate 14 dimensions into three meta-dimensions, 
viz. value creation, value delivery and value capture, but 
the resulting framework is again too general for our context. 
The “Marketplace participants” identified cover C2C, B2C 
and B2B, so the taxonomy is not B2B-centric (Täuscher 
& Laudien, 2018). In contrast to the previously presented 
taxonomies, Täuscher & Laudien (2018) do not focus on 
the platform architecture, i.e., how the interface is designed 
and what the technological foundations of the platform are. 
Additionally, governmental stakeholders and their influ-
ence as well as the local boundedness of the platforms are 
not covered by Täuscher & Laudien (2018). Similarly, the 
framework designed by Bivona & Cosenz (2021) to assess 
the business models of multi-sided platforms is designed 
and tested only in a B2C context and is therefore not directly 
transferable to our context. Abendroth et al. (2021) create 
a context-specific taxonomy on B2B co-creation platforms. 
They identify three meta-dimensions, viz. value creation, 
platform architecture and actor ecosystem and thereby stress 
the importance that the architecture and ecosystem have in 
MSP. Their taxonomy is too specific for our context, though, 
because co-creation is not the sole focus of CS (Moros-Daza 
et al., 2020). Blaschke et al., (2019) are even more specific, 
as they focus their taxonomy on the platform architecture 
dimension. Finally, Weking et al. (2020) develop a taxon-
omy of industry 4.0 business models, which covers a wide 
variety of firms. Accordingly, they base their taxonomy on 
basic components of existing business model frameworks 
(Foss & Saebi, 2017; Osterwalder & Pigneur, 2010; Saebi 
et al., 2017; Teece, 2010). Their final taxonomy is built on 
the five meta-dimensions of target customers (Who?), Value 
Proposition (What?), Value Chain (How?), Key Elements 
(How?) and Value Capture (Why?), with the key elements 
meta-dimension comprising a platform dimension (Weking 
et al., 2020).

In summary, extant research on business model taxono-
mies provides only limited guidance in terms of what charac-
terizes a CS as well as what distinguishes different CS from 

each other, which is an extant research gap as it hampers the 
extraction of contextualized insights for these multi-sided 
B2B platforms with strong governmental influence. Exist-
ing taxonomies from adjacent domains, such as platform or 
marketplace research are either too domain-specific or too 
generic to be useful for CS research, as they fail to account 
for these platform’s special characteristics. Nonetheless, all 
of the described taxonomies can build the theoretical basis 
for our taxonomy on CS.

Research methodology

Rationale and data collection

As CS are an emerging and ever-evolving phenomenon, 
there is little guidance for its comparative analysis and 
accordingly its context-specific design (de Reuver et al., 
2018; Moros-Daza et al., 2020). Without objectified crite-
ria, a structured analysis of CS is hardly possible. For the 
first step of our research, we require a system of measurable 
characteristics to structure and simplify a complex collection 
of MSP. In consequence, we see a taxonomy development to 
be an appropriate approach to provide a structuring that can 
be used to subsequently analyze the connections between 
CS characteristics to discover archetypes and thereby build 
a “theory for analyzing” (Gregor, 2006) which can act as the 
foundation of future contributions in the field.

For the identification of relevant objects, i.e., Commu-
nity Systems, for taxonomy building and evaluation, we 
followed a three-stage approach, following the call of Vom 
Brocke et al. (2009) for more rigor in the reporting of lit-
erature review procedures. As the first step, gaining a base-
line sample of relevant CS, we build on a recent collection 
of 48 Port Community Systems (Moros-Daza et al., 2020). 
In the second step, we identify further CS by a literature 
search extending our preliminary sample to 77 CS. We only 
include CS in our final sample of 44 CS, for which we could 
enrich the available information to a satisfactory level, i.e., 
with at least one peer-reviewed source and one non-peer 
reviewed source or three non-peer reviewed sources with 
relevant information on characteristics of the respective CS. 
A detailed description of the data collection process can be 
found in the Appendix.

Taxonomy development

Figure 1 depicts the iterative taxonomy development pro-
cess by Nickerson et al. (2013) which consists of seven 
steps and has been applied widely since its publication 
(e.g., Gimpel et al., 2018; Passlick et al., 2021; Szopinski 
et al., 2020; Weking et al., 2020) and can therefore be 
considered an accepted research method. The first step is 
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the definition of a meta-characteristic, which is the foun-
dation of all further steps and due to the iterative nature 
of the method, ending conditions have to be defined 
(Nickerson et al., 2013). For each iteration (i.e., steps 
3 to 7), one of two approaches has to be chosen: either 
an empirical-to-conceptual approach, which is inductive 
and should be used in case of availability of sufficient 
real-world data or a conceptual-to-empirical approach, 
which is deductive and is supposed to leverage (existing) 
knowledge of the authors and from literature related to 
the meta-characteristic (Nickerson et al., 2013). The tax-
onomy is revised after each iteration and terminates once 
the ending conditions are met. The following paragraphs 
describe the iterative process that led to our taxonomy of 
CS business models.

(1) Definition of meta-characteristic: Similar to the 
approach of Weking et al. (2020), we choose four meta-
characteristics, or “perspectives” (Gimpel et al., 2018), 
based on the previously described domain background 
(see Table 1). Firstly, we capture who is involved in CS 
platforms with the “Stakeholder ecosystem” (Abendroth 
et al., 2021) perspective. This is similar to the target cus-
tomer (Weking et al., 2020) or customer segment and cli-
ents (Passlick et al., 2021) perspectives as well as the key 
partners and customer segments categories (Osterwalder 
& Pigneur, 2010) of other business model related taxono-
mies and frameworks. In the context of CS, stakeholders 
are commonly both partners and customers (Moros-Daza 
et al., 2020; Rodon et al., 2008). Secondly, we examine 
what creates value for the stakeholder ecosystem of a 

Start

(1) Define meta-characteristic

Elements of CS business models

(2) Determine ending conditions

Objective and subjective ending conditions 
based on Nickerson et al. (2013)

(4c) Conceptualize (new) characteristics 
and dimensions of objects

Based on extant platform and digital business
model taxonomies and frameworks

(4e) Identify (new) subset of objects

Selection of cases based on information-
richness similar to Weking et al. (2020)

(5e) Identify common characteristics and 
group objects

Empirical derivation of characteristics 
through a within-case analysis (Yin, 2003)

(6e) Group characteristics into dimensions 
to create/revise Taxonomy

Creation of later taxonomies and verification
(2nd, 3rd and 4th iteration)

(5c) Examine objects for these 
characteristics and dimensions

Based on Community System background 
literature

(6c) Create/revise taxonomy

Creation of initial taxonomy (1st iteration)

(3) Approach?

End

(7) Ending 
conditions

met?No

Yes

Nickerson et al. (2013)
This study

Legend:

Empirical-to-conceptual Conceptual-to-empirical

Fig. 1   Taxonomy development method according to (Nickerson et al., 2013) adapted from (Szopinski et al., 2020)
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CS platform (“Value creation” (Abendroth et al., 2021; 
Weking et al., 2020)). “Value creation” is used across 
various taxonomies (e.g., Hodapp et al., 2019; Passlick 
et al., 2021) as well as business model frameworks (e.g., 
Foss & Saebi, 2017; Osterwalder & Pigneur, 2010; Teece, 
2010) and is one of the dimensions of the value delivery 
perspective of the platform business model’s taxonomy 
of Täuscher & Laudien (2018). Thirdly, to describe how 
the CS platform is set up technologically and organi-
zationally, we incorporate the “Platform architecture 
& organizing model” (Abendroth et al., 2021; Remane 
et al., 2016) perspective. It is intended to integrate sev-
eral overlapping meta-characteristics and dimensions 
from platform and digital business model taxonomies. 
Those are, for example, the “core” and “infrastructure” 
dimensions from Blaschke et al. (2019), the “platform 
type” dimension from Täuscher & Laudien (2018), the 
“digital platform” and “data analytics” dimensions of 
Bock & Wiener (2017), the “Interface”, “Service plat-
form” and “Organizing Model” dimensions of El Sawy 
& Pereira (2013) and also some dimensions of the “Key 
elements” perspective of Weking et al. (2020). Finally, 
the fourth perspective is “Value capture” (Foss & Saebi, 
2017; Täuscher & Laudien, 2018; Weking et al., 2020) 
which describes why and how the platform is financially 
viable. It summarizes the “revenue model” perspective of 
El Sawy & Pereira (2013), the “digital pricing” dimen-
sion of Bock & Wiener (2017) and the “revenue stream” 
dimensions of Abendroth et al. (2021) and Osterwalder 
& Pigneur (2010)
(2 + 3) Ending conditions & Selected approaches: We 
adopted the objective and subjective ending conditions 
from Nickerson et  al. (2013) and report on those in 
Table 5 in the appendix. On the one hand, there are five 
subjective ending conditions, i.e., when the taxonomy is 
concise, robust, comprehensive, extendible, and explana-
tory, one can end the iterative process. On the other hand, 
eight objective ending conditions indicate that the itera-
tion process can be ended. When all objects that have 
been identified for the taxonomy development have been 
examined, when no objects were merged with similar 
object or spilt into multiple objects in the last iteration, 
at least one object is classified under every characteristic 
of every dimension, no new dimensions or characteristics 
were added, merged or split in the last iteration, every 
dimension is unique and not repeated and every char-
acteristic is unique within its dimension as well as each 
combination of characteristics is unique and not repeated, 
the iteration process is terminated. We iterated through a 
total of one conceptual-to-empirical cycle (1st iteration) 
and three empirical-to-conceptual cycles (2nd – 4th itera-

tion), as all ending conditions were met after the 4th itera-
tion. We started the iteration process with the conceptual-
to-empirical cycle, as we wanted to leverage knowledge 
from extant literature on both CS as well as taxonomies 
from the platform and digital business model context, to 
build a solid baseline for our taxonomy.
(4c – 6c) First iteration (conceptual-to-empirical): Based 
on the four meta-characteristics described above, we 
derived dimensions and characteristics from extant litera-
ture on platform and digital business model taxonomies as 
well as CS background literature. As for the stakeholder 
ecosystem perspective we started with three dimensions, 
namely “market” (Täuscher & Laudien, 2018; Weking 
et al., 2020), “geographic scope” (Abendroth et al., 2021; 
Täuscher & Laudien, 2018), and “modes of transport”, 
which was derived from the common distinction of CS 
based on their distinctive transportation mode (Carlan 
et al., 2016). Communication and value- added services 
were added as they are central aspects of many CS’ value 
propositions (Moros-Daza et  al., 2020; Rodon et  al., 
2008). We initially included a “review system” dimen-
sion (Täuscher & Laudien, 2018), but had to omit it as 
we could not find any evidence to support it in the context 
of CS. We added the “platform origin” dimension as a 
CS can either be designed uniquely or based on another, 
existing CS (Baron & Mathieu, 2013; Moros-Daza et al., 
2020). The “interface” dimension is taken from the 
VISOR framework (El Sawy & Pereira, 2013) and “data 
analytics” from Weking et al. (2020). The “Role of gov-
ernmental actors” dimensions is deducted from strong 
involvement of governmental actors in CS. Both deci-
sional openness and complementor openness have been 
adopted from Abendroth et al. (2021), as some CS seem 
to develop into that direction lately (Elbert & Tessmann, 
2021). Given the high involvement of governmental 
stakeholders, the business objective of the CS operator 
was added as a dimension, as some companies operate 
on a not-for-profit basis (Chandra & van Hillegersberg, 
2018, p. 58). “Funding”, “funding continuity” and “pay-
ment model” have been chosen as dimensions based on 
the various value capture or revenue model dimensions 
of extant adjacent taxonomies (Remane et al., 2016; Täu-
scher & Laudien, 2018; Weking et al., 2020). The initial 
characteristics have been transferred from their respective 
dimension sources and adapted to our context in step 5c 
based on the CS background literature.
(4e – 6e) Second through fourth iteration (empirical-to-
conceptual):
The 44 sample CS were divided into three groups (i.e., 
sub-samples) as shown in Appendix Table 6, based on 
information richness similar to the approach of Weking 
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et al. (2020), i.e., based on the number and content of 
sources that could be retrieved for a respective CS. In 
the second iteration, based on Sample A, we adapted 
the characteristics of several dimensions (see Table 2). 
We also added a total of three dimensions in the second 
iteration, viz. “Extended services” in the “Value crea-
tion” perspective, as well as “Data security” and “Data 
governance” in the “Platform architecture and organizing 
model” perspective. The third iteration, based on Sample 
B, led to a change of the characteristics in five dimensions 
(see Table 2) and no further dimensions had to be added 
or altered. The fourth and final iteration, based on Sample 
C, did not lead to any further changes.

(7) Ending conditions, empirical and theoretical evalu-
ation:
With the fourth iteration, all ending conditions were 
fulfilled (see Steps 2 and 7 in Figure 1 in conjunction 
with Appendix Table 5). For a consistent and exhaus-
tive identification of dimensions and characteristics, the 
first author coded all case examples within one week, 
while the second author proclaimed authentic dissent or 
took the role of a devil’s advocate by suggesting alterna-
tive explanations and raising critical questions regarding 
the taxonomy (Eisenhardt, 1989; Nemeth et al., 2001). 
This was done to uncover potential deficiencies and to 
scrutinize assessments in order to improve the quality of 

Table 2   Taxonomy of Community System business models, includ-
ing exclusivity column (E – exclusive, i.e., only one characteristic 
observable with one object; N – non-exclusive, i.e., multiple charac-

teristics observable with one object) and iteration column, specifying, 
in which iteration the respective dimension was altered

Perspective Dimension Exclusivity Iteration*

Geographic 
Scope

E 1,2,3

Modes of 
transport

N 1,2

Communication 
services

N 1

Value-added 
services

N 1,2

Extended 
services

N 2, eval

Platform origin E 1

Interface N 1,2

Data analytics E 1,2,3

Data security E 2

Data 
governance

E 2, eval

Role of 
governmental 
actors

E 1,2

Decisional 
openness

E 1

Complementor 
openness

E 1

Business 
objective of 
operator

E 1

Funding E 1,2

Funding 
continuity

E 1,2,3

Payment model E 1,2,3
* Sources: Iteration 1: Domain Background; Iteration 2 - 4: Appendix Table 6 ; Evaluation: Focus group

Characteristics

Stakeholder 
ecosystem 

(Who?)

Market B2C
B2B - 
limited

B2B - 
core

B2B - 
extended

B2G G2G 1,2,3, eval

Local Regional National

Sea Air Road Rail Barge

Port related 
VAS

Data VAS

None
Inter-CS 

connectivity

N

Logistical 
e-commerce

Extended 
e-commerce

Platform 
architecture 
& organizing 

model 
(How?)

Unique Based on existing
Local access EDI/API Web interface Mobile device 

None

Value 
creation 
(What?)

Regulatory Coordination Commercial

None Logistic VAS

Local   Cloud Local       Cloud      
Standard Advanced

Give-and-Receive Monetary compensation

External 
Stakeholder

Involved 
Stakeholder

Public Privat 
Partnership

Sole operator

Lead-organization goverened Participant governed

Closed
Selected 
partners

Conditions for 
access

Open

Per transaction Mixed None

Value capture 
(Why?)

For-profit Not-for-profit

Subsidies Fees Mixed

One-time Continuous Mixed

Subscription
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the taxonomy, similar to the approach of Szopinski et al. 
(2020).
We deviate from Nickerson et al. (2013)’s objectivization 
of their subjective ending condition of conciseness, i.e., 
using a maximum of nine dimensions for a taxonomy. 
Therefore, we additionally utilized a similar approach to 
that of Weking et al. (2020), who also created a taxonomy 
with more dimensions, to empirically evaluate our taxon-
omy in a two-step approach. As first and main evaluation 
step, we organized a virtual meeting and conducted a con-
firmatory focus group with six participants plus the first 
author who acted as the moderator (Tremblay et al., 2010). 
The meeting was not in-person due to the current Covid19 
pandemic. The six participants were selected based on 
their research or work focus on digital business models 
and previous experience in the field of taxonomy creation 
or sea- and airports (e.g., management consulting back-
ground). The meeting took a total of 60 minutes, where 
the first ten minutes consisted of the introduction and 
problem description and the remaining 50 minutes were 
spent reviewing and discussing the taxonomy. This led 
to minor changes in three of the taxonomy’s dimensions. 
Specifically, some of the characteristics were renamed 
for clarification purposes (see Table 2). The focus group 
discussions also showed the necessity of a more concise 
depiction of the characteristics, while the overall large 
number of dimensions was seen as uncritical.
Accordingly, we deviate from Nickerson et al. (2013) in 
that we do not use mutually exclusive characteristics for 
all dimensions in Table 2, similar to Gimpel et al. (2018). 
Exemplarily, take the “Market” dimension, where a single 
CS can cover multiple markets (e.g., B2B & B2G). List-
ing all (possible) combinations of the six characteristics 
in Table 2 would make them mutually exclusive (cf. for 
example Passlick et al. (2021)’s “Deployment channel” 
dimension), but less easily understood. In the second step, 
to verify the applicability and usefulness, we used an 
exploratory cluster analysis to identify archetypes of CS.

Taxonomy of Community Systems business 
models

Stakeholder ecosystem

Firstly, the “Market” dimension accounts for the potential 
connection of various businesses (B2B), the communication 
between businesses and governmental agencies (B2G), and 
amongst governmental actors (G2G), as well as the interac-
tion with consumers (B2C, e.g., arrival updates for ferry 
passengers (Di Vaio & Varriale, 2020)). We define a core-
group of private business stakeholders, viz. carriers, line 
agents, forwarders, terminal operators, custom’s brokers, 

shippers, consignees, carrier inland operators, and if they 
are private companies, the port authority, developers and 
the CS operator (cf. Fig. 5 in (Chandra & van Hillegersberg, 
2018, p. 62)). Accordingly, at an airport, airlines are part of 
the core group instead of sea carriers. A limited group of 
stakeholders is any subset of the core group and the extended 
group has additional stakeholders involved in the CS, such 
as banks and insurances (Adaba & Rusu, 2014; Rodon et al., 
2008). A CS can address different geographic scopes. It can 
be entirely local, i.e., focused only on the respective port, 
it can be regional in that it includes the hinterland of a port 
or national if it is applied in a country. In the latter case, the 
same platform is commonly used in multiple ports. The third 
dimension defines the modes of transport that a respective 
CS covers with its services, viz. sea, air, road, rail, barge and 
any combination of these.

Value creation

The most basic services offered by a CS are communication 
services which can be regulatory, i.e., documents, such as 
customs manifest, ISPS declaration and others, coordinative, 
such as pre-notifications, shipment instructions and more or 
commercial, such as invoices or container release confirma-
tions. On top of these communication services, certain value-
added services can be identified. We categorized the multi-
tude of available value-added services into three categories. 
Logistical value-added services comprise, for example, track 
and trace services, as well as warehousing and truck appoint-
ment services. Furthermore, we also summarized compliance 
services such as services related to dangerous goods and ser-
vices that (actively) support CS stakeholders in submitting 
regulatory documents compliantly, as logistical value-added 
services. The second category of value-added services are 
port-related. On the one hand, these are services that sup-
port the port management in operating the port more safely 
and efficiently. On the other hand, these are services that 
support other stakeholders regarding port processes. Some 
CS include navigational features (waterways or roads), the 
payment of port dues directly through the CS, or physical 
safety and security features, such as live access restrictions 
through the CS for certain non-public areas of a port. Data 
related value-added services are the last category and com-
prise services such as data warehousing or business process 
optimizations, i.e., identifying optimization potentials for 
stakeholders based on the exchanged information.

Lastly, “Extended services” were identified as part of 
our empirical-to-conceptual iterations. The first extended 
services category is the Inter-CS connectivity. Some CS 
recently connected amongst each other, so that data could 
be exchanged between various international CS seamlessly 
as part of the “Network of Trusted Networks” initiative 
(IPCSA, 2020). Secondly, we found logistical e-commerce 
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services, that go beyond logistical value- added services, 
in that users (e.g., a freight forwarder) could book logisti-
cal services for cargo through the respective platform itself, 
such as a last-mile delivery from a specialized inland car-
rier. Extended e-commerce services are services that can be 
bought through the platform, similar to an app-store, which 
cover non-logistical services and products, such as financial 
or insurance related services.

Platform architecture & organizing model

The taxonomy distinguishes whether the digital platform, 
which is the technological backbone of the CS, is created 
uniquely or based on an already existing CS (e.g., PMAC, 
2017) and which interfaces CS use. Some CS still rely on 
local access facilities (Long, 2009, p. 66) for companies that 
cannot send data electronically. Otherwise, stakeholders can 
access the CS directly through their own computer network 
(EDI/API), or indirectly through a web page or mobile 
device app. Depending on the scope of the value creation 
perspective, certain data analytics are an essential part of the 
platform. Our taxonomy distinguishes those based on where 
the data is stored, i.e., locally or decentralized (cloud), and 
if it uses common statistical approaches or more advanced 
big data or artificial intelligence (AI) based methods. Data 
security measures are distinguished based on the methods 
used to secure stakeholder data. An advanced security level 
indicates that multiple physical and virtual methods, e.g., 
firewalls, encryption, audits, server monitoring and duplica-
tion of databases are combined with modern technologies 
such as blockchain. As data sharing is essential in a CS, the 
taxonomy distinguishes how stakeholders are encouraged to 
share data, i.e., how the data governance is set up. It can be 
based on a give-and-receive scheme, i.e., stakeholders can 
only use the CS if they share data themselves or a monetary 
compensation can be implemented, where the provider of 
valuable data is compensated for sharing it (Lievens, 2017; 
Moyersoen, 2019). Governmental stakeholders can take 
different roles within a CS, from being external to it (e.g., 
Cheng & Wang, 2016) to being the sole operator. “Deci-
sional openness” distinguishes whether the CS is governed 
solely by its lead-organization or more openly by its par-
ticipants. Lastly,” Complementor openness” describes how 
open the CS is to co-developers.

Value capture

The first dimension of the value capture perspective distin-
guishes the business objective of the operator. Especially 
through the involved governmental actors, not all operators 
are for-profit companies. Accordingly, funding can come 
from subsidies, fees or a mixture of both. Funding can come 
as a one-time lump sum or continuous or mixed. Lastly, the 

payment model can be based on a subscription, can be per 
transaction handled by the CS or can be a mixture of sub-
scription, per-transaction, per user and per transport-unit 
handled. Also, no payment model is possible in case the 
stakeholders do not pay for the usage of the CS, as it is solely 
funded by subsidies.

Taxonomy application—Community System 
archetypes

Community System archetypes

For a better understanding of different CS business mod-
els and to verify the applicability of our taxonomy, we use 
a cluster analysis to identify relevant CS archetypes. We 
thereby make use of a mixed-methods approach (Kelle, 
2006). In the appendix, a detailed description of our clus-
tering method can be found, which accounts for three special 
conditions we found in our context, viz. categorial data, an 
overall small data set of only 44 CS and lastly, some miss-
ing data for the “Funding”, “Funding continuity” and “Pay-
ment model” dimensions of our “Value capture” perspective. 
To account for these special conditions, we utilize a dis-
tance measure that was specifically designed for categori-
cal data (Lin similarity measure (Boriah et al., 2008)), use 
statistical clustering methods that are robust even for small 
data sets (complete linking hierarchical clustering (Šulc & 
Řezanková, 2019)) and apply a state-of-the-art multiple 
imputation method (Basagaña et al., 2013) to account for 
missing values and thereby minimize the effect of missing 
values on the results.

The cluster analysis results suggest the distinction of 
four clusters which means that the collected data indicates 
that four CS archetypes can be differentiated. Table 3 shows 
the characteristic distribution per dimension within each of 
those four archetype groups in comparison to the mapping 
of the entire CS sample (44). As we cannot describe and 
discuss every dimension and characteristic in detail due to 
space limitations, we will first provide a short description 
of each of the four archetype groups and then present some 
of the results more in-depth based on an analysis of contin-
gency tables.

We labeled the first archetype group as “Innovation-ori-
ented port eco-systems” as these eight CS address the most 
extended stakeholder group, involving B2C and G2G as well 
as extended B2B markets, i.e., also including stakeholders 
such as banks and insurances and act mostly on a national, 
rather than a local or regional level. Also, in all dimensions 
of the “value creation” perspective they have the widest 
functional scope, such as regularly including commercial 
communication as well as all identified types of value-added 
services. They are also early adopters of extended services, 
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Table 3   Results of the cluster analysis

Perspective Dimension Characteristic
Mapping of 
entire sample

1- Advanced 
Port-

Ecosystem

2- B2B focused 
CS

3- Non-profit 
CS

4- Standard 
CS

B2C 5% 25% 0% 0% 0%
B2B - limited 23% 13% 33% 38% 12%
B2B - core 61% 50% 67% 38% 82%
B2B - extended 16% 38% 0% 23% 6%
B2G 86% 100% 0% 100% 100%
G2G 14% 63% 0% 8% 0%
Local 11% 0% 50% 0% 12%
Regional 59% 25% 50% 62% 76%
National 30% 75% 0% 38% 12%
Sea 82% 75% 50% 77% 94%
Air 18% 38% 33% 8% 6%
Road 98% 100% 100% 85% 100%
Rail 57% 50% 33% 54% 59%
Barge 16% 38% 0% 8% 18%
Regulatory 86% 100% 0% 100% 100%
Coordination 100% 100% 100% 100% 100%
Commercial 34% 75% 17% 31% 24%
None 2% 0% 0% 8% 0%
Logistical VAS 91% 100% 100% 69% 100%
Port related VAS 77% 88% 50% 77% 82%
Data VAS 50% 88% 50% 54% 29%
None 45% 13% 100% 46% 41%
Inter-CS connectivity 32% 75% 0% 31% 24%
Logistical e-commerce 25% 38% 0% 31% 24%
Extended e-commerce 22% 38% 0% 15% 35%
Unique 75% 100% 17% 77% 82%
Based on existing 25% 0% 83% 23% 18%
Local access facility 2% 0% 0% 0% 6%
EDI/API 89% 100% 83% 85% 88%
Web interface 91% 100% 100% 69% 100%
Mobile device app 50% 63% 67% 31% 47%
None 30% 0% 17% 62% 24%
Local statistical 45% 50% 33% 31% 59%
Cloud statistical 7% 0% 0% 0% 18%
Local Big Data/AI 5% 0% 17% 8% 0%
Cloud Big Data/AI 14% 50% 33% 0% 0%
Standard 86% 38% 100% 92% 100%
Advanced 14% 63% 0% 8% 0%
Give-and-Receive 98% 88% 100% 100% 100%

Monetary compensation
2% 13% 0% 0% 0%

External stakeholder 16% 0% 100% 0% 6%
Involved stakeholder 41% 38% 0% 8% 82%
PPP 18% 13% 0% 38% 12%
Sole operator 25% 50% 0% 54% 0%
Participant goverened 32% 63% 0% 23% 35%
Lead-organization 
goverened 68% 38% 100% 77% 65%
Closed 57% 38% 100% 46% 59%
Selected partners 36% 25% 0% 54% 41%
Conditions for access 5% 25% 0% 0% 0%
Open 2% 13% 0% 0% 0%
Not-for-profit 39% 50% 0% 100% 0%
For-profit 61% 50% 100% 0% 100%
Subsidies 11% 0% 0% 31% 6%
Fees 30% 25% 17% 8% 53%
Mixed 18% 50% 17% 23% 0%
One-time 2% 0% 0% 0% 6%
Continuous 18% 38% 0% 15% 18%
Mixed 36% 38% 33% 46% 29%
Subscription 7% 13% 0% 0% 12%
Per transaction 5% 0% 0% 8% 6%
Mixed 34% 63% 33% 23% 29%
None 11% 0% 0% 31% 6%

Stakeholder 
ecosystem

Market *

Geographic Scope

Modes of transport *

Value creation

Communication services 
*

Value-added services *

Extended services *

Platform 
architecture & 

organizing 
model

Platform origin

Interface *

Data analytics

Data security

Data governance

Role of governmental 
actors

Decisional openness

Complementor openness

Value capture

Business objective of 
operator

Funding

Funding continuity

Payment model

Non-exclusive dimensions have been marked with an asterisk. The “Funding”,“ Funding Continuity” and “Payment model” dimensions have 
been reported based on the non-imputed (WOM) data, i.e., the column sums per category are < 100% when data is missing
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such as inter-CS connectivity as well as e-commerce ser-
vices. As for the “platform architecture & organizing model” 
perspective they offer the widest range of interfaces, use 
the most modern and advanced data analytics and security 
technologies and are also innovators in data governance 
developing it past a mere give-and-receive scheme, which 
seems to be necessary for their more advanced service 
offer. Interestingly enough, governmental actors are rather 
strongly involved, as they are the sole operators in half of 
those CS. The advanced port eco-systems also seem to be 
more open platforms, as they are mostly participant gov-
erned and include more external developers than CS from 
other groups. Finally, half of the innovation-oriented port-
eco-systems work on a not-for-profit basis.

We labeled the second archetype group as “B2B-focused 
CS”. This is the smallest group as only six CS were allo-
cated to it. They are clearly distinguishable from the other 
groups, as they solely focus on B2B markets and conse-
quently, governmental actors are only external stakehold-
ers. Furthermore, these CS are much more localized than 
the other groups and many of the ACS in our sample were 
allocated here (e.g., London Heathrow, Dallas Fort Worth 
Airport). While all of the B2B-focused CS offer coordinative 
communication services and logistical value-added services, 
not one offers extended services. All B2B-focused CS are 
working with a closed platform and governance model, as 
they are solely lead-organization governed and do not work 
with complementors at all. Most are based on pre-existing 
platforms and are run on a for-profit only basis. Finally, the 
B2B-focused CS are the group with the lowest information 
availability regarding the value capture perspective.

The third archetype group was labeled “Non-profit CS”, 
as they are clearly distinguishable from the other groups 
based on their business objective. Consequently, this group 
relies mostly on subsidies and the governmental actors play 
a very important role in their governance, as the majority is 
at least partially controlled by a governmental agency. They 
operate on a mostly local and sometimes national level and 
address along with B2G different B2B markets, from limited 
to extended stakeholder groups evenly. Many do not offer 
any extended services and the majority also does not offer 
any data analytics through the platform. Lastly, these CS are 
rather closed-off platforms, that, if at all, only allow selected 
partners to contribute functionalities. The only inland termi-
nal CS was allocated to the Non-profit CS group.

We named the last archetype group “Non-specialized 
Single Windows”, as this is the largest group of CS, and 
they have the highest focus on a regional B2B-core and 
B2G market, thereby acting as a single window for core 
port stakeholders. Those CS focus on regulatory and coor-
dinative communication services as well as logistical and 

port-related value-added services but include significantly 
less data value-added services. Some members of these 
groups do include extended services and use standard inter-
faces, viz., web interface and EDI/API. They mostly use 
local statistical data analytics and standard security features. 
Governmental actors are mostly involved stakeholders but 
do not operate the platform. Consequently, non-specialized 
Single Windows are mostly funded by fees and not subsi-
dies. Like the Non-profit group, they are rather closed-off 
platforms but are run solely on a for-profit base.

Detailed results

To objectivize the dimensions that best distinguish the four 
groups, we perform additional statistical analyses based on 
contingency tables with the clustering allocation as one of 
the two vectors and each of our taxonomy’s dimensions as 
the other (Appendix Table 5). First, we calculate Pearson’s 
chi-squared test of independence (Delucchi, 1983). Due 
to relatively small values in some contingency tables, we 
decided to also calculate the according p- values of Fisher’s 
exact test (cf. McCrum-Gardner, 2008). Lastly, to get an 
idea of the dependency strength between all dimensions, we 
calculated both Cramér’s V (Cramér, 1946) and a corrected 
Cramér’s V (Bergsma, 2013), which aims to overcome a bias 
for finite samples. Additionally, to identify in which dimen-
sions each group is distinct, we tested all four identified 
groups individually for (in)dependence of the dimensions 
of the taxonomy, i.e., we tested the CS that were allocated 
to the one group against the CS from the remaining groups 
for each dimension, thereby dichotomizing the clustering 
allocation vector of the respective contingency table (for an 
example of the described contingency tables see Appendix 
Tables 8 and 9). The last column of Table 4, which pre-
sents the statistical results described above, shows which of 
the identified dimensions are distinctive for one or a set of 
archetype groups. Here, one can see that ten dimensions are 
distinctive for the “Innovation oriented port eco-systems”, 
but only six are distinctive for the “B2B-focused CS” and the 
“Non-specialized Single Windows” respectively. In future 
research, these results could be used to define a minimum 
set of dimensions that should be investigated depending on 
the archetype group(s) of CS’ involved in the study. For 
example, if two CS from the “Innovation oriented port eco-
systems” and the “B2B-focused CS” archetype groups shall 
be compared, one should investigate dimensions such as the 
“Geographic scope” or “Communication services” as those 
are distinctive for both archetype groups.

First, we present those three dimensions that relate to key 
aspects of CS (see Table 1), viz. “Market”, “Role of gov-
ernmental actors”, and “Geographic Scope”. Additionally, 
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we look at the “Extended services”, “Data governance”, 
“Decisional openness”, and “Complementor openness” 
dimensions as they differ significantly between the “Inno-
vation-oriented port eco-system” archetype group and the 
remaining CS as well as the “Platform origin” dimension as 
it differs significantly between the “B2B-focused CS” arche-
type group and the CS not part of this archetype group. We 
focus on those five dimensions as they differentiate only one 
archetype group from the remaining CS (only one digit in 
the last column of Appendix Table 5), therefore implicitly 
indicating that the remaining CS are rather homogenous 
in the respective dimension. We do so despite some of the 
chosen dimensions not having significant p-values for the 
test of independence between the overall cluster allocation 
and the respective dimension (e.g., the “Extended services” 
dimension, which is significantly different between the 
“Innovation-oriented port eco-system” archetype group and 
the remaining CS, but not between all archetype groups), as 
these dimensions are clearly distinguishing singular arche-
type groups.

For the “Market” dimension, we find that it signifi-
cantly differentiates all identified CS archetype groups 
individually but also collectively. Further, we find that the 

“Innovation-oriented port eco-system” archetype group 
addresses the broadest set of stakeholders, while the “B2B-
focused CS” addresses the narrowest. The “Non-specialized 
Single Windows” archetype group focuses its B2B activities 
the most on the core group of port stakeholders. All CS 
but the ones from the “B2B-focused CS” archetype group 
also include B2G activities and only the CS from the “Inno-
vation-oriented port eco-system” and the “Non-profit CS” 
archetype groups also include G2G activities, i.e., connect-
ing multiple governmental stakeholders, thereby facilitat-
ing the communication and cooperation of governmental 
agencies.

The “Role of governmental actors” differentiates the iden-
tified archetype groups well also. The “B2B-focused CS”, for 
example, do not have a direct involvement of governmental 
actors, which means that they are affected by the regula-
tion and legislation of governmental actors. Yet, they are 
not involved in the operation of the platforms. On the other 
hand, the “Non-profit CS” are highly influenced by govern-
mental stakeholders, coupled with a need for subsidies for 
the funding of the platform and its operations. For the “Non-
specialized Single Windows” archetype group, governmental 
stakeholders are commonly involved in the operation of the 

Table 4   Contingency table analysis results for cluster analysis with 
significance level α = 0.1; in the last column (Clusters with a signifi-
cant difference), the individual numbers represent clusters (archetype 

groups): 1- Innovation oriented port eco- systems, 2- B2B focused 
CS, 3- Non-profit CS, 4- Non-specialized Single Windows

+ - Based on average for IMP data
++ - Based on seperate Fisher exact test evaluation of each individual cluster against the CSs in the remaining clusters

Contigency table dimensions Chi- Sq+ p-Value Chi-Sq+ Cramer's V+ Corrected 
Cramer's 
V+

p-Value 
(Fisher exact 
text)+

Clusters with 
significant differ-
ence ++

Clustering ↔ Market 78,4 0 *** 0,77 0,57 0 *** 1,2,3,4
Clustering ↔ Geographic Scope 22,3 0,001 ** 0,50 0,36 0,002 ** 1,2
Clustering ↔ Modes of transport 30,9 0,158 0,48 0,24 0,133
Clustering ↔ Communication services 51,5 0 *** 0,62 0.50 0 *** 1,2
Clustering ↔ Value-added services 27,6 0,153 0,46 0,19 0,031 * 1,4
Clustering ↔ Extended services 25,1 0,123 0,44 0,20 0,139 1
Clustering ↔ Platform origin 14,1 0,003 ** 0,57 0,36 0,006 ** 2
Clustering ↔ Interface 23,6 0,169 0,42 0,18 0,142 3,4
Clustering ↔ Data analytics 30,6 0,002 ** 0,48 0,33 0 *** 1,3,4
Clustering ↔ Data security 20,2 0 *** 0,68 0,44 0 *** 1,3
Clustering ↔ Data governance 4,6 0,203 0,32 0,13 0,301 1
Clustering ↔ Role of governmental actors 45,1 0 *** 0,58 0,46 0 *** 2,3,4
Clustering ↔ Decisional openness 6,8 0,078 * 0,39 0,21 0,082 * 1
Clustering ↔ Complementor openness 20,5 0,015 * 0,39 0,26 0,022 * 1
Clustering ↔ Business objective of operate 35,6 0 *** 0,90 0,61 0 *** 2,3,4
Clustering ↔ Funding 20,6 0,006 ** 0,48 0,34 0,006 ** 3,4
Clustering ↔ Funding continuity 3,8 0,702 0,21 0,00 0,756
Clustering ↔ Payment model 13,8 0,191 0,32 0,17 0,209
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CS but are often only one of many involved stakeholders. 
Here, we assume that the governmental stakeholders, when 
involved in one way or the other, have a relatively strong 
influence on the mission and vision of CS with the effects 
on platform origin and service offer described below, as they 
seem to shift the focus away from short-term goals towards 
a longer-term perspective.

The “Geographic Scope” dimension shows a clear dif-
ferentiation between some of the archetype groups. Espe-
cially the “B2B-focused CS” concentrate more on their local 
markets, i.e., the immediate port location they are applied 
to. Only some have a regional reach, meaning that they also 
cover the hinterland of the respective port. On the other 
hand, both the “Non-profit CS” and “Non-specialized Sin-
gle Windows” archetype groups have a focus on regional 
markets and the “Innovation oriented port eco-systems” 
archetype group expanded its reach to a national level. In 
this context, national peculiarities, especially in the regula-
tory and legislative sphere, seem to play an important role 
as they are relevant for the service offer of CS. Even for 
the most basic services, i.e., “Communication services”, 
CS need to, on the one hand, comply with a multitude of 
laws and regulations, such as data protection laws and more, 
themselves, but on the other hand also guarantee compliance 
for participating stakeholders, which is critical in B2B and 
B2G environments with sensitive data. Accordingly, none of 
the CS has expanded internationally yet but rather realized 
an internationalization through extended services by con-
necting to other local (national) platforms.

With the “Extended services” dimension, we have to 
first distinguish two types of platform cooperation models. 
First, an example of what we would call a “platform of plat-
forms” is an app store, which is a multi-sided innovation 
platform (Cusumano et al., 2019), that gives its users access 
to other platforms such as messaging services, social media 
platforms or ride-hailing platforms. An app store does not 
commonly give its users access to another app store, though, 
which would be what we call a “network of platforms”, 
i.e., platforms that connect horizontally, not vertically. For 
example, CS that implement inter-CS connectivity thereby 
create a network of connected local platforms as they offer 
their users more or less direct access to another platform 
with similar services. While the CS of the “Innovation ori-
ented port eco-systems” archetype group are moving in the 
direction of such a network of platforms by integrating their 
information flows with each other on a supra-national level 
(IPCSA, 2020), they also seem to be more proactive in trans-
forming into a platform of platforms locally, by integrating 
with external platforms such as last-mile delivery organiza-
tion platforms or freight capacity booking platforms (e.g., 
INTTRA) (Elbert & Tessmann, 2021). As can be seen from 

Table 3, all CS that do not belong to the “Innovation ori-
ented port eco-systems” archetype group make significantly 
less use of the extended services, with the “B2B-focused CS” 
not using them at all.

For the “Platform origin” dimension, the “B2B-focused 
CS” archetype group sticks out compared to the other CS 
which are still mainly developed from scratch, individually 
tuned for the respective port. New approaches are chosen 
for those “B2B-focused CS”, as they are mostly either based 
on pre-existing CS platforms or built based on a re-usable 
core platform, which is easily adaptable to changing cir-
cumstances. As an example, take Belgium- based Nallian 
(Nallian, 2021e), a provider of platform solutions, who 
developed both Brussel airport’s BRUCloud and with Nxt-
Port a part of Port of Antwerp’s CS infrastructure. They 
then leveraged their basic platform to other airports around 
the world, such as Dalles Forth Worth airport’s DFWCC or 
London Heathrow’s HCC CS. We find that the likelihood of 
utilizing a re-used platform core is closely linked to the mis-
sion and vision of the respective CS providers. While those 
two aspects are not part of our business model taxonomy, 
as they heavily influence the decisions on business model 
aspects and lie therefore somewhat before or above the busi-
ness model itself, we want to introduce them here briefly. 
The mission of a CS provider shall be the overarching set 
of goals that is supposed to be achieved, while the vision 
is an idea of how these goals are going to be achieved on 
the one hand and how the goals might be further developed 
in the future. We find that the CS of the “B2B-focused CS” 
archetype group has a higher focus on short-term goals in 
their mission and vision such as specific membership goals 
or breaking even within a set timeframe. Especially the lat-
ter goal leads to a certain cost pressure, which seems to 
result in more cost-conscious solutions, i.e., using (pre-)
existing platforms for the setup of a CS, thereby saving 
both time and money, even if that means that the breadth of 
functionalities offered is smaller (“B2B-focused CS” do not 
offer any extended services for example). To be clear, we 
do not find any functionality-related restrictions stemming 
from the re-use of existing platforms. Still, we assume that 
the differences between the archetype groups origin from a 
difference in their mission and vision, as the “B2B-focused 
CS” only offer those functions that are actively demanded 
by their business customers, such as coordination services 
and value-added logistical services, but therefore are as 
cost-efficient as possible to not be seen as a “burden” by 
their customers. Additionally, they need to be able to make 
a profit, as they are the only archetype group that solely 
consists of for-profit operators and where governmental 
stakeholders have no direct involvement, i.e., do not sup-
port the funding.
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Overall, the “Data governance” dimension cannot be 
used to distinguish the archetype groups (yet), but it is sig-
nificantly different for the “Innovation oriented port eco-
systems” archetype group compared to the remaining CS. 
The availability of different forms of data is highly relevant 
in all data-driven businesses (cf. Hartmann et al., 2016). 
Our data governance dimension can offer a new perspective 
on how to incentivize participants to share data on a B2B 
platform or, more generally, customers to share data with 
companies past a mere give-and-receive scheme, which is 
the basis of many (consumer-oriented) platform business 
models such as Google services (e.g., Li & Hecht, 2021; 
O’reilly, 2007) where users provide their data (e.g., loca-
tion data) to receive free services based on data from other 
users (e.g., Google Maps). This is particularly relevant in 
the context of competitive B2B networks, as incentiviza-
tion strategies from consumer-oriented platforms cannot 
be easily transferred to their B2B equivalents (Loux et al., 
2020; Wallbach et al., 2019). Monetary compensation for 
providing data can raise the awareness of the value of such 
data and incentivize companies to share it, especially if they 
can decide at which price they want to share certain data. 
In this case, data is not worth what the platform operator 
decides it to be worth by offering a set of “free” services to 
the sharing member but can be individually determined per 
data type, which offers the possibility to also share highly 
valued data. We find that these data governance deviations 
are a rather new phenomenon, as only the Port of Antwerp’s 
CS introduced their new approach that users pay three dif-
ferent categories of fees, namely a monthly base fee and a 
transaction-based fee for the usage of the CS platform and 
a data fee which is set by the data owner for using this valu-
able data (Lievens, 2017). Accordingly, one cannot see a 
more considerable difference in the data governance row 
between different archetype groups of Table 3.

Lastly, the openness of the platform to complementors 
and who can be involved in decision making differs for the 
“Innovation oriented port eco-systems” archetype group 
compared to the remaining CS. It can also be used to distin-
guish all archetype groups from one another. Interestingly, 
the “Innovation oriented port eco-systems” archetype group 
is comparatively open to participants making decisions, even 
if they are not one of the leading organizations of the respec-
tive port. They are also much more open to complementors 
supplying the platform eco-system with their own services 
and platforms. We find that this is one of the reasons why 
these CS have a broader set of functionalities, especially 
extended services, available on their platforms. On the one 
hand, more services can be offered if more complementors 
are involved in the platform, as the development is distrib-
uted between many different organizations. On the other 

hand, these complementors are more motivated to contrib-
ute to the respective CS if they feel that they can influence 
the future of the platform by being involved in landmark 
decisions.

Discussion

We developed a taxonomy with a total of four perspectives 
and eighteen dimensions. A Cluster analysis was used to 
show the applicability of the taxonomy and to identify arche-
types of CS business models. As can be seen from the results 
in Table 3 in conjunction with Table 4, the distinction of the 
four archetype groups is not limited to a single perspective or 
dimension, which shows the necessity of the various dimen-
sions to differentiate CS from one another.

To further investigate RQ1, we now want to compare our 
taxonomy to existing taxonomies, especially those listed in 
Table 1. First, the four perspectives of our taxonomy were 
derived from existing platform and digital business model 
taxonomies and classifications, as described in the taxon-
omy development section. While the detailed dimensions 
and even more so characteristics differ, some previous tax-
onomies cover all four perspectives that we utilized for our 
taxonomy, especially Weking et al. (2020) and Abendroth 
et al. (2021).

Both publications do not cover two of the key aspects of 
CS, viz. the influence of governmental stakeholders and the 
platforms’ local boundedness, though. The details addressed 
under the overarching perspectives differ strongly also. As 
shown above (Table 1), other platform or digital business 
model taxonomies do not cover all four perspectives of the 
taxonomy developed in this paper and accordingly focus on 
different aspects, being either too specific or too general for 
our context to be practical.

A more detailed view on the dimensions and character-
istics of the four perspectives unveils the novel aspects of 
our taxonomy of CS business models compared to exist-
ing taxonomies (Table 1). We start by discussing the three 
key aspects of CS as identified in the domain background, 
viz. B2B focus, governmental influence and local bounded-
ness and proceed with further dimensions that entail novel 
insights compared to extant literature.

As we generally found that only a minority of previous 
platform and digital business model taxonomies focused 
on B2B markets, our taxonomy adds some interesting 
insights. The market characteristics had to be differen-
tiated into three different B2B stakeholder groups, from 
limited over core to extended, to account for differences 
in CS business models. This can also be relevant for other 
MSP business models, as platforms commonly focus on 
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specific core stakeholders at first and expand their reach 
over various stages (Tan et al., 2015). A more detailed 
view on different B2B relationship groups can be help-
ful to better understand the development paths of MSPs 
and their business models in the future. Also, the market 
aspects that involve governmental actors (B2G & G2G) 
have not been part of previous platform or digital business 
model taxonomies. Only Passlick et al. (2021) consider 
“state” actors in their “Clients” dimension, which solely 
entails governmental entities such as the military purchas-
ing services or products instead of private businesses. Our 
taxonomy goes a step further and considers governmen-
tal stakeholders as part of the platform eco-system. This 
means that governmental stakeholders can equivalently 
to business stakeholders interact with businesses (B2G) 
or with other governmental stakeholders (G2G) in vari-
ous roles, e.g., as the platform operator, a data provider, 
a data or service consumer, a contributor to the service 
offer and more.

Accordingly, our taxonomy distinguishes which role gov-
ernmental stakeholders take as part of the “Platform archi-
tecture & organizing model” perspective. To the best of the 
authors’ knowledge, this dimension has not been included 
in any platform or digital business model taxonomy before. 
We ascribe this to the fact that governmental involvement 
within the same type of platform commonly does not cover 
the same breadth as it does with CS. For example, research 
on e-government applications (e.g., Ebrahim & Irani, 2005) 
naturally has to focus on full governmental involvement, as 
it is by definition government-centric. Broader research top-
ics that regularly involve governmental actors such as Public 
Private Partnerships (PPP) either compare a wide range of 
such arrangements with strongly varying contexts which hin-
ders effective comparability (e.g., Susha et al., 2017) or do 
not investigate digital platform business models (e.g., Klijn 
& Teisman, 2003; Tang et al., 2010). Reducing governmen-
tal stakeholders to potential buyers of products or services 
(Passlick et al., 2021) or just not considering their potential 
involvement at all falls short in the context of MSPs. As we 
can see from the CS cases, even as an external stakeholder, 
a governmental actor can have a significant regulatory influ-
ence and therefore change the boundary conditions for the 
development path of MSPs and should accordingly be con-
sidered in the respective business model. When governments 
are deeply involved or even the sole operator, such as in the 
cases of Port of Rotterdam/Amsterdam’s Portbase CS or Port 
of Antwerp’s CS, a longer-term, innovation-oriented focus 
of the platform can be the result as they can influence the 
mission and vision of the platform. A deeper involvement 
also increases the government’s awareness of barriers and 
facilitators of the platform, which can lead to interventions, 

such as an adapted regulatory and legislative strategy or the 
availability of (additional) state funding.

Deep involvement of governmental stakeholders also 
implies a certain local boundedness of CS, which differen-
tiates them from many other MSPs, as these governmental 
stakeholders are bounded to their respective area of jurisdic-
tion themselves. For example, governmental actors from the 
Netherlands, which operate the Port of Rotterdam/Amster-
dam’s Portbase CS cannot easily operate a similar platform 
in another country, as they have no legislative power there. 
While existing platform or digital business model taxono-
mies sometimes consider the geographic scope (Täuscher & 
Laudien, 2018) or the geographic distribution (Abendroth 
et al., 2021), none of the study objects is geographically 
bounded. Accordingly, the taxonomies cannot consider the 
effects that such boundedness can imply. As CS are maxi-
mally used on a national level, but not internationally so far, 
some of the recent developments that are likely based in 
this local boundedness can be interesting for MSP business 
model research, as some CS aim for an internationalization 
nonetheless.

As discussed in the detailed results section above, this 
internationalization of the platforms can then, despite the 
regulatory barriers, be realized through cooperation between 
platforms, i.e., what we call a network of (local) platforms, 
which is part of the “Extended services” dimension of our 
taxonomy. Apart from singular, theoretical papers (Baron 
& Mathieu, 2013), these advanced, platform-integrating 
services, their adoption barriers and effects on the platform 
participants have not been studied in detail yet. Singapore’s 
Networked Trade Platform or India’s PCS 1x, for example, 
offer a wide variety of extended services (Elbert & Tess-
mann, 2021) but have not been studied in detail within the 
past fifteen years. So far, this kind of service has also not 
been included in any platform or digital business model tax-
onomy. We assume this to be the case due to the lack of con-
sumer-oriented MSP examples that follow such strategies. 
Microsoft recently announced a similar approach to expand-
ing their Windows 11 app store offer by adding direct access 
to Amazon’s Android app store (Warren, 2021). Based on 
this, we speculate that the identified “network of platforms” 
concept might increase in importance for MSP business 
models in the future, despite it being a novel concept for 
related business model taxonomies.

Lastly, to the best of the authors’ knowledge, data security 
and data governance have not yet been included as dedicated 
dimensions in any digital or platform business model tax-
onomy. While data security is not a direct value offer of any 
CS, as found by Passlick et al. (2021) for some predictive 
maintenance business models, lacking data security or the 
feeling thereof has been identified as an important barrier 
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to the implementation of CS (e.g., Posti et al., 2011; Rodon 
et al., 2008) as well as other digital innovations (e.g., Chen 
& Zhao, 2012; Lu et al., 2005; Saeed et al., 2012). Its inte-
gration into MSP business model taxonomies seems there-
fore necessary, given also that our cluster analysis showed 
significant differences in this dimension between the “inno-
vation-oriented port eco-system” archetype group and the 
other CS in our sample.

The “Data governance” dimension is particularly rele-
vant for the CS context (e.g., Chandra & van Hillegersberg, 
2018), as a government can enforce the usage of a CS by 
regulation and legislation, but it cannot force companies to 
share highly sensitive data without facing major resistance 
from these companies (Carlan et al., 2016; Rodon et al., 
2008). As companies in any context are hesitant to share 
critical and sensitive data with competitors, complementors 
or even “neutral” entities such as governmental actors, the 
“Data governance” dimension has implications for other 
MSP business models also: It presents a new incentivization 
scheme for sharing such data, especially in a B2B platform 
context. While some existing platform business model tax-
onomies have dimensions that point in a similar direction, 
none exhibits the same focus on data providers or owners. 
For example, Täuscher & Laudien (2018) distinguish key 
revenue stream, pricing mechanism, price discrimination 
and revenue source as the dimensions of the value cap-
ture perspective, which are all focused on the operator of 
a marketplace platform. Additionally, they include a price 
discovery dimension as part of the value creation perspec-
tive where they distinguish whether prices are fixed, set by 
sellers or buyers, set through auction or negotiation, which 
is then focused on the price for the customer buying a prod-
uct or service from the platform and accordingly does not 
consider how participants of a platform can be incentivized 
to share data, which might be necessary for certain products 
and services. Abendroth et al. (2021) go one step further and 
include a participation incentives dimension as part of their 
actor ecosystem perspective. They distinguish whether the 
platform operator incentivizes the participation on a B2B 
co-creation platform through non-monetary means, through 
both non-monetary and monetary means or not at all. While 
Abendroth et al. (2021) add a view on a third group, besides 
the platform operator and the consumers of products or 
services of the platform, viz. the complementors and how 
they can be motivated to join the platform, they also do not 
include a dimension that explains how owners of critical 
data can be incentivized to share such data. Accordingly, our 
“Data governance” dimension adds this novel perspective on 
data sharing incentivization.

Some of the identified dimensions and some of the 
respective characteristics show more general applicability 

as they were transferred from existing taxonomies to the 
CS context. Those dimensions stem especially from the 
“Platform architecture & organizing model” and the “Value 
capture” perspectives. The “Decisional openness” and 
“Complementor openness” dimensions have been used for 
the taxonomy for B2B co-creation platforms with the same 
characteristics before (Abendroth et al., 2021). Also, the 
“Funding”, “Funding continuity”, and “Payment model” 
dimensions have been used similarly before (Täuscher & 
Laudien, 2018; Weking et al., 2020).

Many of the context-specific dimensions of existing tax-
onomies are not applicable to the CS context, such as the 
“Core value proposition” dimension of Abendroth et al. 
(2021) or the “Key activities” dimension of Passlick et al. 
(2021), which determine the focus of the respective com-
pany’s activities for the chosen focus (B2B co-creation 
(Abendroth et al., 2021); Predictive Maintenance (Passlick 
et al., 2021)). Others, such as the “Options for extensibil-
ity” dimension of Abendroth et al. (2021), would generally 
be applicable to the CS context but have not been found 
crucial enough to be included in our business model tax-
onomy. Interestingly, potential services from existing plat-
form business model taxonomies can be identified that have 
not been applied to the CS context yet. Täuscher & Laudien 
(2018) identify review systems, i.e., the user or marketplace 
reviews on other participants, as one of the four value crea-
tion dimensions of marketplace business models, but no CS 
utilizes such functionalities yet. As our taxonomy is easily 
extendable, this could be added once adopted by the first CS.

Conclusion

In this study, we presented a taxonomy for the classification 
of multi-sided platforms in competitive B2B networks with 
varying governmental influence, specifically for Port and 
Cargo Community Systems. To develop the taxonomy, we 
followed the suggestions of Nickerson et al. (2013) and 
examined a data set of 44 CS for which sufficient data was 
publicly available. Based on the taxonomy and a mapping 
of our data, we analyzed the business models of CS. On 
top of commonly used dimensions of platform and digi-
tal business model frameworks and taxonomies (e.g., tar-
get market) which were adjusted to the context, we also 
identified new dimensions, viz. three service dimensions 
of CS, data security and data governance as well as the 
involvement level of governmental actors. Using cluster 
analysis, we examined which archetypes of CS business 
models currently exist and identified four archetypes. We 
used a multiple-imputation method to overcome issues 
resulting from missing data which is a common problem 
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in framework and taxonomy applications especially in 
the value capture dimension (e.g., Gimpel et al., 2018). 
This procedure can be used in other studies and contrib-
ute to an effective analysis. Our analysis of the archetypes 
showed that they differ significantly in many of the identi-
fied dimensions. We identified extended CS services, such 
as a horizontal integration of similar platforms (“network 
of platforms”) and e-commerce services, which have not 
yet been covered by extant literature (Moros-Daza et al., 
2020), but have recently been implemented in various CS 
especially by what we labeled as “Innovation-oriented 
port eco-systems”. On the other hand, the comparison 
with platform taxonomies showed that a common func-
tionality of consumer-oriented digital platforms has not 
been used on CS, viz. a review system. Data security and 
data governance approaches as crucial aspects of the CS 
business models have also been identified which can play 
an important role in creating trust amongst the diverse 
set of stakeholders involved in these MSP which have 
not yet been included in any MSP related business model 
taxonomy, though. Apart from the “B2B-focused CS”, all 
other CS also actively address B2G and sometimes even 
G2G markets. Consequently, we found governmental actor 
involvement in all CS, varying from the role of an exter-
nal stakeholder to being the sole operator of the platform. 
Thus, especially the “Non-profit CS” rely heavily on subsi-
dies for their funding, which also differentiates them from 
other platform and digital business models. The insights 
provided by this study increase our understanding of plat-
form business models in the specific context of competitive 
B2B networks with varying governmental influence, both 
in theory and practice.

As with every research project, our study faces some limi-
tations. First, while we tried to collect and use an exhaustive 
sample of CS for our research, we cannot rule out that more 
CS exist that are not included in our preliminary sample 
of 77 CS. We tried to address this issue by building on a 
previously compiled list from Moros-Daza et al. (2020) and 
extending it by an extensive Google and Google Scholar 
search. The latter is highly reliant on the search terms we 
used, viz. “Community System” and “Single Window”. If 
a CS-like platform is not labeled with one of these terms, it 
cannot have been included in our sample. Second, we only 
included those 44 CS into our final sample for which we 
were able to retrieve sufficient information. More informa-
tion might be available from other sources that we did not 
use. Third, when mapping and clustering our sample with 
the developed taxonomy, we could not retrieve information 
on all dimensions. To address this data related uncertainty, 
we used a multiple imputation approach and statistical 

clustering methods that are considered to perform well under 
such conditions.

Despite these limitations, our study contributes to 
both academia and practice. It adds to the descriptive 
knowledge on multi-sided platform business models, 
as it develops a context-specific taxonomy for CS. It 
thereby answers the call of Moros-Daza et al. (2020) to 
add to the limited body of holistic CS research studies. 
The developed taxonomy allows to describe CS as well 
as their context in a structured way for future contri-
butions in the field and therefor acts as a “theory for 
analyzing” according to Gregor (2006). This can be the 
basis and foundation of future contributions to develop 
more advanced theories which explain, predict or give 
design and action advice (de Reuver et al., 2018; Gregor, 
2006). The taxonomy provides practitioners with a dif-
ferentiated view on the configuration (options) of CS 
business models while the presented archetypes provide 
an aggregated view of CS business models. This can 
support both researchers and practitioners, in allocat-
ing existing CS in relation to peers but also to other 
digital platforms based on their characteristics which 
can ultimately support informed decision-making on 
CS and other platform developments (de Reuver et al., 
2018). With our results we also lay the basis for future 
research to answer the calls of de Reuver et al. (2018) 
and Robey et al. (2008) for a deeper understanding of 
sectoral and geographic differences in the assimilation 
and factors affecting the success of digital platforms 
and inter-organizational systems respectively, thereby 
creating a better contextualization.

Multiple topics for further research can be identified 
based on the taxonomy on the one hand and the cluster 
analysis on the other hand. Based on the CS-specific 
taxonomy, we can identify at least five promising future 
research paths for CS research and general MSP research. 
First, the effects of geographic boundaries on MSP busi-
ness models could be investigated, as we find that the local 
boundedness of CS might be one of the reasons for new 
and innovative ways of cooperation between different plat-
forms. Second, regarding these new ways of cooperation, 
it would be interesting to find out more about the drivers 
and barriers of MSP cooperation, especially on a horizon-
tal (“network of platforms”) but also on a vertical (“plat-
form of platforms”) level, i.e., what drives the strategic 
decision of a MSP to cooperate with another MSP. The 
horizontal cooperation (“network of platforms”) is, to the 
best of the authors’ knowledge, a rather new phenomenon 
in the digital platform sphere, given that Microsoft only 
recently announced its plan to give its Microsoft app store 

846



Multi‑sided platforms in competitive B2B networks with varying governmental influence –…

1 3

users access to Amazon’s app store (Warren, 2021). Third, 
a deeper study of the effects of governmental involvement 
and influence on MSP business models would be helpful. 
For the CS context, we find that the most innovative CS 
have a comparatively deep involvement of governmental 
stakeholders. It would be interesting to find out if that is 
transferable to other MSP and, if yes, under which condi-
tions or if it is just a coincidence. Governmental involve-
ment might become more relevant for other platforms 
in the near future, given the recent uptake in regulation 
efforts on digital platforms (Feld, 2019; TaylorWessing, 
2020). Fourth, one could study the effects of focusing on 
different scopes of B2B stakeholders on B2B MSP’s busi-
ness model trajectories. First insights (Rodon et al., 2008) 
seem to point into the direction that the involvement of a 
too broad set of B2B stakeholders in an early stage can 
hinder the development of a MSP. It would be interesting 
to know what is the “right” group of B2B stakeholders to 
involve in which stage of the MSP lifespan and what this 
depends on. This can also be viewed in terms of complex-
ity, as the MSP increases its complexity with a larger eco-
system that it addresses. Lastly, it would be interesting to 
find out more about the effects of the new data govern-
ance arrangements that we find for CS in specific on MSPs 
and their business models in general. Multiple questions, 
such as “Are MSPs that utilize a monetary compensation 
scheme to incentivize the sharing of sensitive, critical and 
high-value business data more successful in collecting 
such data and how does this effect their business?” arise 
from this aspect.

Despite similar starting conditions, such as being 
locally bounded MSPs at port locations with some level 
of governmental influence, they develop a wide variety 
of business models, which can partially be based on the 
level of governmental influence but likely also on other 
local circumstances, such as the size and importance of 
the port for the respective country, the available infrastruc-
ture and others. Some CS are run solely on a for-profit 
basis, have no directly involved governmental stakeholders 
and accordingly focus on B2B stakeholders. They have a 
narrower functional scope than other CS, which are more 
innovation-oriented or focus on operating their platform as 
non-profit organizations. These different developments of 
MSP business models can be an interesting starting point 
for future research in the field, as different CS can be easily 
compared with the presented taxonomy but do not overlap 
due to the local boundedness aspect. For example, an in-
depth longitudinal multiple case study of CS from different 
archetype groups could generate valuable insights. It could 
help to understand better which local factors lead to the 

different development paths in their business models. Addi-
tionally, future research could look into which dimensions 
are particularly relevant for a specific archetype group and 
the reasons behind it. Lastly, a CS specific future research 
direction could be to ask, why CS currently do not use any 
review systems/schemes despite them being used in many 
other MSP contexts.

Our statistical analysis of the clustering results pro-
vides initial explanatory approaches into which dimen-
sion of CS business models might influence each other. 
Appendix Table 10 which presents the statistical anal-
ysis performed on the mapping of our final sample, 
shows the dependencies between different dimensions. 
We see, for example, a medium strength dependency 
between decisional openness and extended service offer 
(χ2=13.4; p-value=0.037, Cramer’s V=0.55), which 
could be an explanatory approach to the wider range 
of services offered by “Innovation-oriented port eco-
systems” compared to the other CS, as they rely much 
more on all of their participants for decision-making. 
Future research can extract further, similar hypotheses 
from our analysis and test them on both CS in specific 
but also MSP in general. Appendix Table 6 in conjunc-
tion with Appendix Table 7 also reveals three aspects 
that can be relevant for future research on CS in spe-
cific. First, we can see that in our data-rich samples A 
and B in Appendix Table 6, CS from the “B2B-focused 
CS” archetype group are highly underrepresented, 
which means that B2B-focused CS have received sig-
nificantly less research attention, although they might 
face different adoption barriers and outcomes. Sec-
ond, “Innovation oriented port eco- systems” such as 
Singapore’s Networked Trade Platform or India’s PCS 
1x offer a wide variety of extended services (Elbert & 
Tessmann, 2021), but have not been studied in detail 
within the past fifteen years, so their recent develop-
ments have not been analyzed in detail. Lastly, when 
mapping CS against their respective continent, one can 
see that especially CS for African ports are underrep-
resented in peer-reviewed studies and that no Southern 
American CS had enough data available to be included 
in our sample.

Finally, it has to be noted that the taxonomy as well as 
the identified archetypes must be checked in the future as 
changes may occur. New technologies as well as new stake-
holders, such as digital freight forwarders have the potential 
to significantly change the market situation which can cause 
the taxonomy to change over time. A revision of character-
istics may be needed, and it may be necessary to consider 
other dimensions. Accordingly, we developed our taxonomy 
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to be revisable and extendible as suggested by Nickerson 
et al. (2013).

Appendix

Platform and digital business model taxonomies 
semi‑structured literature search

• Selection of sources: We followed the procedure described 
by Durach et al. (2017) for a semi-structured literature search 
on existing platform and digital business model taxonomies. 
As the aim of this paper is not a structured literature review 
on platform and digital business model taxonomies, we 
only utilized a search on Google Scholar as it is estimated 
to cover the broadest range of records of scientific literature 
(Gusenbauer, 2019) and is mainly viewed as an appropriate 
literature search tool despite shortcomings such as a lack 
of quality control (Halevi et al., 2017; Martín-Martín et al., 
2021).

• Utilized keywords: We used a rather inclusive than 
exclusive keyword approach in line with the recommen-
dations of Durach et al. (2017) to retrieve a baseline 
sample. Specifically, this means that we first searched 
for the terms “Platform taxonomy”, “Platform busi-
ness model taxonomy”, and “Digital business model 
taxonomy”. In our search, we also replaced the term 
”taxonomy” with “classification” and “framework”, as 
we found that these terms were used in proximity with 
taxonomies.

• Inclusion/exclusion criteria: We included only peer-
reviewed journal papers and conference proceedings. We 
include literature in English language only, as it is the domi-
nant research language. Lastly, we excluded any literature 
that does not investigate a taxonomy or classification frame-
work with dedicated characteristics describing either a plat-
form or digital business model. This was the focus of our 
literature search. Due to the fast changes in business models 
related to digital products and services, we only included 
results from the past five years, i.e., published from 2016 
until 2021.

Port and Cargo Community System (CS) data 
collection

• Selection of sources: Szopinski et al. (2020) recently 
used a search-engine based approach to identify relevant 
Business Model Development Tools for their respective 
taxonomy. We want to follow this approach and also utilize 
scholarly and non-scholarly search engines (i.e., Google 

Scholar and Google). Google Scholar is estimated to 
cover the widest range of records of scientific literature 
(Gusenbauer, 2019) and is mostly viewed as an appropri-
ate literature search tool despite shortcomings such as a 
lack of quality control (Halevi et al., 2017; Martín-Martín 
et al., 2021). For both search engines we screened the first 
1000 search results for identifying additional CS as we did 
not identify any new CS after the 800th result and for the 
enrichment on information on each CS the first 350 search 
results, as we never found any relevant results from the 
250th search result onwards.

• Utilized keywords: We used a rather inclusive than 
exclusive keyword approach in line with the recommenda-
tions of Durach et al. (2017) to retrieve a baseline sample. 
Specifically, this means that we first searched for the terms 
“Community System” and “Single Window”, thereby also 
covering the terms “Port Community System”, “Cargo Com-
munity System” and “Airport Community System”. When 
searching for more information on a specific, already identi-
fied CS, we used the name of the respective CS (e.g., “Por-
tic” for the PCS of the Port of Barcelona (cf. Rodon et al., 
2008)) as the search term.

• Inclusion/exclusion criteria: We included all types of 
literature, including, but not limited to journal papers, con-
ference proceedings, monographs, newspaper articles, com-
pany websites and practitioner-oriented blogs. We include 
literature in German and English language as those are the 
languages we are proficient in and because we wanted to 
cover an as wide sample as possible. Lastly, we excluded 
any literature that does not describe or investigate any char-
acteristics of specific CS, i.e., theoretical papers on CS for 
example.

• CS search procedure: Similar to the procedure 
described by Szopinski et al. (2020), we ran the searches 
independently on the web browser’s incognito mode and 
additionally used various VPN services to change the virtual 
location to other regions (e.g., USA, Argentina, Columbia, 
South Africa, Thailand and others) to avoid corrupted search 
results from previous usage of the search engine as well as 
our physical location. In our first step we aimed to identify 
further CS on top of the 48 PCS found by Moros-Daza et al. 
(2020). Our preliminary sample included 72 CS (Appen-
dix Table 6), i.e., we found 24 additional CS compared to 
Moros-Daza et al. (2020). If a CS is used in multiple loca-
tions (e.g., Community Network Services (CNS) in Great 
Britain (Moros-Daza et al., 2020)), we only considered the 
CS with the largest range of functionalities and users. Dur-
ing the second step of our search process on further infor-
mation on the identified CS, we recognized that for some 
CS of our preliminary sample, we could not find any usable 
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information regarding business model characteristics. Those 
were excluded from our preliminary sample subsequently to 
come to our final sample of 44 CS (Appendix Table 6) with 
at least one peer-reviewed source and one non-peer reviewed 
source or three non-peer reviewed sources with information 
on characteristics of the respective CS.

To present a brief overview of the data that we 
extracted from the sources named in Appendix Table 6 
for the taxonomy development and the CS clustering, we 
want to briefly present some examples of the collected 
data. Take, for example, Chandra & van Hillegersberg 
(2018) who show in their 5th figure a detailed breakdown 
of stakeholders involved in Port of Rotterdam’s and 
Amsterdam’s CS (Portbase). From their analysis, we can 
derive certain characteristics of dimensions of our tax-
onomy. For example, Chandra & van Hillegersberg (2018) 
show that governmental authorities, i.e., in Portbase’s 
case the port authorities of Rotterdam and Amsterdam, 
are the sole operators of the CS, but decisions are par-
ticipant governed, as the CS’ boards involve non-govern-
mental stakeholders from the member and other groups 
as well. Dimensions from the Value creation (What?) and 
Value Capture (Why?) perspectives were mostly extracted 
from CS operators’ websites as peer-reviewed sources 
rarely covered these aspects, with the exception of Car-
lan et al. (2016) for Port of Antwerp’s PCS, who indicate 

that APCS does not charge fees for information use and 
Elbert & Tessmann (2021) who compare the value crea-
tion perspective of four PCS. An example for a source 
that is neither peer-reviewed nor a port’s web page would 
be the publicly available presentation of Lievens (2017), 
CEO of NxtPort of Port of Antwerp, where he describes 
the data monetization rules of NxtPort on page 24, which 
is the basis for the data governance characteristic “Mon-
etary compensation”.

Taxonomy development

CS clustering

Our requirements are very similar to those proposed by 
Gimpel et al. (2018) and Passlick et al. (2021). Both 
publications utilize an agglomerative hierarchical clus-
tering algorithm (Ward, 1963) to identify relevant clus-
ters. A highly important step when utilizing this, and any 
other clustering algorithm, is to choose an appropriate 
distance or dissimilarity measure, i.e., to define how 
one measures the similarity of two objects (e.g., Finch, 
2005). Both Gimpel et  al. (2018) and Passlick et  al. 
(2021) utilize the matching coefficient distance (Sokal 
& Michener, 1958). This distance measure is defined for 

Table 5   Fulfilled ending conditions per iterations. Analogue to (Passlick et al., 2021), based on ending conditions of (Nickerson et al., 2013)

* For a more concise depiction of the characteristics, Nye deviate from (Nickerson et al., 2013) in that we do not use mutually exclusive charac-
teristics for all dimensions in Table 1

Iteration Ending conditions according to Nickerson et al. (2013)
1. con. 2. emp. 3. emp. 4. emp.

Subjective
X X X Concise
X X X Robust

X X Comprehensive
X X X X Extendible

X X Explanatory
Objective

X All objects have been examined
X X X X No object was merged with a similar object or split into multiple objects in 

the last iteration
X X X At least one object is classified under every characteristics of every dimension

X No new dimensions/characteristics were added in the last iteration
X X No dimensions/characteristics were merged/split in the last iteration

X X X X Every dimension in unique and not repeated
X* X* X* X* Every characteristic is unique within its dimension
X X X X Each combination of characteristics is unique and not repeated
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Height – LIN – Complete linkage
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binary variables only and considers two objects as close 
to each other, if many variables show co-occurrence 
(i.e., a variable is 1 for both objects) and/or co-absence 
(i.e., a variable is 0 for both objects) (cf. Batyrshin et al., 
2016). For this distance measure, categorial data has to 
be dichotomized (Gimpel et al., 2018; Passlick et al., 
2021). Dichotomization creates a high-dimensional 
problem as multiple variables are created to represent 
what was previously one (categorial) variable. This can 
be problematic if, as in our case, the sample size is rela-
tively small (Jain et al., 2000; Peng et al., 2020; Wang 
et al., 2008). Therefore, we take a different approach, 
based on a similarity measure that was developed spe-
cifically for categorial data (Boriah et al., 2008). Šulc & 
Řezanková (2019) recently noted that Ward’s algorithm 
cannot be utilized for categorial data as the concept of 
centroids is not defined for this context. Instead, they 
recommend the Lin similarity measure combined with 
complete linking for hierarchical clustering of datasets 
with a higher number of variables (Šulc & Řezanková, 
2019). “The Lin measure gives higher weight to matches 
on frequent values, and lower weight to mismatches on 
infrequent values.” (Boriah et al., 2008, p. 249), which 
seems to be a good fit for our context, as it is less sus-
ceptible to outliers in singular dimensions. To determine 

the appropriate number of clusters, we use the “knee” 
method, i.e., identifying the number of clusters where 
the merge distance curve has its maximum curvature, 
which is an accepted method for hierarchical clustering 
(Salvador & Chan, 2004).

Due to lacking information, we have some missing data 
for the “Funding”, “Funding continuity” and “Payment 
model” dimensions of our “Value capture” perspective. 
Initially, we performed the cluster analysis on all 44 CS 
excluding the dimensions with incomplete data and call 
those “WOM”-cluster results. The dendrogram in Appen-
dix Figure 2 shows a clear distinction into four groups 
of the WOM results, which was the result of the “knee” 
analysis.

A better alternative to data omission is data imputa-
tion, i.e., filling in missing values with artificial val-
ues, either on a random basis, based on correlations of 
other variables or other statistical methods (Efron, 1994; 
Van Buuren, 2018). (Multiple) imputation is used in the 
context of clustering regularly (Choudhury & Kosorok, 
2020) and is recommended even for variables with a 
high proportion of missing values (cf. Madley-Dowd 
et al., 2019). Multiple imputation (MI) is an approach 
where missing values are imputed m times, to create 
m different completed datasets which can be consecu-
tively evaluated and aggregated in a final step (Lee & 
Simpson, 2014). We follow the framework for report-
ing on cluster analysis when using multiple imputa-
tion by (Basagaña et al., 2013). Firstly, the number of 
imputations have to be determined. Commonly, only 3 
to 5 imputations are recommended (Schafer & Olsen, 
1998), but newer research suggests, that especially in 
cases where the fraction of missing data is compara-
bly high and if the dataset that is imputed is relatively 
small, much higher numbers are necessary (Carlin et al., 
2003; Graham et al., 2007). As both is the case for our 
data, we follow (Graham et al., 2007)’s suggestion to use 
100 imputations. Based on recent results from (Akande 
et al., 2017) on MI methods for categorical data, we 
choose the classification and regression trees (CART) 
imputation method, as it was found to be robust, deliver 
good results and is readily available in the software tool 
“R” through the “mice” package.

Accordingly, we created 100 imputed data sets (“IMP” 
results) and ran the “knee” method to identify the recom-
mended number of clusters for each of the 100 data sets. 
The distribution of the IMP results for the “knee” method 
can be seen in Appendix Figure 3. Imputation has an effect 

Fig. 2   Dendrogram for hierarchical agglomerative clustering of 
WOM data with LIN distance and complete linkage method
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Fig. 3   Distribution of recommended clusters according to the knee 
method based on 100 imputed datasets (IMP data)
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Table 7   Cluster allocation distribution per Community System for those 35imputed datasets {IMP data) which suggested k=4 cluster.;. Based on 
hierarchical agglomerative clustering with LIN distance and complete linkage

Community 
System

Allocated 
to cluster 

no.

1- Innovation-
oriented port eco-

system
2- B2B focused CS 3- Non-profit CS

4- Non-specialized 
Single Windows

C-Point + NxtPort 1 69% 31% 0% 0%
NTP 1 60% 40% 0% 0%
Portbase 1 57% 29% 14% 0%
MGI Ci5 1 54% 31% 0% 14%
BRUCloud 1 51% 34% 9% 6%
MAMAR * 1* (3) 51% 40% 9% 0%
Cargonaut * 1* (4) 46% 20% 14% 20%
PCS 1x 1 37% 31% 31% 0%
DFWCC 2 10% 62% 19% 9%
TABS 2 14% 61% 23% 2%
Port Optimizer 2 12% 50% 23% 15%
eModal 2 12% 50% 23% 15%
HCC 2 14% 40% 29% 17%
Kale Hartsfield 
Jackson Airport

2 14% 40% 29% 17%

MPCS AP+ 3 17% 11% 71% 0%
RPIS 3 20% 11% 69% 0%
Portic 3 32% 2% 66% 0%
APC 3 11% 14% 66% 9%
e-puertobilbao 3 11% 26% 63% 0%
Valenciaport 3 11% 26% 63% 0%
DPCS 3 14% 17% 63% 6%
Portnet Finland 3 17% 23% 60% 0%
ILCS AP+ 3 14% 17% 54% 14%
IPCS * 3* (1) 44% 5% 51% 0%
GCNet 3 31% 11% 51% 6%
CCS-UK 3 20% 17% 43% 20%
Portnet Morocco 3 37% 17% 37% 9%
Dakosy 4 0% 0% 0% 100%
DBH 4 0% 0% 0% 100%

1-Stop New Zealand
4 3% 0% 0% 97%

1-Stop Australia 4 3% 0% 0% 97%
Destin8 4 9% 0% 0% 91%
CNS 4 9% 0% 0% 91%
Fair@Link 4 3% 9% 3% 86%
HPCS 4 9% 6% 3% 83%
TREDIT 4 9% 6% 17% 69%
CODEX 4 11% 20% 0% 69%
CEI.Ba AP+ 4 14% 11% 9% 66%
Jamaica S)ONE 4 11% 23% 0% 66%
Le Havre S)ONE 4 40% 0% 0% 60%
SEGUB AP+ 4 23% 9% 11% 57%
PLISM3.0 4 9% 34% 6% 51%
Dubai Trade 4 9% 37% 9% 46%
OnePort * 4* (1) 42% 6% 6% 46%
* - Allocation in brackets () indicates the allocation based on WOM data
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Table 8   Example of 
contingency table for the 
CS taxonomy’s dimension 
"Geographic scope"

Geographic scope

Local Regional National

Cluster 1 - Innovation oriented port eco-systems 0 2 6
2 - B2B focused CS 3 3 0
3 - Non-profit CS 0 8 5
4 - Non-specialized Single Windows 2 13 2

Table 9   Example of contingency table for the CS taxonomy's dimen-
sion "Geographic scope" with dichotomized cluster allocation vector 
in order to test the (in)dependence of the first cluster (Innovation ori-

ented port eco-systems) from the remaining CS for the "Geographic 
scope” dimension (see for comparison Appendix Table  8); totals in 
bold

Geographic scope

Local Regional National

Cluster 1 - Innovation oriented port eco-systems 0 2 6
2 - B2B focused CS & 3 - Non-profit CS & 4 - Non-

specialized Single Windows
3 + 0 + 2 = 5 3 + 8 + 13 = 24 0 + 5 + 2 = 7

Table 10   Contingency table analysis results for taxonomy dimensions

Contingency table dimensions Chi-Sq+ p-Value
(Chi-Sq)+

Cramer's
V+

Corrected 
Cramer's V + 

p-Value 
(Fisher exact 
test)+

Market ↔ Geographic Scope 30,9 0,014 * 0,59 0,34 0,035 *
Market ↔ Modes of transport 146,2 0 *** 0,69 0,54 0,03 *
Market ↔ Communication services 75,0 0 *** 0,75 0,55 0,001 ***
Market ↔ Value-added services 76,5 0,036 * 0,50 0,25 0,327
Market ↔ Extended services 60,8 0,101 0,48 0,21 0,041 *
Market ↔ Platform origin 14,7 0,066 * 0,58 0,27 0,07 *
Market ↔ Interface 31,2 0,971 0,34 0,00 0,690
Market ↔ Data analytics 36,3 0,274 0,45 0,13 0,395
Market ↔ Data security 12,9 0,117 0,54 0,23 0,155
Market ↔ Data governance 21,5 0,006 ** 0,70 0,39 0,190
Market ↔ Role of governmental actors 40,9 0,017 * 0,56 0,31 0,045 *
Market ↔ Decisional openness 13,3 0,103 0,55 0,24 0,130
Market ↔ Complementor openness 71,0 0 *** 0,73 0,53 0,033 *
Market ↔ Business objective of operator 13,4 0,098 * 0,55 0,25 0,061 *
Market ↔ Funding 17,8 0,364 0,45 0,11 0,358
Market ↔ Funding continuity 12,3 0,702 0,37 0,00 0,607
Market ↔ Payment model 16,7 0,818 0,36 0,00 0,843
Geographic Scope ↔ Modes of transport 18,7 0,283 0,46 0,19 0,336
Geographic Scope ↔ Communication services 15,4 0,052 * 0,42 0,27 0,108
Geographic Scope ↔ Value-added services 14,2 0,434 0,40 0,00 0,332
Geographic Scope ↔ Extended services 11,3 0,507 0,36 0,00 0,657
Geographic Scope ↔ Platform origin 9,2 0,01 * 0,46 0,29 0,016 *
Geographic Scope ↔ Interface 8,9 0,710 0,32 0,00 0,728
Geographic Scope ↔ Data analytics 15,2 0,056 * 0,42 0,23 0,171
Geographic Scope ↔ Data security 4,8 0,09 * 0,33 0,18 0,124
Geographic Scope ↔ Data governance 2,4 0,295 0,24 0,07 0,412
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Table 10   (continued)

Contingency table dimensions Chi-Sq+ p-Value
(Chi-Sq)+

Cramer's
V+

Corrected 
Cramer's V + 

p-Value 
(Fisher exact 
test)+

Geographic Scope ↔ Role of governmental actors 8,0 0,239 0,30 0,12 0,349
Geographic Scope ↔ Decisional openness 5,5 0,063 * 0,35 0,20 0,104
Geographic Scope ↔ Complementor openness 11,3 0,078 * 0,36 0,20 0,056 *
Geographic Scope ↔ Business objective of operator 6,2 0,045 * 0,38 0,22 0,054 *
Geographic Scope ↔ Funding 2,8 0,631 0,18 0,00 0,618
Geographic Scope ↔ Funding continuity 11,8 0,055 * 0,37 0,25 0,073 *
Geographic Scope ↔ Payment model 3,0 0,790 0,19 0,00 0,785
Modes of transport ↔ Communication services 30,1 0,562 0,48 0,23 0,615
Modes of transport ↔ Value-added services 82,0 0,013 * 0,52 0,33 0,099 *
Modes of transport ↔ Extended services 49,8 0,403 0,43 0,16 0,323
Modes of transport ↔ Platform origin 10,8 0,216 0,49 0,20 0,199
Modes of transport ↔ Interface 39,1 0,815 0,39 0,00 0,400
Modes of transport ↔ Data analytics 27,8 0,678 0,40 0,00 0,394
Modes of transport ↔ Data security 11,1 0,198 0,50 0,21 0,220
Modes of transport ↔ Data governance 8,0 0,435 0,43 0,10 0,242
Modes of transport ↔ Role of governmental actors 32,5 0,116 0,50 0,26 0,152
Modes of transport ↔ Decisional openness 16,3 0,038 * 0,61 0,32 0,014 *
Modes of transport ↔ Complementor openness 57,6 0 *** 0,66 0,46 0,083 *
Modes of transport ↔ Business objective of operator 6,1 0,632 0,37 0,00 0,810
Modes of transport ↔ Funding 16,0 0,472 0,43 0,11 0,581
Modes of transport ↔ Funding continuity 23,9 0,134 0,52 0,27 0,016 *
Modes of transport ↔ Payment model 30,4 0,235 0,48 0,23 0,254
Communication services ↔ Value-added services 30,1 0,357 0,48 0,23 0,065 *
Communication services ↔ Extended services 23,9 0,470 0,43 0,18 0,194
Communication services ↔ Platform origin 15,3 0,004 ** 0,59 0,37 0,002 **
Communication services ↔ Interface 21,5 0,607 0,40 0,14 0,216
Communication services ↔ Data analytics 25,5 0,061 * 0,44 0,28 0,031 *
Communication services ↔ Data security 8,6 0,073 * 0,44 0,25 0,086 *
Communication services ↔ Data governance 2,2 0,700 0,22 0,00 0,450
Communication services ↔ Role of governmental actors 30,7 0,002 ** 0,48 0,36 0,012 *
Communication services ↔ Decisional openness 3,3 0,516 0,27 0,05 0,773
Communication services ↔ Complementor openness 10,9 0,538 0,29 0,10 0,337
Communication services ↔ Business objective of operator 4,4 0,354 0,32 0,12 0,478
Communication services ↔ Funding 6,7 0,578 0,28 0,07 0,608
Communication services ↔ Funding continuity 5,7 0,675 0,25 0,00 0,662
Communication services ↔ Payment model 10,5 0,596 0,28 0,09 0,594
Value-added services ↔ Extended services 23,2 0,992 0,30 0,00 0,951
Value-added services ↔ Platform origin 5,2 0,633 0,34 0,00 0,724
Value-added services ↔ Interface 49,8 0,191 0,43 0,16 0,285
Value-added services ↔ Data analytics 27,6 0,485 0,40 0,00 0,138
Value-added services ↔ Data security 11,0 0,137 0,50 0,21 0,139
Value-added services ↔ Data governance 1,6 0,978 0,19 0,00 1,000
Value-added services ↔ Role of governmental actors 20,5 0,489 0,39 0,00 0,410
Value-added services ↔ Decisional openness 8,4 0,297 0,44 0,12 0,230
Value-added services ↔ Complementor openness 11,1 0,961 0,29 0,00 0,829
Value-added services ↔ Business objective of operator 8,1 0,326 0,43 0,10 0,318
Value-added services ↔ Funding 17,5 0,265 0,45 0,16 0,315
Value-added services ↔ Funding continuity 11,8 0,670 0,37 0,00 0,553
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Table 10   (continued)

Contingency table dimensions Chi-Sq+ p-Value
(Chi-Sq)+

Cramer's
V+

Corrected 
Cramer's V + 

p-Value 
(Fisher exact 
test)+

Value-added services ↔ Payment model 17,5 0,663 0,36 0,00 0,686
Extended services ↔ Platform origin 6,0 0,418 0,37 0,00 0,500
Extended services ↔ Interface 32,9 0,615 0,35 0,00 0,588
Extended services ↔ Data analytics 31,6 0,136 0,42 0,19 0,312
Extended services ↔ Data security 12,4 0,053 * 0,53 0,27 0,085 *
Extended services ↔ Data governance 3,5 0,747 0,28 0,00 0,549
Extended services ↔ Role of governmental actors 21,3 0,263 0,40 0,13 0,240
Extended services ↔ Decisional openness 13,4 0,037 * 0,55 0,29 0,027 *
Extended services ↔ Complementor openness 25,1 0,123 0,44 0,20 0,225
Extended services ↔ Business objective of operator 5,9 0,435 0,37 0,00 0,453
Extended services ↔ Funding 9,2 0,679 0,32 0,00 0,705
Extended services ↔ Funding continuity 6,7 0,862 0,28 0,00 0,840
Extended services ↔ Payment model 13,9 0,718 0,32 0,00 0,764
Platform origin ↔ Interface 4,6 0,592 0,32 0,00 0,648
Platform origin ↔ Data analytics 1,5 0,827 0,18 0,00 0,730
Platform origin ↔ Data security 1,0 0,310 0,15 0,01 0,311
Platform origin ↔ Data governance 0,0 1,000 0,00 0,00 1,000
Platform origin ↔ Role of governmental actors 7,6 0,055 * 0,42 0,23 0,033 *
Platform origin ↔ Decisional openness 5,0 0,025 * 0,34 0,21 0,009 **
Platform origin ↔ Complementor openness 1,4 0,705 0,18 0,00 0,885
Platform origin ↔ Business objective of operator 0,3 0,592 0,08 0,00 0,486
Platform origin ↔ Funding 0,6 0,756 0,12 0,00 0,817
Platform origin ↔ Funding continuity 4,2 0,202 0,31 0,16 0,231
Platform origin ↔ Payment model 2,1 0,612 0,22 0,00 0,649
Interface ↔ Data analytics 44,0 0,008 ** 0,50 0,31 0,086 *
Interface ↔ Data security 5,4 0,496 0,35 0,00 0,568
Interface ↔ Data governance 1,8 0,938 0,20 0,00 0,584
Interface ↔ Role of governmental actors 14,4 0,703 0,33 0,00 0,566
Interface ↔ Decisional openness 6,1 0,409 0,37 0,00 0,497
Interface ↔ Complementor openness 8,2 0,976 0,25 0,00 0,854
Interface ↔ Business objective of operator 9,8 0,133 0,47 0,21 0,125
Interface ↔ Funding 8,8 0,710 0,32 0,00 0,817
Interface ↔ Funding continuity 6,7 0,840 0,28 0,00 0,763
Interface ↔ Payment model 18,7 0,476 0,38 0,04 0,457
Data analytics ↔ Data security 8,1 0,087 * 0,43 0,22 0,162
Data analytics ↔ Data governance 6,5 0,166 0,38 0,17 0,239
Data analytics ↔ Role of governmental actors 10,4 0,577 0,28 0,00 0,500
Data analytics ↔ Decisional openness 1,0 0,903 0,15 0,00 1,000
Data analytics ↔ Complementor openness 24,9 0,015 * 0,43 0,28 0,028 *
Data analytics ↔ Business objective of operator 6,2 0,184 0,38 0,16 0,203
Data analytics ↔ Funding 8,1 0,491 0,30 0,00 0,475
Data analytics ↔ Funding continuity 14,4 0,149 0,40 0,22 0,326
Data analytics ↔ Payment model 10,7 0,577 0,29 0,00 0,520
Data security ↔ Data governance 1,1 0,284 0,16 0,00 0,136
Data security ↔ Role of governmental actors 2,8 0,430 0,25 0,00 0,481
Data security ↔ Decisional openness 2,3 0,133 0,23 0,00 0,071 *
Data security ↔ Complementor openness 9,5 0,024 * 0,46 0,27 0,052 *
Data security ↔ Business objective of operator 0,0 1,000 0,00 0,00 1,000
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on the number of recommended clusters although the most 
recommended cluster number of four clusters is the same as 
for the WOM case. Following the guidelines of Basagaña 
et al. (2013), we only included those 35 IMP datasets, for 
which four clusters were recommended, for the succeeding 
cluster allocation process.

The cluster allocation of singular CS varies over the IMP 
datasets (Appendix Table 7) which is an expected outcome 
(Basagaña et al., 2013). Some CS, such as the ones of Ham-
burg and Bremen, were always allocated to the same cluster. 
On the other hand, the Moroccan CS was allocated evenly 
between two clusters. In this specific case, we decided to allo-
cate it to the cluster that it was allocated to by the WOM data. 
The clustering based on the IMP datasets changed the cluster 

allocations only slightly, as four CS were reallocated, viz. 
the CS of Israel (IPCS), Abu Dhabi (MAMAR), Hong Kong 
(OnePort + DTTN) and Amsterdam Schiphol (Cargonaut).

Funding  Open Access funding enabled and organized by Projekt 
DEAL.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 

Table 10   (continued)

Contingency table dimensions Chi-Sq+ p-Value
(Chi-Sq)+

Cramer's
V+

Corrected 
Cramer's V + 

p-Value 
(Fisher exact 
test)+

Data security ↔ Funding 2,5 0,368 0,24 0,00 0,396
Data security ↔ Funding continuity 0,8 0,690 0,14 0,00 0,764
Data security ↔ Payment model 1,3 0,750 0,17 0,00 0,798
Data governance ↔ Role of governmental actors 1,2 0,746 0,17 0,00 1,000
Data governance ↔ Decisional openness 0,2 0,693 0,06 0,00 0,318
Data governance ↔ Complementor openness 21,5 0 *** 0,70 0,39 0,059 *
Data governance ↔ Business objective of operator 0,0 1,000 0,00 0,00 1,000
Data governance ↔ Funding 2,3 0,327 0,23 0,00 0,484
Data governance ↔ Funding continuity 0,6 0,750 0,11 0,00 1,000
Data governance ↔ Payment model 0,7 0,884 0,12 0,00 1,000
Role of governmental actors ↔ Decisional openness 1,2 0,749 0,17 0,00 0,820
Role of governmental actors ↔ Complementor openness 18,0 0,035 * 0,45 0,30 0,011 *
Role of governmental actors ↔ Business objective of operator 24,7 0 *** 0,75 0,50 0 ***
Role of governmental actors ↔ Funding 15,9 0,033 * 0,43 0,28 0,021 *
Role of governmental actors ↔ Funding continuity 4,8 0,581 0,23 0,00 0,575
Role of governmental actors ↔ Payment model 15,6 0,133 0,42 0,27 0,122
Decisional openness ↔ Complementor openness 0,9 0,818 0,15 0,00 0,849
Decisional openness ↔ Business objective of operator 0,0 1,000 0,00 0,00 1,000
Decisional openness ↔ Funding 0,8 0,696 0,14 0,00 0,762
Decisional openness ↔ Funding continuity 1,3 0,571 0,17 0,00 0,764
Decisional openness ↔ Payment model 1,0 0,802 0,15 0,00 0,845
Complementor openness ↔ Business objective of operator 3,7 0,298 0,29 0,08 0,225
Complementor openness ↔ Funding 6,8 0,380 0,28 0,07 0,330
Complementor openness ↔ Funding continuity 5,1 0,544 0,24 0,00 0,467
Complementor openness ↔ Payment model 4,8 0,830 0,19 0,00 0,761
Business objective of operator ↔ Funding 13,0 0,008 ** 0,54 0,26 0,008 **
Business objective of operator ↔ Funding continuity 1,4 0,523 0,18 0,00 0,661
Business objective of operator ↔ Payment model 8,4 0,079 * 0,44 0,12 0,082 *
Funding ↔ Funding continuity 8,2 0,156 0,31 0,00 0,178
Funding ↔ Payment model 45,2 0 *** 0,72 0,51 0 ***
Funding continuity ↔ Payment model 11,1 0,135 0,50 0,30 0,128

+  - Based on average for IMP data
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the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.
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