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ABSTRACT

Purpose – The purpose of this study is to enhance the understanding of how to

successfully collaborate on digital platforms in the manufacturing industry by developing

a contingency framework. To fulfill this purpose, the following research questions were

derived: RQ1: Which challenges arise when collaborating on digital platforms in the

manufacturing industry? and RQ2: How can collaboration challenges on digital platforms

in the manufacturing industry be managed?

Method – The study was conducted as an explorative, inductive single case study of a

digital platform. More specifically, the study examined the development process of a

digital twin platform created by a large high-technological company and its collaborative

actors. In total, 21 interviews were conducted at eight different companies. The

respondents all had experience of digital twin platforms, where some were working with

digital twins sporadically and others on a daily basis. The data were analyzed through a

thematic analysis.

Findings – The analysis reveals that actors on digital platforms can face five types of

challenges that hinder a successful collaboration: disadvantages of dependency,

uncertainty regarding data management, varying customer needs, insufficient work

methods, and unsuitable payment models. The analysis also reveals four strategies that can

be used to address the challenges: transparency strategy, incentive model strategy,

servitization strategy, and control strategy. Moreover, these findings are summarized in a

contingency framework that explains which types of challenges that can be addressed

with which strategies based on the specific prerequisites of each collaboration.

Theoretical and practical implications – The study extends the digital platform literature

by providing empirical evidence for several collaboration challenges among the actors on

a digital platform, which has previously bee not been studied. Additionally, the study

provides evidence of how these challenges can be addressed. Our framework helps

manufacturing companies to successfully adopt digital platforms by providing managers

with the tools to handle the required collaboration.



Limitations and further research – The study is limited by a single case study of a specific

digital platform. Thus, to extend the findings, further research that examines other

contexts are recommended. Moreover, the establishment of the studied platform is

currently in an early phase which limits the study to hypothetical challenges and

management methods. To validate the findings, further research that examines a fully

developed and implemented platform is recommended.

Keywords: Digital platform, Digital twin, Manufacturing industry, Collaboration,

Challenges, Strategies, Actors, Roles
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1. INTRODUCTION

Digital platforms are transforming almost every industry today (de Reuver, Sørensen &

Basole, 2017), and are expected to revolutionize future value creation in the

manufacturing industry as they enable companies to become more digitalized (Müller,

2019). Even though the manufacturing industry is far behind other industries, digital

platforms are starting to get a foothold as companies have begun to realize the

opportunity of extensive efficiency improvements (Landolfi et al., 2018 Leminen,

Rajahonka, Westerlund & Wendelin, 2015). The advanced technologies used on digital

platforms have opened enormous opportunities for product and process optimization as

it allows manufacturing companies to apply an analytic approach and to operate more

predictively (Kritzinger, Karner, Traar, Henjes & Sihn, 2018). More specifically,

technologies that connect the physical and virtual world will be crucial for companies to

operate efficiently enough, and companies that fail to enable and exploit the

opportunities of these technologies risk to be outcompeted (Landolfi et al., 2018;

Leminen et al., 2015). Additionally, digital platforms lay a foundation for new

interactions and collaborative approaches, which is expected to accelerate innovation and

fundamentally change how manufacturing companies operate (Müller, 2019).

Consequently, companies are facing a threshold where the adoption of digital platforms

is a necessity in order to stay alive in the manufacturing industry (Leminen et al., 2015).

In previous literature, digital platforms have been frequently discussed in various

contexts. Due to the large extent of digital platform types and usage areas, there is no

consensus concerning the fundamental purpose of digital platforms. However, Gawer

(2014) provides a definition which is applicable for this study where digital platforms are

defined as technological architectures that help companies generate modular product

innovation. Gawer (2014) further propose that digital platforms can be divided

depending on organizational context where the level of openness is a central aspect. An

internal platform is considered to be closed as it only allows users from a single company,

while an industry platform is at the core of a network of companies and thereby

completely open to external parties. Supply-chain platforms are described as a type in-



2

between that is partially open to external parties, depending on the preference of the

platform owner.

A technology which has received much attention in later years is the platform used to

create digital twins, i.e. exact virtual replica of products, processes, and the performance

of these (Biesinger, Meike, Kraß & Weyrich, 2018). As digital twins it is currently at the

top of the Hype Cycle for emerging technologies, it is expected to be one of the most

important technologies over the coming years (Gartner, 2018). The platform is similar

to a supply-chain platform as several external parties collaborate, but their access to the

platform is regulated by the platform owner. Academics mean that the digital twin

exactly reflects all dimensions of reality which allows companies to virtually explore and

commission production lines before physically building them (Avventuroso, Silvestri &

Pedrazzoli, 2017; Kritzinger et al., 2018). However, in current practice, there is limited

value in the extensive level of details that an exact replica would mean. Instead, digital

twins vary in details depending on the specific customer needs. With its many application

areas, digital twins have extensive possibilities to, for example, reduce new products time

to market, time and cost of commissioning, as well as lowering downtime due to a more

predictive approach (Kritzinger et al., 2018).

Despite the promising opportunities, the adoption of platforms in the manufacturing

industry is not uncomplicated. As the virtual models require detailed data which in many

cases is owned by an external party, collaboration is vital for the simulation platform’s

function and value. In the case of the digital twin, information is needed from actors

across the supply-chain (Avventuroso et al., 2017) which, in comparison with an internal

platform, makes the process much more uncertain. For example, external parties’

willingness to share sensitive data is a serious issue that may occur (Müller, 2019; Singh,

Shehab, Higgins, Fowler, Tomlyama & Fowler, 2018). If, for example, a manufacturing

company is to create a digital twin of their production, they need detailed information

of all machines at their site. However, a machine builder might not want to share the

specific details of their machine as they consider it to make them vulnerable. Thereby

the digital twin does not reflect the reality which causes its value to reduce. Thus, the
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collaboration between the involved parties is crucial to obtain the benefits of simulation

platforms (Landolfi et al., 2018).

Even though most companies realize that external collaboration will be essential,

companies have difficulties establishing these relationships (Müller, 2019). As previously

mentioned, data-sharing is one major issue and additionally, the ownership of specific

data is often unclear, and some companies consider it risky to become dependent on

other companies (Constantinides, Henfridsson & Parker, 2018; Müller, 2019; Singh et

al., 2018). The collaboration is further complicated by the fact that digital platforms

within the manufacturing industry often involve large investments which need to be

compensated by the obtained value. However, in the case of digital twins, the value is

dependent on the participation of all concerned actors and will reduce if not all join the

collaboration. Consequently, it is difficult for a few actors to initiate the digital platform

collaboration if they cannot motivate the entire supply-chain to join. Simultaneously,

the manufacturing sector is facing intense pressure to adopt digitalization to stay

competitive, where digital platforms is a key to success (Landolfi et al., 2018). Therefore,

it will be critical for companies to find ways to motivate and manage digital platform

collaboration.

While previous literature has studied digital platforms in various contexts, little attention

has been paid to digital platforms in the manufacturing industry (Müller, 2019).

However, academics who do discuss platforms within the manufacturing sector generally

focus on the underlying technologies and the challenges in the development of these

rather than managerial aspects (e.g. Nikolakis, Alexopoulos, Xanthakis & Chyssolouris,

2019; Schluse, Priggemeyer, Atorf & Rossmann, 2018; Zheng, Yang & Cheng, 2018).

Some academics (e.g. Constantinides et al., 2018; Müller, 2019; Singh et al., 2018), have

performed foundational studies within the area, nonetheless, a comprehensive study of

collaboration challenges is absent. Consequently, even less attention has been paid to

how possible challenges can be managed. Furthermore, as each collaboration has its

unique set of challenges and prerequisites, a one-fits-all solution will likely not be

applicable. Therefore, the absence of studies on how to manage collaboration challenges

is particularly concerning. The novelty of the field in combination with the increasing
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vitality of industrial digitalization will make digital platform collaboration in the

manufacturing industry essential to study.

To this background, this study aims to enhance the understanding of how to successfully

collaborate on digital platforms in the manufacturing industry by developing a

contingency framework. This will extend the digital platform literature with knowledge

on digital platforms in the manufacturing industry by providing a management

perspective on challenges when collaborating on digital platforms and how these

challenges can be managed, which previous studies have paid limited attention to

(Müller, 2019). For practitioners, the findings will enable manufacturing companies to

successfully implement and operate with digital platforms, and ultimately allow them to

stay competitive through the digitalization of the manufacturing industry. To address the

practical challenge and close the academic gap the following research questions have

been derived:

RQ1: Which challenges arise when collaborating on digital platforms in the

manufacturing industry?

RQ2: How can collaboration challenges on digital platforms in the manufacturing

industry be managed?

To answer the research questions, this study will provide an in-depth, case study of how

companies in the manufacturing industry collaborate around the platform type digital

twins. By analyzing the collected data, a framework for identification of appropriate

methods to manage the challenges of specific collaborations will be provided.
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2. THEORETICAL BACKGROUND

2.1 The Digital Platform Concept

The literature provides numerous platform types with various definitions and

characteristics. To help navigate through the literature field, Gawer (2014) divide the

digital platform discussion into two perspectives, economics, and engineering design.

Within the economics perspective, digital platforms are considered to constitute markets

where the platform facilitate exchange between actors who would not otherwise have

been able to transact with each other. An example of this kind of platform is Uber, since

the platform connects drivers with travelers, and enables the transaction between the two

groups. More suitable for this study, the engineering design perspective views digital

platforms as technological architectures that facilitate innovation (Gawer, 2014;

Henfridsson and Bygstad, 2013). A fundamental idea is that the platform comprises

modules which allows complex systems to be broken down into manageable components

which are connected through interfaces. The modules allow information to be divided

as each module does not need information about the whole system, which in turn enables

access control over specific data.

A number of characteristics can be identified which help to distinguish platforms from

each other, which have been summarized in Table 1. However, the characteristics are

highly dependent on the organizational context (Gawer, 2014; de Reuver et al., 2017).

Gawer and Cusumano (2013) divide platforms into internal and external, where internal

platforms are defined as a set of assets organized in a common structure from which a

company can efficiently develop and produce a stream of derivative products. External

platforms are defined as products, services or technologies that are similar to the former

but provide the foundation upon which outside firms can develop their own

complementary products, technologies, or services. Gawer (2014) further classifies

platforms into three organizational categories; internal platform, supply-chain platform,

and industry platform, where supply-chain and industry platform are external. By

definition, each platform type has a different level of analysis. For example, the internal

platform only allows a single company as the unit of analysis, while the industry platform

allows an entire industry ecosystem to be studied. The unit of analysis is closely linked
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to the degree of openness since an internal platform is completely closed to external

actors while an industry platform allows external actors to access and process information

on the platform (Thomas, Autio & Gann, 2014). The platform openness does not only

affect actors’ access to information, naturally, it also influences innovation capabilities as

an increasing number of participators means a larger number of perspectives and, in turn,

stronger innovation capabilities (de Reuver et al., 2017; Gawer, 2014). Moreover, how

the platform is controlled, for example by hierarchical structure or contracts, is another

interesting feature as it determines which actor can access which specific information.

Table 1. Overview of the platform types and their characteristics

Internal platform Supply-chain platform Industry platform

Level of analysis Company Supply chain Industry ecosystem

Degree of openness Closed interfaces Selectively open and
closed interfaces

Open interfaces

Accessible innovation
capabilities

Company capabilities Supply-chain capabilities Unlimited number of
external sources

Control mechanisms Managerial hierarchy Contracts between supply-
chain companies

Ecosystem governance

Literature Dobrescu, Merezeanu
and Mocanu (2019);
Gawer and Cusumano
(2013); Gawer (2014)

Gawer (2014); Vachálek,
Bartalský, Rovný and
Šišmišová, (2017); Yun,
Park and Kim (2017)

de Reuver et al. (2017);
Eloranta and Turunen,
(2015); Eloranta,
Orkoneva, Hakanen, and
Turunen, (2016); Gawer
and Cusumano (2013);
Gawer (2014)

2.2 Digital Platforms in the Manufacturing Industry

Digital platforms are increasingly being adopted in the manufacturing industry as a

measure to utilize the opportunities of digitalization as well as the opportunities for

collaboration (Müller, 2019). The categorization of platforms proposed by Gawer (2014)

can be applied to the discussion of platforms in the manufacturing industry where, despite

the limited field of literature, all three categories of platforms can be found. Internal

platforms are mostly discussed in a context where the platform is used as a tool in the

digitalization of productions. For example, Dobrescu et al. (2019) discuss simulation

platforms which are used to create simulations of production flows. The authors, like
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many other articles of the internal platform type (e.g. Nikolakis et al., 2019; Schluse et

al., 2018; Zheng et al., 2018), put the emphasis of the discussion on the underlying

technologies. On the other hand, authors who discuss industry platforms pay less

attention to technologies and more to the arrangements of the network (Eloranta &

Turunen, 2015; Eloranta et al., 2016; Reuver et al., 2017). For example, Eloranta and

Turunen (2015) discuss how service-networks can be orchestrated using platforms by

examining the relationships of the network.

Given that internal platforms are completely closed to external users, while the basis for

industry platforms is external collaboration, the focus of the discussions is not surprising.

However, this perspective is more interesting when considering supply-chain platforms.

According to the definition by Gawer (2014), supply-chain platforms are partially open

to external actors, and therefore the collaboration between the actors is significant to the

value created on the platform. However, when studying literature on this platform type,

academics mostly discuss underlying technology (e.g. Vachálek et al., 2017; Yun et al.,

2017), even though actor relationships clearly are of great importance. This becomes

clear when examining digital twins which has received much attention within the

manufacturing industry in later years. Several authors, for example Avventuroso et al.

(2017) and Schluse et al. (2018), reviews digital twins and its possibilities in detail, but

do not explain the relationship of the involved actors. In line with digitalization, the

relationships between the actors will, however, become increasingly important.

2.2.1 Digital Twins

The digital twin can be described as an exact representation of a product, machine or

process. In the literature, the digital twin is described as a one-to-one virtual replica of

technical asset (e.g., machine, component, or process) that contains models of its data

(e.g., geometry, structure), its functionality (e.g., data processing, behavior), and its

communication interfaces (Schluse et al., 2018). However, by practitioners, this

description is considered a utopia as an exact model would require parameters that are

not possible or desired to include. For every added detail, the cost increases, and

depending on the area of usage, it is not certain that the obtained value increases with it.
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Therefore, digital twins can also be viewed as a virtual representation that contains the

desired level of details of the simulated entity (Avventuroso et al., 2017).

The digital twin consists of three main parts; the physical entity, the virtual entity, and

the data and information flow that connects the two products (Avventuroso et al., 2017;

Nikolakis et al., 2019; Zheng et al., 2018), which can be seen in Figure 1. As the virtual

entity is fundamentally based on data generated by the physical entity, the flow of data

is a central aspect to consider. According to Kritzinger et al. (2018), digital twins can be

categorized into three subcategories based on their level of data integration. In the first

category, any changes made in the physical entity does not affect the virtual entity and

vice versa. Therefore, the flow of data must be addressed manually. In the second

category, an automated one-way data flow exists, which means that changes in the

physical entity automatically alters the virtual entity, but not reversed. The final category

is a full-scale digital twin where the data flow is completely automated, and changes in

both the physical and virtual entity induce changes in the corresponding entity.

However, as the full-scale digital twin is extremely complex, it is not yet a widespread

concept. Currently, many companies are struggling to create the first category of digital

twin and to make it a viable representation of reality.

Figure 1. The structure of digital twins
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Even though some technological challenges remain, digital twins have great potential.

Since the digital twin constitutes a digital factory environment, companies can virtually

optimize their products and production processes before testing them physically

(Vachálek et al., 2017). This approach reduces the time of introducing new products, as

well as the time and cost of commissioning (Lee and Park, 2014; Vachálek et al., 2017).

The digital twin also enables more predictive work methods as it can perform advanced

analyses (Avventuroso et al., 2017; Yun et al., 2017). Another important feature is the

possibility to share a visualization of the same digital twin to stakeholders who do not

share the same location (Avventuroso et al., 2017). If for example the production stops,

service engineers can access the digital twin from their current location and virtually find

the problem instead of traveling to the actual production site.

2.2.2 Types of Actors Collaborating around Digital Twins

While previous literature fails to discuss the involved actors of supply-chain platforms,

the case of digital twins can be generalized to involve four main types of actors. As the

utilization of digital twins revolve around the production line of a manufacturing

company, and as digital twins are applied as a new method to the previous construction

of production lines, the general types of actors remain the same as previously. Kress,

Phlaum, and Löwen (2016) describe the ecosystem of a manufacturing company where

relevant types of actors for this study can be identified. However, to fit the case of this

study, a more generalized approach is applied, where actors with similar operational areas

described by Kress et al. (2016) are grouped and referred to as a single type of actor.

The first type of actor referred to in this study is the end-customer, which is the

manufacturing company where the production line is situated and the actor who utilizes

the production line. To manufacture products, the end-customer needs to purchase

machines from a machine builder, which has the role to construct and deliver machines.

As production lines can be complex, it is not uncommon that the end-customer

purchases machines from several different machine builders. Once the machines are in

place, they need to be interconnected in order for the production to function

automatically without human interference at each step of the production process, which

is the role of the integrator. The end-customer purchases the integration from the
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integrator which thereby becomes a vital part of the commissioning process. In some

cases, a company can act as both the machine builder and the integrator, or switch

between the two roles in different collaborations. Lastly, as digital twins are a digital

platform, the additional role of platform provider becomes involved (Andreassen, Lervik-

Olsen, Snyder, Van Riel & Sweeney 2018). The platform provider supplies the platform

and software used to create digital twins. As all of the other three types of actors

collaborate to construct a production line, they can all utilize digital twins, and can

thereby all be customers to the platform company. To enable the desired optimization

from digital twins, data needs to be transferred between the involved actors. An overview

of how the actors collaborate around digital twins is presented in Figure 2.

Figure 2. Overview of the collaboration around digital twins
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2.3 Collaboration Challenges on Digital Platforms

Collaboration on digital platforms is discussed in previous literature, however, the

collaborations are mostly studied from the economic perspective described by Gawer

(2014). Hence, the collaboration is studied in terms of networks of actors which is most

applicable for industry platforms, whereas several authors highlight challenges of the

collaboration (e.g. Andreassen et al., 2018; Eloranta & Turunen, 2015; Eloranta et al.,

2016; Gawer & Cusumano, 2013; Smedlund & Faghankhani, 2015; Reuver et al., 2017).

For example, Moura and Hutchison (2016) and Gibson, Eveleigh, Rondeau, and Tan

(2012) point out the importance of being aware of legal issues related to data movement

and storage. However, the network view is often not suitable when studying platforms

in the manufacturing industry as the actors often are bound by contractual agreements

similar to supply chain platforms. As a consequence, the collaboration challenges

described from a network view are not applicable.

Even though they are few, studies regarding collaboration challenges on digital platforms

in a manufacturing context have increased over recent years where Constantinides et al.

(2018) and Müller (2019) have found data management to be a challenge. Constantinides

et al. (2018) argue that this challenge is related to difficulties in specifying the ownership

of data that is generated by physical products. Additionally, Constantinides et al. (2018)

point out technological dependency as a challenge that arises between the collaborative

actors on a digital platform. Regarding digital twin platforms specifically, the majority of

previous literature exclusively highlight challenges related to technical development. For

example, Mourtzis, Doukas, and Bernidaki (2014) argue that the integration and

interoperability of systems is a major difficulty. Mourtzis et al. (2014) also argue that these

technologies are expensive and complex which complicates the usage of digital twins.

Likewise, Singh et al. (2018) point out technical challenges related to the digital twins’

complexity. Furthermore, the authors point out that the technological complexity

requires major development costs and thereby is harmful to the digital twins’ cost-

effectiveness.

Unlike most authors, Singh et al. (2018) emphasize challenges beyond technological and

engineering complexities for digital twins. More specifically, the authors discuss external
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collaboration challenges related to both how information should be shared and

ownership of data. In digital manufacturing, information sharing across the value chain

bring tangible benefits but may be one of the biggest challenges as it is derived from

company policies, and the mindset about data ownership (Singh et al., 2018). Mourtzis

et al. (2014) point out the confusion regarding the optimum number of partners and

duration of partnership regarding digital twins. As the manufacturing industry is moving

towards collaborative value-creation, this will become more and more important to

consider. Moura and Hutchison (2016) point out challenges in the same area meaning

that the number of collaborative actors that perform different activities will increase and

thereby increase the complexity in creating a common interest between the collaborative

parties. Singh et al. (2018) add to this by stating that as more actors are collaborating, the

need for common standards increases since companies often have their own systems for

communicating and storing data. When working with digital twins, these standards need

to be followed throughout an entire industry to ensure efficient third-part

communication as well as adequate data security and structural integrity (Singh et al.,

2018).

When it comes to platform collaboration, aside from platform related challenges, the

relationships of the collaboration itself must also be considered. Oliveira and Lumineau

(2019) specify opportunism as an issue in alliances which refers to one party exploiting

the other by seeking their self-interest, for example by intentional acts of misleading,

disguise, and confuse. Additionally, Jiang (2011) discuss how alliances can make one

party overly dependent on the other. This is harmful in long-term perspective since the

company loses control over future decisions and development. Furthermore, over-

dependency makes it more difficult to break alliances and change partners (Woolthuis,

Hillebrand, & Nooteboom, 2005; Paik, 2005). If for example, one party is acting

opportunistically, the company might not be able to terminate the alliance due to other

party’s leverage, leaving them trapped in a dysfunctional partnership.

To clarify the previous discussion, an overview of the identified collaboration challenges

that are applicable to this study are summarized in Table 2 below.
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Table 2. Summary of identified collaboration challenges

Challenge Explanation Literature

Information sharing Lack of routines regarding the
forwarding of information

Singh et al. (2018)

Data ownership rights Confusion regarding which party
has the rights to certain data

Constantinides et al. (2018);
Müller (2019); Singh et al. (2018)

Over-dependency One party is dependent on the
other which creates an unbalance
in power

Constantinides et al. (2018); Jiang
(2011); Müller (2019)

Opportunism One party exploiting the other Oliveira and Lumineau (2019)

2.4 Managing Collaborations on Digital Platforms

As new technologies require industrial companies to adopt digital platforms and the

collaboration that comes with it, ways of managing the required collaborations on the

platforms must be studied. Previous platform literature tends to focus on management of

the network that surrounds industry platforms. For example, Van Alstyne, Parker, and

Choudary (2016) argue that managing the network is central for success, and to do so,

platform providers need to create a design that enables the right kind of interaction that

strengthens the network. However, in similarity with collaboration challenges,

management methods which address networks of industry platforms are not applicable

when studying other types of digital platforms as they do not have surrounding networks.

Given that the platform literature fails to study management of other platform types,

literature that studies the collaboration between companies without platforms needs to

be considered as well.

In the field of product-service systems (PSS), Reim, Parida, and Rönnberg Sjödin (2018)

argue that either monitoring, in terms of control and governance, or trust can be applied

to avoid adverse customer behavior. Due to the similarities of the relationship structure,

this can also be applied to collaboration on digital platforms in the manufacturing

industry. Regarding control, Oliveira and Lumineau (2019) and Paik (2005) discuss how

contracts with clearly defined roles and responsibilities can be used to reduce

opportunism and conflicts. Adding to this, Reim et al. (2018) discuss control within PSS-

relationships and mean that in addition to contracts, companies can monitor how the
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customers are using their products. Additionally, the company can add a clause that

makes the contract invalid if the products are not used properly. By doing so, the

company gains control of costs and is allowed to terminate adverse relationships.

Bai, Sheng and Li (2016) state that even though contractual control can decrease

conflicts, exclusively applying legal enforcement can increase both conflicts and

opportunism. Wuyts and Geyskens (2005) mean that when managing collaborative

relationships, a social perspective must be considered as well, whereas social ties and

dynamics have a direct effect on the effectiveness of contractual agreements. Both Paik

(2005) and Blomqvist, Hurmelinna, and Seppänen (2005) add to this by arguing that

mutual trust is crucial since only a partial view of the reality can be obtained if contracts

are studied without any aspect of trust. Reim et al. (2018) also emphasize that trust

between collaborative parties is significant in order to maintain a long-term customer

relationship. With trust, the authors mean that no specifications about customer

obligations are made, and data is not used against the customer. However, Reim et al.

(2018) mean that in order to collaborate based on trust, incentives to operate correctly

must be used or more specifically, output-oriented contracts including both profit- and

risk-sharing. When it comes to profit-sharing contracts, Reim et al. (2018) mean that for

example, if the repairs of machines are less than budgeted, there is an agreement between

the involved parties to split that profit. On the other hand, an incentive could also be

risk-sharing in which the involved parties share the loss in costs if the result is worse than

budgeted. Reim et al. (2018) argue that output-oriented contracts also can be used in

order for all parties to work towards the same goal.
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3. METHOD

3.1 Research Approach

To fulfill the research purpose of enhancing the knowledge of how to collaborate on

digital platforms in the manufacturing industry, an explorative inductive research

approach was applied. Due to the limited amount of research regarding collaboration on

digital platforms in the manufacturing industry, this approach was suitable as it allowed

us to build theory rather than test existing theory (Saunders Lewis & Thornhill, 2009).

A qualitative approach enabled us to progressively develop our understanding of the

studied area, where initial exploratory interviews were performed to give the study an

initial direction (Saunders et al., 2009). Moreover, since the study aimed to gain a deeper

understanding of how to successfully collaborate around digital platforms, a single case

study was performed which allowed us to prioritize depth before generalization (David

& Sutton, 2011; Saunders et al., 2009). This was well suited since it enabled us to gain a

more in-depth understanding of a specific digital platform and its surrounding actors.

3.1.1 Case Selection

The studied context in this research is a digital twin platform, which is a typical digital

platform in the manufacturing industry. More specifically, the case that this study relies

on is the collaboration of a single platform provider and its collaborative actors in

Sweden. This platform provider is a global high-technological company that produces

technical and digital solutions for a wide range of industries. Its collaborative actors

include both end-customers, integrators, and machine builders, either working with

digital twins sporadically or on a daily basis.  At the time of the study, the platform

provider was considered to be at the forefront in the industry of digital twins. Even

though the company had come far in the technical development, the development

process was still on-going as issues of translating technical capabilities into value creation

still remained.  To do so, the platform provider expressed a need for increased knowledge

of how the actors around the digital twin could collaborate successfully. More

specifically, the company expressed an interest in which challenges that arise and that

might hinder customers to adopt the digital twin. Additionally, the company stated a
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need for managerial methods to handle the challenges and shorten the digital twin’s road

to commercialization.

3.2 Data Collection

In this study, data was collected and used from both primary and secondary sources.

Secondary data was collected through documented materials such as internal reports and

presentations provided by the case company. The secondary data was used to develop a

greater understanding of the case company and the studied area, which was needed in

order to perform relevant interviews for the collection of primary data. When it comes

to the collection of primary data, both explorative interviews and semi-structured

interviews were conducted. In total, 21 interviews were performed through three waves

of data collection, one wave for each step in the research process. The first and third

wave of interviews were conducted internally at the case company, while the second

wave was conducted with respondents from companies in each of the studied types of

actors. An overview of the interviews is presented in Table 3.

3.2.1 First Wave – Exploratory Interviews

The first wave of data collection aimed to give a greater understanding of the current

situation and to create a base of knowledge before the in-depth interviews in wave two.

The data collection consisted of internal interviews with different employees at the case

company since this company had good knowledge about the research area. The

respondents were selected based on recommendations by the supervisor at the case

company, in combination with snowball sampling. All interviews were of an

unstructured character with open questions which allowed discussion between the

interviewers and the respondent. This was an appropriate structure in order to get an

overview of the research context and the studied problem. Topics that were discussed

during this phase of interviews were, for example, the respondents’ views of the

definition of digital twins, the development stage of digital twins, challenges when

collaborating, and potential management methods for these challenges. In total, seven

exploratory interviews were conducted to understand the case whereas none were

recorded but notes were taken during all of them.
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Table 3. Summary of respondents

ID Position Company Type of actor Date Duration Type

Wave 1: Exploratory interviews

R1 Business Developer Alpha Platform provider 2019-02-21 45 min F2F

R2
Software Product
Consultant Alpha Platform provider 2019-02-22 60 min F2F

R3 Sales Engineer Alpha Platform provider 2019-02-22 25 min F2F

R4 Sales Manager Alpha Platform provider 2019-02-25 35 min
Online
conference

R5 Sales Engineer Alpha Platform provider 2019-02-26 30 min F2F

R6 Sales Manager Alpha Platform provider 2019-02-28 30 min F2F

R7
Business Unit
Manager Alpha Platform provider 2019-03-28 45 min F2F

Wave 2: Semi-structured interviews

R8 Programmer Beta Integrator 2019-03-12 40 min
Online
Conference

R9
Automation
Supervisor Gamma Machine builder 2019-03-12 30 min

Online
Conference

R10
Automation
Engineer Delta Integrator 2019-03-13 50 min

Online
Conference

R11 System Specialist Epsilon Integrator 2019-03-14 50 min F2F

R12
Equipment
Engineer Zeta End-customer 2019-03-18 60 min

Online
Conference

R13
Chief Technology
Officer Eta Integrator 2019-03-19 40 min

Online
Conference

R14
Enterprise Account
Executive Alpha Platform provider 2019-03-20 55 min

Online
Conference

R15
Global Account
Manager Alpha Platform provider 2019-03-20 50 min

Online
Conference

R16
Corporate Account
Manager Alpha Platform provider 2019-03-20 45 min

Online
Conference

R17
Manager Advanced
Manufacturing Delta Integrator 2019-03-25 50 min

Online
Conference

R18
Senior Technology
Expert Theta

Integrator/machine
builder 2019-03-27 45 min

Online
Conference

R19
Head of Research
and Engineering Zeta End-customer 2019-03-27 40 min

Online
Conference

Wave 3: Confirmation interviews

R20 Sales Engineer Alpha Platform provider 2019-05-22 60 min Online
Conference

R21 Product Manager Alpha Platform provider 2019-05-22 50 min F2F
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3.2.2 Second Wave – Semi-structured Interviews

The second wave of interviews was conducted to create an in-depth understanding of

the studied area. A semi-structured format was used to ensure that relevant topics were

discussed simultaneously as additional questions could be asked to not miss out on

valuable information (Saunders et al., 2009). The interviews followed a pre-constructed

interview guide, which can be seen in Appendix 1. The questions were formulated based

on the findings from the first wave of interviews and findings in the literature. However,

as the research progressed and as the respondents gave new insights, the interview guide

was adapted in order to stay relevant. In total, twelve interviews were conducted with

respondents at the eight different companies involved in the study, all of which were

recorded and transcribed. The companies were selected based on their progress in the

development process of digital twins and to ensure that all four types of actors were

represented. Moreover, specific respondents were selected based on their knowledge of

the studied area as well as recommendations from the first wave and throughout the

second wave of data collection.

3.2.3 Third Wave – Confirmation Interviews

In the third wave of data collection, additional interviews were conducted with the

purpose of verifying and confirming the preliminary result. During the interviews, the

initial findings were presented and discussed to ensure that data had been correctly

interpreted and to assess the practical relevance of the findings. The respondents were

selected based on recommendations by both the supervisor and division managers at the

case company. Additionally, respondents that had not previously been part of the study

were selected to ensure an impartial perspective. In total, two interviews were

conducted, none were recorded but notes were taken.

3.3 Data Analysis

The collected data was analyzed in line with a thematical analysis presented by Braun

and Clarke (2006). The purpose of the method is to identify, analyze and label patterns

within the collected data. This was a suitable method for our study as it enabled us to

identify key similarities of a large set of data in a flexible way, and thereby extend the
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existing literature. When analyzing the collected data, we followed Braun and Clarke’s

(2006) process of a thematical analysis consisting of five steps: (1) Familiarizing with data,

(2) Generating initial codes, (3) Searching for sub-themes and themes, (4) Reviewing

sub-themes and themes, and (5) Defining sub-themes and themes.

The used process of analysis was not linear of simply moving from one phase to the next.

Instead, a more recursive process was applied where we moved back and forth between

the steps when needed. Moreover, the analysis was developed over time which ensured

that no important details were overlooked. The analysis was primarily based on the data

collected in wave two of interviews since the first wave aimed to create a knowledge

base for wave two, and the third wave aimed to confirm the findings.

3.3.1 Step One – Familiarizing with Data

Since we conducted all interviews ourselves, we started our analysis with some prior

knowledge of the data and some initial analytic ideas and thoughts. However, to ensure

that both researchers were properly familiarized with the content of the entire data-set,

all transcripts from the interviews were read thoroughly by each researcher individually

several times. According to the guidelines, notes of initial ideas were taken individually

when reading and re-reading the material. Through this step, an initial overview of

challenges when collaborating around digital twins and how to manage these challenges

were created.

3.3.2 Step Two – Generating Initial Codes

When we were familiarized with the data and had generated an initial list of ideas about

what was interesting in the data, given the studied purpose, initial codes were created.

In order to identify codes in a systematic way, we coded the data in relation to our two

research questions. This means that data related to challenges when collaborating on

digital platforms and data related to management methods for these challenges were

analyzed separately. The separation of data was applied throughout the analysis, from

step two and after. Each quote that was interesting in the collected data was summarized

in a few words that represented the main point of the corresponding quote. For example,

the quote “I believe that it is hard to avoid the fact that one does not want to share
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sensitive data, especially if this data is shared with several other customers” were

summarized in the code “Sharing sensitive data”, connected to the first research question.

The purpose of this step of the analysis was both to exclude irrelevant data and to divide

the relevant data, based on our research questions.

3.3.3 Step Three – Searching for Sub-Themes and Themes

In the third step, we analyzed similarities among the codes and grouped them into sub-

themes. Moreover, these sub-themes were further analyzed based on similarities and

grouped into larger themes. For both research questions, sub-themes and themes

emerged inductively from the data. For example, regarding research question one, we

found several codes regarding unwillingness to share data. These codes could further be

divided into two sub-themes: (1) “Unwillingness to share product specific data” and (2)

“Unwillingness to share code specific data”. Moreover, we found several codes regarding

ownership of data which resulted in the sub-theme “Lack of consensus regarding

ownership of data used in the digital twin”. Thereafter, we found that all these sub-

themes were related to data management and could, therefore, be clustered into the

larger theme “Uncertainty regarding data management”. In this step, it became evident

that some challenges were not related to collaboration and could, therefore, be excluded

from this study. However, since the line between collaboration challenges and challenges

in general were in some cases thin, all material was kept ensuring that the context was

not lost. The main purpose of this step was to create an initial picture of challenges and

management strategies in which five challenges and four strategies were found.

3.3.4 Step Four – Reviewing Sub-themes and Themes

After creating an initial picture of sub-themes and themes, the next step of the analysis

was to evaluate and refine them. In this step, we made sure that each sub-theme and

theme were supported with the proper amount of data. Additionally, we made sure that

they reflected the data from which they were generated, that they did not overlap each

other, and that they were on the same level. Thus, both codes, sub-themes, and themes

were refined several times. For example, it was found that the theme “Business model

strategy” was not on the same level as the other strategies and also it included, to some
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extent, the other strategies. Therefore, this theme was divided into two themes

“Incentive model strategy” and “Servitization strategy” which also better reflected the

data from which it was generated. This fourth step of the analysis resulted in moderated

and refined thematic maps.

3.3.5 Step Five – Defining Sub-themes and Themes

In the final step, each sub-theme and theme was defined in order to understand what set

of data they symbolized. This was done to make sure that the themes in the study were

truly based on empirical data and to make sure that they were relevant in regard to the

research questions. During this step, the names of each sub-theme and theme were

finalized to capture the essence of the data. The third wave of interviews verified and

confirmed an initial version of the result which resulted in some minor modifications.

For example, one respondent pointed out that the meaning of “Unsuitable payment

models” was unclear which consequently was clarified in the associated codes and sub-

themes. Additionally, the respondent explained how the challenge “Unsuitable work

methods” could be relevant for more types of actors than what had previously been

discovered, which resulted in some alterations in the description of the challenge. The

final thematic maps can be seen in Figure 3 and Figure 4.

3.4 Quality Improvement Measures

In qualitative studies, the four measurements; credibility, confirmability, transferability,

and dependability, should be considered to ensure high quality (Lincoln & Guba, 1985).

To increase the creditability of the study, i.e. that the findings reflect the reality, we used

a triangulation approach (Shenton 2004). We conducted interviews in several waves

using different methods, and with respondents from several different companies within

each type of actors. Additionally, the respondents had different positions within these

companies which further contributed to a more nuanced picture of the area of study. To

improve the confirmability of the study, i.e. our objectivity (Shenton, 2004), all in-depth

interviews were transcribed. In situations where the meaning of certain quotes was

unclear, we either contacted the respondents again or consulted third parties.

Additionally, interviews were performed with the purpose to confirm the findings. This
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allowed us to reduce the risk for misinterpretations and thereby improve overall

confirmability. To enhance the transferability, i.e. that the findings of the study can be

applied in other situations (Shenton, 2004), we have provided a description of our

specific case and applied methods. This allows the readers to assess if the findings can be

applied in other contexts. Lastly, we improved the dependability of the study, i.e. that

the study can be performed by others and result in a similar outcome, by having

transparency throughout the process by describing our approach, methods, interview

guide, and raw data.
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4. ANALYSIS AND FINDINGS

The findings of this study are divided into two categories; collaboration challenges and

collaboration strategies. Collaboration challenges refer to complications that may arise in

the collaboration and hinder the work with digital twins. Collaboration strategies refer

to management methods that can be applied to overcome the challenges. Each category

is discussed separately below. Moreover, the challenges and strategizes are matched

together in a contingency framework that explains which types of challenges that can be

managed with which strategies, based on the specific prerequisites of each collaboration.

The challenges and strategies have not been divided to specific roles in the collaboration.

Instead, they have been generalized for all roles, but their relevance can vary depending

on the specific usage area of the digital twin.

4.1 Collaboration Challenges

The empirical analysis indicates five types of challenges when collaborating around digital

twins in the manufacturing industry: disadvantage of dependency, uncertainty regarding

data management, varying customer needs, insufficient work methods, and unsuitable

payment models. A thematical map with an overview of the findings is presented in

Figure 3 and the associated representative quotes are presented in Appendix 2. Each of

these types of challenge is discussed separately in the following sections.

4.1.1 Disadvantages of Dependency

The respondents expressed an uncertainty regarding the disadvantages of being highly

dependent on other actors. The challenge type refers to how individual actors can

experience a decreasing influence of their situation as they engage in digital twin

collaboration. More specifically, the challenge regarding disadvantages of dependency

can be divided into two sub-themes: (1) need for multiple software creates dependence

on platform provider due to desired synergy, and (2) small actors must adjust to the

standards set by large actors.
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To be able to work with digital twins, the actors must apply different software with

different functions. These programs can be provided by different platform companies but

in order to successfully utilize digital twins, the programs must integrate with each other

seamlessly. This complicates the possibilities to collaborate with different actors as the

seamlessness depends on which platform provider each party uses. Additionally, if several

platforms providers are involved, the responsibility becomes unclear if an interface does

not work. Consequently, the need for multiple software creates a challenge regarding

Figure 3. Thematic map of collaboration challenges
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the actors’ dependence on the platform provider due to desired synergy effects. Even though

some respondents at Alpha claim that their platform solution allows customers to

seamlessly integrate different software programs, it has been found that the most

optimized solution is created when using software from one single provider which

another respondent at Alpha expressed clearly is a challenge:

“…one complete Alpha solution will give optimized benefits, but

simultaneously one has backed the customer into a corner that they can never

get out of, and they do not like that.” – (R15)

Moreover, the respondents expressed that small actors must adjust to the standards set by

larger actors as another challenge that creates undesired dependency within the

collaboration. Applying digital twins to their full extent is not possible without the

participation of all actors. However, it is clear that the power-balance between the actors

differs as the actors’ size vary as a respondent at Zeta stated:

“If Zeta is a strong end-customer and Alpha a strong supplier of software,

then the integrators become most dependent and do not have any other

choice but to follow a certain standard.” – (R12)

As expressed by the respondent, the platform provider and the end-customer tend to be

large companies in relation to integrators and machine builders. The difference in size

allows the larger companies to set the terms for the collaboration which the smaller

companies have to adjust to. Consequently, if one of the larger actors wants to change

something in the agreement, the smaller companies must agree to this regardless of its

impact.

4.1.2 Uncertainty Regarding Data Management

The findings indicate that there is an uncertainty regarding how to handle data when

collaborating between several companies. Since data is fundamental to construct digital

twins, the handling of data is crucial. However, the findings showed that uncertainty

arises both regarding how companies share data, and who owns specific data, which

complicates and hinders the work with digital twins. It was found that three major areas

within data management were particularly challenging: (1) unwillingness to share
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product and process specific data, (2) unwillingness to share code specific data, and (3)

lack of consensus regarding ownership of data used in the digital twin.

In line with digitalization, the manufacturing industry is increasingly producing data

about both products and processes. This data is needed in order to create digital twins

and further, even more data is generated when applying digital twins as code is developed

and analyses are made. However, the respondents clearly expressed that there is an

unwillingness to share both product and process specific data, but also code specific data.

Regarding product and process specific data, end-customers and machine builders mean

that they are afraid that their data will be shared to competitors are thereby, their

company-specific secrets will be revealed. Digital twins do not minimize these concerns

as it requires detailed information about both products and processes in order to fully be

utilized. A respondent at Delta explained the difficult situation:

 “If you have both the code and the CAD-model you will have their entire

product and then you can build it yourself. This can be a problem if you want

to go down to a machine level and simulate how you work with a specific

part of the process.” – (R10)

Code specific data is something that increases as the usage of digital twins increases.

Integrators that create code are not willing to risk that their code is shared with other

integrators and thereby, they are careful about giving the code to end-customers or any

other actor. The respondent at Delta further explained:

“If we hand over our digital twin to a customer and then they go to one of

our competitors and say: look what Delta has done, this works great. Can you

do the same? … The code cannot be completely transparent to the customer.”

– (R10)

As the respondent indicates, if the integrator share code that is open, the customer might

share this with another supplier, who essentially can copy the work.

The third part of the uncertainty regarding data management is related to a lack of

consensus regarding ownership of data used in the digital twin. The problem arises as data

is handled more openly among the collaborating parties. If for example, the machine
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builder allows the end-customer to take part of their sensitive data and the end-customer

creates a substantial benefit from the data, the ownership becomes unclear. In this case,

one can argue that the end-customer is obliged to share the benefit with the machine

builder, but on the other hand, one can also view the machine builder’s consent as them

renouncing their rights to the data. As a respondent phrased it: “One can create a certain

value from the information, but who owns it?” (R16).

4.1.3 Varying Customer Needs

A third type of challenge that the analysis revealed was that the customers have

considerably varying needs when it comes to digital twins. The differences make it

difficult for platform providers to understand each customer’s situation, and

consequently, it becomes challenging to deliver an optimal solution. This becomes

problematic since many platform providers historically have delivered standardized

products and are not used adapting their offer according to customer-specific needs. It

was found that the challenge could be divided into two sub-themes: (1) different need

of functions, and (2) different levels of digital maturity.

The software portfolio that the platform provider offers for creating digital twins is large

and continuously developed, which means that all employees at the platform provider

are unable to learn all the functions and applications. Thereby, the employees are only

focused on selling the products that they know about, regardless of customer-specific

needs of functions. Moreover, due to the novelty of digital twins and its used techniques,

some respondents expressed that they perceive that providers want to sell the newest

programs regardless of what programs the customer needs and has since before. This is a

problematic situation that a respondent at Epsilon pointed out:

“One cannot sell a product to me that I do not have a need for. If I do not

have that interface, I cannot motivate this content to my customer, and I

cannot sell something to the customer unless they want it.” – (R11)

It was also found that there are different levels of digital maturity between the

collaborative actors which naturally complicates the collaboration. The differences mean

that what are useful products for some customers, are far too advanced for others. The



28

respondents mean that the development of digital twins almost exclusively is done in-

house by the platform provider, without any information to the other actors involved.

As a result, some respondents expressed that they perceive the closed approach to extend

the differences in digital maturity. The respondent at Epsilon explained:

“Alpha says that they have been trying internally to get people to understand

what this is for several years which means that we are several years behind

and if they have internal problems with getting people to understand what

digital twins are, imagine our difficulties with this then” – (R11)

This results in an unbalanced situation of digital maturity which hampers the chance of

successful collaboration around digital twins.

4.1.4 Insufficient Work Methods

The analysis indicated that the work methods are insufficient in order to successfully use

digital twins. The challenge type refers to how the end-customer needs certain work

methods to maintain the digital twin and keep it updated according to the current state

of the production. More concrete, there are two parts regarding work methods that need

to be considered: (1) lack of routines regarding documentation and information sharing

of physical changes in the production and (2) need for cross-functional communication.

For a digital twin to stay relevant, its data need to be updated in line with the physical

version. However, a problem related to this is the lack of routines regarding

documentation and information sharing of physical changes in the production. The ideal

technique used for digital twins enables automated updates in the virtual environment

when changes are made in the physical environment and vice versa, but this is not yet

developed. Therefore, changes in the production have to be documented in order for

the digital twin to stay relevant which the respondents pointed out is a major problem

in today’s manufacturing world. A respondent at Delta explained the problematic

scenario:

“CAD models are often not updated according to physical changes and

suddenly, the digital twin is not a twin anymore since it does not match the

reality.” – (R10)
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Lack of documentation does not only affect the desired usage of digital twins, it also

creates a need for additional work which one of the respondents pointed out: “When

we work at our customers, the first thing we have to do is to see that everything is correct

which is a bit embarrassing” (R11). However, it is a situation hard to manage since this

is not only in the hands of the actors discussed in this study, additional actors as for

example electricians and mechanics are partly involved in this challenge as they make

some of the changes.

To successfully digitalize the manufacturing industry, the need for cross-functional

communication will increase. Communication is not only necessary externally between

the collaborative actors, but it is also crucial to communicate internally between

functions at each actor. For example, as one respondent explained: “We want to hire

people with IT-knowledge in but if one does not understand the production and have

no sense for what type of data one is optimizing, then you come to conclusions with

very strange solutions that are not applicable in this context” (R19). Naturally, if the

internal cross-functional collaboration does not work, the external collaboration will be

affected since the needed outcome from each actor is lacking.

4.1.5 Unsuitable Payment Models

The findings also show a challenge regarding the suitability of the current payment

models when working with digital twins. The challenge type refers to how the current

payment models make it unbeneficial for certain actors to work with digital twins and

therefore hinders the establishment of digital twins. More specifically, the challenge can

be divided into two sub-themes: (1) hour-based payment models make it difficult to stay

competitive when using digital twins and (2) purchasing department’s performance

measurement reduces the value of digital twins.

Since the digital twin is a relatively novel concept and therefore not fully established on

the market, a suitable payment model has not yet been developed. However, it is clear

to say that today’s hour-based payment model makes it difficult to stay competitive when

using digital twins. The difficulties arise since utilizing digital twins is a more expensive

method but in order to stay competitive, the price cannot be increased even if the
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method is more efficient which reduces the payment period. As one respondent at

Epsilon explained:

“…today’s payment becomes continuous after a certain time. Why should we

invest in shortening that part for the customer when we get paid for it? If I

deliver a high-tech solution, then we become 30% more expensive. We will

make a lot of money for the customer later on, but this does not matter

because our competitors have not calculated in the same way.” – (R11)

Another aspect of unsuitable payment models is that today’s performance measurement

for purchasing departments reduces the value of digital twins. Purchases are often paid

based on incentive models that encourage them to bargain down prices as much as

possible. However, the idea of digital twins is to deliver a specific value which is lowered

down when the price is barging down, as one respondent stated: “…they drive down

prices as much as possible and thereby, are lowering the given value which could be that

one can start a production much earlier and can produce much more than planned”

(R17). Basically, the payment models for purchasing departments hamper the possibility

for companies to collaborate successfully around digital twins.

4.2 Collaboration Strategies

The empirical analysis indicates that four management strategies can be used to overcome

the collaboration challenges around digital twins in the manufacturing industry:

transparency strategy, incentive model strategy, servitization strategy, and control

strategy. A thematical map with an overview of the findings is illustrated in Figure 4 and

the associated representative quotes are presented in Appendix 3. Each of the

collaboration strategies is discussed separately in the following sections.

4.2.1 Transparency Strategy

The findings show that transparency plays an important role when it comes to a successful

collaboration around digital twins. Since digital twins require companies to share more

information externally than previously, several respondents emphasize that the parties

need to apply more transparent work methods towards each other to build essential trust.
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The transparency strategy involves two parts that are both crucial in order to work

transparently: (1) establish long-term relationships to enable openness and (2) allow actors

to be involved in the technological development.

The transparency strategy has high potential to meet certain challenges when used

appropriately. The first part of the strategy involves establishing long-term relationships

that enable openness between the collaborative parties. This strategy addresses challenges

related to uncertainty regarding data management since data is more likely to be shared

within a relationship where the parties consider each other as partners, rather than

customer and supplier. However, these partnerships are based on trust and need to be

Figure 4. Thematic map of collaboration strategies
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developed over time which means that it is important to successively build such

partnerships. As one respondent stated: “It is possible to share data through trust if we

really trust a customer and have a good partnership, and it is important to build such

partnership early” (R10).

Besides establish long-term relationships, the transparency strategy also includes allowing

actors to be involved in the technological development. By applying an open approach to

development, the platform provider can reduce the gaps in the actor’s digital maturity.

Moreover, involvement and openness within the collaboration have the potential to

reduce the negative feeling of dependency as it increases the customer’s possibility to

influence the situation. Additionally, by including the customers’ views, the platform

provider can obtain substantial benefits as one respondent at Zeta pointed out:

“If we are let in more, the agreement will become even better, and they will

get input from us an end-customer which will help them to create better

products.” - (R12).

4.2.2 Incentive Model Strategy

Implementing incentive models has been found as a promising strategy when it comes

to successful collaboration around digital twins. The strategy refers to how systems can

be designed to motivate actors to behave in a way that is beneficial for the digital twin

collaboration. More specifically, three different types of incentive models should be

applied: (1) establish payment models depending on performance, (2) convey that sharing

data increases performance, and (3) align purchasing performance models with the idea

of digital twins.

A suitable payment model for the digital twin is to establish payment models depending

on performance, which perfectly addresses the challenge of unsuitable payment models.

For example, it can be an incentive model in which all parties agree on a certain goal

and if the result is better than that, all parties share the profit. On the other hand, if the

result is worse than expected, all actors will be affected by the loss. Another example is

if one is to deliver a result better than expected, then that part gets a percentage of the

improvement. A respondent at Delta describes the need for a suitable payment model:
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“Some kind of incentive model is necessary because the price has to be based

on getting as good result as possible and not a fixed price leading to a

disagreement between the collaborative parts as it is today. With an incentive

model, it is in everyone's interest to improve the result.” – (R17)

Besides a payment model based on incentives, it is also important to establish a model

that conveys that sharing data increases performance. It is important to offer proper

benefits to the customer if they are willing to share their data. In this way, challenges

regarding willingness to sharing both product, process and code specific data can be

reduced. One respondent explained: “We try to work with performance guarantees, we

promise a certain level of performance if the customer is open about sharing their data.”

(R18). By doing so, the company motivates the customer to behave in a way that will

be favorable for the digital twin collaboration.

Lastly, it has been found that purchasers’ performance measurements are often based on

how much they can barge down prices which in turn, affects the value given from digital

twins. Therefore, aligning purchasing performance models with the idea of digital twins

is also an important action to take in order to capture the full value of digital twins, and

to overcome challenges related to unsuitable payment models specifically related to

purchasing’s performance measurements. However, in order to do this, higher

management must be involved and understand the potential of digital twins. Moreover,

collaboration is necessary as some actors have better possibilities in influencing higher

management. As pointed out by a respondent: “We believe that we need to go further

up the organization and show the benefits of digital twins to senior managers. But we

need help from Alpha since they have much better contacts higher up in organizations

and boards than us” (R10). Hence, large actors as the platform providers are more likely

to influence the end-customer to change their purchasing performance models than

smaller actors as the integrator.

4.2.3 Servitization Strategy

The findings also indicate that a servitization strategy is suitable to ensure a successful

collaboration around digital twins. The strategy refers to how the digital twin should be
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considered a service rather than a product and that the offerings of digital twins should

be customized according to specific customer needs. The strategy includes two sub-

themes: (1) transfer ownership and apply subscription models, and (2) establish selling

based on customer needs, which were found suitable to ensure a successful collaboration

around digital twins.

Several respondents mentioned that the logic of digital twins is to deliver a service rather

than a product, and by doing so, companies are able to transfer ownership and apply

subscription models. One respondent gave an example of transferring the ownership of

the digital twin from the end-customer to the integrator who then offers it as a service

to the end-customer. In this way, a suitable payment model is created and also, the

ownership situation becomes clearer. Moreover, the collaboration between the

integrator and the end-customer will become stronger since the end-customer will

choose the same integrator every time they need to expand their production.

Consequently, long-term relationships built on trust can more easily be created which

reduces challenges related to negative feelings of dependency. Moreover, this will ensure

that the digital twin is owned by a party that knows how to keep it updated. Also, as a

respondent at Eta pointed out:

“I absolutely believe that you need to introduce this as a service. That is the

way we need to go because then we will have a common interest in keeping

the digital twin alive.” – (R13)

By creating the common interest in keeping the digital twin updated, the chance that

information will be shared from the end-customer about changes in the physical version

increases. In turn, this addresses challenges related to insufficient work methods and

ultimately, increases the chances for a successful collaboration.

Another part of the servitization strategy is to establish selling based on customer needs

which, as indicated by the name, perfectly addresses challenges related to varying

customer needs. This strategy mostly concerns the platform providers’ offerings, as one

of the Epsilon respondents stated:
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“I believe that Alpha has to be clearer about the intended customer of their

various tools and be better at leading their customers rather than introducing

them to a jungle of things that they have to look through themselves.” –

(R11)

The collaboration between the platform provider and their customers will become better

if the customer feels that the software they use is the most suitable for their needs. This

may require a better collaboration internally at the platform provider company since

today, some customers perceive that programs are sold based on a seller’s specific

knowledge or based on the newest technologies, rather than the specific customer’s

needs. One employee at a platform provider company was aware of the situation by

stating that: “We must present what is interesting for the specific customer and exclude

those parts that do not concern them” (R16). Moreover, the customer-specific value

must be conveyed to convince companies to use digital twins, as stated by one at Epsilon

respondent:

“If we are unable to show our value, then we will not remain as a supplier in

this industry. What the value is depends of course on which customer we are

talking about, whether it is an end-customer, a machine builder, or if it is an

integrator.” (R11).

However, to convince the end-customer that the value of digital twins exceeds the costs

can be challenging. One respondent, therefore, suggested that the integrator and the

platform provider must work together since the platform provider often has better

contacts at the end-customer company. By making efforts from two different sources,

possibilities to show the value increases.

4.2.4 Control Strategy

Lastly, control has been found as a potential strategy to overcome challenges that occur

when collaborating around digital twins. By control strategy, we mean actions that

regulate or hinder certain behavior of a collaborative party. The control strategy includes

the two sub-themes: (1) specify data management in contracts, and (2) enable encrypted

code to hide sensitive data.
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The respondents described that regardless how good the partnership is between the

collaborative parties, some kind of contract that specifies data management is needed to

overcome challenges related to both insufficient work methods and uncertainty

regarding data management. A respondent at Delta explained:

“... it is part of a partnership to include contracts that clarify what information

one is willing to share and what one can do with that information” - (R10).

Even if trust between the parties is the desired way of collaborating, some kind of

contract is needed that describes the standards of the collaboration and the consequences

if it is not followed, especially in the beginning of a partnership.

The other part of the collaboration strategy is to enable encrypted code to hide sensitive

data which is a method that is already applied when creating simulation models today

and should be further continued. As one of the respondents stated: “Encrypted code

could be a way of collaborating without revealing any business secrets” (R12). Therefore,

this strategy is, to some extent, suitable to meet challenges related to uncertainty

regarding data management. However, the level of details needed to create a digital twin

goes beyond the level needed when only creating a simulation model. Therefore,

encrypted code is not a method that can be used to hide all data that one prefers not to

share because this will affect the value of the digital twin. None of the challenges are

addressed perfectly with a control strategy. The fundamental reason for this is the fact

that digital twins are under development which increases the risk for unforeseen

situations that are not specified in contracts and therefore, cannot be managed with

contracts.

4.3 Contingency Framework for Successful Collaboration on Digital Platforms in

the Manufacturing Industry

Since the digital twin platform is a typical platform in the manufacturing industry, it is

evidential that the findings in this study are applicable to digital platforms in the

manufacturing industry in general. Moreover, the digital twin platform is believed to

become one of the most important digital platforms in the manufacturing industry

(Biesinger et al., 2018; Kritzinger et al., 2018). With this stated, the findings provide
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insights into what challenges that occur when collaborating on digital platforms and

moreover, an understanding of how these challenges can be addressed. However, the

findings also indicate that there is no optimal strategy for all challenges. Instead, certain

strategies meet certain challenges more effectively, which argues for a contingency

assessment. The suitability of different strategies primary depends on what stage the

specific actors are in regarding the development process of a digital platform. To show

these insights, a framework that matchmakes each challenge with the different strategies

was developed and presented in Figure 5. The number of stars (*) indicate how well a

certain strategy addresses each challenge. This assessment was made based on the

discussion in section 4.2, Collaboration Strategies.

However, when collaborating on digital platforms, the actors typically face more than

one challenge, which means that several strategies must be combined to achieve the best

outcome. The findings indicate that when combining different strategies, synergy effects

can be created in terms of how well the selected strategies cope with a specific challenge

or a set of challenges. For example, the incentive model strategy clarifies the benefits of

sharing data and thereby creates a willingness to share data which reduces uncertainty

regarding data management. However, uncertainty regarding data management also

benefits from a servitization strategy that clarifies the ownership of data. None of these

strategies address uncertainty regarding data management perfectly, but together the

challenge can be solved. Consequently, synergy effects between the incentive model

strategy and the servitization strategy are created to address uncertainty regarding data

management.

Worth considering is also that applying a strategy to address a specific challenge may

increase the risk of other challenges. For example, applying a servitization strategy

increases the dependency between actors as well as the need of sharing data externally

since the ownership of the digital platform is transferred to another actor. However,

applying a transparency strategy that promotes long-term relationships is a great

complement to the servitization strategy as it increases the chance of data sharing and

minimizes the risk of negative feelings of dependency. Therefore, every set of actors

around a digital platform needs to develop its own unique collaboration strategy to meet
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its specific challenges. The presented framework can be used as a guideline to help

managers handle collaboration around digital platforms in the manufacturing industry.

By identifying which challenges their specific collaboration is struggling with, managers

can apply the most appropriate combination of strategies by following the suggestions in

the framework. Additionally, specific information about the different strategies can be

found in section 4.2, Collaboration Strategies.
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CONTINGENCY FRAMEWORK

Figure 5. Contingency framework for successful collaboration on digital platforms in the manufacturing industry
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5. DISCUSSION AND CONCLUSION

This study has enhanced the understanding of how actors should collaborate on digital

platforms in the manufacturing industry by developing a contingency framework that

specifies how specific challenges can be managed. This knowledge is of importance since

manufacturing companies are increasingly embracing digital platforms as a mean to

survive the digitalization era (Leminen et al., 2015), where well-functioning

collaboration is fundamental to success (Landolfi et al., 2018). Our research thus

contributes with important implications for both managers within the manufacturing

industry as well as to the literature on digital platforms.

5.1 Theoretical Contributions

Our study provides theoretical contributions in four areas. Firstly, while prior literature

extensively discusses digital platforms, scarce attention has been paid to digital platforms

in a manufacturing context. By examining digital twins, which is believed to become

one of the most important digital platforms in the manufacturing industry (Biesinger et

al., 2018; Kritzinger et al., 2018), we contribute with insights of the importance of digital

platforms in the manufacturing industry. These insights are especially valuable since

manufacturing companies’ adoption of digital platforms will intensify over the coming

years (Müller, 2019), and the need for studies within the area will increase.

Secondly, the scarce literature that discusses digital platforms in a manufacturing context

has tended to focus on the technical functions of the platforms (e.g. Nikolakis et al., 2019;

Schluse et al., 2018; Zheng et al., 2018). By applying a management perspective, we have

extended the platform discussion and shed light on important aspects to consider other

than the technical. We have shown that in order to obtain the benefits of digital platforms

within the manufacturing industry, the collaboration needs to be managed. In doing so,

we have provided the literature with a vital, novel perspective from which digital

platforms in manufacturing should be studied.

Thirdly, even though there are occasional studies that examine challenges when

collaborating around digital platforms in a manufacturing environment (e.g.
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Constantinides et al., 2018; Müller, 2019; Singh et al., 2018), we have greatly extended

this literature due to its scarcity. Through our mapping of collaboration challenges, we

have confirmed challenges discovered in previous literature, and foremost we have

identified several challenges that have not been previously discussed. Thereby, we have

extended the knowledge of the platform collaboration and provided the current literature

with a comprehensive overview of the challenges. Lastly, prior research fails to discuss

how collaboration on digital platforms within the manufacturing industry should be

managed. By connecting specific challenges to management strategies in a contingency

framework, we have provided the novel literature with valuable insights into how the

collaboration can be managed.

5.2 Practical Contributions

As digital platforms are a vital part of industrial companies’ digitalization, which in turn

is crucial for their future competitiveness (Landolfi et al., 2018), our study provides

meaningful implications for managers within the industry. We have provided three main

implications that are relevant to managers. Firstly, we have shown that collaboration is

central to obtain the full benefits of digital platforms, which means that managers can not

only consider their own company when adopting digital platforms. It is critical that

companies also take their collaboration partners into consideration and develop a strategy

for each individual collaboration.

Secondly, we have shown which complications that may arise in the collaboration, which

allows managers to act preventively when engaging in digital platform collaboration. By

applying a proactive approach, managers can reduce the risk of failure, as well as the risk

of unforeseen costs and inefficiency due to inadequate collaboration. Lastly, we have

provided managers with the tools to enable successful collaboration and additionally, we

have given valuable insights into how the enablement requires an assessment of the

prerequisites of each collaboration. In doing so, we have equipped managers with the

tools they need to successfully adopt digital platforms and sustain their competitiveness.
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5.3 Limitations and Further Research

The study has some limitations as well as possibilities for future research. Firstly, even

though our findings rest on empirical data from eight different companies, the study is

limited to a single case-study where one platform type in a specific context is examined.

To validate the findings and strengthen the generalizability of the findings, future research

could examine the collaboration around other types of platforms in the same context as

this study. Alternatively, future research can examine collaboration around the same

platform in other contexts. Preferably, both suggestions should be attended to in future

studies.

Secondly, the establishment of digital platforms in the manufacturing industry is in an

early stage (Müller, 2019), and consequently also our case study. This means that the raw

data is partially hypothetical, where the respondents have reasoned around digital twins

based on their current understanding and experience of them. Therefore, we believe that

as digital platforms become more established, future research could gather empirical

evidence where the study examines which challenges companies have faced and how

they have managed them. In doing so, the hypothetical uncertainty is eliminated, and

future studies could thereby further strengthen the findings of this study.

Thirdly, the study was conducted solely with companies in Sweden. This means that the

findings were completely based on the prerequisites of the Swedish manufacturing

industry. As conditions may differ between countries, it is possible that the occurrence of

collaboration challenges as well as the suitability of collaboration strategies may vary.

Therefore, we recommend that future research perform similar studies in other

geographical areas. By doing so, the generalization of the findings can be further

supported.
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APPENDICES

Appendix I: Interview Guide

Background

1. Tell us about your company

2. Formal position and role

3. What is your experience in digitalization within the manufacturing industry?

General

4. Are you familiar with the term digital twin? If yes, how would you describe a

digital twin?

5. In which extent are digital twins applied at your company or in collaboration

with other companies?

6. What are your future goals regarding digitalization?

Collaboration around digital twins

7. Which actors are involved in the creation of digital twins?

8. Do you consider platform company, machine builder, end-customer, and

integrator to comprise the actors mainly involved?

9. What is the role of each actor in the creation of digital twins?

Collaboration challenges around digital twins

10. What do you consider to be the largest challenges when working with digital

twins?

11. Do you consider data management to be a challenge? Explain. Between which

actors?

12. Do you consider the relationship dynamics to be a challenge? Explain. Between

which actors?

13. Do you consider lack of knowledge to be a challenge? Explain. Between which

actors?
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14. Do you consider keeping the information of the digital twin updated a

challenge? Explain. Between which actors?

15. What do believe are the causes of the challenges?

Methods to manage collaboration challenges

16. Do you have any concrete suggestions of how any of the challenges can be

overcome?

17. What actions do your company need to take to overcome the challenges?

18.  What actions do the other actors need to take to overcome the challenges?

19. Do believe that control and governance can be a solution?

a. How should responsibility be divided between the collaborating actors?

b. What should be specified in contracts?

20. Do you believe incentive models can be a solution?

a. If yes, which kind of incentive models?

Closing questions

21. Is there anything you want to add?

22. Is there anyone you believe we should interview for further insight in the area?

23. Do you wish to attend the presentation of the study and/or have the report sent

to you?

24. If necessary, can we contact you again?
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Appendix 2: Representative Quotes of Collaboration Challenges

Themes and sub-themes Representative Quote

DISADVANTAGES OF DEPENDENCY

Need for multiple software creates
dependence on platform provider
due to desired synergy effects

It is important to not make it difficult with the technical solution so that more companies are encouraged to use it and the integrator can
keep up with development. They have to become experts on all software which creates a strong dependency which is not something
anyone wants. We want to promote the work method, not kill it by making it difficult. (R12)

…one complete Alpha solution will give optimized benefits, but simultaneously one has backed the customer into a corner that they can
never get out of, and they do not like that. (R15)

It is a dangerous situation, out of nowhere a larger customer who wants something else and that can reduce our influence or our agreement.
If Zeta is a strong end-customer and Alpha a strong supplier of software, then the integrators become most dependent and do not have
any other choice but to follow a certain standard. (R12)

Small actors must adjust to the
standards set by large actors

It is a dangerous situation, out of nowhere a larger customer who wants something else and that can reduce our influence or our agreement.
If Zeta is a strong end-customer and Alpha a strong supplier of software, then the integrators become most dependent and do not have
any other choice but to follow a certain standard. (R12)

UNCERTAINTY REGARDING DATA MANAGEMENT

Unwillingness to share product
and process specific data

I believe that it is hard to avoid the fact that one does not want to share sensitive data, especially if this data is shared with several other
customers. (R12)

If you have both the code and the CAD-model you will have their entire product and then you can build it yourself. This can be a
problem if you want to go down to a machine level and simulate how you work with a specific part of the process. (R10)

Unwillingness to share code
specific data

If we hand over our digital twin to a customer and then they go to one of our competitors and say "look what Delta has done, this works
great. Can you do the same?” We must be able to lock our code so that it is not possible to copy. It cannot be completely transparent to
the customer. (R10)

If we would integrate with other suppliers in the same process line, data management would be a challenge since we are partly competitors.
(R9)
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In a process line, several suppliers operate in different parts of the process and have contact with others. Therefore, there is a challenge in
how to handle suppliers’ access so that they do not take each other's information or see each other’s signals? (R16)

Lack of consensus regarding
ownership of data used in the
digital twin

As long as I have the machines in my own house, the generated data is mine. If I put the machines at a customer and they start to generate
data, who owns the data and how can I use it? One can create a certain value from the information, but who owns it? (R16)

How should one make money without access to data? One is supposed to deliver a system that handles large amounts of data, but one
must not look at the data so one cannot optimize their system, or how should one be able to do it without coming into conflict with the
one who owns the data? (R19)

DIFFERENT LEVELS OF DIGITAL MATURITY

Customers have different needs of
functions

One cannot sell a product to me that will make the service and maintenance department happy since that is not included in my delivery.
I do not have that interface so I cannot motivate this content to my customer, and I cannot sell something to the customer unless they
want it. (R11)

Digitization sounds nice, you can do cool things but what is the real value, what is the customer value? Why should customers invest an
awful lot of money to get something cool? What is the actual value of this? (R15)

One cannot offer a flashy and top of the line system to someone who has not even started with simulation. We do not understand the
benefits and therefore it only becomes a complicated thing. (R11)

Actors are unaware of other
actors’ technological development

Alpha says that they have been trying internally to get people to understand what this is for several years which means that we are several
years behind and if they have internal problems with getting people to understand what digital twins are, imagine our difficulties with this
then? (R11)

The handshake with Alpha would become better if they would become better at informing us when things are happening, without any
costs since we help Alpha by applying and strengthen their products.  (R12)

Our concern is that we do not understand the products, it is difficult to understand their benefits and what they are good for. Moreover,
they sometimes overlap in a way that makes it hard to understand why we need so many. It is difficult to crystallize which of them we
need and which of them we can skip. (R11)

INSUFFICIENT WORK METHODS

Lack of routines regarding
documentation and information
sharing of physical changes in the
production

Many customers do not apply the required working method, it is very much a one-way information path. When you build something,
you have in best scenario similar documentation in relation to the reality, but this information usually goes out of date pretty fast as you
improve, change or just use the product or production line. (R16)



V

CAD models are often not updated according to physical changes and suddenly, the digital twins do is not a twin anymore since it does
not match with the reality. (R10)

…to me, the automation world is more cowboy-like. You make a change and later you find out that there were documents that needed
to be updated. When we work at our customers, the first thing we have to do is to see that everything is correct which is a bit embarrassing.
I hope and think that this will change because today it is a disaster. (R11)

Need for cross functional
communication

Digital knowledge that employees are able to apply is something we have talked about a lot. We want to hire people with IT-knowledge
in but if one does not understand the production and have no sense for what type of data one is optimizing, then you come to conclusion
with very strange solutions that are not applicable in this context. (R19)

So far, it is different people that are developing the digital twin and the control system at the production plant and as long as this differs
too much, it will be very difficult. Their work tasks are too different that none of them can do the other's job and of they are about to
communicate with each other, it would probably go wrong. (R11)

UNSUITABLE PAYMENT MODELS

Hour-based payment model
makes it difficult to stay
competitive when using digital
twins

…todays payment becomes continuously after a certain time. Why should we invest in shortening that part for the customer when we
get paid for it? If I deliver a high-tech solution, then we become 30% more expensive. We will make a lot of money for the customer
later on, but this does not matter because our competitors have not calculated in the same way. (R11)

Many believe that the best way is to buy everything at a fixed price, which works if everything is 100% defined. However, if something
is under development, then you cannot use a fixed price because this will reduce the opportunity of extra development efforts during the
project. (R17)

Purchasing department’s
performance measurement reduces
the value of digital twins

Most often, purchasers have incentive models which allows them to get a bonus depending on how much they can bargain down a price
compared with a market value. However, this is directly counter-productive for the company's goals and what they can earn from digital
twins. (R17)
…when the purchasing department drives prices down, the company gets a less good product which leads to increased additional costs.
Moreover, the company gets less service, poorer throughput, it costs more to manufacture and as soon as you make a change, the
production will stand still for several days if you do not have a digital twin. (R10)
…they drive down prices as much as possible and thereby, are lowering the given value which could be that one can start the production
much earlier and can produce much more than planned. (R17)
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Appendix 3: Representative Quotes of Collaboration Strategies

Themes and sub-themes Representative Quote

TRANSPARENCY STRATEGY

Establish long-term relationships
to enable openness

You have to trust each other and operate with open cards. It cannot be too much customer and supplier relationship, instead we have to
work more as partners. (R17)

It is possible to share data through trust if we really trust a customer and have a good partnership, and it is important to build such
partnership early. Before that exists, Alpha must provide tools that enable us to lock the environment. (R10)

Allow actors to be involved in the
technological development

If one is to build that kind of a dependency position, then trust is crucial from the beginning, or you have to build it through transparency
and customer participation in the development phase of projects. In that way, the customer knows what we are actually working with.
(R10)

Alpha says that they have been trying internally to get people to understand what this is for several years. This means that we are several
years behind and if they have internal problems with getting people to understand what digital twins are, imagine our difficulties with
this. (R11)

INCENTIVE MODEL STRATEGY

Establish payment models
depending on performance

Take charge based on value and not to sell software as a product. The software should add some kind of value and that value should be
paid for. (R15)

Some kind of incentive model is necessary because the price has to be based on getting as good result as possible and not a fixed price
leading to a disagreement between the collaborative parts as it is today. With an incentive model, it is in everyone's interest to improve
the result. (R17)

Convey that sharing data increases
performance

… you should be able to offer benefits to the customers if they share their data with the supplier. We try to work with performance
guarantees, we promise a certain level of performance if the customer is open about sharing their data. (R18)

Align purchasing performance
models with the idea of digital
twins

We believe that we need to go further up the organization and show the benefits of virtual twin to senior managers. But we need help
from Alpha since they have much better contacts higher up in organizations and boards than us at. (R10
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... they must realize that we cannot do what we have always done, we must look for new ways of doing business. It is necessary that
higher management see the possibilities of digitization and support it, but also to find ways to get people throughout the organization
involved and aware of the possibilities in cooperation across the organizational units. (R14)

SERVITIZATION STRATEGY

Transfer ownership and apply
subscription models

... for example, it is great if the integrator has the ownership of the digital twin because then, if there is a need to expand the existing
production, it is not another integrator the customer will go to since you rather choose the one with the digital twin. (R11)

I believe that the logic of digital twins involves delivering a service rather than a product. (R18)

I absolutely believe that you need to introduce this as a service. That is the way you need to go because then we will have a common
interest in keeping the digital twin alive. (R13)

Establish selling based on customer
needs

I believe that Alpha has to be clearer about the intended customer of their various tools and be better at leading their customers rather
than introducing them to a jungle of things that they have to look through themselves. (R11)

We must have a solution that helps everyone and then we have to take on different glasses depending on who the customer is. We must
present what is interesting for the specific customer and exclude those parts that do not concern them. (R16)

We need our supplier, which is Alpha in this case, to process the customer from the other side. Of course, Alpha must inform us about
all their tools so that we can use them, but they also need to inform the end customer that they should maybe require these tools from
their supplier. (R11)

If we are to win any customer cases in which we deliver digital twins, we must inform the manufacturing customers about the benefits.
(R10)

If we are unable to show our value, then we will not remain as a supplier in this industry. What the value is depends of course on what
customer we are talking about, whether it is an end customer, a machine builder, or if it is an integrator. The value is different depending
on which customer type we are talking about. (R16)

CONTROL STRATEGY

Specify data management in
contracts

.. it is part of some kind of partnership including contracts that clarify what information one is willing to share and what one can do with
that information. (R10)
... yes, it definitely helps to have some kind of standard contracts in order to handle data and data sensitivity. (R14)

Enable encrypted code to hide
sensitive data

I think that today, you handle data sensitivity by creating the digital twins with as detailed as possible, including areas with sensitive data
that you do not want to share, and then you exchange these areas to black boxes. (R12)
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The customer must develop a model that may be encrypted so that we cannot get access to their code, but we can still use it. This could
be a way of collaborating without revealing any business secrets. (R11)

... you should be able to hide and show what you want to have available and you should be fully aware of what you are hiding. When
something is hidden one get a big black box with for example three cables and then you know the function of the black box, but you do
not see anything. (R16)
Some functions you may not need to share depending on the specific usage of the digital twin, then you can put these parts as black boxes.
(R19)


