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A BSTRACT
This study uses a business network perspective to investigate the industry 4.0 context with
the internet of things (IoT) as its enabling technology and product-use data as its core
network resource. A three-stage qualitative methodology (interviews, focus group, delphibased inquiry) was used to examine the case of an emergent IoT-based business network in
the UK road transport industry to examine: i) how aspects of product use data influence the
benefit opportunities the data provide to the different network actors; ii) how the capturing of
the benefit opportunities in a network context is impacted by key barriers; and iii) how
network capabilities can overcome these barriers to capture benefits from product-use data.
The study thereby contributes to an understanding of the industry 4.0 context from a resource
dependency theory perspective and provides concrete recommendations for management
operating in this context.
Keywords – Industry 4.0, industrial internet, internet of things, IoT, business network,
resource dependence.
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1. Introduction
The widespread digitalisation in industrial and manufacturing contexts brought about by the
development and spread of the industry 4.0 context and the Internet of Things (IoT) as its
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enabling technology is generating substantial opportunities for innovation and value creation
(e.g. McKinsey Global Institute 2015; Fatorachian and Kazemi 2018). Digitalisation implies
an extensive reconfiguration of everyday products in terms of new communication,
programmability and traceability properties that extend the products’ scope and function
(Whitmore, Agarwal, and Da Xu 2015). Integrating these digitalised products into an IoT
technology platform enables their seamless communication with each other and their various
stakeholders, who utilise these new properties for unbound distributed innovation (Yoo,
Henfridsson, and Lyytinen 2010) and the development of novel business opportunities
(Lyytinen, Yoo, and Boland Jr 2016). With the digitalisation of products and the integration
of them into an IoT technology platform gathering momentum, it is becoming important to
create the required organisational environment and innovative approaches to foster the
distributed creative potential and capture the business opportunities the industry 4.0 context
offers.
The critical resource underlying the innovation potential and business opportunities is the
‘product-use data’ which the digitalised product creates in an industry 4.0 context. Productuse data captures and communicates (often in ‘near real time’) detailed insights into the
product’s status and operations (Porter and Heppelmann 2014). This data not only creates
opportunities for product users to remotely monitor their products and assess their
performance but also for product manufacturers and third parties (Grubic 2014).
Continuous access to product-use data enables manufacturers to understand how their
products are being used and how their use impacts operation and product performance (Nadj
et al. 2016; Coreynen, Matthyssens, and Van Bockhaven 2016). These insights even enable
manufacturers to expand from traditional (transactional product-sale) to servitized business
models, where the manufacturer monitors the product on behalf of the customer and retains
responsibility for product performance (Baines and Lightfoot 2013). Third parties may
further integrate the product-use data with additional data sources to identify optimisation
opportunities of complex manufacturing operations involving multiple products (Porter and
Heppelmann 2014). In an industry 4.0 context, product-use data is a core resource which
provides multiple stakeholders with a diverse range of benefit opportunities.
The multi-stakeholder dependence on product-use data creates substantial theoretical and
practical business challenges. It creates considerable risks for manufacturers and third-party
providers which may not have control over these critical external resources. Resource
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dependency theory (RDT) suggests that firms will seek to maximise their autonomy from
exchange partners holding critical resources or minimise uncertainty with regards to these
resources (Davis and Adam Cobb 2010). Firms have a specific repertoire of tactics available
to internalise or tightly control these critical resources and thereby reduce their external
dependencies (Hillman, Withers, and Collins 2009).
However, the conceptualisation of product-use data as a critical resource to some extent
challenges the assumptions of RDT: for manufacturers and third parties to have a high
resource value, the product-use data needs to be drawn from externally-used products,
capturing a large diversity of use-scenarios; also for product users, the resource value of data
capturing the status and operation of their own products is significantly enhanced when
integrated with data from other products that are used in similar or dissimilar scenarios (e.g.
benchmarking). Despite their dependence on product-use data, it seems that various
stakeholders in an industry 4.0 context benefit from defying the RDT-based assumptions and
not internalising or centrally controlling the resource creation or access (Agrifoglio et al.
2017).
To explore the particular role and theoretical implications of product-use data, the present
study conceptualises the multi-stakeholder industry 4.0 context as an emergent business
network with product-use data as its shared network resource. A business network describes a
group of interdependent organisations which are linked to each other through nonhierarchical ‘weakly manageable’ relationships (Anderson, Håkansson, and Johanson 1994,
2; Möller and Rajala 2007). We will use a business network perspective in the present study
as an investigative framework to characterise the industry 4.0 context and examine its firm-,
relational- and network-level implications (Ramos et al. 2013; Snehota and Hakansson 1995).
By drawing on the network resource notion, the study conceptualises product-use data as
resource which, although embedded in its network, can alter a firm’s opportunity sets and
strategic behaviours (Lavie 2006; Gulati and Sytch 2007). The business network perspective
and the network resource notion provides a helpful conceptual basis for exploring the range
of benefit opportunities network actors can derive from the product-use data, the barriers that
limit the benefit capture and the capabilities required for overcoming these.
The study examines the case of an emergent business network within the UK road-transport
industry using a three-stage research process. The study first collects and analyses interview
data to identify how the network actors can derive benefit opportunities from product-use
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data. In the second stage, the study uses a focus group of a diverse range of network actors to
examine how the capturing of the benefit opportunities in a network context is impacted by
key barriers. In the third stage, the study draws on a Delphi panel to identify the concrete
capabilities required for overcoming the benefit capture barriers.
The findings identify a range of benefit opportunities the different network actors can derive
from product-use data but also identify several cultural, standards-, value- and resource-based
barriers that limit the network actors’ ability to capture these benefit opportunities. Several
concrete recommendations for overcoming these barriers are developed in the third research
stage to help firms within the network not only with the creation and sharing of product-use
data but also with the creation and sharing of benefits within the network.
The study and its findings contribute to the development of a business network perspective on
the industry 4.0 context which illustrates the multiple levels of interaction and dependencies
that characterise this context. The study also challenges and extends existing resource theory
(i.e. RDT, RBV) by contributing to an understanding of the specific resource aspects of
product-use data and their implications. Further, the study helps to advance the understanding
of the network capability notion and its applicability in the industry 4.0 context.
Following this introduction, a focused review of the business network literature, its resource
dependence and capability implications is provided and the current research on industry 4.0,
product digitalisation and the IoT technology platform is outlined. Then, the specific roadtransport industry case is described and the study’s three-step research methodology is
explained. The paper concludes by presenting the research findings and discussing their
implications for theory and industrial practice.
;

2. Theoretical background: IoT business networks, network resources and
capabilities
A business network perspective on IoT
The wider literature defines a business network as a “set of two or more connected business
relationships, in which each exchange relation is between business firms that are
conceptualised as collective actors” (Anderson, Håkansson, and Johanson 1994, 2).
‘Connected relationships’ implies that the firms’ exchanges are contingent on exchanges with
6

other firms (Johanson and Vahlne 2011). Business network conceptualisations commonly
emphasise the non-hierarchical nature of these inter-firm relationships (Provan, Fish, and
Sydow 2007; Jagdev and Thoben 2001), which render business networks ‘weakly
manageable’ (Möller and Rajala 2007). Instead, one of the core mechanisms that governs the
complex interactions between actors in business networks is resource ties (Snehota and
Hakansson 1995), which describes the access or transfer of resources (e.g. financial,
material, technological) between network actors (Olkkonen 2001). Other governance
mechanisms considered are, activity links (members’ operational connections and mutual
adaptations), and actor bonds (members’ relationships and mutual perceptions) (Snehota and
Hakansson 1995). Because they emphasise firm interdependencies as determinants for firm
behaviour, business network research approaches are often considered alternatives to marketbased research approaches to explain firm behaviour (Möller 2013).
Despite the substantial body of literature relating to the topic, business network research
represents a research perspective rather than a theory in its own right (Möller 2013; Jagdev
and Thoben 2001). Adopting a business network perspective commonly implies that a study
seeks to analyse and understand a phenomenon across three closely interconnected levels of
analysis (Ramos et al. 2013; Snehota and Hakansson 1995): the firm level, the relational level
and the network level. All three levels of analysis are understood to influence one another
through interaction and interdependent coevolution (Welch and Wilkinson 2002). Together
they provide a framework to identify a ‘shared network view’ as the collective understanding
different network actors hold on a particular topic (Henneberg, Naudé, and Mouzas 2010).
The present paper focuses on the specific phenomenon of an emergent business network.
Emergent business networks develop organically from repeated interactions between firms
(Raab and Kenis 2009) and so contrast with formally designed business networks where clear
leadership roles and responsibilities are established (as in R&D consortiums, Inkpen and
Tsang 2005). Although general network attributes are shared (e.g. non-hierarchical,
simultaneous competition and collaboration), emergent business networks often denote
ambiguities of the networks’ boundaries, the networks’ membership, and the members’ roles
and relationships (Inkpen and Tsang 2005). Emergent networks, in particular, face the
challenges of establishing their collective identity (Raab and Kenis 2009), developing
network objectives (D'Aunno and Zuckerman 1987), and maintaining effective interactions
among an often highly diverse membership (Möller and Svahn 2009). Trust, at an
7

interorganisational and interpersonal level, represents a key enabler of emergent networks as
it creates a critical safeguard against opportunism (Claro et al. 2003, Gadde et al. 2003).
IoT context as business networks
One of the core technologies underlying the industry 4.0 context is the internet of things (IoT)
(Fatorachian and Kazemi 2018). The IoT describes “a paradigm where everyday [products]
can be equipped with identifying, sensing, networking and processing capabilities that will
allow them to communicate with one another and with other devices and services over the
Internet” (Whitmore, Agarwal, and Da Xu 2015, 261).
It implies an integration of sophisticated software components into the product, not only to
operate its physical components (operational technology, OT) but also to pre-processes and
communicate the product-use data (information technology, IT) (Lin et al. 2015). The
software components enable a seamless, continuous, and ubiquitous communication among
connected products (Bello and Zeadally 2016) and also enable manufacturers to remotely and
continuously update their products (Sinclair, 2017), a feature that was previously limited to
‘software-only’ products. Yet, the continuous connectivity and convergence between OT and
IT also incorporates the cyber-security concerns from the digital domain to the core
operations of physical products (Rayes and Salam 2017).
The connectivity and continuous communication of the products stimulates the emergence of
business networks (Laya, Markendahl, and Lundberg 2018). The product’s connectivity
enables a continuous internet-based link between the Internet, the product and by extension,
the product user (Andersson and Mattsson 2015). In the industrial context, the IoT (via the
product) establishes ongoing network relationships among product users, product
manufacturers and third-parties (Porter and Heppelmann 2014). However, in the absence of
formal leadership structures and clearly allocated responsibilities among the actors, the
business relationships might only take the form of an emerging business network (Inkpen and
Tsang 2005).
Illustrations of the benefit opportunities the IoT-based connectivity provides to the different
network actors in an industrial context are emerging in the literature (Agrifoglio et al. 2017).
For the manufacturer, retaining connectivity with a product beyond the factory gate provides
ongoing product-use data access or even the ability to continuously interact with the product
(through actuators) (Porter and Heppelmann 2014; Schroeder and Kotlarsky 2015; Pagani
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and Pardo 2017). Manufacturers can obtain detailed insights on how their products are used
(to identify new product requirements), how their products perform in different use scenarios
(to identify quality issues), or what additional value propositions can be provided to their
customers (to attract new business) (Nadj et al. 2016; Coreynen, Matthyssens, and Van
Bockhaven 2016; Fatorachian and Kazemi 2018; Agrifoglio et al. 2017).
The additional data-based insights provide manufacturers with the opportunity to develop
new pay-per-use, outcome-based or other subscription-based business models (Baines et al.
2017; Kowalkowski et al. 2017). The increased visibility the product-use data affords helps
manufacturers to manage the risks that are inherent to these business models. Industrial users
of IoT-enabled products can employ detailed product-use data to identify product utilisation
patterns, opportunities for efficiency gains and process improvement.
The IoT-based connectivity further provides product users with the ability to remotely
monitor and control their products (performance visibility, operations efficiency) (Sinclair
2017), or integrate and jointly coordinate several products (to create product systems) (Porter
and Heppelmann 2014). The literature also describes how users who provide the
manufacturers with appropriate product-use data access can benefit from faster or more costefficient support from the manufacturer, minimised product downtime (through predictive
maintenance) and the ability to seamlessly draw upon manufacturers’ expertise (to gain
remote diagnostics and support) (Sinclair 2017; Grubic 2014; Kindström and Kowalkowski
2014; Opresnik and Taisch 2015; Coreynen, Matthyssens, and Van Bockhaven 2016).
Product-use data
The above review points to product-use data as the core resource that underlies the benefit
opportunities the industry 4.0 business network provides to its member-firms. Its central role
in an industry 4.0 context has already been identified by several authors with some labelling
it as a ‘resource’ (but without conceptualising it explicitly) (Foulonneau et al. 2014;
Hartmann et al. 2016; Kambatla et al. 2014; Rymaszewska, Helo, and Gunasekaran 2017).
Resources form a particular focal point of business network research. Bae and Gargiulo
(2004) argue that the firm’s search for resources is a driver of business network formation.
Resource Dependency Theory (RDT) (Pfeffer and Salancik 2003) correspondingly has
emerged as one theoretical basis for business network research (Möller 2013) and has shaped
the consideration of resources in a business network context. RDT deals with a firm’s
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dependence on another firm’s resources and the consequences and strategies for managing
this dependence (Toms and Filatotchev 2004). The focus on external resources (e.g.
production facilities, trade secrets, engineering experience) differentiates it from the resourcebased view, which deals with a firm’s internal resources and their contribution (Barney 1991;
Peteraf 1993). Strategies RDT studies commonly consider for firms to manage and
potentially minimise their external dependencies include: i) restructuring operations (to
reduce resource dependence); ii) cultivating alternative sources of supply; iii) forming longterm contracts, joint ventures or even mergers (to obtain direct resource control) (Hillman,
Withers, and Collins 2009).
Business networks expand the nature of the dependence considered in RDT applications from
a firm-level to a multi-organisational context. Such RDT applications specifically recognise
the notion of ‘mutual dependence’ (two firms having resources that the other needs) (Gulati
and Sytch 2007) emphasising that resource dependence is often not a zero-sum game
(Hillman, Withers, and Collins 2009). Business network-focused RDT applications also
explore ‘resource co-creation’ scenarios, which consider firm’s relationships as loci for
resource creation, instead of being only loci for resource access or exchange (Möller 2013).
RDT applications in business network also expand the repertoire of strategies employed to
manage the complex resource interdependence. Network actors manage the access to valued
resources by socialising or through the exchange of other valuable goods, such as status,
friendship, or information (Casciaro and Piskorski 2005; Blankenburg Holm, Eriksson, and
Johanson 1999). While firm-level RDT applications focus on strategic, economic or
structural strategies to manage resource access, business network-focused RDT applications
also emphasise the socially embedded context of firms (Hillman, Withers, and Collins 2009).
Product-use data as network resource
A systematic conceptualisation of product-use data as resource is required to understand its
role in an industry 4.0 business network context. The wider business literature does not
generally consider data as a ‘strategic resource’ (Wade and Hulland 2004; Otto 2015; Roden
et al. 2017) and instead focuses on knowledge, relationships and the IT infrastructure as a
strategic resource (e.g. Karimi, Somers, and Bhattacherjee 2007; Chang and Wang 2011).
More specifically, studies drawing on the established VRIN framework (Barney 1991) to
characterise resources argue that data is ‘not rare’ and instead point to intangible data-related
skills as the strategic resource of interest (Braganza et al. 2017; Gupta and George 2016).
10

The recent attention to Big Data Analytics and the IoT, however, clearly highlights the
importance and strategic value of data. In addition to enabling new business models
(described above) product-use data can even realign the manufacturer’s value chains as its
dependencies and negotiation power is affected by data access, ownership and analytical
capabilities (Porter and Heppelman 2014). Industry concerns over ‘digital lock-in’ scenarios
related to data-based dependencies or proprietary standards have already been documented
(Brewster et al. 2017). Yet, a systematic theorisation that reconsiders the role of data as
‘strategic resource’ is still outstanding (Roden et al. 2017).
Nason and Wiklund’s (2015) notion of resource fungibility helps to further characterise the
resource status of product-use data by considering the benefit opportunities it creates. On the
one hand, product-use data exhibits low external fungibility, as it is highly specific in its
scope (the insights that can be derived are tightly linked to a specific product or use-scenario,
compared with the generic benefit opportunities of other resources (e.g. money). On the other
hand, product-use data exhibits high internal fungibility, as it is highly versatile in its
optionality (a variety of current and potential future analytical and operational scenarios
utilise the same data in different ways: e.g. predictive analytics for manufacturers and product
efficiency information for the customer). Dierickx and Cool (1989) explicitly consider those
resources that exhibit low external and high internal fungibility as sources of competitive
advantage.
Lavie’s (2006) focus on the resource locus further helps to characterise product-use data as a
network resource (“external resources embedded in the firm's alliance network that provide
strategic opportunities and affect firm behavior and value” (p. 638)). Network resources turn
the focus from ‘resource ownership’ to ‘resource access’, as firms can extract value from
resources they do not fully own or control, which can significantly alter a firm’s opportunity
set and strategic behaviour (Gulati and Sytch 2007; Wassmer and Dussauge 2011). Lavie
(2006) also points out that in business networks with high actor interdependency, a focus on
resource access is not enough, as access to the benefit opportunities that can be derived is
also critical (resource-based rents).
Product-use data within an industry 4.0 business network represents a specific network
resource scenario of which we know very little. It’s low external and high internal fungibility
suggests that product-use data represents a source of competitive advantage for different
network actors. Despite product-use data’s particular importance, there is still a substantial
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gap in our understanding of the specific aspects of this resource that play a role in creating
benefit opportunities in a network context. To address this gap and to start developing an
understanding of product-use data as a network resource, the following research question was
developed:
RQ1: How do aspects of the product use data resource influence the benefit
opportunities the data provide to the different network actors?
Barriers to product-use data benefit capture
A critical area of business network research is the identification of barriers that stand in the
way of actors capturing the benefit opportunities the network offers. McGrath and O’Toole
(2010), for example, examine how a reduced ability among SME’s to visualise their interorganisational relationships creates a barrier to exploiting the shared marketing opportunities
that the network offers. Öberg and Shih (2014) examine how diverging innovation interests
and interaction goals can become a major innovation barrier within pharma networks.
To understand the barriers that stand in the way of firms capturing the benefits of product-use
data, it is important to consider its properties as a digital artefact (Kallinikos, Aaltonen, and
Marton 2013). Product-use data is in a perpetual state of incompleteness: unlike a physical
artefact which is developed as a finite application, product-use data continuously develops
without excluding any tasks it will use for nor the range of actors that will be using it (or it
may remain ‘data exhaust’, Gupta and George 2016). Further, product-use data is only
meaningful in context: deriving relevant insights from performance data, for example,
requires insights on the way performance is being measured and the task the product is
carrying out. Further, product-use data is editable, interactive and distributed: it can be
transformed (and can co-exist) in different formats and different levels of granularity.
Positioning product-use data as a specific network resource in the industry 4.0 context
requires an understanding of the barriers that stand in the way of network actors capturing its
benefit opportunities. Unlike other network resources (e.g. relationships, capabilities)
product-use data represents a resource in its raw form, requiring significant transformation
and processing efforts to capture its benefit opportunities (King, Grover, and Hufnagel 1989;
Wang et al. 2018). Such a drawn out ‘data-to-value chain’ (Crié and Micheaux 2006) entails
various intermediate steps that are of importance in understanding the barriers to capturing
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the benefits from product-use data in an IoT enabled network context. To identify the range
of barriers and their impacts, the following research question was developed:
RQ2: How do key barriers impact on the network actor’s ability to capture the benefit
opportunities of product-use data in an industry 4.0 context?

Developing network capabilities
Explorations of ‘network capabilities’ constitute another important research angle to
understand business networks and their underlying dynamics (Möller and Halinen 2017;
Möller, Rajala, and Svahn 2005; Äyväri and Möller 2008). From a business network
perspective, capabilities represent a multi-level concept capturing the firm-level, relationallevel and network-level competences required to support a network actor’s benefit
opportunity capture. Firm level network capabilities identify a network actor’s ability to
effectively utilise the business network (Walter, Auer, and Ritter 2006). Research explores
the exchange, coordination, and adaptation activities that enable firms to build, handle, and
exploit their business networks (Vesalainen and Hakala 2014). Relational-level network
capabilities identify practices that help network actors to form the valuable relationships
required for benefit capture. Specific studies highlight coordination practices (Kogut 2000),
mutual adaptations (Fang, Palmatier, and Evans 2008; Palmatier, Dant, and Grewal 2007) or
the reciprocal influencing of the actor’s innovation behaviour (Kohtamäki, Rabetino, and
Möller 2017). Network level capabilities capture the network’s overall ability to create
supportive environment for its members (Möller and Svahn 2003). This includes the
network’s ability to facilitate learning and joint gains or the processes for producing and
sharing collective innovations (Kogut 2000).
Research, at this point, is only starting to explore the particular IoT network-related
capabilities (McKelvey, Tanriverdi, and Yoo 2016). Studies are actively exploring firm-level
technical capabilities actors require to effectively process the product-use data (e.g. Kuo and
Kusiak 2018fc; Wang et al. 2018). This technology-dominated approach to capabilities has
already been criticised by Venkatraman et al. (2014), who specifically call for investigations
of the operational, dynamic, and improvisational capabilities firms require to effectively
exploit their IoT enabled network context. A focus on network capabilities in an industry 4.0
context not only expands beyond the technology focus but also expands beyond the firmlevel focus to understand the capabilities that are required within the network to allow for the
13

benefit opportunities to be captured. To create the required understanding of the network
capabilities required, the following research question has been formulated:
RQ3: How can network capabilities overcome the barriers to capturing benefits from
product-use data?

3. The research
The adoption of a business network perspective provides an opportunity to establish a ‘shared
network view’ (Henneberg, Naudé, and Mouzas 2010) on the product-use data’s resource
aspects, benefit capture barriers and network capabilities that are important in an IoT enabled
network context. Establishing a ‘shared network view’ requires the elicitation and integrating
of the dispersed cognitive pictures held by individuals participating in the emergent business
network (Henneberg, Mouzas, and Naudé 2006; Ford et al. 2003). To allow for the close
iterative interactions with the network members required for the development of a shared
network view, business network investigations often focus on single cases (Halinen and
Törnroos 2005; Olkkonen 2001; Salmi 2000; Henneberg, Mouzas, and Naudé 2006; Ford et
al. 2003).
The present study draws on the case of an emergent business network within the UK road
transport industry. The primary source of product-use data within road transport is the IoTenabled truck. Numerous sensors, data collection and processing devices capture and
communicate (via cellular networks) product-use data detailing aspects of the truck’s
performance (e.g. fuel consumption, oil pressure) operation (e.g. revolutions per minute,
seatbelt use, engine idling, cruise-control utilisation) or components (e.g. tyre pressure, tyre
temperature) (Watson et al. 2010; Dalsace, Ulaga, and Renault 2012). The extent of productuse data modern trucks create, process and communicate far exceeds the capabilities of
traditional telematics systems, which focus on location-related data (Vaia et al. 2012). By
2016, 30% of UK road transport operators had adopted such IoT-enabled trucks into their
fleets (Cole 2016).
As firms are often part of various overlapping business networks (e.g. operational or R&D
networks) (Landqvist and Lind 2018fc), identifying and isolating the particular ‘focal
network’ of interest is critical (Halinen and Törnroos 2005). This is especially so in emergent
business networks where membership is largely informal and network boundaries are fluid
(Raab and Kenis 2009). The focal road transport network investigated spans two original
14

equipment manufacturers (OEM), five transport operators (TO), and two service providers
(details are provided below in Table 1). The firms were selected for their dependence on
product-use data as a core resource.
The TOs in the network acquire trucks through a mixture of (1) purchase or (2) service
contracts (from different OEMs) or (3) rental (from different fleet management providers)
which determines the data sharing and ownership arrangements. Figure 1 illustrates how
product-use data (e.g. truck performance and operation) is collected and processed by a
digital service provider (DSP) which distributes the data and analytics (in different levels of
aggregation) to OEMs, TOs or fleet management providers. For purchased trucks, TOs
choose their own digital service provider; for trucks or components under service contract,
TOs are dependent on the OEM’s choice of DSP; for rented trucks, TOs are dependent on the
fleet management provider’s choice of DSP. TOs, OEMs, DSPs and fleet management
providers also work with other partners and are part of other networks (as indicated by the
dotted squares) which are outside the scope of the present research.

Fleet management provider

Transport operator A

Transport operator B
Component manufacturer

Transport operator C

Vehicle manufacturer

Transport operator D

Transport operator E
Digital service provider

Complete product-use data

Subset of product-use data & analytics
(for trucks purchased)

Analytics (for trucks/components on
service/rental contract)

Figure 1. Flow of product-use data in analysed business network
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Research methodology
A qualitative research method rooted in a ‘moderate constructionist’ perspective was used to
guide the research (Van Den Belt 2003). The objective of a moderate constructionist
perspective in the context of a single case is to identify the “local, community-bounded,
interacting forms of truth that are created and validated through dialogue in different
communities” (Järvensivu and Törnroos 2010, 101). A three-stage qualitative method was
adopted to elicit these community insights:


Stage One: individual interviews and thematic analysis to identify the product-use
data’s benefit opportunities and important resource aspects;



Stage Two: a focus group interview to identify the shared network view on the
barriers to capturing the benefit opportunities;



Stage Three: a Delphi-based approach to identify the shared network view on the
network capabilities required to overcome the barriers to benefit capture.

Stage One: individual interviews and thematic analysis
To address the objectives of the first stage, individual interviews were conducted and
analysed to obtain valid insider perspectives from representatives of core network-actors
(Järvensivu and Törnroos 2010). The interviews involved seven senior managers from
vehicle manufacturers, component manufacturers, digital service providers, and transport
operators (see Table 1). They lasted between 20 and 40 minutes each and followed a semistructured format with questions focusing on: i) the benefit opportunities that product-use
data provides and ii) the data characteristics that are important for achieving these benefits.
Participants outlined a variety of scenarios explaining how product-use data supports
particular aspects of their business model and specifying the nature of the contributions (e.g.
cost-advantages, responsiveness). Probing questions further explored the particular data
characteristics required to benefit from its contributions.
The analysis of the interview data began with the development of short vignettes1. A vignette
represents a preliminary research step which pulls together “rich ‘pockets’ of especially
representative, meaningful data […] in a focused way for interim understanding” (Miles and
Huberman 1994, 81). Hence, vignettes were created to provide structured presentations of the

The term ‘vignettes’ here describes an analytical step, not a technique for illustrating particular perspectives to
the reader.
1
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business models, product-use data characteristics and contributions encountered in each
participant’s interview data. The vignettes formed the basis for the subsequent joint iterative
thematic analysis process by providing the research team with a shared understanding of the
encountered scenarios.

Job Title of Participant
Managing Director
Vice President
Account Manager
Channel Director
Business Development
Manager
6
Business Development
Executive
7
Fleet Manager
8
Fleet Manager
9
Director – Technical
Services
10 Owner-Manager
11 Director
12 Director – Aftersales
13 Director – Telematics
Services
14 Chief Executive Officer
15 Retail Director
16 Dealer Principal
17 Director – Service
Management
18 Chief Innovation Officer
19 Commercial Director
20 Innovation Manager
21 Services Innovation
Manager
Table 1: List of participants
1
2
3
4
5

Type of Firm
Digital service provider
Digital service provider
Digital service provider
Digital service provider
Fleet management
services
Fleet management
services
Transport operator A
Transport operator B
Transport operator C

Stage 1
X
X

Transport operator D
Transport operator E
Vehicle manufacturer
Vehicle manufacturer

X
X

Vehicle manufacturer
Vehicle manufacturer
Vehicle manufacturer
Vehicle manufacturer

X

Component manufacturer
Component manufacturer
Component manufacturer
Component manufacturer

Stage 2
X
X
X
X
X

Stage 3

X

X
X
X
X

X
X
X

X

X

X
X
X
X

X

X

X

X
X
X
X

The objective of the iterative thematic analysis process (Braun and Clarke 2006) was to
differentiate the benefit capture scenarios collated in the vignettes and identify the range of
relevant product-use data characteristics. The involvement of the wider research team in the
thematic analysis process ensured that a range of expertise could be drawn upon to help
specify the stakeholder perspectives and devise categories that are coherent across the diverse
stakeholder groups represented by the network actors (see Stage One findings in Section 4).
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Stage Two: identifying and prioritising the main barriers
The second research stage sought to identify a shared network view on the barriers to
capturing the product-use data’s benefit opportunities. A focus group was identified as a
platform for discussion and integration (Sutton and Arnold 2013) to elicit participants’
cognitive pictures on the barriers to benefit capture (Henneberg, Mouzas, and Naudé 2006)
and subsequently integrate these to establish a shared network view (Matthyssens,
Vandenbempt, and Weyns 2009).
Recommendations regarding the ideal number of participants in a focus group differ widely
(Fern 1982)2. Smaller groups are preferred for emotionally charged topics while larger groups
allow for a greater number of potential responses and perspectives, and are deemed
appropriate in the case of discovering information on neutral topics (Morgan 1996). The
focus group set up for this research stage involved 17 senior managers representing eight
interdependent network actors (see Table 1). The opportunity to draw on the diverse
perspectives and stimulate the development of a shared network view among these network
actors was considered a rare research opportunity3 which justified the group size. Facilitation
techniques (Gibbs 1997) applied in the focus group session ensured that the contributions of
participants were balanced and that the effects of the group size were limited.
A structured three-step process was followed to first elicit the participants’ cognitive pictures
of the barriers to benefit capture and then establish a shared network view:
1) Participants identified factors limiting their firm’s ability to utilise the benefit
opportunities of product-use data. Each factor identified was noted on a separate card to
create a permanent record of the participant’s examples of barriers to benefit capture and
was explained to the other participants; a total of 68 cards representing the individual
perspectives of the participants were created and displayed.
2) Participants iteratively consolidated the cards into related examples and grouped these
into themes representing the overarching barriers identified. A total of ten themes
emerged through this participant interaction, representing the group’s consolidated and
shared view on the overarching barriers to benefit capture.

2
3

Fern (1982) in his review found that focus group sizes are commonly ranging from 5–20 members.
Previous dealings among these network members had been limited to pairwise interactions.
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3) Participants ranked these overarching barriers according to their relative importance,
creating a comprehensive network view which pinpointed and prioritised the barriers to
benefit capture; they then reflected on the barriers identified and provided background
information regarding how the themes manifest themselves within the network.
The focus group session lasted for four hours and was moderated by a senior academic with
facilitation experience to ensure high levels of involvement despite the large number of
participants. A further four academics assumed supporting roles, taking notes on the
arguments underlying the barriers and their individual firm-, relational- and network-level
manifestations. Subsequent analysis focused on interpreting the barriers through the lens of a
business network perspective. The research team used their field notes to interpret the barriers
and their manifestations within the business network perspectives’ levels of analysis and to
identify the nature of the impact on the capturing of the benefit opportunities (see findings
presented in Section 4.2).
Stage Three: developing recommendations
The third stage sought to identify the network capabilities required for overcoming the
barriers to capturing the benefit opportunities. A Delphi-based method was identified as a
suitable group mechanism for eliciting and consolidating real-world expertise on complex
problems and future events (‘what could/should be’) (Hsu and Sandford 2007). Although
studies diverge in their Delphi-method application (Donohoe and Needham 2009), guidelines
highlight the importance of developing a panel of subject-matter experts who have a stake in
the study’s outcome and would, therefore, campaign for their views to be represented (Hsu
and Sandford 2007). For the present study, a panel of seven senior experts was drawn from
the focal network (see Table 1) – seven being an appropriate number to create a meaningful
diversity of views (Donohoe and Needham 2009).
Via email, the panel members received a summary of the prioritised benefit capture barriers
previously identified, together with a request to provide concrete recommendations on the
steps and initiatives required to overcome these barriers. The research team synthesised the
diverse responses with a focus on integrating the contributions and aptly representing the
recommendations provided. The researchers then redistributed the synthesised responses to
provide the panel members with an opportunity to review and comment on the
recommendations, which led to two additional contributions (for clarification purposes).
Although originally a third round of interaction had been envisaged, the process was
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concluded after this second round (following Donohoe and Needham 2009), as none of the
panel members further challenged the synthesised recommendations (the findings are
presented in Section 4.3)

4. Research findings
Stage One findings: benefit opportunities and resource aspects
The analysis of the vignettes provided important insights into the range of benefit
opportunities product-use data (i.e. truck performance and operation data) provide to the IoT
network actors and how these benefit opportunities are impacted by particular aspects of the
data resource.
The analysis showed the benefit opportunities that transport operators derive from productuse data. They were found to depend on product-use data to create critical operational
transparency helping to understand their costs and identify operational inefficiencies.
Transport operators emphasised how detailed performance and operational insights provide
the critical basis for managing their drivers and incentivising specific driver behaviour (e.g.
fuel-efficient driving), thereby enhancing their operational effectiveness. Transport operators
also use detailed performance and operational insights to create compliance efficiency by
demonstrating operational excellence to authorities and insurance providers (contributing to
insurance premium deductions and a trust scheme for inspection).
The analysis has further shown how the product-use data provides the basis for a variety of
benefit opportunities for the manufacturer. The manufacturers were found to utilise the
detailed performance and operational insights to create operational transparency of their
products (particularly important where products are provided through a full-service contract
and manufacturers retain uptime responsibility). The manufacturers were also found to utilise
the product-use data to obtain R&D insights (e.g. vehicle and component performance), as
illustrated by one of the representatives:
[The trucks] are a mobile research and development area, we’re getting
real R&D information that’s fed back then to production, to engineering,
to suppliers, so it leads to reduced [risk and cost].
(Chief Executive Officer, Vehicle Manufacturer)
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Manufacturers also used the data for customer profiling and to provide their customers with
targeted operational improvement advice contributing to service development and delivery.
The data was also used for risk management purposes, allowing the manufacturer to better
manage warranty claims and understand the product’s residual value (where trucks are
provided through a full-service contract and the manufacturer retains ownership).
For the digital service provider, the product-use data not only constitutes the basis of its
business (i.e. collection and processing data), but also provides the basis for the continuous
innovation and refinement of the analytical processes to create the underlying insights:
[Manufacturers] will never succeed in this, because it takes them seven
years to build a product ... operators, if they want a change of data or if
they want more of this or less of that, they want it now, they’re not
prepared to wait seven days, seven weeks, seven months, which is what
it would take an OEM to bring about a change … [We] will bring about
a change in weeks or months that it would take the OEM years, and
that’s the difference, the speed of reaction.
(Managing Director, Digital Service Provider)
On this basis, the digital service provider also uses the performance and operational insights
to create entirely new value propositions such as the scheduling and routing optimisation
services.
Product-use data resource aspects
The analysis further focused on identifying the resource attributes of the product-use data that
play an important part in the creation of these diverse benefit opportunities.
The descriptions of the benefit opportunities consistently emphasised the importance of
access as a critical resource aspect of product-use data. Although considerations of data
access are already recognised as critical in the IoT literature (e.g. Marjani et al. 2017), the
analysis highlighted specific forms of access that play an important role in the benefit capture
scenarios. In particular, the distinction between access to raw data and access to processed
data was described as an important differentiation. Transport operators, for example, do not
automatically obtain access to the raw data from engine and internal systems, as the vehicle
manufacturer claims IP rights on these. Having to rely on pre-processed data already limits
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transport operator’s own analytical flexibility. Yet transport operators also emphasised how
their access to processed data also creates important benefit opportunities. It allows the
operator to tap into the analytical capabilities of other network actors to obtain complex
insights, such as critical driver behaviour analytics, which are based on large comparative
datasets.
A further facet of data access that emerged from the analysis of the benefit capture scenario
descriptions points to the differentiation between core product-use data and peripheral data.
For the manufacturer and digital service provider, the access to the transport operator’s
peripheral data (e.g. trailer details, load specifications) complements the product-use data and
helps to refine the performance and operational insights.
Also of interest for the creation of benefit opportunities (especially for the transport operator)
were the measurement parameters, data format and reliability of the product-use data. As
transport operators generally seek to hold a variety of truck makes and models (to minimise
product risks) they are exposed to the manufacturers’ use of different standards to measure
their parameters of interest (e.g. driver harsh cornering) or using different data formats, as
coherent fleet-level analysis requires significant consolidation efforts. Transport operators
also highlighted the importance data reliability has for them; by using the product-use data to
incentivise driver behaviour, any inaccuracies and the subsequent loss of confidence have a
detrimental effect on its utility in this regard.
The analysis of the interview data provided important insights into the range of benefit
opportunities product-use data provides to the network actors and the important resource
aspects that play a role in the creation of these benefit opportunities.
Stage Two findings: barriers to benefit capture
The second stage of the analysis sought to establish a shared network view on the barriers
that limit the network actor’s ability to capture the benefit opportunities from the product-use
data. The focus group identified and prioritised a range of overarching barriers, with several
individual manifestations playing out on the firm level, relational level or network level of
analysis.
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The barriers
Inhibiting culture

The focus group prioritised an inhibiting culture as the most important overarching barrier
that stands in the way of actors capturing the product-use data’s diverse benefit opportunities.
The term ‘culture’ was used as an overarching concept to summarise diverse inhibiting
attitudes and practices that manifest themselves at different levels of the business network.
‘Short-term management culture’ and ‘resistance to change’ were identified as firm-level
manifestations of the inhibiting culture barrier. Participants’ descriptions focused on the
transport operator’s ‘short-term management culture’, arguing that “operators are constantly
in firefighting mode [with] no time to look forward”. “[Their] priority is to get the load out”
which limits their attention towards developing the strategic capabilities required to create the
benefits from the product-use data. Similarly, participants described how operators were
often reluctant to conduct the change management practices required to capture the productuse data’s full potential (e.g. introduce driver incentive schemes to increase fuel-efficient
driving).
Descriptions of the ‘communication difficulties’ between network actors were identified as
relational-level manifestations of this cultural barrier. Participants explained how significant
differences in the digital mindsets among network actors hampers the exploration of joint
opportunities based on shared product-use data (“the ‘speak’ is very geeky, it needs to appeal
to a very wide audience in terms of experience”). Participants also pointed to an overall
‘antagonistic culture’ among the actors, a network level manifestation of the cultural barrier.
They explained that traditionally, firms in the road transport industry engage in intensive
price-based negotiations which limit efforts to collaboratively develop and exploit network
resources.
Lack of digital exchange standards

A lack of digital exchange standards (the absence of a general consent on data formats and
practices) was prioritised by the focus group as the second most important barrier impeding
the network actor’s ability to capture the benefit opportunities the product-use data provides.
Participants specifically pointed to the absence of open exchange practices among the
network actors (a relational level manifestation). As actors limit their exchanges to productuse data subsets or aggregations, the benefits other actors derive from it are limited.
Participants also described the lack of agreed data format and measurement standards as a
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network-level barrier to benefit capture as it creates additional transformation efforts and
reduce data reliability hereby limiting the benefit capture opportunities of all network actors.
Business value uncertainty

Uncertainty over the business value and business risks was prioritised as the third most
important barrier that stands in the way of capturing the benefit opportunities of product-use
data. The absence of reliable models and common practices for agreeing on value and risk
affects the network levels in different ways. Focus group participants described firm-level
‘value uncertainty’ manifestations by referring to the difficulties firms face when estimating
the benefits that product-use data creates. Their operational diversity and the absence of ROI
models constrains investment in infrastructure and capabilities which, in turn limits the data
creation and benefit creation efforts of network actors. Participants also described the

‘uncertainty over value distribution’, as relational-level manifestations of the value
uncertainty barrier. Firms are uncertain about how to equitably apportion the value the shared
resource provides, which limits the willingness to share benefits with each other. Transport
operators, in particular, call for assurances over the equitable distribution of value from the
product-use data they create.
Resource limitations

Resource limitations were prioritised as the fourth most important barrier limiting the ability
to create benefit opportunities from product-use data. The focus group participants’
descriptions highlighted the ‘limited financial and analytical resources’ as firm-level
manifestations, as particularly transport operators lack the analytical skills and investment
required to create the benefits. Investment demands from other business areas are regularly
prioritised as more critical (“other demands on same money pot of the business”). But the
participants also focused on the ‘resource imbalance’ across the wider network, which limits
the benefit capture opportunities for all network actors. The substantial imbalance between
levels of analytical expertise and the considerable diversity of operational practices among
network actors create substantial network-wide support needs, which, if unmet, limit the
product-use data creation as well as the benefits that can be derived from it.
A further range of barriers the focus group identified (e.g. an excessive number of available
systems, a lack of joined-up offerings among actors, limited integration with road transport
customers) were, in the end, not prioritised highly by the focus group’s participants.
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Impact areas
The barriers to capturing benefits from product-use data and their individual manifestations
were further analysed to discover the specific nature of their limiting impact.
Data processes

Several of the identified manifestations were found to limit the benefit capture opportunities
by impacting the underlying data-related processes (creation, sharing). The ‘lack of agreed
data format and measurement standards’, for example, limits the benefit capture opportunities
by impacting the data creation (and its sharing). It obstructs the effective build-up of a
coherent and comprehensive network resource with knock-on effects for subsequent benefit
capture opportunities. The data sharing process emerged as the limiting impact of several
other manifestations. Technically focused manifestations, such as the ‘lack of agreed data
format and measurement standards’ (discussed above), the ‘absence of open exchange
practices’, as well as organisationally focused manifestations (such as an ‘antagonistic
transactional culture’ and ‘communication difficulties’) were found to impact the benefit
capture by limiting the sharing of product-use data.
Benefit processes

Other manifestations the focus group participants identified as limiting the benefit capture
opportunities of product-use data were found to impact the benefit-related processes
(creation, sharing). The point of benefit creation from data was identified as the point of
impact several manifestations limiting the benefit capture. The ‘resistance to change’,
‘resource imbalance’ and the lack of ‘financial and analytical resources’ limits the benefit
creation even for cases where the product-use data as a shared network resource is available.
Benefit sharing emerged as a further point of impact of other manifestations that limit the
network actor’s opportunity for benefit capture. The ‘uncertainty over value distribution’, for
example, highlights the contractual difficulties of equitably sharing benefits from one actor,
who creates benefits from data, to another actor, who cannot create benefits from data, but
contributes to the shared network resource. The ‘antagonistic transactional culture’ further
limits the development of benefit sharing agreements.
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Stage Three findings: eliciting network capabilities required
The third stage of the research sought to identify the network capabilities required to
overcome the barriers and diverse manifestations identified in the second stage. The findings
address different facts of the IoT network capability required.
Analytical capability

The Delphi panel emphasised the analytical capability (capacity to interpret the data) as a
critical network capability required to enhance the capturing of benefits from product-use
data. The panel’s recommendations specifically focused on the importance of developing the
analytical capability of firm-level product users (i.e. transport operators) to capture the
benefits. Interestingly, the panel not only proposed structured training to upskill the managers
but also training to develop the digital skills of the wider workforce (i.e. drivers): to capture
the benefit opportunities, it is critical that the wider workforce understands and participates in
the required transformation. In particular, it was highlighted that, for drivers to accept that
their performance is judged and rewarded on the basis of complex algorithms requires a
considerable level of transparency and understanding. The panel also described how a
structured common training across the industry would create a shared knowledge base that
would help mitigate the ‘communication difficulties’ which stand in the way of network
actors exploring shared benefit creation opportunities.
Innovation capability

The panel also identified the development of an innovation capability as a critical step to
foster the development of solutions that counter ‘short-term management culture’ and
‘resistance to change’ with their limiting impact. As a concrete firm-level recommendation,
the panel targeted the recruitment priorities: firms are suggested to specifically seek to attract
younger generation to capitalise on their openness to digital innovation. The panel argued
that, in order to create benefits from product-use data, firms need to innovate their
organisational practices, which a generational change would facilitate.
Digital Management capability

The panel further identified the development of a digital management capability as critical
specifically to address the ‘value uncertainty’ and ‘uncertainty over value distribution’ which
limits the development of collaborative arrangement and investments. The recommendations
were for firms to develop capacity to develop formal models to systematically direct their
investment into tools for data creation and skills for benefit creation. Such models are
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required to develop an understanding of the business value of product-use data to develop
formal arrangements for data and reciprocal benefit sharing among network actors.
Leadership capability

The development of leadership capability as a critical step to capture the benefits from
product-use data was further emphasised by the panel. The call for leadership capability
specifically focused on the exchange standard barriers and their network-level manifestations
(‘lack of agreed data format’ and ‘measurement standards’). As a concrete recommendation,
the panel members highlighted the role of the government in the development of relevant
standards4. It should leverage its influence as a critical data user by developing clear data
standards across a range of its use cases, which would provide the wider network with a focal
point to consolidate their efforts. As another concrete recommendation, the panel highlighted
the need to set up a consortium which should include manufacturers, operators, digital
providers and relevant government agencies to balance out diverse interests and to integrate
different perspectives. It would provide the network-level leadership capability required to
facilitate and coordinate the common standards creation efforts.

5. Discussion
This study set out to explore the particular role and theoretical implications of product-use
data in an industry 4.0 network context. By drawing on the case of an emergent UK road
transport network, the study first identified the range of benefit opportunities the product-use
data provides to the different network actors before pinpointing the resource aspects that
explain how these benefit opportunities are created. The findings show that despite the actors’
shared dependence on the product-use data as a network resource, they differ with regard to
the benefit opportunities they draw from it. Differentiation between access to raw and
processed data and between core and peripheral data was identified as a resource aspect that
plays a particular part in the creation of these benefit opportunities.
The second research question sought to identify the barriers that stand in the way of the
network actors capturing the benefit opportunities from the product-use data resource and
identifying the specific nature of the impact these barriers create. The study identified
different overarching barriers with a diverse set of individual manifestations, each having a
4

UK transport operators will have the opportunity to integrate some of their performance and operations data
with the Driver and Vehicle Standards Agency (DVSA) to minimise disruptive on-road vehicle inspections.
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distinct limiting impact at specific levels of the business network. Importantly, while the
different manifestations essentially limit the network actors’ opportunities for capturing
benefits from product-use data, we identified differences in the nature of their impact by
showing how some manifestations limit the creation or sharing of data, while others limit the
creation or sharing of benefits.
To address the third research question, the study used a Delphi panel to identify how a range
of critical network capabilities could overcome the barriers to benefit capture and their
individual manifestations. The network capabilities identified include firm-level capabilities
which individual network actors require to foster their ability to capture the benefits from the
product-use data. These include the relational-level capabilities network actors need to codevelop to facilitate their data and benefit sharing. Finally, they include the network-level
capabilities network-level actors need to cooperatively establish to shape their overall
business network and thereby facilitate individual actors’ opportunities for benefit capture.

6. Contributions & future research
Theoretical contributions
Advancing the business network perspective for the industry 4.0 context

One of the study’s core theoretical contributions lies in the conceptualisation of the industry
4.0 context as an ‘emergent business network’ and the adoption of a business network
perspective for its analysis. The conceptualisation highlights the ambiguities of the roles and
relationships of the IoT based network members whose connected relationships positions
them as collective actors (Inkpen and Tsang 2005; Anderson, Håkansson, and Johanson 1994,
2). The business network perspective introduces an analytical lens to the industry 4.0 context
which highlights the diverse analysis levels (firm, relational, network) to characterise the
network (Ramos et al. 2013; Snehota and Hakansson 1995; Welch and Wilkinson 2002). The
introduction of the business network perspective provides an opportunity to develop a holistic
understanding of the IoT network complexity and to recognise how fundamental issues cut
across the network but may manifest themselves at different levels in different forms.
Conceptualising the industry 4.0 context and specifically the IoT technology platform as a
business network also highlights the interdependences among the network actors. While other
studies explore the IoT implications from the perspective of an individual firm (Porter and
Heppelmann 2014; Li, Da Xu, and Zhao 2015; Stojkoska and Trivodaliev 2017; Fatorachian
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and Kazemi 2018), we show how individual firms fulfil distinct interdependent roles (as
creators of product-use data or business benefits) which, in turn, affects each firm’s
opportunities for benefit capture. Hence, our adoption of the business network perspective
introduces an important multi-stakeholder understanding into the emerging body of industry
4.0 research.
Product use data and RDT

Another important theoretical contribution of the present study lies in the conceptualisation of
product-use data as the critical network resource that underlies the benefit opportunities
actors draw from the IoT based networks. By conceptualising the product-use data as a
resource, the study highlights its specific resource attributes (e.g. low external and high
internal fungibility) and hereby extends the tool and capability focus of current management
research theorising on resources (Wade and Hulland 2004; Otto 2015). More specifically, our
study establishes product-use data as a shared network resource (Lavie 2006), emphasising
actors are dependent upon other different actors to derive their benefit opportunities.
Our characterisation of the nature and implications of product-use data also creates
implications for the application of RDT to the Industry 4.0 context. We show how productuse data, as a shared network resource challenges the options, established RDT emphasises
that firms must manage their external resource dependence (i.e. internalisation and control
efforts) as a shared network resource. Internalising and tightly controlling the product-use
data would be counter-productive and deteriorate its benefit potential. Hence, our study
shows how the RDT scope needs to be expanded from focusing on efforts to control a firm’s
external resources to efforts to stimulate the creation of external resources to capture the
specifics of a firm’s resource dependency scenarios in an industry 4.0 context.
Contributing to the network capability framework

Further, the study contributes to an emerging understanding of the role of capabilities in an
industry 4.0 context in two ways. First, unlike most studies, which only focus on the
technology-related capabilities required when dealing with IoT, our study highlights the
social and organisational capabilities that are essential for firms capturing benefits from
product-use data. Second, most studies, including Venkatraman et al (2014), only adopt a
firm-level perspective when calling for research on IoT based network capabilities. Our
network capability adoption incorporates the relational- and network-level capabilities that
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are required to develop and shape the IoT based network environment that allows the
individual firm to benefit.
Managerial contributions
The present study also creates a range of managerial contributions. The network capabilities
identified in Stage Three of the research outline concrete initiatives that can be taken to
advance firms’ ability to capture the benefits from an IoT based network. Specific firm-level
recommendations highlight the need for cultural change across the hierarchies through
recruitment and targeted training. Although the industry 4.0 context is often portrayed as a
technological challenge, firms need to innovate their management practices and business
models to capture its benefit opportunities. Relational level recommendations highlight the
need for firms to establish clear exchange mechanisms and to showcase each other’s
capabilities and overcome outdated perceptions. Network level recommendations highlight
the need for the development of standards and network leadership to facilitate the
environment in which the firms operate. As manufacturing and transport are among the
industries where IoT technology is expected to have the biggest financial implications
(McKinsey Global Institute 2015), and are also among the industries with the highest skills
and resource differential among individual firms (Hamelin 1999), these recommendations are
highly relevant.
Furthermore, the study suggests that the industry 4.0 context requires managers to extend
their scope beyond their firms and carefully consider how to balance their firms’ interests
with the interests of the overall network. Given the fickle nature of these emergent business
networks, ensuring that the capture of benefits in business networks is balanced and equitable
and that networks are therefore not dominated by individual actors becomes critical
(Lyytinen, Yoo, and Boland Jr 2016; Inkpen and Tsang 2005).
Limitations of this study
Despite the range of this study’s contributions to the field, it is also important to note its
limitations. First, by integrating different methods in the research, the study also integrates
their inherent limitations. The focus group method, for example, is sensitive to participants’
interactions, and the contributions provided early in the group process can overshadow the
further elicitation process (Sutton and Arnold 2013). As a consequence, the identification of
overarching barriers by groupings of cards are the result of dynamic interactions among
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participants and are not based on systematic clustering efforts. Although these dynamic
interactions provide important opportunities to elicit diverse perspectives, the emerging data
and themes are open-ended and may be subject to conceptual overlaps (Gibbs 1997). The
Delphi method involves the inherent risk of creating specific topic-related information
instead of consolidated generalizable insights (Hsu and Sandford 2007). The present study
outlines the specific insights created but also provides a higher-level interpretation and
analysis to increase the findings’ applicability and theoretical contribution. Although a
variety of recommendations were elicited, greater panel diversity might have generated
further recommendations.
Second, a qualitative approach in the form of a single case was adopted to investigate the
barriers and their implications. While the single case research provides significant
opportunities for creating in-depth detailed descriptions (Darke, Shanks, and Broadbent
1998), it limits the generalisability of the findings (Yin 1994). Third, the study’s focus, the
road transport industry, is singled out in the literature for its lack of IT innovation (Sternberg,
Prockl, and Holmström 2014) and overall fragmentation (Hamelin 1999; Todd 2017). While
it is important for industry 4.0 research to focus on traditional industries, their specific
digitalisation development and interaction practices need to be considered. As technology
adoption and utilisation practices depend on previous exposure (Jeyaraj, Rottman, and Lacity
2006), the findings should be verified in other industries to confirm their wider applicability.
Future research
Our study opens up several concrete opportunities for future research. Of particular interest is
the governance of these emergent IoT based networks, where no formal control is exercised
(Raab and Kenis 2009); the literature commonly considers resource ties, activity links and
actor bonds as governance mechanisms in these networks (Snehota and Hakansson 1995). As
the present study already sheds light on the resource ties in the industry 4.0 context,
significant opportunities remain for future research to focus on activity links (operational
connections and mutual adaptations) and actor bonds (relationships and mutual perceptions)
to further advance the understanding of network governance in the industry 4.0 context.
Some of the recommendations identified in Stage Three of the research already indicate such
critical activity links (i.e. standards development and consortium formation) and actor bonds
(i.e. targeted training to broaden understanding roles and sharing risks) and could serve as a
starting point for examining these governance mechanisms.
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Future research should also expand the investigative scope by examining the network concept
in different business domains and investigate the further kinds of networks currently
appearing. The current road transport case represents a comparatively accessible network
structure as the limited and transparent exchange of data and benefits provide a natural
boundary to identify a network scope and analyse its members’ exchanges. Future research
that investigates the industry 4.0 context within other industries (e.g. advanced
manufacturing) is likely to face more complex network structures, member roles and mutual
interdependencies. Such environments where data and benefits are exchanged across
potentially far-flung contributors provide opportunities for future research to extend the
conceptualisations of product-use data as a shared resource to the context of ‘systems’ (Cao
et al. 2016), or ‘systems of systems’ (Nielsen et al. 2015). Further, the current digitalisation
efforts bring about new kinds of open data networks where multiple stakeholders make their
data openly available to stimulate collaboration and innovation (e.g. smart cities, Azahara
2017). The mechanisms and strategies required for governing these forms of networks will be
important areas for future research.
Another area for future research is the further development of our understanding of IoT
network capabilities. Dynamic capability theory (i.e. the ability to change capabilities)
(Winter 2003) has recently become a critical theme in business network research (Zhang and
Wu 2017) and is likely to be of importance in the context of fast-moving IoT-based networks.
A focus on dynamic capabilities would create an important new analytical perspective on IoT
networks: at the firm level, an analysis of dynamic capabilities would not just focus on the
firm’s ability to respond to network changes but would also capture the firm’s ability to
perform different roles in different networks, adjust its position in the value chain and deal
with threats of lock-ins; at the network level, an analysis of dynamic capabilities would
examine the network’s ability to adjust and reconfigure itself to accommodate critical
changes, and develop and maintain the necessary trust on the network-level. In a dynamic
industry 4.0 context, where continuously new standards, new dominant players and new
regulations emerge, investigating a network’s ability to deal with these changes would
constitute an important opportunity for future research. The present conceptualisation of the
industry 4.0 context as a business network and product-use data as the core network resource
provides the foundation for these future research opportunities.
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