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Abstract

Transforming a traditional industry by adopting autonomous solutions is complex,
generating paradoxical tensions on multiple aggregate levels. We undertake an in-
depth case study of a leading maritime autonomous solutions provider and its eco-
system partners. We apply the paradox lens using thematic analysis. Our research
contributes to the digital servitization literature by identifying six paradoxes inher-
ent in the shift to autonomous solutions, nested in the micro, meso, and macro lev-
els. We develop a multilevel framework of organizational paradoxes, delineating
cascading effects of paradoxes across levels. We offer valuable insights for providers
to integrate multilevel perspectives into the shift to autonomous solutions.

Keywords Digital servitization - Paradoxes - Autonomous solutions - Digitalization -
Multilevel framework

“The test of a first-rate intelligence is the ability to hold two opposed ideas in mind
at the same time and still retain the ability to function”.—F. Scott Fitzgerald, The
Crack-Up.

1 Introduction

Digitalization has begun the process of transforming many traditional industries.
The economic landscape is being changed worldwide through the leveraging of
tremendous efficiency improvements derived from digital technologies such as Al,
automation, and analytics (Tronvoll et al. 2020; Gaiardelli et al. 2021; Sjodin et al.
2021). According to an 2018 IDC report, 38% of traditional businesses had already
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adopted a digital strategy, and the IMF estimates that 65% of the world’s GDP will
be digitalized by 2022 (FinancesOnline 2020). These technological shifts have been
further accelerated in response to Covid-19 and are expected to have long-term
effects as we move to the “next normal” (Rapaccini et al. 2020; Zeng et al. 2020).
While consumers use online activity to cope with social distancing measures and for
knowledge acquisition (Lopez-Cabarcos et al. 2020; Xie et al. 2020), companies are
learning to adapt to the crisis through collaborative knowledge creation (Al-Omoush
et al. 2020) and by making changes to their business models that may well prove
to be beneficial in a post-pandemic world (Kraus et al. 2020). Our data—collected
between December 2019 and March 2021—suggest that despite certain challenges,
this trend has the potential to spill over into the shipping industry as autonomous
solutions reduce human contact.

Innovative technology providers work to digitalize their industries through a dig-
ital servitization process, defined as “the transition toward smart product-service-
software systems that enable value creation and capture through monitoring, control,
optimization, and autonomous function” (Kohtaméki et al. 2019, p. 383). Arguably,
the most disruptive of these shifts is the transition to autonomous solutions (Porter
and Heppelmann 2014). For example, technology providers in traditional industries
such as the shipping industry work to transform their industry toward adoption of
autonomous solutions—a shift that will profoundly change the industry’s traditional
business models, as autonomous vessels enable new services like remote opera-
tions which open the door for changed ownership structures and selling technologi-
cal solutions through outcome-based contracts (Munim 2019). However, despite
various promising initiatives, the shift to large-scale autonomous solutions has been
impeded in many industrial domains.

A key challenge facing traditional industries that are engaged in this transforma-
tion to autonomous solutions is the persistent tensions between the established ways
of doing business and embracing new business models (Thomson et al. 2021). For
example, technology providers face internal tensions between developing custom-
ized solutions and maintaining efficient standardization (Kohtaméki et al. 2020).
Furthermore, as digitalization entails distributed innovation space and agency
(Nambisan et al. 2017), the shift to autonomous solutions may extend beyond the
firm, involving persistent tensions at the ecosystem and market levels that make
transitioning even more complicated. For example, our data suggest that for seafar-
ers, the simultaneous prospect of increased job attractiveness at lower autonomy
levels collides with the potential for job losses at higher levels of autonomy. A sec-
ond maritime case in point is the contradiction between the opportunity provided
by autonomous solutions to reduce the risk of human error and the societal barrier
of perceived safety standards being lowered. Thus, we argue that identifying and
understanding the paradoxical tensions between opportunities and barriers related to
offering autonomous solutions call for a multilevel analysis at firm, ecosystem, and
society levels.

From a theoretical standpoint, this study seeks to bring nuance to dichotomous
studies that have highlighted either the benefits or the barriers of autonomous solu-
tions by bringing the two together through the paradox lens (Munim 2019; Ghaderi
2019; Rgdseth 2017; Ringbom 2019). Often in organizational life, leaders face
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difficulties in simply choosing between alternatives. In such situations, the paradox
lens may bring theoretical clarity to these issues by revealing their true nature and
explaining their interrelatedness, persistence, and incongruity (Smith and Lewis
2011). Adopting a paradoxical perspective may add necessary shading in coming to
understand the shift to autonomous solutions in an industrial setting. We have identi-
fied several knowledge gaps in this domain:

Firstly, there is a need to identify and describe the paradoxes that companies face
as they move from product provider to autonomous solutions provider (Kohtaméaki
et al. 2020). Indeed, prior studies have mainly discussed opportunities and barriers
to the transition without considering their paradoxical nature (Paiola and Gebauer
2020; Munim 2019). As various autonomous products have been commercialized
for consumer markets, marketing scholars have already begun to dissect the effect
of autonomous products on consumers (Leung et al. 2018; Rijsdijk and Hultink
2003; de Bellis and Johar 2020; Chiang and Trimi 2020). Similarly, as autonomous
solutions have the potential to transform industrial markets, scholars have started to
investigate the link between technology, business models, and ecosystems (Thomson
et al. 2021). In a B2B setting, manufacturers may benefit from a digital servitization
strategy in the move to providing autonomous services. As manufacturers continue
to experience paradoxical tensions in seeking to combine service logic with prod-
uct logic, scholarly attention has turned to the paradoxes inherent in servitization,
although external paradoxes have not yet been investigated (Kohtamiki et al. 2020).

Secondly, given the complexity in making this transition, a multilevel investiga-
tion of nested clusters of paradoxes is clearly needed at the micro, meso, and macro
levels. No business is an island: leading an industrial transformation means insti-
gating change at the industry and ecosystem levels (Kamalaldin et al. 2021; Sklyar
et al. 2019; Nambisan et al. 2017). We argue that the specific setting of the shipping
industry, as it moves to transformative autonomous solutions, is particularly fruitful
terrain to identify multilevel paradoxes given the industry’s central role in globali-
zation and the inherent interrelatedness between the ecosystem actors (Kim et al.
2021). Additionally, considering the barriers, benefits, and complexities that this
highly traditional industry faces in transitioning to autonomy (Ghaderi 2019; Ring-
bom 2019; Munim 2019), we hypothesize that initiating a transformation on such
an industry-wide scale is not likely to be achieved without encountering paradoxical
relationships. Furthermore, it should be noted that vital interaction between stake-
holders takes place on different aggregate levels: it is likely, therefore, that such par-
adoxical tensions will emerge in the encounter with multiple levels. Indeed, leading
the industrial digital servitization process implies complex interaction with actors on
different aggregate levels—namely, employees, companies, markets, and society at
large. Yet, prior studies in digitalization and servitization lack insights into organ-
izing and understanding transformational paradoxes using a multilevel framework
(Smith and Beretta 2021; Kohtamiki et al. 2020).

We developed the following research questions to address these research gaps:
how do paradoxes emerge in the industrial shift to autonomous solutions, and how
do they manifest themselves on the micro, meso, and macro levels? Accordingly,
this study seeks to identify and describe paradoxes technology providers encounter
in their digital servitization process toward autonomous solutions. To address this
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objective, we build on an in-depth case study of a leading autonomous solutions
provider and its extended ecosystem of partners. Our data are derived from 29 inter-
views with senior managers exercising different business functions. In our analysis
of the data, we employ a thematic analysis approach (Braun and Clarke 2006).

Our analysis identifies six paradoxes nested in the micro (technology develop-
ment, organizational identity), meso (coopetition ecosystem, ecosystem evolution),
and macro (regulatory and policy, customer interaction) levels. Accordingly, the pre-
sent study reveals how an autonomous solutions provider experiences the underlying
tensions. In essence, we provide an empirical account from the shipping industry of
how a company experiences its leading role in an industrial digital servitization pro-
cess that is geared to providing autonomous solutions.

We contribute to the literature on digital servitization and associated paradoxes in
several ways. Firstly, we provide a coherent map of paradoxes inherent in the digital
servitization process of moving toward autonomous solution provision. We identify
six paradoxes of which four are new and two corroborate findings already present
in the servitization literature. Consequently, the discussion of barriers and benefits
of maritime autonomous solutions is suitably enriched. Secondly, we contribute by
offering a multilevel framework that presents an analysis of the paradoxes inherent
in autonomous solutions provision and their interlinks. This study is, to the best of
our knowledge, the first to investigate servitization paradoxes in a multilevel frame-
work. Such external perspectives have been called for by prior research in digitaliza-
tion and servitization (Smith and Beretta 2021; Kohtamaki et al. 2020). Finally, we
contribute by providing a descriptive account of paradoxes intrinsic to a traditional
industry’s shift to autonomous solutions and showing how paradoxes can affect each
other through cascading effect across levels.

This paper is structured as follows: in the literature review section, the shift to
digital servitization and autonomous solution is discussed before presenting the
multilevel paradox framework. Section 3 outlines the study methods. In the result
section, we present six paradoxes and discuss interrelations between them. Finally,
contributions, limitations, and suggestions for future research are offered in Sect. 5.

2 Review of literature
2.1 The shift to digital servitization and autonomous solutions

Whereas the digitalization literature emphasizes digital technology as an enabler to
business model innovation at the organizational and ecosystem level (Parida et al.
2019; Linde et al. 2021), the servitization literature concerns such change in busi-
ness models for manufacturing firms moving from product to service dominant logic
(Baines et al. 2009; Hyun and Kim 2021). Although digital technologies have been
an essential ingredient of servitization from its conception, the two literature streams
have only recently converged explicitly as digital servitization (Gebauer et al. 2021).

In practice, several industries have transformed through digital servitization, ena-
bling manufacturing companies to provide advanced services (Cenamor et al. 2017).
Wairtsild, Caterpillar, and Rolls Royce are prominent examples of large industrial
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companies that have successfully implemented digital servitization by leveraging
sensor and software technology forming product—service—software systems (PSSS)
(Kohtamaéki et al. 2019).

Autonomous solutions are essentially product—service—software systems (PSSS)
that can function independently of human supervision (Thomson et al. 2021). Con-
ceptually, autonomous solutions have been placed on the supreme end of a digitali-
zation spectrum, reflecting digital technology features ranging from monitoring to
control, optimization, and autonomy (Porter and Heppelmann 2014). As such, the
transition toward autonomous solution is seen as the most advanced form of digital
servitization (Kohtaméki et al. 2019) and is arguably the most disruptive, potentially
reshaping traditional industry boundaries (Porter and Heppelmann 2014). As auton-
omous solutions allow for reduced human intervention, they may yield significant
economic, environmental, and social benefits depending on their industrial applica-
tion (Parida et al. 2019; Porter and Heppelmann 2014). However, barriers exist as
regulations still require humans to operate systems in many domains (Hussain and
Zeadally 2019; Ringbom 2019; Porter and Heppelmann 2014; Paiola and Gebauer
2020). Additionally, as autonomous solutions allow technology providers to take
more responsibility of customers’ operational processes, customer maturation can be
a substantial barrier to this advanced form of digital servitization (Lerch and Gotsch
2015). Similarly, as digitalization generally raises the need for collaboration across
firm boundaries (Kamalaldin et al. 2021; Sklyar et al. 2019; Parida et al. 2019; Nam-
bisan et al. 2017), the development of suitable business models that ensures align-
ment of ecosystem partners as well as customers may be key to overcoming these
barriers (Thomson et al. 2021).

We follow Adner (2017)’s conceptualization of ecosystem-as-structure which
puts the value proposition center stage, placing emphasis on the activities and inter-
dependencies between ecosystem actors, and leaves room for single firms to take
part in multiple ecosystems simultaneously and even to adopt different ecosystem
roles. Following from the empirical context, the focal value proposition of this study
is maritime autonomous solutions. This broad value proposition includes products
and services that deliver capabilities for surface ships at various degrees of auton-
omy. As a rule of thumb, both the benefits of and the barriers to autonomous solu-
tions increase along with degree of autonomy. Following from the empirical context
of this study, our informants referred primarily to the international maritime organi-
zation’s (IMO) four degrees of autonomy for maritime surface ships: degree one is a
ship with automated processes and decision support; degree two is a remotely con-
trolled ship with seafarers onboard; degree three is a remotely controlled ship with-
out seafarers onboard; and degree four is a fully autonomous ship.

2.2 Toward autonomous shipping

A company in the shipping industry is “a commercial firm that is active in either
ship owning, trading, operations, and/or commercial and technical innovations, how-
ever, as an industry it is the overall value chain that matters” (Lorange 2009, p. 3).
Albeit services have long been an intrinsic part of the shipping value chain, however
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in digitalizing the industry toward autonomous solutions, technology providers are
required to undergo a servitization process changing their business model from sales
of products and after sales services, to providing autonomous solutions with con-
tinuous services embedded in the solutions (Munim 2019).

Although the shipping industry is gradually adopting innovative digital products
that improve maneuvering, navigation, and planning, and its business operations
have remained largely traditional since the dawn of containers in 1956, which paved
the way for modern shipping (Ghaderi 2019; Levinson 2016). Now, however, mari-
time technology providers along with their ecosystem partners are launching initia-
tives to fully digitalize the shipping industry by commercializing autonomous solu-
tions for surface vessels. Autonomous solutions have lurked in the background of
shipping ever since autonomous underwater vehicles (AUV) were commercialized a
decade ago. So far, autonomous surface vessels have followed a similar path to AUV
technology, starting with research and development of pilot programs and working
their way to commercialization (Ghaderi 2019).

It is the short sea shipping segment that is best placed to benefit the most with the
introduction of continuously unmanned vessels (CUS), monitored or controlled by a
shore control center (SCC) (Munim 2019; Ghaderi 2019). In this segment, crew sal-
ary constitutes a major part of the operational expenses in developed countries; thus,
autonomous solutions allowing crew reduction may help cut operational expenses
drastically (Munim 2019; Ghaderi 2019). Also, when considering the regulatory
barriers to crew reduction, overcoming them is considered a much less daunting task
within a flag state than between flag states (Ghaderi 2019). It is therefore likely that
the short sea shipping segment will be the first to widely adopt high-degree autono-
mous solutions.

Whereas the benefits of autonomous solutions represent the entrepreneurial
opportunity, their barriers represent the entrepreneurial risk. These barriers and ben-
efits are opposing sides of the same coin intrinsic to the digital servitization pro-
cess toward autonomy. In essence, they can be seen as the originating sources of
the opposing elements that induce paradoxical tensions. In the following section, we
explain the theoretical paradox lens and introduce a multilevel analysis framework.

2.3 Understanding multilevel paradoxes in the transition to autonomous
solutions

Paradoxes have amused thinkers since ancient times. Today scholars study para-
doxes in many varied fields ranging from philosophy and physics to the social
sciences. Transaction cost economics and classical organizational theory such
as contingency theory offer perspectives that help to clarify problems and assist
decision makers in arriving at the best possible option among opposing alterna-
tives (Donaldson 2001; Williamson 1979). While both strategic and short-term
objectives may be achieved by choosing one alternative, it often involves sacrific-
ing another. Organizational life is, however, full of tensions and inconsistencies
that leaders cannot simply choose away—for example, employees’ goals (higher
salary) and company’s goals (higher profit). The paradox lens is an alternative
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way of framing problems that can help decision makers to develop coping strate-
gies so that they can “live with” the tensions rather than devise strategies that
force them to choose between alternatives.

Smith and Lewis (2011, p. 386) define a paradox as “contradictory yet interre-
lated elements that exist simultaneously and persist over time.” Thus, we identify
a paradox with reference to three conditions:

1) There must be underlying tensions whose elements are individually coherent and
logical but inconsistent or incompatible when juxtaposed. Contradictory.

2) An element cannot be chosen over the other, but companies must embrace both
elements simultaneously. Interrelated.

3) The tensions must be long-term and non-trivial. Persistent.

The paradox lens brings richness and depth to the sometimes overly simplistic
framing of dilemmas and dialectics. Dilemmas frame tensions between two com-
peting alternatives with clear advantages and disadvantages, implying a choice
needs to be made between the alternatives. Dialectics, on the other hand, are
when the contradictory elements creating the tensions (thesis and antithesis) can-
not be solved by choosing between them but the situation is resolved by adopting
a third integrated alternative (synthesis) (Smith and Lewis 2011). Theoretically,
there are clear distinction between paradoxes, dilemmas, and dialectics. In prac-
tice, dilemmas and dialectics may resurface if the choice or integration proves
temporary, making them paradoxical. In such situations, companies could benefit
from reframing these issues as paradoxes and working toward coping strategies
rather than opting for choice or integration.

Since digital servitization processes are inherently complex, there is a need
to incorporate ecosystem and market perspectives into paradox analysis. For this
purpose, we adapt a multilevel framework open eco-innovation distinguishing
between micro, meso, and macro levels (Garcia et al. 2019; Chistov et al. 2021;
Markard and Truffer 2008). Similar to previous studies in service innovation
(Teixeira et al. 2012; Baron et al. 2018; Patricio et al. 2011), we apply the mul-
tilevel analysis framework from the perspective of firms as they encounter these
different levels. Acknowledging the existence of different variations to what con-
stitutes each level (Kiefer et al. 2021; Frow et al. 2014; Ghazinoory et al. 2020),
we emphasize the need to distinguish between paradoxes that are internal to the
organization, emerging at the collaborative level between organizations and in
the organizations encounter with societal levels (Garcia et al. 2019; Chistov et al.
2021). Because paradoxes are intrinsically complicated, this distinction is impor-
tant as it provides clear boundaries from the technology providers’ perspective,
without adding complexity. At the micro level, our analysis focuses on aspects
internal to the organization including interactions among individuals and between
divisions. The meso level concerns the organization as an entity in relation to
other organizations in the ecosystem. The highest aggregate level is the macro
level, which is concerned with society at large, including governmental bodies
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and markets. Our analysis, therefore, reflects the paradoxes that technology pro-
viders encounter when interacting with stakeholders at the different levels.

Additionally complicating, paradoxical tensions can be interwoven (Sheep et al.
2017), nested across space and time (Jarzabkowski et al. 2013), and cascading
across levels (Andriopoulos and Lewis 2009; Smith and Lewis 2011). This means
that events on the macro level can influence paradoxes on the meso and micro levels
and vice versa (Garcia et al. 2019). For instance, the archetype paradoxes of belong-
ing, and organizing and performing intersect via tensions between the individual and
the aggregate (Jarzabkowski et al. 2013; Smith and Lewis 2011). Albeit our data
structure (Fig. 1) is presented static (for clarity), our analysis reveals the existence
of nested relationships between the levels in the data. In Sect. 4.4, we “zoom out” to
investigate relationships between the paradoxes (Schad and Bansal 2018, p. 1498).
Before presenting the paradoxes in the result section, we outline the research strat-
egy applied, followed by our case selection, data collection, and analysis.

3 Methods
3.1 Research strategy

We used an explorative in-depth case study approach to conduct the research. Case
studies are a good way to investigate contemporary events (Yin 2014) because they
richly describe the context in which the events occur and deliver deep insights into
dynamic social structures (Dyer and Wilkins 1991). Therefore, the in-depth case
study approach suits our explorative purpose very well, considering the contempo-
rality and dynamic structure of the industry-wide digital transformation context and
the complex social structures underpinning organizational and inter-organizational
phenomena such as paradoxes.

3.2 Case selection

In selecting our case, we applied a theoretical sampling strategy (Corbin and Strauss
2015). Given the industry’s history, position, and trajectory, we believed that trans-
forming shipping industry by shifting to autonomous solutions would be a particu-
larly fruitful venture for identifying multilevel paradoxes. Consequently, this study
includes data from three companies in the shipping industry, chosen for their roles
in the shift to maritime autonomous solutions. Following the in-depth case study
approach (Dyer and Wilkins 1991), focused on one technology-providing company
(Shipcontrol) working to transform the shipping industry toward adopting autono-
mous solutions. Furthermore, we included two of its closest partners, increasing the
validity of external paradoxes. The focal company (Shipcontrol) and its two partners
(Autosolution and Marinecompany) are separate business units that form part of the
same ownership structure. This is contextually important because it affords them a
high degree of coordination as they work to transform the industry, while simulta-
neously exercising their freedom to pursue individual business goals. We chose to
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focus on Shipcontrol because its large and complex organization with global reach
and leading role in the maritime autonomous solutions-ecosystem would likely
provide us with the in-depth data necessary to understand paradoxes of digital ser-
vitization toward autonomous solutions. To strengthen the multilevel analysis with
external perspectives, we decided to include Autosolution and Marinecompany to
the case. The number of respondents from each company reflects company size and
their relative position in driving the digital servitization process toward autonomous
solutions. Basic information of the case is presented in Table 1.

3.3 Data collection

To collect rich descriptive data on paradoxes and their constitutive elements, a series
of interviews were conducted in the case companies. Interviews are a well-suited
method to obtain insights into how phenomena emerge (Yin 2014). The interviews
were part of a broader overarching research program investigating the industrial
transition to autonomous solutions. Thus, the process of analysis leveraged as desir-
able the disjuncture between interview questions and the questions guiding the cod-
ing and analysis of the data (Braun and Clarke 2006). Additionally, increasing reli-
ability data from other publicly available sources such as company websites, annual
reports, and industry podcasts were included for triangulation purposes (Miles et al.
2014). The data were collected over a 15-month period from December 2019 to
March 2021. Having been collected just before and during the pandemic, the data
provided unique insights into how contingencies affected the work of companies as
they transition to autonomous solutions provision.

A total of 29 interviews were conducted, using a semi-structured approach with
open-ended questions on various aspects of the autonomy transformation process.
This allowed respondents to elaborate freely and add personal anecdotes to discus-
sion topics that were especially important to them. The interviews were recorded
and transcribed for analysis purposes. Notes were taken during the interviews. The
data collection process was ended when theoretical saturation was reached (Corbin
and Strauss 2015), i.e., when no new themes of paradoxical tensions emerged from
data, and the paradoxical tensions identified where themselves were explored suf-
ficiently in-depth to be theoretically developed. The respondents were senior man-
agers handling different functions within their respective organizations. To ensure
anonymity, acronyms of company names and positions were used. Table 1 displays
information about the data collection.

3.4 Data analysis

A thematic analysis was chosen because it is a method that can provide a rich,
detailed, and complex account of the data, and it is capable of describing patterns
across large qualitative datasets (Braun and Clarke 2006). This method aligns well
with our research mission to identify paradoxical tensions and describe how these
manifest themselves at the micro, meso, and macro levels. In conducting the anal-
ysis, we followed a process similar to the steps delineated by Braun and Clarke
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(2006). The analysis involved a series of iterations going back and forth between
the steps to identify themes in the dataset. As a preliminary to the data analysis, we
consulted the paradox literature and archetypes of organizational paradoxes to form
the basis for the coding process (Smith and Lewis 2011).

As a first step in this highly iterative process, we immersed ourselves in the data
by simultaneously listening to recordings and reading the transcripts. We were,
therefore, able to pick up on verbal nuances and note respondents’ emphasis on
different topics, thereby increasing the accuracy of the process (Braun and Clarke
2006). As we read and re-read the transcriptions, we searched for meanings and
patterns to generate ideas for subsequent labeling and structures, taking notes and
highlighting interesting passages. Based on the ideas and segments identified in the
familiarization step, initial codes were generated to capture interesting elements in
the raw data. Next, we grouped first-order codes into potential second-order themes
and then refined them by consulting the literature to make sure codes were assigned
to themes that corresponded to the appropriate level in the multilevel framework
(micro, meso, macro). The themes were named and then reviewed to ensure inter-
nal homogeneity and external heterogeneity (Patton 1990). Finally, the second-order
themes were collapsed into aggregate dimensions. This was undertaken in line with
paradox theory. The aggregate dimensions reflect paradoxes generated by patterns
among the second-order themes that correspond to opposite sides of the tensions
identified (Smith and Lewis 2011). To increase reliability, the analysis was con-
ducted by several researchers. Disagreements were resolved through iterative cycles
of discussion guided by the paradox and digital servitization literature (Miles et al.
2014). At each cycles of discussion, the researchers reviewed each other’s sugges-
tions to change, move, and/or remove codes, until converging on a single coherent
data structure (Miles et al. 2014). After a series of iterative discussions, we were
left with six paradoxes whose elements satisfactorily met the conditions of inter-
relatedness, contradiction, and persistence. As part of the procedure, a thematic map
(Fig. 1) was constructed, portraying the data structure derived from the analysis.

4 Results

In the findings section, we structure the identified paradoxes according to the aggre-
gate level in which they occur. We start by explaining the micro-level paradoxes, we
then investigate the paradoxes at the meso level, and, lastly, we describe the macro-
level paradoxes. For each paradox, we first explain the paradoxical relationships in
its various elements before zooming in and describing the substance of each element
individually.
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First-order codes

Second-order themes

New customer types
Direct interaction with end customers
New demands and user needs

Adapting to novel
_) customer segments

Motivating slow adopters with
gradual adaption

Resistance to change

Lobbying and partnering for new regulations

Need for standardization

Balancing first mover advantage/ disadvantage

Instigation regulatory
changes

—

Identifying regulatory sweet spots

Aiming for smaller changes for autonomous
solutions testing

Resistance from seafarers

Need for openness
Transparancy issues
Blurred organizational boundaries

Collaboration with
ecosystem

Competition for leadership position
Fear of exploitation/ marginalization
Data sharing paradox

Need for new competence
Reversed order chain
Changing ecosystem roles

Creating new ecosystem
partnerships

—>

Maintain current ecosystem position
Threat to existing ecosystem

Solutions thinking
Market orientation and customer co-creation
Evolutionary service life cycle of autonomy

Future service mind set

Product thinking
Focus on features and costs
Traditional product life cycle

Experimenting with autonomous fleet design

Evolutionary service life cycle

Developing higher-level autonomous solutions

Explorative autonomous
technology development

—

Retro-fitting existing technology

Customizing lower-level autonomous
solutions

Micro service focus

=

Aggregate dimensions

paradox

Macro level

Coopetition ece
paradox

Ecosystem evo
paradox

Meso level

Organization:
paradox

Technology
paradox

Micro level

Fig. 1 Data structure
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4.1 Micro-level organizational paradoxes in the transition to autonomous
solutions

The micro level focuses on the internal paradoxes of firms engaged in the industrial
transition to autonomous solutions. We identify two key paradoxes on this level: the
technology development paradox and the organizational identity paradox. These are
explained in detail in the following paragraphs.

4.1.1 Technology development paradox

Firstly, we find that the shift to autonomous solutions provision creates a fechnology
development paradox. This paradox emerges from the tensions between explorative
autonomous technology development—arising from the prospects and demands of
a newbuilt autonomous fleet—and the development of adaptive technology focused
on adding autonomous capabilities to the existing fleet. For technology providers,
the two opposing technology development perspectives are paradoxical. On the one
hand, major investment in explorative technology development is necessary in order
to display the economic viability of unmanned vessels to ship owners and to show-
case safety to authorities, pushing legislation for crew reduction. On the other hand,
developing adaptive technology to suit the needs of the existing fleet is necessary to
keep the autonomy project profitable and to create a ladder to climb for traditional
customers who are digitalizing existing fleet. These two perspectives are interre-
lated. Without explorative autonomous technology development, technology provid-
ers would not be able to unlock the real potential benefits of maritime autonomy.
Without the development of adaptive technology, the technology providers would
not be able to bring along the ship owners who control the existing fleet, which is
necessary for scalability and profitability. The two perspectives are contradictory
because they draw from the same resource pool and because the solutions to some
extent compete. Finally, the tensions will be present so long as the industry is in
transition. Thus, while working to transform the industry, technology providers can-
not choose between the explorative or adaptive technology development perspec-
tives, but instead they must embrace both. Indeed, evidence of the technology devel-
opment paradox appeared several times throughout our case studies. For example,
the product director at Shipcontrol reiterated this need for forced ambidexterity in
technology development:

“...We were aiming for the level 4 according to IMO, continuously unmanned
operations; that was our goal, and we were working toward that. As we
matured along the way, and the regulatory bodies matured along the way, we
could see that it is a marathon, not a sprint, and we need to make money along
the way.” (Product director, Shipcontrol).

The two technology development perspectives relate to opposite ends of the
autonomy scale. Explorative autonomous technology development focuses on ena-
bling a high level of autonomous capability to facilitate crew reduction, lower opera-
tional expenses, and shift the focus from mere technology development to vessel
design. Inherent in explorative autonomous technology development is a holistic
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system perspective, which emphasizes end functionality and promotes experimental
fleet design to take full advantage of the opportunities afforded by autonomy. This
means developers need to maintain a broader oversight over the complete array of
solutions and their integrations and not just the autonomous products referred to by
Shipcontrol’s technical director:

“...you have an autonomous carrier moving the containers on land for the
crane to load on the vessel, and the crane is automatic. In order to do this effi-
ciently, there has to be a tight connection between the vessel, the crane, and
the landside, even into the production systems of the factory. So, the way I see
it, it is more the internal part of the whole chain that will influence the offer-
ings, the services, and the systems.” (Technical director, Shipcontrol).

In contrast, technology providers need to pursue an exploitative perspective
focused on the development of adaptive technology producing retrofit, autonomous
solutions ready for sale in today’s existing fleet market. Because of heterogeneous
technological maturity and the conditions within the existing fleet, retrofitting to
deliver full autonomous capabilities involves extensive customization and, therefore,
raises capital expenditure. Thus, retrofitting solutions for an existing fleet is usually
restricted to lower-level autonomous capabilities such as monitoring and optimiza-
tion technology. The exploitative perspective of adaptive technology development
therefore leads technology providers to develop standardized autonomy product—ser-
vice—software systems for autonomous micro-services. Shipcontrol’s product direc-
tor explained how the exploitation of the existing market led to the development of
lower-degree autonomous micro-services:

“We do see that the majority of the customers rely on the existing fleet, mean-
ing they are looking toward performance optimization and safety optimiza-
tion or reduction of the crew, but not complete removal of the crew” (Product
director, Shipcontrol).

To sum up, technology providers experience the technology development para-
dox as tensions between differing perspectives of explorative and adaptive solution
development. The tensions are paradoxical because, despite drawing from the same
resource pool, technology providers need to pursue both approaches simultaneously
for the foreseeable future, until the ecosystems, markets, and regulations have either
transitioned or rejected autonomous solutions.

4.1.2 Organizational identity paradox

Secondly, we find that the shift to autonomous solutions provision creates an organ-
izational identity paradox. This paradox emerges from conflicting tensions between
the increasing need to adopt a future service mindset through which autonomy is
commercialized, while preserving the existing product mindset on which the tech-
nology-providing company is founded. Because autonomous solutions simultane-
ously increase the technological complexity and elevate the need to understand the
customer’s business, autonomy providers must embrace both product and service
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mindsets. Though contradictory, one cannot be chosen over the other; thus, the
tensions are paradoxical. Informants emphasized how they struggled to incorpo-
rate the future service mindset into the existing product mindset permeating their
organization:

“...the main challenge for a business like us, we are used to delivering pro-
jects, but we are not used to delivering services. So, we are looking into
tools and philosophies, going from delivering a project to delivering a ser-
vice, it demands a different focus from us. We are still working in the old-
fashioned way, with purchases going to customers, invoicing them, and so
on. There is a lot of evolution in this business today, with digitalization and
being a more services-based operation actually.” (VP digital product ser-
vices, Shipcontrol).

As touched upon by Shipcontrol’s manager of digital product services, the tradi-
tional existing product mindset is characterized by one-time monetary transactions
with fixed delivery time frames and the explicit transfer of product ownership. Prod-
uct thinking was evident in many of the autonomy providers’ activities. For instance,
in technology development, product thinking manifests itself as a narrow focus on
developing features while maintaining costs. In marketing, the product mindset
involves searching for markets where the products can be sold rather than creating
solutions that reflect market needs. The existing product mindset was deeply embed-
ded in Shipcontrol’s culture and, therefore, integrating the future service mindset
was still very much a work in progress for the case company.

“...yes, but we are working constantly with this to mature the whole organiza-
tion, because with seven thousand seven hundred people, things take time.”
(VP digital product services, Shipcontrol).

The evolutionary service life cycle of autonomy with continuous service delivery,
continuous digital updates, and recurring revenue models stands in stark contrast to
the temporally discrete traditional product life cycles, requiring the autonomy pro-
vider to shift to a service mindset. In contrast to the inside-out logic of the existing
product mindset, the future service mindset emphasizes an outside-in market-orien-
tated logic, where internal processes are guided by the customers. Instead of the
market-fit product, we found that higher-level autonomous solutions were developed
with customers in co-creation practices. Autonomous solutions open a variety of
potential commercial setups with different ownership and revenue models. The setup
that will prevail remains to be determined but, rather than merely developing and
selling technology, the autonomous solutions provider must work to adopt a service
dominant logic, providing maritime autonomous solutions as services. Additionally,
leading the transition to maritime autonomous solutions demands the adoption of a
forward-looking perspective that cherishes long-term growth over short-term profit.

“What we worked out after spending a huge amount of money is actually, we
need to focus on what the customer actually needs, which is simple, and get to
the real value for the customer. We have gone through that process ourselves, I
would say painfully, but I think we are relatively pure now in how we develop
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the technology, there is a tip to sit there and ponder and do all these magical
things but, at the end of the day, there is a business to run here and we, like I
said, spend a lot of money that recognizes that you need to do the basics of the
solutions to drive the value.” (VP business development, Shipcontrol).

In conclusion, the autonomous solutions provider experienced paradoxical ten-
sions between an existing product mindset and the need to embrace a future-oriented
service mindset. The paradox emerges because the mindsets represent opposing
but necessary perspectives to the autonomous solutions provider’s organizational
identity.

4.2 Meso-level organizational paradoxes transitioning to autonomous solutions

The meso level focuses on paradoxes related to tensions arising from the interaction
between ecosystem actors on forming a new autonomous solutions ecosystem. In the
following paragraph, we elaborate on the two key paradoxes identified at this level:
the ecosystem evolution paradox and the coopetition ecosystem paradox.

4.2.1 Ecosystem evolution paradox

Firstly, we find that moving to autonomous solutions provision creates an ecosystem
evolution paradox. With the formation of a new ecosystem, tensions arise between
creating new ecosystem partnerships and satisfying existing partners. This is para-
doxical for two reasons. First of all, ecosystem actors are stretched between main-
taining their positions in the traditional ecosystem versus taking on a new position
in the emerging ecosystem. Secondly, even when they assume the same role in both
ecosystems, they are participating in competing ecosystems. The ecosystems are
interrelated. The formation of a new ecosystem is an outgrowth of the traditional
ecosystem because the actors rely on existing partnerships to build it, but the new
ecosystem can be seen as a threat to the existing one. Transitioning the ecosystem is
an evolutionary process, making the tensions persistent. The need for new collabora-
tion was emphasized by several informants.

“We need to build relationships; we can’t do everything on our own.” (VP
business concepts, Shipcontrol).

Materializing the value proposition of maritime autonomous solutions requires
new competencies. The gap needs to be filled either by building the expertise inter-
nally within the existing ecosystem (leading to changed ecosystem roles) or by
bringing in new actors with the competencies that the ecosystem requires. In taking
a lead role in transforming the industry, the autonomous solutions provider worked
continuously to identify its competency needs. It quickly realized that determining
its specific requisites was an evolutionary learning process. The increasingly impor-
tant role of connectivity and data processing in providing autonomous solutions led
to the formation of new ecosystem partnerships with ITC companies. In addition
to the importance of digital technology, maritime autonomy requires the operation
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of supporting service functions (SCC). In fact, one of the companies in our sample
was a newly formed joint venture between a maritime technology provider and a
ship management company. The aim in establishing the company was to provide
autonomous services—a function that did not exist in the traditional ecosystem. It is
not solely the need for competence that spurs change in ecosystem structures. So far,
the demand for unmanned vessels has not come from traditional ship owners rather
it has come from ship owners’ customers: namely, the goods owners. Curiously,
with high-level autonomous solutions, we observe that the traditional chain of vessel
ordering is reversed. Traditionally, ships are ordered from a shipyard, which gathers
tenders for outfitting from technology providers. In the case of autonomous vessels,
we found that the position is reversed with vessels being ordered directly from the
technology provider, who in turn gathers tenders from shipyards.

“...and then it changed in a way, from that one orders a ship at a shipyard,
which in turn goes out to pick up a bunch of subcontractors who supply dif-
ferent systems. So, the ship owner went to a technology supplier and wanted
everything through them...” (Business development manager, Autosolution).

The ecosystem evolution paradox emerges because a company needs to strike
a balance between participation in two ecosystems producing solutions that are
in competition. The potential prevalence of autonomous solutions threatens an
existing ecosystem structure, leaving some existing positions vulnerable to redun-
dancy. On the contrary, the currently profitable existing ecosystem may itself
impede adoption of maritime autonomy by providing cheap investment (low
Capex) solutions. Therefore, while working to create new partnerships as the new
maritime autonomy ecosystem evolves, the autonomous solutions provider must
simultaneously satisfy its existing partnerships by maintaining its position as a
technology provider to the traditional maritime ecosystem.

4.2.2 Coopetition ecosystem paradox

Secondly, we identified the coopetition ecosystem paradox as a related but dis-
tinct meso-level paradox. Tensions arise as technology providers need to collabo-
rate closely with ecosystem partners to succeed in establishing maritime autonomy
while, at the same time, competing for the ecosystem leadership position. This cre-
ates a situation where the ecosystem actors need to be both open and protective at
the same time. Given the nested-ness of meso-level paradoxes, the tension will per-
sist as long as the ecosystem continues to evolve, making it paradoxical.

“Also, we understand they wouldn’t have this open approach that [Shipcon-
trol] is having, that is to bring in competing OMs to offer value.” (VP busi-
ness development, Shipcontrol).

While digitalization is at the technological core of autonomous solutions, an
increased emphasis on services underpins its functional core. Both cores require
closer and open collaboration with the ecosystem. To fully leverage digitalization,
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data need to flow easily between ecosystem actors. For instance, an autonomous
vessel (ship owner) may want to share data via connectivity equipment (telecom)
to the data platform (software company), which can then be further accessed
by the autonomous service provider and other third-party software developers
depending on customer needs. Fearing misuse or data going astray, some actors
are reluctant to share with the ecosystem, leading to data silos that hamper auton-
omous solutions and prevent them from prevailing. This creates a subordinated
data-sharing paradox, where actors need to both share and protect their data.

“When it comes to digitalization, we have a tendency to have a holistic view,
but there are so many details we need to be very clear on, because data is cru-
cial for the customer, and they don’t want to share data because it can be busi-
ness or data critical. So, it is so many aspects and layers of digitalization of the
shipping industry.” (VP digital product services, Shipcontrol).

The functional emphasis of autonomous solutions also drives the need for open-
ness and transparency between ecosystem actors, breaking down organizational
boundaries to deliver seamless services. Given the increasingly complex ecosys-
tem associated with maritime autonomy, organizational boundaries have become
blurred, leaving the collaborating actors vulnerable to role exploitation or marginali-
zation. Thus, ecosystem actors must simultaneously collaborate with the ecosystem
and work to improve their relative positions within the ecosystem.

4.3 Macro-level organizational paradoxes transitioning to autonomous solutions

The macro-level paradoxes concern companies’ relations with the highest aggregate-
level entities such as markets and authorities. We identify two key paradoxes at this
level: the customer interaction paradox and the regulatory and policy paradox. In the
following paragraphs, we provide detailed accounts of both.

4.3.1 Regulatory and policy paradox

Firstly, the regulatory and policy paradox emerges from tensions between the
autonomous solutions provider’s effort to instigate new regulations on the one
hand and cope with existing regulations on the other. Technology providers need to
change maritime regulations because they currently prevent commercialization of
high-level autonomous solutions. Because the regulatory authorities are conserva-
tive and inherently reactive and regulations differ from nation to nation, changing
regulations is a cumbersome process requiring persistence over the long term. Work-
ing to change regulations is an expensive process requiring collaborative efforts with
uncertain outcomes that, if successful, will open doors for competitors. This creates
a situation where all technology providers need settled regulations, but they must
balance their efforts between pushing for regulatory change and coping with existing
regulations. They are led into a “both-and” path, where they are required to work
within existing regulations while trying to change them.
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“If you want to change something, it will cost to find the technical solutions,
regulations, business models, and get it better than it was before. And it usu-
ally costs more for the first movers that have to figure things out, both as a
technical supplier, and to use it in operation.” (Sales director, Shipcontrol).

The commercial benefits of high-level autonomous solutions rest heavily on
crew reduction, reduced crew costs, and increased load capacity. Regulations
need to be changed to facilitate crew reduction so that high-level autonomous
solutions can become commercially scalable. Relatedly, the commercial viability
of shore control centers depends on efficient economies of scale, and so settled
regulations are needed because it has still not been determined how many vessels
one operator can serve simultaneously. Consequently, until regulations are firmly
put in place, the commercial viability of high-level autonomous solutions remains
uncertain, as the chairman of Autosolution’s board intimated:

“But it is many people talking about the technical risks of this, but that is
the minor thing, for me the political risk is the biggest because we cannot
see what the regulations will be in ten years. Every time I meet politicians,
I try to tell them that we consider political risks as the biggest, the most dif-
ficult to handle in today’s market.” (Chairman, Autosolution).

The autonomous solutions provider acknowledged its own responsibility as
leader to instigate regulatory change. Taking the lead in the change process is
both risky and necessary. It could lead to first mover advantages because its solu-
tions would likely be the first to accord with the new regulations. On the down-
side, it would have to bear the cost of instigation, while lowering the entry barri-
ers for competitors by settling regulatory risk and possibly leading to first mover
disadvantages. No single actor has the “gravity” to change regulations alone;
therefore, technology providers collaborate with other ecosystem actors to dem-
onstrate solution safety to local authorities and, in so doing, hope to influence the
IMO.

“...And there is an IMO requirement that you should have a double-watch
bridge. And to change things in IMO is quite challenging, and this double
watched was challenged and piloted and there was some watch system.”
(General manager, Marinecompany).

In working to change regulations, technology providers cope with existing reg-
ulations by looking for regulatory sweet spots where autonomous solutions could
be deployed within existing regulations. Such sweet spots would include closed
operation sites owned by customers where vessels can operate without encounter-
ing other vessels or personnel. Another way an autonomous solutions provider
can cope with existing regulations is by aiming for a case-by-case approval for
each vessel, rather than achieving permanent regulatory change.

“That is a long period of testing out in real life scenarios with crew onboard
and gradually allowing the automated systems to take over more and more of
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the operation, until the legislative bodies feel satisfied that it is a safe opera-
tion, and they will grant approval for the vessel.” (Manager, Shipcontrol).

While collaboration with seafarers is crucial for successful implementation, the
autonomous solutions that extend from monitoring to unmanned vessels create a fear
of legislative pushbacks from seafarer organizations because autonomous solutions
mean work surveillance and job losses. Therefore, our case companies emphasized
the need to downplay the role of crew reduction when collaborating with seafarers
while, at the same time, highlighting the benefits of the solutions to employers.

To summarize, the regulatory and policy paradox consists of persisting ten-
sions between technology providers’ concurrent need to change regulations while
coping with existing regulations. These tensions lead technology providers to
embrace a “both-and” approach in dealing with regulations.

4.3.2 Customer interaction paradox

The second macro-level paradox identified is the customer interaction paradox.
This paradox emerges from tensions between adapting to novel customer seg-
ments and motivating traditional customers to adopt autonomous solutions. The
tensions consist of contradictory but interrelated elements. First of all, technology
providers need to board the large traditional customer segment to successfully
scale up their solutions. Paradoxically, while traditional customers are reluctant
to change, technology providers work with a novel and somewhat competing cus-
tomer segment, displaying economic benefits to traditional customers and safety
to authorities. In trying to induce industrial change by moving to autonomous
solutions, providers cannot choose to ignore either customer segment but must
cater to both until traditional customer markets are boarded.

“We do see that customers who are in the maritime tradition want to do a
gradual transformation, so we see a lot of the competitors in the monitor-
ing aspect or the supervisor aspect, because they have a fleet and they want
to better utilize that fleet, and we see many different instances of compa-
nies, but they are not taking over control from land, they are monitoring and
supervising and giving support to the onboard crew.” (Product manager—
Shipcontrol).

Traditional ship owners with an established fleet and a spreadsheet focus are well
aware of the enormous legislative barriers in the way of maritime autonomy. Thus,
they currently leverage second mover positions with a low investment profile. For
example, they may be inclined to adopt lower-level autonomous solutions such as
retrofit optimization/monitoring technology for their existing vessels. Even though
technology providers depend on this segment for today’s business, successful com-
mercial scaling of autonomous solutions depends on convincing this segment to
adopt higher-level autonomous solutions. Therefore, technology providers work to
encourage the transition through gradual adaptations and synergic technologies that
utilize the same technological core and service functions. Although interaction with
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traditional customers requires patience, technology providers stressed that today’s
poor market cycle may in fact help to buy the time needed to transform the market.

“Many ship owners are dry docking vessels, which may be scrapped, and that
can be an advantage for us. Potentially in a few years, there will be a demand
for new vessels, and the cost of implementing these solutions are much cheaper
on a new vessel than a retrofit. The advantages are much larger too. We are not
ready yet, but in four or five years, if we get a year of new builds, then that is
where we can take off. So even if this is bad for parts of our business with the
current market situation as it is today. For remote and autonomous, it can be an
advantage.” (Department manager, Shipcontrol).

Interaction with new customer types is indeed different. Unbounded by ship-
ping’s historical legacy, new customer types have a more entrepreneurial approach
to autonomy—Iess risk averse and more opportunity seeking—than traditional ship
owners. Underscoring the paradox, this new customer segment consists of actors
from the traditional customers’ own customer segment. Autonomous solutions help
to remove huge entry barriers for non-maritime customers entering shipping. Seek-
ing to enhance their logistic chain, autonomous solutions grant non-maritime actors
the possibility of bypassing traditional ship owners and letting technology provid-
ers co-develop solutions tailored to meet the needs of end customers. Interacting
with this customer segment, higher-level autonomy has shifted sales to higher lev-
els in customer organizations. The autonomous solutions provider’s sales director
emphasized how its sellers needed to change the focus to functional applications and
rethink how customers could benefit from its solutions.

“I think we as sellers, we are not good, we, we can have some vessel and we
know a lot of technology, but digitalization and applied digitalization to earn
more or save more, we are not good enough at it. The sellers are not good
enough, but I also think we hype digitalization without realizing how the cus-
tomers actually are going to save on this or earn more if they have this.” (Sales
director, Shipcontrol).

To conclude, the customer interaction paradox emerges from tensions between
the simultaneous need to adapt to novel customer segments and to motivate tra-
ditional customers to adopt autonomous solutions. Despite their differences, both
market segments are needed to form the future full-scale market for autonomous
solutions. Working from both ends demands different approaches. Novel customers
need to be enabled to bypass traditional ship owners, while traditional ship owners
need to be motivated to adopt the solutions. Technology providers must endure these
tensions until a substantial number of traditional customers come round to change,
enabling commercial scaling.

4.4 A multilevel paradox framework for autonomous solutions

Digital technologies have been crucial in our response to the current pandemic.
They have enabled reduced physical contact while allowing us to work and socialize
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digitally (Zeng et al. 2020; L6épez-Cabarcos et al. 2020). Similarly, in industrial set-
tings, autonomous solutions offer a strengthening of supply chains from factory to
delivery by reducing or even eliminating direct human contact. In this study, we
adapted a multilevel framework for analyzing paradoxes (Garcia et al. 2019; Chis-
tov et al. 2021). We identified six paradoxes inherent in the transition from technol-
ogy provider to autonomous solutions provider, manifested at the micro, meso, and
macro levels.

The multilevel paradox framework emphasizes the interaction between the para-
doxes, meaning that events on one level can influence paradoxes across the aggre-
gate levels (Sheep et al. 2017; Jarzabkowski et al. 2013; Andriopoulos and Lewis
2009; Smith and Lewis 2011). This may be the case if the paradoxes share underly-
ing connections that create different challenging manifestations on different aggre-
gate levels (Smith and Lewis 2011). By “zooming out” (Schad and Bansal 2018),
we explore how events can influence a paradox by causing change to an underlying
element on one level, which in turn influences paradoxes on other levels and creates
upwards- (b in Fig. 2), or downwards- (a in Fig. 2) cascading effects across aggre-
gate levels.

In the case of maritime autonomous solutions, we foresee such events as being
related to changes in barriers or benefits that share communalities with some contra-
dictory, interrelated, and persistent elements that generate paradoxical tensions. For
example, in the macro-level event (a in Fig. 2) of a changed regulation, elements of
the regulatory and policy paradox can be influenced directly. Such events may influ-
ence market structures affecting the customer interaction paradox, which in turn may
cascade downwards, by changing the dynamics of the ecosystem role at the meso
level, and induce a response in technology development at the micro level.

The cascading effect may just as well manifest itself upwards (b in Fig. 2). A
micro-level event where a new technological solution has been developed can influ-
ence the technology development paradox. Such change in technology development
can create a cascading effect affecting paradoxes across the aggregate levels. At the
ecosystem level, such changes might, for instance, alter the need for competence
or affect the level of competition between ecosystem actors, thereby influencing
the ecosystem evolution paradox or the coopetition ecosystem paradox. The macro
level may in turn be affected, prompting a market reaction or altering the need for

Fig.2 Paradox cascading effects
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regulations or policy standards, with consequent effects on the customer interaction
paradox and the regulatory and policy paradox.

While our study context was confined to the shipping industry, we expect our
findings to resonate with advanced digital servitization processes in other industries.
That is to say, the elements from which the paradoxes emerge are not limited to
the shipping industry. Shifting from technology provider to autonomous solutions
provider requires internal changes in technology development and organizational
identity, as well as changes in relationships with external entities. The materializa-
tion of an autonomous solutions value proposition simultaneously drives change
and is driven by changes in the ecosystem structure (Thomson et al. 2021). On the
meso level, common elements regarding the ecosystem position would be present
in most industry settings. Our findings of the coopetition ecosystem paradox and
the ecosystem evolution paradox identify situations where the fit alignment goal of
contingency theory may never be completely achieved (Donaldson 2001). In such
situations, developing coping strategies would be a better response. Although not
the main purpose of this study, we witnessed some coping strategies: on the micro
level, the technology providers worked to address technology development paradox
by developing synergies between solutions. On the meso level, the case companies
have responded by creating joint functions working across firm boundaries while, on
the macro level, they have been working primarily to influence customers and regu-
latory authorities locally, before broadening the scope.

As autonomous solutions generally benefit from reduced human interaction, the
need to have settled regulations (Hussain and Zeadally 2019; Ringbom 2019) and
the requirement to bring about change in traditional business models are elements
common across industry settings (Porter and Heppelmann 2014; Thomson et al.
2021). Therefore, our context-specific findings should hold some degree of external
validity and may well extend to other digitalization processes (Parida et al. 2019).
In a very wide sense, the identified paradoxes hold elements that can be linked to
tension between past and future as digital servitization toward autonomous solu-
tions is a process that requires changing traditional business models at an industrial
level (Gaiardelli et al. 2021; Thomson et al. 2021). For instance, the organizational
identity paradox, the technology development paradox, and the customer interac-
tion paradox share underlying elements between past and future (manifested at their
respective levels), as traditional value offerings change from product plus after sales
services toward a future full-value solution (Gaiardelli et al. 2021). So too, the eco-
system evolution paradox and the coopetition paradox hold elements whose tensions
can be linked to the value creation process moving from a traditional transaction-
based relationship with clear boundaries, toward a future sharing and symbiotic rela-
tionship (Gaiardelli et al. 2021).
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5 Discussion and conclusion
5.1 Theoretical contribution

This study makes three theoretical contributions. Firstly, because digital servitiza-
tion processes are intrinsically complex involving a multitude of actors, there is a
need for a multilevel framework to understand its paradoxical nature (Kohtamaiki
et al. 2020). To address this, we adapted a multilevel framework from open inno-
vation to analyze paradoxes of advanced digital servitization (Garcia et al. 2019;
Chistov et al. 2021). Thus, we were able to identify and describe six paradoxes
inherent in the shift to autonomous solutions provision, and thereby showing that
technology providers are in fact facing paradoxes, rather than dilemmas. Our find-
ings on the micro-level organizational identity paradox and the technology develop-
ment paradox corroborate and extend previous studies of paradoxes in servitization
(Kohtaméki et al. 2020). The technology development paradox echoes the archetype
paradox of exploration and exploitation (Andriopoulos and Lewis 2009), as tech-
nology providers need to simultaneously pursue both as they move toward autono-
mous solution provision. The organizational identity paradox adds to the discussion
of mindset and culture present as an overarching theme in the digital servitization
literature (Tronvoll et al. 2020), by discussing how advanced digital servitization
triggers the need to incorporate a future service mind-set into an existing product
mind-set spurring paradoxical tensions in both front-end and back-end of the tech-
nology providers organization.

Digitalization drives changes in business ecosystems, by heightening the need
for competence and resource sharing among ecosystem actors (Parida et al. 2019;
Thomson et al. 2021; Kohtaméki et al. 2019). Our findings of ecosystem evolution
paradox demonstrate how technology providers are faced with tensions between sat-
isfying traditional partnerships to maintain their ecosystem position while creating
new ecosystem partners and changing ecosystem roles. Furthermore, our finding of
the coopetition ecosystem paradox adds to digital servitization literature by show-
ing how coopetition paradox is intrinsic to the advanced digital servitization process
(Raza-Ullah et al. 2014; Bengtsson and Kock 2014).

On the macro level, we identify the customer interaction paradox and the reg-
ulatory and policy paradox describing how technology providers face paradoxical
tensions in interacting with macro-level entities. The macro-level paradoxes dem-
onstrate how the intersection between opportunities and barriers for autonomous
solutions spur paradoxical tensions, where technology providers need to weigh their
efforts to drive necessary macro-level changes.

Secondly, our data suggest that moving to advanced digital servitization by pro-
viding autonomous solutions increases complexity. A multitude of stakeholders con-
stantly drive changes, promoting influencing events on the meso and macro levels
and, consequently, making the external paradoxes more dominant. Thus, by iden-
tifying and describing the paradoxes through a multilevel framework, we provide
insights into why technology providers must actively embrace the meso- and macro-
level perspectives in addition to their internal standpoints. We thereby expand the
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current knowledge of paradoxes in servitization and digitalization to include exter-
nal perspectives (Kohtamaéki et al. 2020; Smith and Beretta 2021).

Thirdly, adding to the complexity underpinning the paradoxes at each aggregate
level, the paradoxes themselves interlinked across the levels. This is a problem for
companies working to cope with paradoxes because their practices might be directed
to paradoxes on one level but are influenced on another level that is increasingly
beyond their control. Nested relationships among paradoxes are well documented in
the literature (Smith and Lewis 2011; Jarzabkowski et al. 2013; Sheep et al. 2017).
We contribute to knowledge of paradoxes in digital servitization by provided guid-
ing examples from our empirical context to show how changes in the underlying
elements of a paradox on one level may trigger cascading effects that influence para-
doxes across levels (Smith and Lewis 2011).

5.2 Managerial contribution

Because the digital servitization process toward autonomous solutions requires
ecosystem leaders to actively drive the process, managers should be aware of the
paradoxical tensions inherent in this process. As paradoxes may be latent (Smith
and Lewis 2011), or even present without being perceived (Schad and Bansal 2018),
our findings should be of interest to managers leading advanced digital servitization
processes. On the strength of our analysis, we encourage managers to develop cop-
ing strategies by embracing the paradoxical elements rather than trying to choose
between them. For example, the case company coped with the micro-level tech-
nology development paradox by creating spin-off products and synergies between
solutions, partly reconciling explorative autonomous technology development with
adaptive technology development. Our findings of the organizational identity para-
dox inform managers that to succeed with digital servitization, they need to cher-
ish both a future service mind-set and a product mind-set. Kohtamiki et al. (2020)
suggest that managers can cope with this paradox through strategic work to bridge
product and service thinking and through development programs to induce shared
understanding. On the meso level, the coopetition ecosystem paradox highlights
the importance of working toward ecosystem alignment. Managers leading digital
servitization processes should seek to relieve tensions between ecosystem actors by
creating an ecosystem strategy that aligns actors’ goals and incentives (Adner 2017).
As ecosystems are evolving structures, it is likely that the alignment will need to
be continuously renegotiated. The multilevel framework highlights how complex-
ity rises in line with the aggregate level. Our finding of the macro-level regulatory
and policy paradox should alert managers that their efforts to instigate regulatory
changes, at a high cost, may ultimately open doors to competitors. Thus, manag-
ers are encouraged to balance their relative contributions to change against their
expected outcomes. Moreover, as paradoxes are nested, managers leading digital
servitization processes should be aware possible of cascading effects when trying
to cope with paradoxes. Measures taken to deal with a paradox on one level may
affect paradoxes at other levels. For example, actions taken to deal with the customer
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interaction paradox on the macro level may strengthen or weaken the salience of the
technology development paradox on the micro level.

Our findings inform decision makers who are considering embarking on similar
industrial transitions. Though paradoxes cannot be avoided individually, deciding
whether to engage in a digital servitization process leading to autonomous solutions
is a dilemma (Christensen 1997). Therefore, we encourage managers to carefully
consider the paradoxes identified before making such decisions. After all, our find-
ings may equally help to explain why many digitalization and servitization projects
fail to yield the expected returns (Parida et al. 2019; Gebauer et al. 2005; Hyun and
Kim 2021).

5.3 Limitations and future research

We acknowledge that this study has several limitations. Firstly, as the intent of this
study is to identify paradoxes inherent in the shift to autonomous solutions, it does
not explicitly identify coping practices. Future studies could address how compa-
nies cope with the identified paradoxes, especially those on the meso and macro
levels. Secondly, due to the in-depth single-case data collection, the six paradoxes
identified may be case specific. Thus, we encourage future researchers to adopt a
multiple-case approach, collecting data from multiple industries. Collecting data
from the broader ecosystem would also help corroborate the validity of higher-level
paradoxes and enable cross-case analysis. Thirdly, as the list of paradoxes identified
is not exhaustive, further research may reveal new paradoxes. Future studies could
apply quantitative methods to test the implications and severity of these paradoxes
on management indicators such as firm performance.
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