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Recent advancements in data-driven and smart technologies have led organizations to
achieve more intelligent capabilities, leading to productive and efficient business
processes. However, technology alone does not guarantee the competitiveness and social
wellbeing of their members. Human-centered smart service systems (HCSSS) address
this issue by combining such technologies with people’s competencies and other
resources to augment cognitive abilities that create social and economic value. The
purpose of this study is to present a process for developing human-centered smart services
from an internal process perspective, aiming to create value for workers and,
consequently, for the members of an organization and society.

This study was conducted through four publications, and the results were used to
determine the phases that integrate the worker-centered development process. The study
comprises three in-depth single studies and one multiple case study in organizational
settings that involve interaction between workers and smart technologies. The research
approaches used are qualitative methods and action design research (ADR), which
includes literature reviews, interviews, workshops, and intensive collaboration with
workers and other relevant members involved in the internal processes. Along with the
research methods, the study employed managerial tools and smart technologies that
supported the formation of the development process.

The findings of the study introduce a knowledge-driven development process for worker-
centered smart services from an internal perspective that comprises four phases and ten
steps. The process begins with the worker understanding phase, followed by the
knowledge requirements elicitation and worker-centered service design phases,
culminating in the smart service concept validation phase. The process employs
managerial and technical tools throughout its phases, such as product development and
service design tools, and data analytics. The theoretical contribution of the research is to
present a process that deeply understands workers’ information and knowledge needs and
ideate service concepts based on worker profiling and knowledge-driven capabilities of
smart technologies. The managerial implications highlight how the created concepts
might enhance operations by assisting workers in performing their cognitive tasks, such
as decision-making, problem-solving, procedure guidance, and self-learning.

Keywords: Human-centered smart service systems, smart service development, data-
driven technologies, cognitive augmentation, worker-centered smart service development
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1 Introduction

1.1 Research background and motivation

The latest technological advances have led to unseen productivity, efficiency, and
performance levels in multiple business processes across industries. The developments in
artificial intelligence (Al) and digital technologies have brought organizations closer to
obtaining more autonomous and self-aware production systems (Thomson et al. 2022).
However, technology development does not necessarily translate into more competitive
businesses for the benefit of its members and society in general. To address these
challenges, a paradigm shift has changed how organizations create value. It has shifted
from a goods-dominant logic, focused on the economic exchange of goods, to a service-
dominant logic consisting of the collaborative process of exchanging competencies for
serving others (Vargo and Lusch, 2004). Within this new paradigm, its basic abstraction
is known as a service system, which is the configuration of diverse resources, including
technologies, people, and information, for the mutual creation of value (Maglio et al.,
2009). In the manufacturing sector, this organizational shift is called servitization, where
manufacturers have moved from offering products and complementary services to
configurations of tangible products and service bundles for value creation, known as
product-service systems (PSS) (Baines et al., 2009). Regardless of the industry, service
systems have guided organizations to be more competitive through value-added
propositions that are difficult to respond to, contrary to the relative ease of imitating
tangible product design (Stickdorn et al., 2018).

Value, value creation, and value co-creation are usually utilized in diverse contexts to
express worth or usefulness. In a general understanding, value is conceived as the implicit
or explicit desire of something to an individual or a group (Kluckhohn, 1951). Value
creation involves implementing strategies and processes to improve relationships, market
transactions, and the quality of products and services, ultimately leading to a higher level
of social benefit (Miller, 2022). Value co-creation is the collaborative process of value
creation in the interaction between providers and customers or among customers
(Galvagno and Dalli, 2014). In service systems contexts, value creation is achieved
through the effective configuration of the service system’s resources, whereas value co-
creation is achieved through the effective collaboration among the service system’s
members (Vargo and Lusch, 2004; Maglio et al., 2009).

Service systems with self-configurable bundles of human, digital, and physical resources
enhanced by data to create value are defined as smart, digital, or data-enabled services
(Demirkan et al., 2015; Lim et al., 2016; Neuhuttler et al., 2019). However, there are
considerable differences between digital and smart service systems. Digital service
systems integrate information technology into assets and capabilities to perform specific
processes, enabling value creation (Beverungen et al., 2017). On the contrary, intelligent
or smart service systems are service systems that foster the co-creation of value among
stakeholders using data collection and context-aware processing (Lim and Maglio, 2019).
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In smart service systems, data collection and analysis are carried out by a smart object,
which mediates the interactions between users and providers (Beverungen et al., 2019).
Unlike digital service systems, smart service systems can augment human abilities, such
as learning, connecting, and adapting (Huang and Rust, 2021; NSF, 2016). The smart
services that combine technology and information to serve a core resource, namely
people, are known as human-centered smart service systems (HCSSS), which create
social and economic value by augmenting and scaling human cognitive abilities (Spohrer
and Banavar, 2015).

The increasing interest of several industries in participating in the service-oriented
paradigm led to the creation of approaches to develop service systems. The development
of new services can be addressed from two main approaches: new service development
(NSD) and service engineering (Bullinger et al., 2003; Edvardsson and Olsson, 1996;
Johne and Storey, 1998). New service development comprises structured step-by-step
processes for the innovation and execution of new service concepts (Kim and Meiren,
2010). On the other hand, service engineering is the discipline that adopts product
development and technical approaches for the systematic development of service
systems, utilizing suitable tools, methods, and approaches (Bullinger et al., 2003).

Although previous literature has introduced methods for developing smart service
systems (Kim et al., 2018; Lim et al., 2018b), approaches for developing HCSSS to create
value through human augmentation are yet to be investigated. In particular, approaches
addressing the value creation by enhancing worker skills and decision-making in internal
operational processes. Therefore, the thesis addresses such research gaps in the current
literature and introduces a new service developing process for HCSSS. Figure 1 illustrates
the conceptual positioning of this thesis in the service systems and NSD existing
literature. The study has been motivated by the practical importance of developing
innovations to address workforce-related challenges faced in industrial and service
contexts. These challenges include shortages of qualified and engaged workers, the need
for a resilient workforce able to react to unexpected events, and the focus on the general
wellbeing of workers in operational processes.
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. Service Research .

Service Systems

Human-centered
Smart Service
Systems

- —— Focus of the thesis

New Service
Development

Figure 1 Conceptual positioning of the thesis.

1.2 Research gaps

In the last decade, the existing literature on smart service development processes has
mainly focused on value creation from data collection, analysis, and information delivery
(Lim and Maglio., 2019). However, several considerations have been left aside in
previous studies. The mainstream literature has traditionally focused on creating
preconceived smart service ideas that are further developed based on data availability
from specific projects. In most cases, previous studies do not consider including internal
or external end users in the development process. For instance, Lim et al. (2018a)
introduced a nine-factor framework for value creation from smart services. Its
development process defines a smart service concept that begins with the identification
of data sources and culminates with the information delivered to the user in question.
Another example is Kim et al.’s (2018) five-step design process for smart services that
identifies and analyses customer requirements based on user behavior analysis. Its
development process is quantitative data-oriented, meaning that its service ideation
process is based on the analytics of measurable variables of user behavior in operations.
This method does not consider the user needs assessments and requirements of operators
and other decision-makers. Thus, determining whether the ideated concepts create value
for the service users is uncertain.
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This paper addresses several research gaps from general and particular perspectives. From
the general perspective, current approaches to developing smart services focus on creating
value in the external market. It leads to a research gap for building internal smart services
that address the transformation of internal operational processes, which can ultimately be
transformed into external customer value propositions (Kutz et al., 2023; Neuhdttler et
al., 2023; Zeithaml et al., 2018). Moreover, research calls for studies that adapt service
development for data-intensive (smart) technology and the involvement of internal actors
in the process (Kutz et al., 2023). From the particular perspective, this thesis addresses
specific gaps addressed in the publications and described below.

First, it addresses the need for a methodological framework for developing smart services
(Abramovici et al., 2015) that considers the four characteristics a novel approach should
consider. These four characteristics include (1) generic processes with a focus on the early
development phases, (2) collaborative and multidisciplinary participation, (3) a human-
centered approach, and (4) use of data, information, and knowledge as means for value
creation. Second, it addresses the gap in data-based service research to elicit and extract
requirements in early development phases from multiple data sources (Jansen, 2009;
Mankad et al., 2016; Ordenes et al., 2014). Third, the thesis addresses the existing
research gap regarding developing a method, tool, or model to ideate human-centered
smart service systems (Spohrer and Banavar, 2015), which places workers at the center
of development activities (Chang et al., 2019). Fourth, it addresses the limited research
that approaches the operationalization of value creation (Lim and Maglio, 2019),
especially by illustrating how smart services create value by supporting decision-making
and assisting operations (West et al., 2021).

1.3 Research questions and objectives

This thesis aims to understand human-centered smart service systems, particularly from
a worker-centered perspective. In addition, it aims to create a generic process to develop
worker-centered smart services for value creation in internal processes. This research
explores the technical tools and managerial approaches that create value for workers
throughout the different phases of the generic development process. Worker-centered
smart services are characterized by enhancing worker skills and decision-making,
representing new opportunities for innovation in different industries. Considering the
presented objective, the main research question and three sub-questions that guide this
thesis are:

How does worker-centered smart service development create value in organizations?

1. What phases and sub-phases constitute a worker-centered smart service
development process?
2. What attributes should managerial and technical tools have to support each

phase of a worker-centered smart service development process?
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3. What kind of value can be obtained from the development of worker-centered

smart services in internal processes?

The main research question addresses how the development of worker-centered smart
services lead to value creation for organizations, especially from an internal process
perspective where workers play an essential role. Three sub-questions were formulated
to facilitate the research structure and analysis. The first sub-question is related to
determining what the required phases or steps are for a worker-centered smart service
development process. The second sub-question aims to determine the attributes that
managerial and technical tools should have to advance each phase of the worker-centered
smart service development process. The third sub-question aims to identify what kind of
value the development of worker-centered smart services brings to different members of
organizations and society.

The research has been conducted with the purpose of achieving specific goals in each
phase of the service development process. To achieve this, the research has been broken
down into four objectives, each addressing a different process phase. These objectives
have been described in detail in various individual publications. Table 1 provides a
comprehensive overview of the objectives, their relationship to each service development
process phase, and the managerial tools and technologies that have been utilized to
achieve the research goals.

This thesis presents scope delimitations in its application areas and theoretical choices. In
its application areas, this thesis concentrates on organizations that involve workers
interacting with a smart object and are subject to potential further smart service
development. Therefore, this thesis does not focus on particular types of firms, i.e.,
industrial or consumer sectors, but rather on organizations in which the nature of their
operational processes includes workers’ manual labor and technical tasks. In addition,
such organizations might have a service-oriented nature, namely organizations already
offering services or that consider developing service-based propositions, such as the case
of industrial companies. The excluded types of organizations include, for instance,
professional services firms and industrial companies that do not offer service-based
offerings. Professional services firms do not include workers in their operational
processes, whereas traditional industrial companies focus exclusively on selling tangible
products.

In its theoretical choices, this thesis concentrates on the development of service systems
from the field of service research, particularly in the development of human-centered
smart service development, as illustrated in Figure 1. The theoretical choices of this thesis
include in their scope the study of the sub-system level of service systems, meaning that
it is focused on the operational level of service systems, i.e., workers in service
encounters. Therefore, the study of the organizational and ecosystem levels of service
systems (Maglio et al., 2015) is excluded from this thesis and explained in the next
chapter. Regarding the service development field of study, the scope of this thesis



20

includes the theories related to new service development (NSD) (Kim and Meiren, 2010)
and excludes the theories on service engineering (Bullinger et al., 2003), as explained
above. Moreover, a comprehensive literature review of the introduced included and
excluded theories is described in the next chapter.

The thesis consists of four separate research projects with case studies conducted in
different industry settings. The objectives presented in Table 1 above are interrelated and
represent the specific goals of each phase of the worker-centered smart service
development process. The first objective aims to utilize the voice of customer and
translate it into needs in operational processes—particularly information and knowledge
needs. Since the core value element of smart services is supportive information and
knowledge, identifying information and knowledge needs is essential for the further
stages. The second objective addresses how to identify the knowledge requirements that
can support operational processes. Knowledge requirements represent specific
information or knowledge designed to assist operators in their decision-making and other
cognitive abilities, improving the outcome of a particular process. The third objective
aims to develop a design approach to ideate smart service conceptualizations from
worker-centered processes. In this objective, the research investigates how the ideation
of new concepts based on the interaction between workers and smart services can lead to
value creation. The fourth objective aims to evaluate the value creation mechanisms of a
smart service concept for machine operations in the context of the Operator 5.0 new
paradigm, which will be explained in further sections.
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Table 1 Research topics and objectives.

Service Objectives Managerial / | Publication
development Technical
process phase tools
Customer To interpret the voice of customer | Voice of I
Understanding in internal operational processes | Customer
to identify general and
information needs. Trace Matrix
To propose potential smart Need
services from information needs | Interpretation
and their value creation impacts. | Table
Requirements To identify the knowledge System Map II
Elicitation required to support operational
processes. Text Mining
To understand the role of
knowledge as a means of value
creation in service operations.
Ideation and To introduce a worker-centric Innovation of | III
Conceptualization | method to design smart service Cognitive
concepts. Assistant
Services
To understand the role of smart (ICAS)
services for workforce method—
augmentation and operator Service
upskilling in service operations. Blueprint
Text Mining
Resource
Oriented
Service
Ideation
ICAS method
Concept To identify and validate the value | ICAS method | IV
Validation creation mechanisms of a smart — smart service
service concept in machine conceptualizati
operations processes. on




22

1.4 Outline of the thesis

The thesis is structured into two main sections, namely the introduction and four
publications. The introduction sets the stage for the thesis by providing a detailed
overview of its scope, position, target, and background. The first section provides a
concise summary of the research findings and contributions that are contained in the
second section of the thesis, which comprises the four publications. Figure 2 offers a
visual representation of the structure of the introduction.

The opening chapter of this thesis serves as an introduction to the study and its purpose.
It also identifies gaps in existing research and presents relevant research questions, while
providing contextual information to the reader. Moving on to the second chapter, the
focus shifts to the theoretical background, laying the groundwork for the subsequent
chapters. Chapter three introduces the research methods and practice-oriented tools
employed in the publications. In chapter four, the individual publications are summarized,
highlighting the key findings that serve as the basis for the thesis’s contributions. Finally,
chapter five offers theoretical and managerial implications, along with concluding
remarks, bringing the first part of the thesis to a close, and suggesting areas for future
research. The second part of the thesis features publications that offer differing
perspectives on the primary research topic.

PART 1: Introduction

—

] Chapter 2: Chapter 3: Chapter 4: )
I%t?ggfil:[i%n Theoretical Research Summary of the Digguigtig;%n q
) background process and publications conclusions
mRo?is\?:triCon Literature methods a_n ‘ r_esults Theoretical and
gap, obj ectives review of Methods Objectives and managerial
anél Lesti ons, relevant selected for the | results of the imolications
g domains publications publications P

1

PART 2: Publications

Publications 1-4:
Results of the research

Figure 2 Outline of the thesis.
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2 Theoretical background

This section discusses the theoretical background of the thesis and existing gaps in the
current literature. The section is divided into two main subsections. The first subsection
focuses on smart service systems theory, including their classification, applications, and
role in creating business value. It also covers the technologies involved in smart services,
their differences, and application areas. The section concludes by introducing the human-
centered smart service systems, the focal point of this thesis, comprising their
characteristics and how they can enhance operational processes for workers.

The second section summarizes current literature on the development, design, and
engineering of smart services. It discusses the various methods, tools, and approaches
used to create smart services and concludes by presenting current approaches focused on
developing worker-centered smart services in internal operations. Additionally, this
section highlights research gaps in these approaches.

Figure 3 illustrates the literature streams of the thesis. The figure introduces the research
sub-topics, namely smart service systems and service development, in terms of
publications. The theoretical domains of smart service systems and service development
and design are present in all the publications of this thesis. However, each publication
varies in approach, such as the aimed service development phase, smart technology
studied, and case application context.

In general, existing approaches are focused on developing service concepts for the
external customer, user, or consumer (Lim and Kim, 2014; Lim et al., 2018b; Kim et al.,
2018). However, approaches that place employees are limited in comparison with the
extensive literature for external customers. In recent years, placing workers at the focal
point of service development has been gaining relevance in industry and academia,
especially due to the innovation potential they bring to organizations. Internal innovations
focused on creating value for employees can be further translated into external
innovations for paying customers. The characteristics of human-centered smart services
to augment human abilities represent an outstanding opportunity for developing worker-
centered approaches. Therefore, this work addresses the current research gaps and
managerial opportunities to present a worker-centered approach for developing smart
services that create value in internal operational processes.
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Smart Service Systems Service Development

Publication
|
Publication
1l
Literature
streams ]
Publication
11
Publication
v

Figure 3 Literature streams and positioning of the thesis.

2.1 Smart service systems

A service system is a customizable combination of people, technologies, and information
integrated within a network to create value collaboratively (Maglio et al., 2009; Spohrer
etal., 2008). These networks consider the interactions among varied customers, suppliers,
and business partners, all contributing to value co-creation within complex systems
(Patricio et al., 2018a). Value co-creation in the context of service systems consists of the
dynamic relational processes among the members of a service system, where the members
co-define, co-develop, and co-operate to achieve the creation of value (Frow et al., 2015).
While value co-creation focuses on the effective collaboration of the members of a service
system, value creation refers to the effective configuration and interconnection of the
resources of a service system to benefit its members (Vargo and Lusch, 2004; Maglio et
al., 2009). The difference between members and resources in a service system is that these
latter include non-human resources, such as facilities, equipment, technology, and
information (Vargo et al., 2008). Within industrial domains, service systems are
commonly known as product-service systems. These systems encompass value creation
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through additional services tailored to a tangible or manufactured product (Aurich et al.,
2006). The shift from offering tangible products to product-service systems is known as
servitization of manufacturing (Baines et al., 2009). In a servitization context, digital
servitization refers to integrating products, add-on services, and data-driven technology
to create smart solutions, also known as product-service-software systems (Kohtaméki et
al., 2019, 2022). However, the generalized term for smart services for the rest of industries
and contexts is smart service systems (Maglio, 2015).

Smart service systems are data-based service systems in which value is created in a
connected network, where data from various sources is collected, computed with
technology, and transmitted with wireless communications (Lim and Maglio, 2019).
Smart service systems can extend human abilities by learning, adapting, and making
decisions from collected and analyzed data (Medina-Borja, 2015; NSF, 2016). An
intelligent entity known as a “smart product” facilitates data gathering (sensing),
processing, and analysis. This entity mediates the interactions between the customer and
provider, ultimately enabling the development of smart services (Beverungen et al.,
2019). Smart services create value through intensive data interactions among the system
members and resources, such as learning, monitoring, optimizing, decision-making, and
automating (Kohtaméki et al., 2019; Lim and Maglio, 2018). An example of a smart
service system is the smart washing machine service introduced by Beverungen et al.
(2019). Users of the smart washing machine may plan washes, communicate with the
machine, and get alerts when maintenance is required. (Beverungen et al., 2019). For
instance, resources involved in the service system include monitoring sensors, data
analytics software, and a mobile application. In contrast, members of the service system
involve the manufacturer, consumers, data analysts, and technical support teams
(Beverungen et al., 2019).

To understand the value of data, it is essential to describe the concepts and hierarchy of
data, information, and knowledge (Ackoff, 1989). Data is defined as a symbolized
representation of observations with no value until it is processed for a purpose and
becomes useful information (Rowley, 2007). Information infers from data to understand
reality, answering what, who, when, and how questions (Ackoff, 1989). Knowledge is the
result of combining human expertise with information to support decision-making
(Chaffey and White, 2011). For obtaining such knowledge, computer science has been
the discipline responsible for studying algorithm processes that collect, store, retrieve,
and process data into information through information technology (IT) for many decades
(Boaden and Lockett, 1991; Denning et al., 1989). Keeping this in mind, the value created
by smart service systems lies in the resulting capabilities brought by the technologies and
resources rather than the use of data per se.

Smart service systems are classified into smart self-services, smart super services, and
smart interactive services (Lim and Maglio, 2019), as illustrated in Figure 4. According
to Lim and Maglio (2019), smart self-services require a customer-smart thing interaction
for value co-creation, such as mapping services that provide optimal transportation routes
to users based on geolocation (Shavitt and Zilberman, 2011). These smart services are
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common in B2C contexts, where the final consumer benefits from the direct interaction
with the smart object. Smart super services aim to include suppliers in the customer value
creation processes through supplier-smart thing interactions, such as smart actuators in
agriculture that automatically irrigate crops when needed (Gondchawar and Kawitkar,
2016). These smart services are usually applied in B2B contexts, particularly in industrial
sectors as product-service-software systems (Kohtaméki et al., 2019, 2022). Smart
interactive services are extended supplier-customer interactions that use data-driven
(smart) technology as the interface for value creation. For instance, Al-enabled assistants
help doctors diagnose patients’ diseases (Schinkel et al., 2019). These smart services can
be applied in both B2C and B2B contexts as long as a direct interaction is established
between two people.

Smart self-
services

Smart Smart ~ Smart
Service ol interactive

Systems (1) services

Smart super
services Provider

Figure 4 Smart service systems classification (adapted from Lim and Maglio, 2019).

2.1.1  Smart technologies enabling smart services

Smart technologies refer to the data-driven and digitally empowered systems that enable
the development of smart services by giving them awareness, learning, and connectivity
features (Demirkan et al., 2015; Gongalves et al., 2020; Winderlich et al., 2012). Smart
technologies embedded in smart services facilitate value co-creation for organizations,
customers, and consumers in B2C and B2B contexts (Winderlich et al., 2015). Services
enabled by information and communication technologies are referred to as digital service
systems, which aim to improve organizational efficiency and effectiveness through the
digitalization of business processes (Beverungen et al., 2017). In contrast, the objective
of smart services is to provide members of a service system with resources to facilitate
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decision-making, control, and action capabilities through the analytics of massive real-
time data (Mele et al., 2021a; Mele et al., 2021b).

Several technologies are considered enablers of smart service systems that collect,
analyze, and deliver data for value co-creation (Maglio and Lim, 2016). Figure 5
illustrates examples of smart technologies and methods supporting the three processes
required for value co-creation in smart service systems. For the scope of this thesis, it will
not include a detailed literature review of each smart technology. However, further
theoretical background from the smart technologies studied in the publications is
presented below.

Structured/Quantitative Data Unstructured/Qualitative Data

Data
Collection

Analytics
Statistical analysis Cognitive analytics

Digital Twins Chatbots
Data
Delivery

Cognitive computing

Figure 5 Smart technologies, sources, or methods that support smart service systems
processes.

Data collection can be achieved by connected things or people. Connected things are
tangible objects used by humans for collecting data, which measure quantitative
parameters from the environment through sensors, radiofrequency tags, and actuators
(Aggarwal et al., 2012). Data collection from people involves collecting unstructured and
gualitative data without physical sensors, such as customer reviews, interviews, surveys,
and documents (Lim and Maglio, 2019).
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Data analytics involves the transformation of raw data into information and knowledge
for decision-making and problem-solving. A wide range of techniques exist for analyzing
structured quantitative data from connected objects and unstructured qualitative data from
people. Examples of techniques for analyzing quantitative data from connected objects
include machine learning (ML), cluster analysis, statistical analysis, and regression
analysis (Agrahari and Rao, 2017). For analyzing unstructured qualitative data from
people, cognitive analytics, i.e., text mining, extract and interpret text data using
linguistics, natural language processing (NLP), machine learning, and data mining (Zhai
and Massung, 2016).

Data delivery refers to the smart technologies that integrate and communicate the
collected and analyzed data. The smart technologies in data delivery employ algorithms
and technical capabilities to make objects understand data and people understand
information and knowledge (Lim and Maglio, 2019). Diverse technologies are utilized as
integrators for data delivery in smart services. Examples of these technologies include the
internet of things (10T), digital twins (DT), and simulation, whereas those for unstructured
data include cognitive computing, artificial intelligence (Al), and intelligent assistants
(chatbots) (Demirkan et al., 2015; Xu et al., 2021).

The 10T is the smart technology that utilizes data collected from connected and embedded
objects to understand the interactions between different physical resources and perform
actions based on the analyzed data (Gomez et al., 2013). The loT delivers valuable
insights from this data through intelligent algorithms based on correlations and
probability calculations that identify patterns to control objects and ultimately deliver
information to people (Kagermann, 2015). The sensors in the 10T can measure parameters
such as pressure, acceleration, temperature, and velocity, among other variables (Kiritsis,
2011). The loT enables value creation mainly in industrial settings by improving resource
optimization, operational efficiency, risk reduction, and upskilling workers (Verdugo-
Cedefio et al., 2018).

Cognitive computing is a multidisciplinary approach from artificial intelligence (Al),
neuroscience, cognitive science, and other disciplines that gives computers intelligence
to augment human cognitive capacities (Kelly and Hamm, 2013; Nilsson, 2009; Spohrer
and Banavar, 2015). Cognitive computing utilizes the unstructured qualitative data
obtained from humans, whereas cognitive analytics are responsible for analyzing it
(Spohrer and Banavar, 2015). Referred to as text mining, cognitive analytics employs
natural language processing (NPL), machine learning algorithms, linguistics, and data
mining processes to extract new knowledge from text data sources (Balducci and
Marinova, 2018; Zhai and Massung, 2016). To interact with humans, cognitive
computing utilizes cognitive assistants. i.e., intelligent chatbots, which employ
conversational interfaces to support real-time decision-making (Harborth and Kimpers,
2022). Cognitive assistants automate and support decisions by recognizing,
recommending, predicting, prioritizing, and optimizing based on human input and
cognitive analytics (Dellermann et al., 2019). Cognitive computing and assistants create
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value by improving human wellbeing and viability by augmenting human skills and
improving emotions and social bonds (Mele et al., 2021b).

Digital twins (DT) is a smart technology that creates a digital copy of an actual physical
object, process, or system that receives data from its physical counterpart to run accurate
and updated simulated models (Sepasgozar, 2021). The real-time and updated simulations
provide smart capabilities to decision-makers, such as operations optimization, predictive
maintenance, early fault detection, performance prediction, and effective prototyping,
among other benefits (Lattanzi et al., 2021; Liu et al., 2021). Digital twins can integrate
other smart technologies to provide enhanced capabilities to both objects and humans.
For instance, the sensor data from a phys8ical object obtained by the 10T contributes to
feeding its digital twin, improving the accuracy of the simulation models (Al-Ali et al.,
2020). Another example includes the integration of cognitive assistants into digital twins,
which intermediate the interactions between operators and updated simulation models
through a conversational interface to increase the use of the provided information (Rabelo
etal., 2021).

2.1.2 Human-centered smart service systems

Human-centered smart service systems (HCSSS) aim to augment human cognitive
abilities through smart technologies to support service interactions and operations
(Spohrer and Banavar, 2015). HCSSSs are socio-technical systems characterized by the
collaboration between humans and intelligent systems. Humans focus on value-added and
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Figure 6 Four categories for human-centered smart service systems, adapted from (Maglio
and Lim, 2016).
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non-repetitive tasks, such as creative and social tasks. In contrast, intelligent systems
perform data processing and analysis tasks (Medina-Borja, 2017). HCSSSs are structured
in four levels: ecosystem (system-of-system), organization (system), operations
(subsystem), and people levels. In the four levels, multiple entities and resources interact
and share capabilities among others to co-create value (Maglio et al., 2015). The human
abilities that can be augmented in HCSSSs include active and passive learning, problem-
solving, decision-making, prediction-making, and acting autonomously (Medina-Borja,
2015; Spohrer and Banavar, 2015). There are four categories for HSSSs based on where
their data comes from and how it is used, as illustrated in Figure 6. The data can come
from either people or objects and is used to either inform people or manage objects that
are important to them (Maglio and Lim, 2016).

The first group, data gathered by objects for object management, is geared toward
enhancing operational processes in service systems through data analysis and object
control. For instance, smart equipment collects, monitors, and analyzes data from the
machine and its environment to predict future breakdowns and maintenance needs
(Kohtaméki et al., 2021). In this example, decision-makers in machine operations can
extend their prediction abilities to act accordingly before a breakdown occurs. Given the
productivity losses that can be prevented, value is created for members involved in
machine operations.

The second category, data produced by people to manage objects, aims to understand
people’s needs within the service system for customizing operations and proactively
addressing problems. For example, smart public lighting analyzes transit data from
pedestrians to bring about optimal light levels that increase public safety (Pasolini et al.,
2019). In this example, decision-makers in public works can augment their problem-
solving abilities by maximizing the lighting capacity in needed areas. It can create value
for citizens by having safer roads at the optimal cost.

The third category, data generated by people to support people, aims to understand human
behavior and context, facilitating informed human decision-making. For example, smart
tutoring systems can use procedure data generated by experts to train technical students
how to assemble a motherboard (Westerfield et al., 2015). In this example, new students
enhance their active and passive learning by making assemblies while receiving real-time
instructional procedures via a smart device. It creates value for students by improving
their technical skills and giving them more job opportunities. In contrast, electronics
manufacturers benefit by obtaining a highly qualified workforce.

The fourth category, data collected from objects to assist people, includes the analysis of
object and environmental data that impact humans, assisting them in achieving specific
objectives. For instance, smart operator assistance systems installed in industrial
machines can guide workers’ operations from collected sensor data in real time (Moencks
et al., 2022). Similar to the previous example, less qualified operators can improve their
active and passive learning by receiving real-time process instructions. In addition,
operators can enhance their decision-making and problem-solving skills. It can create
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value for operators by obtaining continuous upskilling and reducing stress levels
associated with risks of potential accidents. In contrast, machine and project owners can
increase their productivity, safety, and machine efficiency.

2.1.3 Human-centered smart service systems in internal operations

As explained above, HCSSSs comprise four primary levels, with humans occupying the
highest. Being considered socio-technical systems, HCSSSs take on greater relevance at
their subsystem level, i.e., operational processes. Initially, socio-technical systems were
created for work design purposes, considering the collaborative interaction between
workers and technology to achieve a common operational goal (Carayon, 2006; Walker
et al., 2008). The difference between conventional socio-technical systems and HCSSSs
is the latter’s dependence on the sharing capabilities of diverse entities in a service system
for co-creating value (Maglio et al., 2015). Conventional socio-technical systems are
focused on technological aspects, such as the design and development of control systems
and human-machine interfaces (Oosthuizen and Pretorius, 2013). Recent approaches
include the Operator 4.0 framework introduced by Kaasinen et al. (2019), which proposes
tools and practices for designing and evaluating worker-centered solutions, mainly in the
manufacturing sector. However, further research on advancing HCSSSs aimed at worker
value creation is yet to be explored.

Current literature on HCSSSs has focused on the interactions between a smart technology
offered by a service provider and a customer. These studies investigate the value creation
and benefits that HCSSSs bring to external customers, end users, and consumers. For
instance, Knote et al. (2020) studied the value perceptions of end users in HCSSSs during
smart technology-user interactions. Barile et al. (2021) investigated how technology-
human interactions in HCSSSs can augment human intelligence in complex decision-
making contexts for value co-creation, such as improving operational efficiency, applying
specialized knowledge, problem-solving, and automating specific tasks. In particular case
studies, Siddike and Kohda (2018) presented a value co-creation framework that
illustrated the benefits of HCSSSs in smart device end users, such as smart entertainment
and smart home devices. In addition, Siddike et al. (2021) introduced an HCSSS platform
that focuses on creating financial, healthcare, and education services for consumers at the
bottom of the income pyramid.

Although recent literature has introduced the potential of HCSSSs to create value by
augmenting the abilities of external customers and end consumers, limited research has
focused on studying HCSSSs in the context of value creation for the internal members of
an organization. More recent examples include Zhou et al. (2021), who introduced the
benefits of the symbiotic human-machine relationship of intelligence augmentation in
worker contexts. In more particular cases, Mele et al. (2022) investigated how HCSSSs
can augment the abilities of healthcare employees by assisting them with the optimal
treatment according to each patient’s social and health vulnerabilities. This augmentation
created value for patients by receiving a customized, effective, and empathetic treatment.
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Recent initiatives have pointed out the importance of the human factor in productive
systems, such as manufacturing and service systems. For instance, Industry 5.0 is an
initiative from the European Union that aims to harness the digital transformation of the
industrial sector with a focus on human-centricity, sustainability, and resilience (Breque
etal., 2021). The human-centricity pillar of this initiative considers the human-intelligent
system symbiosis, namely socio-technical systems, to create value for workers in
production operations (Romero and Stahre, 2021). However, from the HCSSSs
perspective, further research has yet to explore the mechanisms for creating value for
workers in operations through HCSSSs in the context of Industry 5.0.

Recent literature has focused on internal value creation through internal smart services at
different service levels and industrial contexts. However, previous research has focused
on studying the role of employees and future directions for developing internal smart
services rather than introducing actual approaches for developing them. For instance,
Neuhdittler et al. (2023) propose six new fields of action for developing internal smart
services in manufacturing, i.e., internal servitization. The authors claimed that focusing
on improving workers’ competencies, such as decision-making, problem-solving, and
control of complex processes, can significantly create value for workers. Moreover, the
authors highlighted the potential of internal smart services for productizing worker-
oriented solutions to offer them to similar or alternate organizations. Another example
includes the generic role model for developing internal smart services in manufacturing
contexts from Kutz et al. (2023). The authors introduced the necessary roles to be
involved in particular service development phases, including ideation, requirements
elicitation, design, and solution testing.

2.2 Smart service development

2.2.1  Approaches for the development of services

To understand the development of smart service systems, it is essential first to understand
the concepts of service design, service innovation, service development, and service
engineering, including the differences in their approach, scope, and application. Below, a
review of each approach is introduced to determine the one that meets the objectives of
this research. This involves a comprehensive examination of each approach’s core
principles and potential impact on smart service system development. By understanding
these different approaches, the research aims to identify and adopt the most suitable
strategies for developing and implementing worker-centered smart service systems.

New services can be created through two primary approaches: New Service Development
(NSD) and service engineering, as shown in Figure 7. NSD involves a well-defined,
sequential process to innovate and implement new service ideas (Kim and Meiren, 2010).
Conversely, service engineering is a field that integrates elements of product development
and engineering with service development and operations. This approach utilizes
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appropriate tools, methods, and approaches for the methodical development of service
systems (Bullinger et al., 2003).

The NSD concept is best understood in the context of service innovation, which can be
divided into three main phases: new service development, service operation, and service
improvement (Kim and Meiren, 2010). The service development phase involves creating
a new service concept and service delivery system, including deciding what to deliver
and how to deliver it (Edvardsson and Olsson, 1996). In the service operation phase, the
service is delivered and evaluated (Johnston and Clark, 2005). If there is a service failure,
a service improvement phase is therefore required. During the service improvement
phase, the problem is defined, the root causes are identified, and appropriate changes are
then made to the service delivery process or the service concept to ensure a satisfactory
service outcome (Tseng et al., 1999).

Previous studies have introduced NSD approaches, each following a particular
development process. Scheuing and Johnson (1989) outline a four-step process: direction,
design, testing, and introduction, with a total of 15 substeps. Meiren (1999) proposes a
five-step process: idea management, requirements analysis, service conceptualization,
service implementation, and market launch, considering the dimensions of structure,
process, outcome, and market. Alam (2002) presents a similar process with a focus on the
implementation stage. Sakao and Shimomura (2007) propose an NSD process in the
context of eco-design. Furthermore, the roadmap utilizing the principles of Six Sigma for
developing new products or services, known as Design for Six Sigma by Ginn and Varner
(2003), or the utilization of quality function deployment (QFD) as proposed by Fischer
and Schutta (2003), can be applied in NSD.

Service innovation

Service
engineering

New Service Service Service
Development operation improvement

Figure 7 New Service Development and service engineering, adapted from (Kim and Meiren,
2010; Bullinger et al., 2003)
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Although the steps of the previous NSD development processes differ slightly in their
characteristics, similarities exist. For Kim and Meiren (2010), acommon process for NSD
consists of five steps, which are (1) opportunity identification, (2) customer
understanding, (3) concept development, (4) service process design, and (5) refinement
and implementation, as shown in Figure 8.

Service

Opportunity Customer Concept Refinement and

process

identification understanding development design

implementation

Figure 8 Common process for NSD (adapted from Kim and Meiren, 2010).

The common NSD begins with opportunity identification, which involves spotting
potential new services or improvements in current ones, often based on market and tech
trends aligning with the organization’s strategic goals. Second, customer understanding
entails defining the target audience and discerning their explicit and implicit needs
through methods such as customer interviews and focus groups. Third, concept
development bridges the gap between customer requirements and existing services,
detailing the service and its specific features. Fourth, in the service process design step,
the operations for producing and delivering the service are outlined, specifying
operational tasks, interactions, inputs, outputs, and employee roles. Finally, the
refinement and implementation phase encompasses testing, pilot runs, necessary
adjustments, a comprehensive service launch, and a subsequent review after the launch.

Service engineering is a technical field that systematically creates and designs services
using appropriate processes, approaches, and tools (Mandelbaum, 1999). Unlike NSD,
service engineering takes a more methodological standpoint. It aims to apply established
engineering expertise from traditional product development effectively. However, it also
includes managerial approaches, such as operations and organizational management, to
innovate and create services (Bullinger et al., 2003). Service engineering is an approach
that is usually applied in services that require low human contact intensity, such as
software-based services (Bullinger et al., 2003).

Service design, an alternate approach to NSD and service engineering, consists of
ideating new services through a design thinking process (Ostrom et al., 2010; Patricio et
al., 2018a). The design thinking process is a human-centered iterative process of customer
understanding, solution proposing, and prototype testing (Brown, 2008; Stickdorn et al.,
2018). The service design approach combines multiple disciplines, including service
marketing, service operations, and interaction design, employing design-centered
methodologies, approaches, and tools to achieve integration (Patricio and Fisk, 2013).
NSD tends to focus on the predefined process, whereas service design is a
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multidisciplinary approach that follows a more flexible and changing process (Patricio et
al., 2018a).

In both service engineering and NSD approaches, managerial and technological methods,
tools, and techniques are used to support the creation of new services, as illustrated in
Figure 9. However, NSD employs a broader set of tools from multiple design and
managerial disciplines, including service design, whereas service engineering is
supported by a broader set of technologies and engineering systems (Bullinger et al.,
2003). For instance, the tools and methods mainly applied in NSD include Service
Blueprint (Lynn Shostack, 1982), Customer Value Constellation (Patricio et al., 2011),
Network and Ecosystem Mapping (Morelli and Tollestrup, 2007), Design Thinking
(Brown, 2008), Jobs-To-Be-Done (JTBD) (Bettencourt and Ulwick, 2008), and Customer
Journey Mapping (Zomerdijk and Voss, 2010). In contrast, service engineering focuses
on utilizing diverse technologies and engineering tools such as Business Process
Modeling (BPM) (Havey, 2005), Unified Modeling Language (UML) (Booch et al.,
1996), project management tools, and knowledge management systems, among other
technologies.

Despite not having a common agreement regarding which methods and technologies
should be used for service engineering and NSD, some tools are commonly used in both
approaches, as illustrated in Figure 10. These tools include Quality Function Deployment
(QFD) (Chan and Wu, 2002), Failure Mode and Effects Analysis (FMEA) (Stamatis,
2003), Voice of Customer (VoC) (Griffin and Hauser, 1993), process and workflow
diagrams (Gilbreth and Gilbreth, 1921), and brainstorming (Mongeau and Morr, 1999).

Service

NSD Shared tools Engineering

Service Blueprint

Customer Value
Constelation

Network and
ecosystem mapping

Project Management

Design Thinking

Knowledge

Process diagrams
g Management

JTBD

Customer Journey
Mapping

Brainstorming

Enterprise Software

Figure 9 Tools, methods, and technologies in NSD and Service Engineering
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2.2.2  Value creation in smart service systems

Previous studies have introduced approaches for developing smart service systems,
providing mechanisms for data-based value creation from different angles (Lim and Kim,
2014; Lim et al., 2018b; Kim et al., 2018). These studies reveal a fundamental process
for generating value in smart service systems using data. Each study examined a particular
aspect of the process that takes data as a means for value creation. As described above,
smart service systems involve data collection from various sources, data analytics that
derive meaningful information, and data and information delivery to humans and objects,
enabling value creation (Maglio and Lim, 2016). According to Lim et al. (2018a), smart
service systems have nine factors to consider for value creation, as shown in Figure 7.
These factors include: (1) data source, (2) data collection, (3) data, (4) data analytics, (5)
information, (6) information delivery, (7) information user, (8) value in use, and (9)
network or ecosystem.

Data source refers to the entity that produces structured or unstructured data, including
objects or people, such as machines, phones, and workers. Data collection belongs to the
first process in smart service systems value creation. It refers to the methods for collecting
data, such as sensors, actuators, customer reviews, and interviews. Data refers to the
specific measures and records obtained by the data collectors, such as temperature,
pressure, and a positive review from a travel service (Kiritsis, 2011; Villarroel-Ordenes
and Zhang, 2019). Data analytics, the second process in smart service systems, refers to
the techniques utilized to analyze structured and unstructured data, such as machine
learning, regression analysis, and cognitive analytics (Agrahari and Rao, 2017; Zhai and
Massung, 2016).

Information
delivery

Data collection Value in use

Data analytics

Figure 10 Nine factors in smart service systems, adapted from (Lim et al. 2018a).
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Information denotes the outcome obtained from data analytics that will enable value
creation. As described in the hierarchy of data, information, and knowledge, data is only
valuable until it becomes information that explains the reality and context of a specific
phenomenon (Ackoff, 1989; Rowley, 2007). Combining human expertise with
information can lead to the creation of knowledge, which can then be used to support
effective decision-making (Chaffey and White, 2011). Information delivery, the third
process in smart service systems, refers to the technologies used to process and interface
the data and information delivery, such as cognitive assistants, 10T, digital twins, and
simulation, among other technologies (Demirkan et al., 2015; Xu et al., 2021).
Information users represent the beneficiaries of the information and knowledge, such as
car drivers, healthcare givers, and farmers (Gondchawar and Kawitkar, 2016; Schinkel et
al., 2019; Shavitt and Zilberman, 2011).

The value in use refers to how the information creates value for the users by giving and
enhancing their learning, monitoring, optimizing, decision-making, and automating
capabilities (Kohtaméki et al., 2019; Lim and Maglio, 2018). Examples include
operations optimization, predictive maintenance, early fault detection, augmentation of
human skills, and improvement of emotions and social bonds (Lattanzi et al., 2021; Liu
et al., 2021; Mele et al., 2021b). Finally, the network and ecosystem consist of all the
members participating in providing a smart service, including service providers,
employees, customers, technology partners, outsourcing companies, infrastructure
providers, and governmental institutions, among others (Lim et al., 2018a).

The nine factors of smart service systems for value creation might guide the further
development of smart service systems. The design and development of smart services
systems can be applied at any level, namely ecosystem (system-of-system), organization
(system), operations (subsystem), and people levels (Maglio et al., 2015). Developing
service concepts can be a challenging task due to the level of complexity of socio-
technical systems, particularly smart service systems. However, the nine factors from Lim
et al. (2018a) can be a compelling reference for developing smart services. They might
help to understand what information can be useful to users, the process, and the resources
required to transform data into actionable knowledge for value creation.

2.2.3  Methods, tools, and approaches

Previous studies have introduced approaches for developing and engineering smart
service systems, as shown in Table 2. In recent years, methods and tools for innovating
smart service systems have emerged, predominantly approaches focused on smart self-
services and smart super services (Lim and Maglio, 2019). The studies consider the
concluding service provision in the interaction between a smart thing and customers or
suppliers, such as car infotainment systems, smartphones, and computers (Geum et al.,
2016; Kim et al., 2018; Lim et al., 2018b). In their development processes, some
approaches adopt the NSD common process (Kim and Meiren, 2010), the service
engineering model (Bullinger et al., 2003), or alternate processes. Furthermore, several
approaches adopted particular models and methods from other disciplines and integrated
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them to develop smart services. Below, a list of previous methods for developing smart
services is presented, including a description of their development processes and the
technical and managerial tools applied.

Table 2 Existing smart service development approaches

Method Process Tools/approaches applied
Approach for | (1) Data preparation Technical tools
designing (2) Data analysis planning | 1. Analysis of variance and multiple
services with | (3) Data analysis comparison tests (Montgomery,
customer (4) Service content 2008)
behavior data | generation '
(5) Service concept .
(Kim et al., definition Managerial tools
2018) 1. Brainstorming (Mongeau and

Morr, 1999)

Development of

(1) Problem analysis

Technical tools

based service
design method

(2) Data analysis
(3) Service opportunity
identification

cognitive service | (2) Ideation Not specified
systems (3) Conception
_ (4) Design .
(Feikeetal,, | (5) Evaluation Managerial tools
2023) (6) Roll-out Not specified
Informatics- (1) Data collection Technical tools

1. Generic tools for collecting and
analyzing structured and
unstructured data.

(Limetal, | (4) Information content
2018b) production i1 oo
(5) Service concept design I\/Ianggerla tools
1. Nine-factor framework for smart
services (Lim et al., 2018a).
Information (1) Customer actions Technical tools
Service (process tasks) 1. Unified Modeling Language
Blueprint EZ; In;ormation ol (UML) (Booch et al., 1996).
3) Information delivery .
. . . . 2. Business Process Model and
Lim and Kim, | (4) Information production .
( 2014) ES; Tformation p Notation (BPMN) (Havey, 2005).

Managerial tools

1. Conceptual framework of value
co-creation (Payne et al. 2008).
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(Watanabe et
al., 2020)

(4) Reflection

(5) Ideation

(6) Application

(7) Analysis

(8) Design

(9) Implementation

Method Process Tools/approaches applied
2. Process chain network analysis
(Sampson 2012).
3. Customer experience modeling
(Teixeira et al. 2012).

Smart PSS (1) Data collection Technical tools
Service (2) Data processing 1. General tools for collecting and
Engineering (3) Data output and analyzing structured and
Approach feedback

unstructured data.

Managerial tools

1. Generic tools for the service
ideation, analysis, design, and
implementation phases.

Smart Service
Development
from
Morphological
Analysis

(Geum et al.,
2016)

Service and Technology
Dimensions

(1) User

(2) Spatial

(3) Temporal

(4) Eventual

(5) Value

(6) Input (sensor) data
(7) Process

(8) Technology

Technical tools
1. Tools for collecting and analyzing
structured and unstructured data.

Managerial tools

1. Morphological analysis tool
(Weber and Condoor, 1998; Yoon
and Park, 2005)

2. 5SW1H framework

Smart Service
Engineering
model

(Neuhdttler et
al., 2019, 2022)

(1) Ideation

(2) Requirement analysis
(3) Service design

(4) Testing

(5) Implementation

(6) Market launch.

Technical tools
Not specified

Managerial tools
Not specified

Kim et al. (2018) introduced a method for designing services utilizing customer behavior
data. The authors explored the use of data analytics for designing a new service to reduce
the fuel consumption of public buses by collecting and analyzing data on the
drivers’ driving behavior. The method proposed an approach that comprises six iterative
steps adopting the first three steps of the common NSD process (Kim and Meiren, 2010).
The process comprises five steps: (1) data preparation, (2) data analysis planning, (3) data
analysis, (4) service content generation, and (5) service concept definition. The
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methodology determines the process of analyzing and using customer behavior data for
designing services. The method utilizes statistical analysis, particularly analysis of
variance and multiple comparison tests (Montgomery, 2008), in its data analysis step.
Brainstorming was employed for the service content generation and concept definition
steps (Mongeau and Morr, 1999). The method provided a foundation for the future
development of an effective approach to service design using customer behavior data.

Lim et al. (2018b) introduced the informatics-based service design method. The authors
explored the value creation process of smart service systems with case studies in
manufacturing companies. The process is divided into three subprocesses: data collection,
information production through data analysis, and information delivery, as reviewed in
previous sections. The process follows a five-step process, including (1) data collection,
(2) data analysis, (3) service opportunity identification, (4) information content
production, and (5) service concept design. The method followed the nine dimensions for
smart services from Lim et al. (2018b), which consider defining what to deliver, to whom,
how to produce it, how to deliver it, and who produces and delivers it. Besides the nine-
dimension framework, the method does not include specific managerial and design tools
for identifying customer needs and requirements, nor for ideating service concepts.

Lim and Kim (2014) established the foundations of the nine factors of smart service
systems and introduced a new Service Blueprint tool based on data and information. The
proposed tool process consists of (1) customer actions, (2) information, (3) information
delivery system, (4) information production system, and (5) partners. The proposed tool
integrates the design-based Service Blueprint with technical approaches in service
engineering, such as UML and BPMN (Booch et al., 1996; Havey, 2005). The tool
focuses on visualizing the smart service delivery process, business process modeling, and
analysis methodologies. Moreover, the tool integrates the following business-oriented
techniques. First, the conceptual framework of value co-creation (Payne et al., 2008) to
examine the value co-creation mechanism of the smart service customers and providers;
second, the process chain network analysis (Sampson, 2012) to represent the interactions
among stakeholders in the smart service operation; and third, customer experience
modeling (Teixeira et al., 2012) to identify the smart service customer experience
requirements, activities, and contexts.

Watanabe et al. (2020) proposed a three-cycle and nine-step framework process for smart
Product Service System (PSS) engineering. The first cycle, the data cycle, consists of (1)
data collection, (2) data processing, and (3) data output and feedback. The second cycle,
the in-system design cycle, consists of (4) reflection, (5) ideation, and (6) application
steps. The third cycle, the ex-system design cycle, consists of the (7) analysis, (8) design,
and (9) implementation steps. According to the authors, the framework proposes multiple
tools, methods, and technologies in its development process and can be generically
applied. However, the approaches and technologies are mentioned as examples. For
instance, from the technological perspective, the authors mention the loT, machine
learning, and virtual reality. From the managerial perspective, the authors include Lean,
service modeling, and stakeholder analysis.
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Geum et al. (2016) introduced a smart service development approach with a systematic
service idea generation. The approach employs the morphological analysis tool (Weber
and Condoor, 1998; Yoon and Park, 2005), proposing service and technology-oriented
dimensions for concept generation. Five dimensions contribute to service, including (1)
user, (2) spatial, (3) temporal, (4) eventual, and (5) value. Three dimensions contribute to
technology, including encompassing (6) input (sensor), (7) process, and (8) technology
benefits. They aimed to generate innovative concepts for novel smart service offerings.
The authors utilized the 5W1H framework, asking why, what, when, where, who, and
how questions to explain the service aspects of smart services in each dimension.

Neuhttler et al. (2019, 2022) introduced a smart service engineering model based on
metaverse technology. Despite not providing specific tools and methods, the authors
propose a six-phase development process. The phases integrating the model consist of (1)
ideation, (2) requirement analysis, (3) service design, (4) testing, (5) implementation, and
(6) market launch. In contrast with other methods, this approach begins with the ideation
task, and consequently, details and requirements of the service concept are provided.
Moreover, the concept validation is based on the perceived quality and functionality of
the preconceived service idea.

Feike et al. (2023) introduced a reference process for developing smart services,
particularly cognitive service systems. The authors propose a six-step process, including
(1) problem analysis, (2) ideation, (3) conception, (4) design, (5) evaluation, and (6) roll-
out. Despite consolidating reference models from three disciplines, including service
engineering, information systems, and ecosystem development, the approach did not
apply particular managerial tools, data collection and analytics techniques, and
technologies in its development process.

Despite the existing diversity of methods, processes, and models for smart service
development presented in the literature, no common process encompasses all the relevant
steps or phases needed for developing worker-centered smart services. Therefore, the
similarities and differences between the methods are presented below to justify such a
need. The similarities between processes guide particular requirements that need to be
considered in a smart service development process. The differences between processes
highlight the need for a different process for worker-centered smart services.

The similarities between most processes include (1) a data-driven approach, (2) the
integration of technical and managerial tools, (3) a user-centric approach, (4) ideation of
service concepts step, and (5) a step-by-step development process. Despite these
similarities providing a standard for a common smart service development process,
several aspects are not considered, which are noticeable in the differences. The
differences between most processes include (1) degree of stakeholder involvement, (2)
variations in customer understanding phases, (3) diversity of approaches and scopes, and
(4) variations in the development phases and steps.
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First, the degree of stakeholder involvement refers to the degree to which the users are
involved in the development process, particularly in the ideation step. Most previous
development processes conduct ideation processes at the managerial level, with minimum
or no user involvement, particularly for concept ideation phases. For example, in Kim et
al. (2018), researchers and managers mainly conducted the service ideation. Second, the
processes in current literature differ in the customer understanding phases, with processes
beginning the ideation phase before determining needs and requirements. For instance,
Neuhdittler et al. (2019) start the process with the ideation phase, whereas Feike et al.
(2023) briefly focused on understanding the main user problem. Third, diversity of
approaches and scopes refers to the particular aims of processes most specialized at a
technology or system level. For example, Kim et al. (2018) focus on technologies that
collect quantitative data, Watanabe et al. (2020) focus on Product-Service Systems at
different system levels, and Feike et al. (2023) concentrate on cognitive systems. Fourth,
variations in the development phases and steps refer to the inclusion and order of
particular phases in previous phases. As described above, some processes superficially
concentrate on understanding the customer or user, while others exclude the data
collection and analysis or validation phases, to name a few. Since the previous
development processes did not suit the needs and requirements, a worker-centered smart
service development process is yet to be introduced. Particularly a process involving users
in the ideation and validation phases and focusing on the early phases of development
and customer understanding.

As discussed above, current methods for smart service development propose different
processes and tools to be applied for the successful smart service concept generation and
validation. However, two main research gaps were identified in the existing literature.
First, from the value creation perspective, there is an existing gap in developing human-
centered smart service systems focused on the internal value creation for workers.
According to Neuhttler et al. (2023), to ensure internal service-oriented value creation
in smart services, future studies should regard employees as internal customers and
involve them in the development, testing, and optimization of new service concepts. As
discussed, most of the previous development processes consider minimum or no
involvement of users in the development process, especially for the ideation phases. Thus,
further processes need to consider a more participatory approach that includes smart
service users.

Second, from the development process perspective, current smart service development
methods are unable to involve the customer and user in the first phases of their
development processes. This means that before conducting data collection and analysis,
it is imperative to understand the customer’s needs regarding knowledge and information,
which are the core means for value creation in smart service systems. This gap allows
developers to better understand user needs before creating smart service concepts that
users might not adopt. The costs associated with developing pre-conceived services can
be significant for managers and other involved members. Therefore, developing smart
services with a focus on early development steps, i.e., user understanding, can also reduce
costs to managers by creating smart services that can be useful for users.
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3 Research process and methods

This research combined research methods and practice-oriented tools to propose a smart
service development process that addresses a research gap while solving an
organizational problem. Due to the practice orientation of this research, this work
employed qualitative and exploratory research approaches, including literature review
(Baumeister and Leary, 1997), case study (Eisenhardt, 1989), multiple case study (Yin,
2009), and action design research (ADR) (Sein et al., 2011). The employed research
methods were selected due to their participatory, human-centered, and iterative approach
and their suitability to build on existing knowledge and evaluate research contributions
in practice, particularly for developing service-related methods and models (Teixeira et
al. 2019). Each publication included at least two of the research approaches mentioned
above, with one of the publications combining the three approaches. In qualitative
research, data is often unstructured and subjective, usually represented by words
contained in natural language (Wong, 2008). The research methods for collecting
qualitative data include observations, textual analysis, interviews, focus groups, and
workshops (Barrett and Twycross, 2018; Gill and Baillie, 2018).

This research can be understood through qualitative research methods because it explores
complex social and technological interactions within organizational settings by capturing
the experiences, perceptions, and needs of workers and other involved organizational
members (Creswell and Poth, 2016). These aspects are generally captured through
observations, textual analysis, interviews, focus groups, workshops, and other qualitative
data collection methods (Barrett and Twycross, 2018; Gill and Baillie, 2018). This
research aims to advance new theories, processes, and frameworks for smart service
development rather than test existing ones. Therefore, qualitative research is a particularly
effective approach for exploratory studies in which the objective is to generate new
insights and understandings (Patton, 2014). Moreover, qualitative research provides the
flexibility to allow adjustments as the study progresses (Creswell and Poth, 2016), such
as in the case of this thesis, where the initial findings of the introduced development
process led to exploring new research areas.

Science-philosophical assumptions are the principles and beliefs that shape the research
process, the interpretation of results, and the validity of their research methods for finding
knowledge and truth (Benton and Craib, 2001). They encompass the assumptions
regarding the nature of reality (ontology) and knowledge (epistemology), which
determine what the researcher decides to investigate and what constitutes valid
knowledge, respectively (Creswell and Poth, 2016). The qualitative research
methodology employed in this thesis is supported by distinct ontological and
epistemological assumptions presented below.

The ontological assumptions of this research consider that reality is socially constructed
and dependent on the context studied. In this research, interactions between workers and
smart technologies were shaped by the organizational context, and participants perceived
different experiences and realities. Therefore, this research followed a constructivist
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ontology, which assumes that reality is constructed by the interpretation and perception
of human beings (Creswell and Poth, 2016).

This research understands the subjective experiences of workers and how they perceive
value through smart services. In the case of this thesis work, the researcher engaged with
workers and other involved members to construct the knowledge, emphasizing the
interpretation of their own experiences. Therefore, this research followed an interpretivist
epistemology, which assumes that knowledge is subjective and generated by
understanding human experiences (Benton and Craib, 2001). Moreover, it is assumed that
the knowledge generated in the findings of this research is situated and contextual, given
that the findings are not generalizable to all organizational settings but rather situated in
service-driven organization contexts where workers interact with smart technologies
(Benton and Craib, 2001).

The publications in this thesis applied technical and managerial tools to address the needs
of each phase of the proposed smart service development process. The research methods
employed in each publication supported the effective application of the practice-oriented
tools to validate its theoretical rigor. The following sections introduce the selected
research approaches that supported the creation of the proposed smart service
development process.

3.1 Narrative literature review: Conceptual framework development

The literature review is the approach employed for the analysis of the existing literature
on a particular topic, employed to identify gaps in the literature and provide a foundation
for further research (Snyder, 2019). There are different types of literature reviews,
including systematic reviews, narrative reviews, scoping reviews, and meta-analyses,
each with its own methodology and purpose (Cooper, 2015). The narrative literature
review was the literature review approach selected for the publications of this thesis. The
narrative literature review is a traditional type of literature review that summarizes and
synthesizes existing literature on a topic. It may be chronological, conceptual, or thematic
in its analysis (Snyder, 2019). For this thesis, Publications I, 11, and IV followed the
conceptual approach, which involves organizing the literature review by key concepts or
themes related to the research question or topic of interest. This approach can help identify
literature gaps and provide a foundation for developing a conceptual framework
(Papaioannou, 2016).

The usual steps involved in conducting a narrative literature review with a conceptual
approach include identifying the research questions or topic of interest, searching for
relevant literature, evaluating the quality and relevance of the literature, organizing key
concepts, identifying commonalities and differences in the literature, synthesizing the
findings, and developing the conceptual framework (Creswell, 2017). The conceptual
framework identifies key concepts, theories, and definitions related to the research
objectives. The conceptual framework provides a theoretical foundation for the research
and helps to guide the research design and analysis (Papaioannou, 2016).
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According to Green et al. (2006), the developed conceptual framework should have the
following characteristics. Initially, it should clearly define the key concepts or themes
identified in the literature review. Subsequently, it should be logically organized, with
each concept or theme related to the others meaningfully. Furthermore, it should identify
the relationships between the key concepts or themes and how they relate to the research
question or topic of interest. Additionally, it should incorporate relevant theories or
models that help to explain the relationships between the key concepts or themes (Green
etal., 2006).

A conceptual framework obtained through a narrative literature review with a conceptual
approach can guide a case study research in several ways (Baxter and Jack, 2008; Green
et al., 2006). First, it can help to identify key concepts and themes related to the research
objectives, which can guide the selection of cases for the case study research. Second, it
can help to develop research questions or hypotheses for the case study research. Third,
it can guide the selection of data collection methods and sources. Fourth, it can guide the
analysis of the data collected in the case study research by providing a theoretical
foundation for interpreting the findings. Finally, it can help to identify gaps in the
literature and provide a foundation for further research, which can guide the selection of
cases and research questions for future case study research (Baxter and Jack, 2008; Green
et al., 2006).

In Publication I, the narrative review offered a comprehensive and detailed overview of
interconnected topics relevant to the development of smart services, particularly in the
early phases of development. In addition, it contributed to identifying existing gaps in the
literature, particularly in the tools and methods used for customer understanding and
needs assessment within the smart service context. The resulting conceptual framework
emphasized the importance of understanding customer (worker) knowledge and
information needs for developing worker-centered smart services. This emphasis led to
the selection of a case study in the agricultural tractor manufacturing industry, where
workers interact with smart interfaces and control systems integrated into tractors and
smart services, which were particularly relevant for further exploration.

In Publication I, the narrative review offered a thorough insight into the existing research
in service design and smart service design literature, with a particular focus on the topics
regarding requirement elicitation methods. Moreover, the narrative review identified
research gaps regarding conventional data collection and analysis methods to determine
knowledge and information requirements in smart services. The resulting conceptual
framework highlighted the relevance of combining different data sources, i.e., text data
sources, in data collection and using smart technology in data analysis for a deeper
understanding of knowledge and information requirements. This framework guided the
selection of a case study in the fuel retail industry, where multiple data sources support
worker-centered processes. The framework established the foundations for conducting
the Action Design Research of Publication 111 in the same case company, which involved
the interaction between workers and cognitive (smart) assistants.
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In Publication 1V, the narrative review covered in detail the existing literature of a new
smart technology concept, i.e., Simulation-based Digital Twins and its capabilities for
enabling smart services within the context of the Industry 5.0. In addition, research gaps
were identified regarding approaches that explore how smart technologies and smart
services operationalize value co-creation, particularly for workers. The resulting
conceptual framework introduced the value co-creation cycle for workers through smart
services. The framework guided the selection of the case companies in the heavy
machinery industry, the main industry of application of the studied smart technology. As
in the case of Publication I, the participant firms were adopters of digital technologies at
different levels, meaning that workers interact with smart interfaces and control systems
integrated into machines. Further chapters elaborate on the choices of the cases, including
their contexts, unity of analysis, and level of analysis.

3.2 Case study

Case study research methodology is a qualitative approach that allows researchers to
explore complex issues in real-life settings (Priya, 2021). The case study approach is well-
established and is used extensively in various disciplines, particularly in the social
sciences (Crowe et al., 2011). There are two classifications of case study research
methodology: single in-depth case study and multiple case study (Gustafsson, 2017).

A single in-depth case study is a research approach that focuses on a single case or a
single unit of analysis. It is a comprehensive and detailed examination of a single case,
which can be an individual, a group, an organization, or a community (Gustafsson, 2017).
The single case study approach is particularly useful when there is a need to obtain an in-
depth understanding of an issue, event, or phenomenon of interest in its natural, real-life
context (Crowe et al., 2011). The benefits of a single case study include providing a
detailed and comprehensive analysis of a particular case, generating new hypotheses, and
providing a detailed description of the case (Gustafsson, 2017).

Multiple case study research methodology involves the study of multiple cases or units
of analysis. The multiple case study approach is useful when the researcher wants to
compare and contrast different cases to identify similarities and differences (Crowe et al.,
2011). The benefits of multiple case studies include the ability to generalize findings
across cases, identify patterns and themes across cases, and test hypotheses across cases
(Gustafsson, 2017).

Besides the main difference between the in-depth single case study and multiple case
study regarding the number of case studies, there are other differences between both
approaches. First, in-depth case study research aims to provide an in-depth understanding
of a single case without necessarily aiming for generalizability to other cases or contexts.
On the other hand, multiple case study research aims to identify similarities and
differences between cases and may aim for analytical generalization or replication logic
(Stake, 1995). Second, multiple case study research is often used to develop or refine
theories, as it allows for a wider exploration of research questions and theoretical



47

evolution (Baxter and Jack, 2008). Third, in-depth case study research often involves a
detailed and intensive analysis of a single case, while multiple case study research
involves comparing and contrasting data across cases (Yin, 2009). Fourth, multiple case
study research requires more time, resources, and effort from the researcher, participants,
and stakeholders involved in the research (Creswell and Poth, 2016).

Given the qualitative approach of this research, the case study methodology suited the
purposes of exploring complex social and technological interactions of workers, as
explained above. Therefore, all the individual publications of this thesis employed the
case study methodology. Publications | to Il followed the in-depth single case study
approach, whereas Publication 1V followed the multiple case study approach. Although
the type of selected cases involved different organizational contexts, the four cases shared
two common characteristics. The first was the collaboration between workers and smart
technologies in their operational processes. Second, the companys’ interest in exploring
the capabilities of HCSSS for creating value for workers and other involved members. A
detailed explanation of the choice of cases is given below, and such details are
summarized in Table 3.

In Publication 1, the case company involved a Finnish agricultural manufacturer
specializing in delivering tailor-made tractors, attachments, services, and solutions. The
case company was chosen because it develops and deploys digital technology in its
equipment, including smart interfaces and control systems integrated into tractors. The
company’s objective was to explore the capabilities of the Internet of Things (smart
technology) to deliver smart services that supported farmers and tractor operators
(workers). The unit of analysis included: farmers and tractor operators as workers, smart
interfaces in tractor controls as the device and the Internet of Things as the smart
technology. The empirical study was carried out at the subsystem level of HSSSs because
it involved the analysis of the agricultural processes that involved the manufacturing
company’s tractors.

In Publication Il and Ill, the case company involved a Mexican fuel retailer, i.e., fuel
stations, specializing in delivering full-service offerings besides fuel dispatch, including
car liquid level checks, repair of simple mechanical faults, and express carwashes, among
other services. The case company was chosen because service operators (workers) are
responsible for providing full-service offerings. The operators utilize smartphone chat
applications (smart technology) to provide support and guidance between them. The
company was exploring the capabilities of cognitive (smart) assistants to support service
operators (workers) in their operational processes, improving service efficiency, safety,
productivity, and customer satisfaction. The unit of analysis considered: the service
operators and shift supervisors as workers, smartphone as the device, and cognitive
assistants as the smart technology. The empirical study was conducted at the subsystem
level of HSSSs because it analyzed the workers’ operational processes, including service
provision, equipment maintenance, and safety procedures.
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Table 3 Summary of the choices of cases per publication

mobile machinery
manufacturers
Agriculture, forestry,
material handling, and
construction machinery

operators

Device: Smart
interfaces in
machines

Smart Technology:
Simulation-based
Digital Twins

Publication Case study Unit of analysis HSSS level of
analysis
| Finnish agricultural Workers: Farmers Operations
manufacturer and tractor operators | (Subsystem level)
Tractors, attachments, Device: Smart - Agricultural
services, and solutions. interfaces in tractors | processes that
Smart Technology: | involved tractors
Internet of Things and operators
Iland 11l | Mexican fuel retailer — | o Workers: Service Operations
fuel stations operators (Subsystem level)
Full-service offering: Device: Smartphones | - Service,
Fuel dispatch, liquid Smart Technology: | Maintenance and
level checks, simple Cognitive Assistants | safety processes
mechanical repairing,
express carwashes
vV Nine Finnish heavy Workers: Machine Operations

(Subsystem level)
- Industry-related

processes that
involved
machines and
operators
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In Publication 1V, the multiple case study involved nine Finnish heavy mobile machinery
manufacturers, including agriculture, forestry, material handling, and construction
industries. As in the case company from Publication I, the case companies were chosen
because they develop and deploy digital technology in their equipment, including smart
interfaces and control systems integrated into the machines. The companies were
exploring the capabilities of the Simulation-based Digital Twins (smart technology) to
support and assist machine operators (workers) through smart services. The unit of
analysis included: heavy machinery operators as workers, smart interfaces in machine
controls as the device, and Simulation-based Digital Twins as the smart technology. The
empirical study was conducted at the subsystem level of HSSSs because it analyzed
operational processes involving the machine operators, the machine, and the smart
technology.

3.3 Design Science Research and Action Design Research

In Publication 111, the Action Design Research (ADR) approach was employed, which
derives from the Design Science Research (DSR) methodology, as illustrated in Figure
11. DSR is a research approach used to contribute to theory and practice through the
design and evaluation of artifacts presented as methods, models, and systems (Hevner
and Chatterjee, 2010; vom Brocke and Maedche, 2019). DSR involves a cyclical process
of problem identification, artifact design, artifact implementation, and artifact evaluation
(Papalambros, 2015). DSR methodology is concerned with explaining how things should
be by proposing artifacts to achieve particular objectives rather than with explaining how
things are (Al-Turki et al., 2013). The most common research methods utilized in DSR
methodology include case studies, surveys, experiments, and simulations (Peffers et al.,
2007).

The purpose of DSR is twofold: to solve organizational problems presented in real
contexts and to increment the knowledge base to the field of study (Hevner and
Chatterjee, 2010). To significantly contribute to industry and science, an artifact shall
adhere to the relevance, rigor, and design cycles (Hevner, 2007). The relevance cycle
indicates the capacity of the proposed artifact to understand and solve an organizational
problem. The rigor cycle refers to the ability of the artifact to increment the domain’s
research knowledge base by providing methods or principles. The design cycle refers to
the iterative process of developing and evaluating the artifact to satisfy the requirements
of the previous two (Hevner, 2007).
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Figure 11 Design Science Research and Action Design Research (adapted from Hevner, 2007;
Seinetal., 2011).

Case study research is particularly useful in DSR methodology, as it allows researchers
to investigate the design, implementation, and evaluation of innovative artifacts in real-
world contexts (Vom Brocke et al., 2020). By conducting a case study, researchers can
gain insights into the design process, the challenges faced, and the outcomes achieved
(Peffers et al., 2018). This can help generate knowledge on how to effectively design and
deploy novel solutions to relevant problems, which is the main objective of DSR (Vom
Brocke et al., 2020). In addition, a comprehensive DSR can be complemented by
conceptual frameworks obtained in narrative literature reviews. Conceptual frameworks
are useful in DSR because they help researchers understand the problem they are trying
to solve, identify the key variables that need to be considered, and identify gaps in the
literature that need to be addressed (Koneru, 2018).

DSR has been the proven approach for designing and developing service systems. Service
design research can benefit from DSR as it can support the development of rigorous and
relevant research artifacts (Teixeira et al., 2019). For example, DSR can be used to
develop a modeling technique for service design, which can help understand service as a
process of collaborative value creation or value co-creation (Lessard and Yu, 2012).
Previous studies have used the DSR approach to create artifacts for developing new
services in different contexts (Teixeira et al., 2017; Patricio et al., 2018b). A similarity in
previous artifact proposals is the integration of existing tools that suited the objectives of
their solution. In most cases, the artifacts integrate previous models from service
innovation and other disciplines, such as arts, engineering, and management, to increase
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the field’s knowledge base and make them relevant to an organizational problem, e.g.,
rigor and relevance cycles.

Action Design Research (ADR) is a research methodology that combines the problem-
solving approach of Design Science Research (DSR) with the participatory approach of
Action Research (AR) (Sein et al., 2011). ADR generates design knowledge by the
continuous building, shaping and evaluation of proposed artifacts in organizational
settings (Pettersson and Lundberg, 2018). It reflects the premise that artifacts are
ensembles shaped by the organizational context during development and use (Sein et al.,
2011). ADR addresses a challenge faced in a particular organizational setting and builds
an artifact that solves a generalized class of problems that can be applied in similar
contexts (Haj-Bolouri et al., 2016). The ADR methodology emphasizes the collaborative
philosophy by emphasizing the participation of stakeholders within the ADR research
team (Sein et al., 2011). ADR follows the conventional DSR approach for designing
artifacts and principles, with the difference being that evaluation in ADR is carried out
with an AR project (livari, 2005).

According to Sein et al. (2011), the ADR approach consists of the following steps (See
Figure 11). First, ADR initiates with the problem formulation process, which aims to
create practice-based research designed to address a specific set of organizational
challenges through a theory-ingrained artifact. The artifact incorporates various
interdisciplinary methods, tools, and approaches, which are further assembled to solve
the organizational and research problem. Next, ADR proceeds with the construction,
intervention, and assessment phases. These phases aim to validate the initially conceived
artifact through ongoing evaluation cycles. These cycles help shape our understanding of
the organizational context and influence the selection of methods. Lastly, ADR concludes
by reflecting on the outcomes achieved with the assembled artifact and its effectiveness
in addressing the previously defined organizational issues (Sein et al., 2011).

In Publication 111, the ADR approach was employed to address a particular class of
organizational problems, i.e., enhancing worker skills in service encounters in the age of
Al. In order to solve the class of problems, a theory-ingrained artifact was developed
following the ADR conventional steps (Sein et al., 2011). ADR aims to solve a class of
organizational issues to create artifacts that apply not only to a single problem so that the
artifact can be adapted and scaled to address similar issues in similar organizational
settings. The study involved a four-year intensive collaboration between the case
company introduced above and the author of this thesis, which resulted in the introduction
of the Innovation of Cognitive Assistant Services (ICAS) method as the theory-ingrained
artifact. The ICAS method consisted of a step-by-step process that integrated Al-based
technologies and service design tools to ideate worker-centered smart service concepts to
enhance service encounters. The study followed a structured and iterative ADR process
for developing the ICAS method, which comprised the problem formulation, artifact
proposal, and artifact evaluation steps.
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The problem formulation consisted of identifying a general problem from three angles
defining the class of organizational problems for the case company. The three problem
angles included the reliance of workers on consulting experienced co-workers,
unawareness of Al’s potential for skill enhancement, and the need of the case company
for innovative approaches for upskilling workers. The problem definition was conducted
by the researcher, i.e., the author of this thesis, in collaboration with the general
management, station managers, administrative staff, shift supervisors, and operators of
the case company.

After the problem formulation, the first version of the theory-ingrained artifact was built
in the artifact proposal step. This step involved the identification of theoretical
foundations and existing technologies to establish the basis for assembling the artifact.
After thoroughly evaluating managerial, design, and technological approaches and
refining choices using exclusion criteria, those selected were continuously assessed in the
next ADR step to develop an effective solution. The theory-ingrained artifact, i.e., ICAS
method proposal was carried out by the researcher in collaboration with the general
management and station managers.

The evaluation ADR step involved the iterative refinement of the ICAS method through
three evaluation cycles. The step consisted of three cycles of artifact refinement by
intervening in the organizational context, addressing each problem angle, and evaluating
the outcomes. The evaluation cycles included the definition of method phases and,
selection of suitable tools, and evaluation of the ensembled artifact (ICAS method).
Moreover, the cycles culminated with the application of the ICAS method in the case
organization to validate its usefulness to create worker-centered smart service concepts.
The evaluation cycles were guided by the researcher in collaboration with workers, shift
supervisors, station managers, and operations staff, who were actively involved,
providing feedback, participating in meetings, and contributing to the evaluation and
refinement of the tools and methods applied.

3.4 Data collection and analysis

This thesis employed a qualitative research approach to collect and analyze data. Given
the practical orientation of this work, different methods for data collection and analysis
were employed according to the research and organizational goals. To comprehensively
understand the results obtained, this research employed the triangulation of methods for
data collection and analysis (Carter et al. 2014), which combines different methods and
approaches. Practice-oriented tools supported the data collection and analysis of this
thesis. Table 4 summarizes the choices of data collection and analysis methods, which
are further justified throughout the content of this chapter.

In Publication I, the data was collected by conducting semi-structured interviews, where
a general plan was guided by the theoretical framework, with variations adapted to suit
the case company context and objectives (Knott et al., 2022). Three interviews were
conducted with five engineering experts and one machine operator, one face-to-face and
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two online interviews. The semi-structured interviews allowed the exploration of the
participants’ perspectives, providing insights aligned with the research objective
(Esterberg, 2002). Textual data from the interviews was manually transcribed using word
processor software. From the research perspective, the data analysis method involved
open coding, in which text data from interviews was examined to obtain codes from actual
interviewees’ language (Saldana, 2009). As in the data collection, the coding was guided
by the theoretical framework and the case company context and objectives. The choices
in the semi-structured interviews with open coding contributed to obtaining major and
general concern topics for farmers and tractor operators, which were further analyzed
through the practice-oriented Customer Needs Assessment tools.

The insights from the open coding were used to conduct the Customer Needs Assessment
analysis process, particularly through the Trace Matrix and Need Interpretation Table
tools (Karkkainen et al., 2004). The Customer Needs Assessment process was chosen
because it allows developers to identify and evaluate the priority needs of the studied
organizational context. Trace Matrix was employed to determine the information needs
of tractor operators based on the information exchanges between the manufacturer and
the smart tractor. The Need Interpretation Table was used to analyze and interpret the
Voice of Customer to identify the information needs from farmers’ and tractor operators’
perspectives.
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Table 4 Research methods, practice-oriented tools, and data sources of the publications

Publication Research methods Practice-oriented tools
| Data collection Data analysis
Three semi-structured interviews — | Customer Needs Assessment tools: Trace
Five company experts and one tractor | Matrix and Need Interpretation Table
operator

Data analysis

Open coding
1 Data collection Data analysis
Two in-depth semi-structured Text mining analytics with knowledge

interviews - Two operations managers | discovery software
of the case company and supplier

Data sources
Data analysis Text data sources — 300 documents, including
Open coding brochures, reports, manuals, customer reviews
11| Data collection Data sources
Four years of participatory methods — | Text data sources — 700 documents
observations, brainstorming meetings,
semi-structured interviews, and Data analysis
workshops — 40 workers and 10 Flowchart and Service Blueprint
managers
Text mining analytics with knowledge
Data analysis discovery software
Open coding
ROSI technique
v Data collection Data sources
13 semi-structured interviews - 19 50 documents—product brochures, white
members of the 9 heavy mobile papers, company reports

machine manufacturers
Data analysis

Data analysis Industry Analysis - open coding
Thematic analysis and  concept
development ICAS method - smart service

conceptualization

In Publication Il, semi-structured interviews were conducted guided by the theoretical
framework and adapted to suit the case company context and objectives (Knott et al.,
2022). Two in-depth semi-structured interviews were conducted face-to-face with the
operations managers from the case company and one of its suppliers. As in Publication I,
semi-structured interviews provided the adaptability to explore participants’ perspectives,
resulting in valuable insights appropriate to the study’s objective (Esterberg, 2002).
Textual data from the interviews was manually transcribed using word processor
software. The research-based method for data analysis involved open coding guided by
the theoretical framework and the case company context and objectives. The choices in
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the semi-structured interviews with open coding contributed to identifying the specific
data sources that support worker processes, which are used for training and consultation
purposes. These data sources were further collected and analyzed with text mining
analytics, a relevant process in determining the knowledge requirements in the introduced
worker-centered development process. The sources included qualitative text data
contained in documents, such as manuals, technical datasheets, regulations and standards,
brochures, and customer reviews.

Text mining analytics was chosen as the practice-oriented tool for analyzing the identified
data sources. Text mining analytics employs sophisticated algorithms to extract and
interpret unstructured qualitative data such as text sources (Zhai and Massung, 2016). Text
mining has been recently used to identify relevant information in particular processes
(Villarroel-Ordenes and Zhang, 2019). Text mining was employed to analyze the
information sources contained in 300 text documents, such as manuals, brochures, and
customer reviews. Text mining analytics employed statistical analysis to classify the most
relevant themes and keywords according to their frequency of co-occurrence. The text
mining analytics culminated with the co-occurrence analysis, which provides composed
keywords in sentences, contributing to automatically coding the relevant topics. The
choices on text mining analytics contributed to identifying the relevant knowledge that
operators might require in their operational processes.

In Publication Ill, the data from the ADR case study presented above was collected by
participatory methods, including observations, brainstorming meetings, semi-structured
interviews, and workshops (Mack et al., 2005). The data collection involved the
participation of 40 workers and 10 managers throughout four years of intensive
collaboration with the case company. Textual data from the participatory methods was
manually transcribed into meeting minutes. The research-based method for data analysis
involved open coding guided by the research objective, the ADR guidelines, and the case
company context. The ADR guidelines suggest the choices of participatory methods for
data collection (Sein et al., 2011), including problem formulation, artifact building,
intervention, and evaluation. These ADR steps were supported by the practice-oriented
data analysis tools described below.

Different practice-oriented tools were employed for data analysis in the ADR to build and
evaluate the proposed artifact, i.e., the ICAS method. First, the process Flowchart
(Gilbreth and Gilbreth, 1921) combined with the Service Blueprint (Bitner et al., 2008;
Lynn Shostack, 1982; Patricio et al., 2008) was employed to map the worker-centered
process of analysis and to identify and collect the data sources that support such process.
These methods were chosen due to their attributes to analyze and visually represent
complex data from a business process. Moreover, these methods are also participatory,
meaning that workers and managers collaborated with the researcher to present the results
of the analysis in an easily interpretable format. As in Publication II, text mining was
also employed to analyze the information sources contained in 700 text documents, such
as manuals, training material, procedures, brochures, and customer reviews. The co-
occurrence analysis in the text mining analysis provided composed sentences,



56

contributing to coding the relevant topics. The choices on text mining analytics helped
uncover the essential knowledge that operators may need in their operational tasks.
Finally, the Resource-Oriented Service Ideation (ROSI) technique (Takeyama et al., 2014)
was employed to analyze the workers’ developed and not developed skills and resources. The
technique is a participatory tool that also includes workers and managers collaborating with
the researcher. This tool was chosen because it utilizes resources, i.e., knowledge and
skills, as the means for further service ideation, which thoroughly suits the purpose of the
research.

In Publication 1V, the data was collected through semi-structured interviews, following a
general plan informed by the theoretical framework, with adjustments made to fit the
specific context and objectives of involved case companies (Knott et al., 2022). 13 in-
depth interviews were conducted to 19 respondents from 9 case companies. The
respondents included product development, simulation engineering, and control systems
engineering experts. Textual data from the interviews was manually transcribed using
word processor software. In addition, 50 document sources were from the case
companies’ digital offers containing product brochures, white papers, and company
reports. The data triangulation (Carter, 2014) contributed to better contrasting the service
offer between case companies. This data was coded and analyzed according to the
descriptions of the industry’s current service offerings.

The data analysis method included thematic analysis, an inductive approach to identify
themes and patterns from relevant codes (Braun and Clarke, 2006). The coding in this
method consisted of identifying first-order themes from interview transcripts (open
coding), followed by associating first-order themes with common patterns to determine
second-order themes, and finalized with the generation of aggregate dimensions or
categorizations. The coding was guided by the theoretical framework, and the case
company context and objectives. The choices in the semi-structured interviews and
thematic analysis contributed to developing a categorization of smart service concepts
enabled by the Simulation-based Digital Twins, which is fundamental for the validation
phase of the introduced development process. From a practice-oriented perspective, the
service conceptualization step of the ICAS method introduced in Publication was
employed to analyze the capabilities of smart services concepts to support decision-
making processes in heavy machinery. The choice of such a method contributed to
validating concepts’ features for supporting worker-centered processes and their capacity
to create value for different organization members.
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4 Summary of publications and results

4.1 Publication I: Developing smart services by internet of things in
manufacturing business

4.1.1 Background and objectives

The use of the Internet of Things (loT) for delivering smart services can allow
organizations to respond faster and be more flexible to the continuous demanding changes
in customer needs and requirements (Gomez et al., 2009). Despite the capabilities of
smart services for creating value through data, appropriate approaches for developing
smart services need to be explored (Abramovici et al., 2015). This publication addresses
this need by introducing a framework that provides the foundations of a smart service
development process. The study objective is to introduce a user-oriented, i.e., operator-
oriented, approach for the early phases of the development of smart services—in this case,
smart services enabled by the 10T in the manufacturing industry. The publication aims to
understand the voice of customer to determine the needs regarding the valuable
information and knowledge that might be used by workers and decision-makers in
operational processes.

4.1.2 Main findings

A conceptual literature-based framework was introduced to illustrate a user-oriented
approach for developing smart services based on supplier-smart thing interactions, i.e.,
smart super services (Lim and Maglio 2019). Based on the introduced framework, the
results obtained from the Customer Needs Assessment tools indicate the demand among
farmers for smart services to utilize their machines better in various agricultural-related
tasks. The Trace Matrix tool contributed to identifying the information needs to support
particular farming processes and the data output that the service provider requires from
those processes to analyze it and meet such needs with specific information. The Need
Interpretation Table tool contributed to interpreting the customer voice and provided
details regarding the information needs identified in the Trace Matrix. The case study
company focus was the delivery of services that enable tracking of the environment of
cultivated crops to optimize the yield of crops grown in accordance with sustainable
economy recommendations. The company also expected the availability of a daily work
plan based on analyzed data and previously performed work. From the perspective of this
type of organization, it is essential to collect and analyze data such as temperature,
humidity, and pressure in the environment in which the tractor operates, as well as data
on accidents and failures.

The study shows the application of the 10T throughout the product life cycle and its impact
on smart services. The practical solution was to prepare proposals for the implementation
of smart services in tractor processes, such as tracking operations and failures,
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determining the demand for machine efficiency, time savings, and resource optimization.
The study concludes that implementing smart services in manufacturing can lead to
significant benefits such as increased efficiency, reduced costs, and improved customer
satisfaction.

4.1.3 Main contributions

The theoretical contributions of the article include a conceptual framework for a user-
centered smart service development (See Figure 12). The framework considers (1)
generic processes focused on early development phases, i.e., Beginning of Life (BOL)
and Middle of Life (MOL), (2) involvement of relevant members of the service system,
(3) worker-centered approach with focus on supporting operational processes, and (4) use
of data, information, and knowledge as means for value creation. The framework meets
the requirements of a compiling smart service development process, according to
Abramovici et al. (2015). The framework laid the foundation for a further smart service
development process by introducing an approach for the identification and assessment of
information and knowledge needs. The article also highlights the importance of collecting
and analyzing data from smart things, i.e., 10T, to develop smart products and services.
The research demonstrates the relationship between product lifecycle management and
the internet of things and its impact on smart services.

The practical implications of the article include providing practical solutions for
implementing smart services in manufacturing businesses, such as tracking operations
and failures, determining machine performance needs, saving time, and optimizing
resources while considering sustainable development. The study emphasizes the
importance of understanding customer needs and the lack of appropriate methodologies
for the engineering and development of smart products and services. The article also
provides insights into the development of smart services in the manufacturing industry
and highlights the potential benefits of using 10T data to optimize resources and improve
sustainability. Overall, the article provides a comprehensive framework for developing
smart services in the manufacturing industry and highlights the importance of customer-
oriented approaches and the use of data for value creation.
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Figure 12 Conceptual framework for a user-centered smart service development.

4.2 Publication 11: Knowledge requirements for sustainable smart
service design

4.2.1 Background and objectives

With data being the core element in smart service systems, understanding the methods,
processes, and technologies to transform data into actionable information and knowledge
is essential in the context of smart service systems. The article explores the use of text
mining as a tool to identify the information and knowledge requirements of workers in a
service system. According to Lim and Maglio (2018), text mining might help identify the
needs, pain points, and requirements of a particular service. The study aims to identify
the relevant data sources that support operational processes and perform a text mining
analysis to determine the knowledge requirements for a smart service. The study objective
is to present a requirements elicitation process for the initial phases of a smart service
design method.

4.2.2  Main findings

A conceptual literature-based framework was introduced to illustrate the role of text data
collection and mining for eliciting the knowledge requirements for smart service design,
as shown in Figure 13. Consequently, an empirical study was conducted in a case
company to validate the framework. The service system map was employed to identify
the information exchanges among the relevant members of the service system.
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Consequently, the relevant data sources produced in information exchanges were
identified for their collection. The text data sources collected included brochures, reports,
manuals, and customer reviews, among other sources. The identified data sources were
categorized into four areas relevant to the service life cycle: Safety, Regulations,
Performance, and Disposal. Furthermore, the text mining analysis extracted the relevant
elements and keywords based on co-occurrence analysis, which supported the case
company members to identify the knowledge requirements in each of the four areas
introduced above.

The identified knowledge requirements for supporting the operational processes in the
case study are the following. First, the properties, classification, and disposal guidelines
of the products used to deliver the service. Second, recognition of customer car
conditions, needs, and common failures, including the products and processes required
for each case. Third, procedures related to operational safety and risk control in both
customer-facing and internal processes. Fourth, the processes and protocols regarding
waste storage, transportation, and confinement.

4.2.3 Main contributions

The requirements elicitation framework (see Fig. 13) for smart service design contributed
to the current literature by illustrating a process that integrates the service system map
(Stickdorn et al., 2018) and text mining tools. The system map contributed to identifying
the value information interactions and collecting unstructured text data sources presented
in a service system. On the other hand, text mining tools contributed to discovering
relevant knowledge insights from the data sources, which complement the identification
of knowledge requirements for a further smart service design process.

The practical implication of the publication was to understand the relevant knowledge
requirements of workers involved in the operational and customer service processes in
the service station sector. The elicited requirements represent the relevant knowledge to
support operator decision-making and problem-solving and, therefore, provide the
optimal service to customers. Such aspects include safety procedures, information
regarding car conditions, product information and suitability for each car’s needs and
possible failures, potential hazards in operations, and waste management.
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4.3 Publication I11—Designing Al-based smart service concepts for
worker use: Case of cognitive assistants

4.3.1 Background and objectives

The rapid growth of cognitive technologies and artificial intelligence in service
encounters has increased the opportunities for augmenting the skills and knowledge of
frontline workers. Previous studies have focused on the impact of cognitive technology
for innovating services centered on supporting end consumers (Siddike and Kohda, 2018;
Siddike et al., 2021). However, approaches for innovating services focusing on the
collaboration between frontline workers and cognitive technology as a means of service
innovation are yet to be explored. To address this gap, this publication aims to explore
the effects of cognitive technology and assistants on frontline workers in service
encounters and explore approaches for designing services based on cognitive assistants.
In addition, it aims to investigate how cognitive assistant-based service concepts can
enhance the skills and knowledge of workers in service encounters.

4.3.2  Main findings

This publication conducted a literature review to understand cognitive technology and its
suitability for enhancing the service encounter. Consequently, an Action Design Research
study grounded on a case study was conducted to develop a process for ideating services
based on cognitive technologies. The main finding of this publication resulted in the
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development of the Innovation of Cognitive Assistant Services (ICAS) method, as
illustrated in Figure 14. The method integrates service design approaches with cognitive
technology for enhancing service encounters with cognitive assistants. The service design
approaches contributed to mapping the current process, identifying resources, and
ideating service concepts. The cognitive technology, i.e., text mining, contributed to
extracting and identifying the relevant knowledge needed to support decision-making, the
fundamental function of cognitive assistants. The ICAS method follows three phases, i.e.,
phase 1—service encounter process, phase 2—knowledge needs, and phase 3—smart
service innovation and six steps: (1) information source identification, (2) process
mapping of the service encounter, (3) knowledge extraction, (4) identification of key
knowledge needs, (5) service ideation, and (6) service conceptualization.

Three service concepts were ideated as a result of the ICAS method process. The concepts
were created according to the needs of target personas and the types of skills augmented:
(1) assistant for sales support, (2) assistant for car diagnostics and problem-solving, and
(3) assistant for customer service. Besides skill augmentation, the resulting concepts can
provide additional benefits to workers, such as stress and workload reduction and
improvement of job satisfaction and general wellbeing.
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Figure 14 ICAS method design process.

4.3.3 Main contributions

The publication presents three significant theoretical contributions to the existing
literature. First, the study introduces a novel service design approach that emphasizes
collaborative innovation between frontline workers and cognitive assistants, filling a gap
in current research that has not explored how these interactions can lead to the creation
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of new service concepts at the service encounter level (Robinson et al., 2020; Xiao and
Kumar, 2019; Yoon and Lee, 2019). Second, it presents a design process at the subsystem
level of service systems centered on frontline workers using the ICAS method. This
process systematically identifies key tasks in service encounters and designs assistive
solutions to improve them, addressing the lack of research on service systems from an
internal perspective as a source of service innovation (Siddike and Kohda, 2018; Siddike
et al., 2021). Third, it extends the service design literature by adopting an Action Design
Research methodology focused on worker-centered smart service systems at the service
encounter level. This approach is unique as it places workers at the core of the design
process and integrates cognitive technology into service design. It diverges from previous
methods that did not prioritize the worker’s role or consider cognitive technology in the
design framework (Héckmayr, 2018; Patricio et al., 2018b; Sudbury-Riley et al., 2020;
Teixeira et al., 2017).

The study outlines three practical implications for participants in service encounters of
traditional service industries based on the ICAS method’s application. For frontline
workers, it can augment their empathetic, intuitive, and analytical skills by supporting
customer interactions, problem-solving, and decision-making processes. Service
customers can improve their experience by interacting with skillful and empathetic
employees, perceiving a higher service value. For service organizations, implementing
cognitive assistants through the ICAS method can address shortages of skilled workers,
reducing the reliance on highly qualified staff by augmenting the skills of less experienced
ones. Furthermore, the innovation fostered internally by the ICAS method can potentially
be externalized, allowing service organizations to create new marketable services across
various service sectors and industries.

4.4  Publication IV—Simulation-based digital twins enabling smart
services for machine operations: An industry 5.0 approach

4.4.1 Background and objectives

The background of the publication is based on the emergence of Industry 5.0, which
addresses the digital transformation of industries with a focus on social impact,
particularly on human-centricity, sustainability, and resilience (Breque et al., 2021).
Derived from Industry 5.0, the Operator 5.0 concept surged to place operators at the center
of value creation considering the pillars of Industry 5.0 (Romero and Stahre, 2021). The
publication proposes an Operator 5.0 approach that focuses on the interaction between
heavy machine operators and smart technology, i.e., simulation-based digital twins
(SDT), for value co-creation in machine operations through smart services. The paper
aims to identify the potential benefits of SDT in enabling smart services for machine
operations. By conducting a multiple case study, the objectives of the publication are the
following. First, to explore the challenges and opportunities of implementing SDT in
heavy machinery operations. Second, to propose a smart service categorization that
illustrates the value co-creation mechanisms in machine operations using SDT. Third, to



64

validate with potential customers that the new smart services enabled by the SDT meet
machine operators’ needs regarding their capabilities to support machine operation
processes.

4.4.2 Main findings

A conceptual literature-based framework was introduced to illustrate the value co-
creation cycle in the interactions between the SDT, the machine, and machine operators,
as shown in Figure 15. The framework also describes the capabilities obtained and value
created by the SDT, including decision support capacities for operators, smart capabilities
for the machine, and the value created for machine operators and relevant decision-
makers. Consequently, the multiple case study resulted in a categorization of smart
services enabled by SDT in the Operator 5.0 context. In addition, smart service concept
validation was carried out by identifying the decision-making assistance points in
particular processes where operators are supported, enabling value co-creation in machine
operations. The smart services were classified into two main categories: operator-centric
and resilience-based. Operator-centric services focus on the social sustainability of
operators through the interactions between operators, SDT, and the machine. These
services are focused on guiding and supporting operators, including control assistance
and operator augmentation services. On the other hand, resilience-based services monitor
machine conditions and behavior, and anticipate and respond to unexpected events.
These services include failure prediction and diagnosis, need-based and predictive
maintenance, reality-driven simulation, and optimization.
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Figure 15 Simulation-based digital twins value co-creation cycle.
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4.4.3 Main contributions

This study enhances the body of knowledge on smart services and applications in the
machinery manufacturing sector through the lens of SDT. Three main theoretical
contributions are identified. First, the study creates a new categorization for SDT-driven
smart services and application areas, as illustrated in Figure 16. It addressed a gap in the
literature by focusing on smart services from a value co-creation perspective for
operators, customers, and manufacturers. It builds upon previous conceptualizations of
digital services (Kohtamaki et al., 2021; 2022) and demonstrates how SDT facilitates
value co-creation between smart machines and machine operators. Second, it lays down
the groundwork to operationalize value co-creation in the context of Operator 5.0 by
determining specific processes where smart services can support and benefit workers. It
addresses the gap in smart service research on approaches that focus on value creation for
workers (Lim and Maglio, 2019). The study proposes ways in which SDT can support
decision-making and other cognitive tasks through smart services, enabling value co-
creation in machine operations. Third, it contributes to production-related literature by
proposing SDT-based smart services to improve the social sustainability and resilience of
operators within the context of Operator 5.0.

The publication suggests practical implications for members involved in machine
operations regarding the adoption of SDT-enabled smart services. First, operators can
experience value through improved skills and knowledge, and semi-autonomous
guidance from the machine. Second, machine customers can perceive higher value from
the aftersales (smart) services by reducing costs and safety risks and increasing
productivity and machine performance. Third, manufacturers can develop new smart
services based on the SDT technology, which can allow them to innovate in after-sales
services. In addition, manufacturers can use the SDT to improve product development.
Fourth, SDT-enabled smart services might contribute to society by creating more
sustainable production systems, particularly by upskilling the workforce and optimizing
work processes that lower energy consumption and reduce emissions.
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5 Discussion and conclusions

The purpose of this thesis was to understand worker-centered smart service systems and
introduce a generic process for developing worker-centered smart services for value
creation in internal processes. The inclusion of the human factor in the era of artificial
intelligence and automation has gained considerable importance for organizations and
governments worldwide. The emergence of the new Industry 5.0 paradigm evidences this
relevance by promoting initiatives that focus on the human-centricity, sustainability, and
resilience of production systems. One of these initiatives includes the Operator 5.0, an
approach that places workers in operations at the center of value creation by following
the Industry 5.0 pillars. Operator 5.0 aims to develop sociotechnical systems that benefit
organizations and society through socially sustainable and resilient systems. As human-
centered smart service systems (HSSSs) are considered particular sociotechnical systems,
this thesis addresses the Operator 5.0 approach by proposing an HSSS-oriented
development process for value creation for workers, organizations, and society.

The thesis addressed the main research question of how does worker-centered smart
service development create value in organizations? The main research question was
divided into three supporting research sub-questions that were addressed through the
results of the individual publications. As mentioned in the introduction section, each
publication addresses specific goals in each phase of the service development process.
Therefore, each publication produced independent results specific to each development
phase and can be reviewed individually. However, the publications collectively answer
the main research question, which consists of integrating the individual phases of a
comprehensive worker-centered smart service development process. The three research
sub-questions supporting the main research question are presented as follows:

1) What phases and sub-phases constitute a worker-centered smart service
development process?

2) What attributes should managerial and technical tools have to support each phase

of a worker-centered smart service development process?

3) What value do worker-centered smart services bring to organizations and society?

Each publication within the thesis played a crucial role in achieving the overall objective.
Table 4 presents a summary of the main findings in each publication, detailing how they
contributed to advance each phase of the introduced development process. The thesis
answers the main research question by introducing a worker-centered smart service
development process for internal value creation. The key results are discussed in the
following subsection, where the main research question is answered by addressing its
sub-questions. The worker-centered smart service development process for internal value
creation of the thesis is illustrated in Figure 17.
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Table 4 Summary of main findings in each publication and contribution to each development

hase.

Publication

Main findings

Contribution to the Worker-
centered Smart Service
Development Process

A conceptual framework to
illustrate worker-centered
approach for developing smart
services based on the internet of
things in supplier—smart thing
interactions. A detailed
description of how smart services
can create value for tractor
operators and farmers.
Application of Customer Needs
Assessment tools to interpret the
voice of workers and determine
the information needs of tractor
operators, farmers, and the tractor
manufacturer.

Worker Understanding
1) Identification of Value creation
Factors: Processes, technology,
workers, and equipment.

2) Voice of Worker: Interpretation
of the voice of workers to
determine general needs in
operational processes.

3) Worker Knowledge Needs
Assessment: Identification of
particular knowledge and
information needs that can augment
worker cognitive abilities in
operational processes.

17

A conceptual framework to
illustrate the role of text data
collection and mining for
eliciting knowledge requirements
to support frontline workers in
the  fuel  retail  industry.
Identification of text data sources
and performing of text mining
analysis to extract relevant
knowledge elements and
keywords in particular processes.
Identification and validation of
knowledge requirements
supported by the text mining
analysis with case company
members.

Knowledge Requirements
Elicitation
1) Worker Support Data Collection:
Identification and collection of
supportive data sources in worker-
centered processes.

2) Data Analytics for Knowledge
Extraction: Data analytics of
collected data sources for
knowledge discovery and
extraction.

3) Knowledge  Requirements
Definition: Knowledge and
information requirements
identification and validation
supported by data analytics.
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Publication

Main findings

Contribution to the Worker-
centered Smart Service
Development Process

I

Action Design Research-based
study to develop a process for
ideating and conceptualizing
smart services based on cognitive
technology, particularly
cognitive assistants.
Development of ICAS, a method
that integrates service design with
cognitive technology for
enhancing worker skills in
service encounters in the fuel
retail industry. The ICAS method
proposes three phases and six
steps that begin with mapping the
service encounter and culminate
with the service ideation and
conceptualization. Three service
concepts were ideated and
conceptualized according to the
needs of target personas and the
type of skills augmented.

Worker-centered Service Design
1) Worker-profiled Service Ideation:
Service ideation based on worker
profiles, abilities, resources, and
knowledge needs and requirements.

2) Capability-driven Service
Conceptualization: Definition of
smart service features.

2.1) ldentification of worker tasks:
Identification of the particular tasks
in a worker-centered process that
will be supported by the smart
service features.

2.2) ldentification of key decision-
making points: Identification of
precise situations that require the
worker cognitive ability in
particular tasks.

2.3) Capability definition:
Definition of capabilities that the
features will give to workers in key
decision-making points.

v

A conceptual framework to
illustrate the value co-creation
cycle in SDT-based smart
services. A categorization of
smart services enabled by SDT in
the Operator 5.0 context. Concept
validation by identifying the
machine operation processes
where the SDT-enabled smart
service can support operator
decision-making and problem-
solving.

Smart Service Concept Validation
1)Worker Support Feature
Validation: validation of concept
features for supporting key
decision-making points in worker-
related tasks of internal processes.

2) Value Creation Validation:
Validation with involved members,
including workers and other
internal and external members.
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Figure 17 Overall findings of the thesis—worker-centered smart service development process
for internal value creation.
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5.1 Answers to research questions

The main research question “How does worker-centered smart service development
create value in organizations?” is divided into three sub-questions. The findings
produced in every individual publication supported the three sub-questions, which
consequently contributed to answering the main research question. Each sub-question is
thoroughly reviewed and analyzed in the following sub-sections to validate their
relevance and contribution to answering the main research question.

5.1.1 What phases and sub-phases constitute a worker-centered smart service
development process?

The first sub-question was answered throughout the different publications, each
addressing particular aspects of the four phases that integrate the proposed worker-
centered smart service development process. The first phase, Worker Understanding, was
addressed in Publication I. Publication | focused on the analysis of the Voice of Worker
to determine and assess the information needs of different members of the case company.
Although the results also determined the information needs from the manufacturer’s point
of view, the study focused on the needs of tractor operators and farmers.

This publication contributed to composing the first phase of the introduced development
process, including its three steps. The first step involves identifying the value creation
factors, including processes, technology, workers, supporting members, and equipment.
This step allows developers to identify the resources, processes, and members
contributing to value creation. The second step consists of interpreting the Voice of
Worker obtained through participatory approaches to determine general needs in
particular processes. The third step consists of conducting Worker Knowledge Needs
Assessment to identify particular information and knowledge needs that can augment
worker cognitive abilities in operational processes. The subjects involved in the three
steps of this phase include workers, managers, product and service developers, and
researchers. This thesis focuses on workers. However, members involved directly or
indirectly in the worker-centered processes, such as managers, partners, and contractors,
are also considered.

Contrary to existing smart service development processes (Lim and Kim, 2014; Lim et
al., 2018b; Kim et al., 2018, Neuhdttler et al., 2019, 2022), the process introduced in this
thesis differs in two main aspects. First, previous processes mainly focus on
understanding the needs of external customers and the subsequent opportunities for
improving the experience of paying customers and end users in both B2B and B2C
contexts. Second, as reviewed in Section 2, most existing processes slightly focus on or
avoid understanding the Voice of Customer for determining the needs of the targeted
customer in question. In some cases, service ideation and conceptualization constitute the
early phases of existing development processes. To address these gaps and to align with
the objectives of this work, the introduced process considers the Worker Understanding
as one of its essential phases.
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Based on the gaps from existing approaches described above, the novelty of the Worker
Understanding phase consists of the understanding of processes and general needs of
workers in operations. The introduced process deepens the conventional Voice of
Customer to adapt it to a knowledge-driven approach. The process interprets the voice of
workers into general worker needs level and goes furtherly to the particular information
and knowledge level, characteristics not present in current and essential for a worker-
centered development process. Given the purpose of HSSSs to enhance human cognitive
abilities, the objective of determining the information and knowledge needs is to provide
a solid foundation to create smart service concepts that support workers worker-centered
processes successfully.

The second phase, Knowledge Requirements Elicitation, was addressed in Publication I1.
Publication Il focused on harnessing the capabilities of data analytics to support the
identification and validation of information and knowledge requirements. The main
difference with respect to the previous phase lies in the fact that information and
knowledge needs are related to the motivation of workers to enhance particular
operational processes. In contrast, requirements refer to the specific and detailed
knowledge and information to fulfill the identified needs. In summary, needs are
considered more general and high level, whereas requirements are specific and analyzed
thoroughly. Therefore, the use of analytics for knowledge extraction of information
sources that support worker-centered processes provides a more comprehensive
understanding of what is worth developing.

Publication 1l contributed to conform the second phase of the introduced development
process, including its three steps involved. The first step consists of Worker Support Data
Collection, which includes the identification and collection of supportive data sources in
worker-centered processes. The second step consists of Data Analytics for Knowledge
Extraction, which includes the use of technologies and technical approaches for data
analytics to analyze collected data sources. Relevant knowledge is extracted from the data
analytics, which provides highlights of the relevant aspects in the worker-centered
processes. The third step consists of the Knowledge Requirements Definition, which
involves the identification and validation of information and knowledge requirements
supported by the insights obtained from the data analytics step. Contrary to the rest of the
phases, Knowledge Requirements Elicitation subjects do not include workers. However,
it requires the contributions of managers, product and service developers, and
researchers to collect the data sources, conduct data analytics and define knowledge
requirements.

Existing smart service development processes also highlight the importance of the
collection of data sources and data analytics as essential parts of their development
processes (Lim and Kim, 2014; Lim et al., 2018b; Kim et al., 2018, Neuhdittler et al.,
2019, 2022). However, they consider the data analytics process as part of the capabilities
of smart service concepts. This research includes data collection and analytics as essential
parts of the early phases of the development process. In some existing methods
(Neuhdttler etal., 2019, 2022; Feike et al., 2023), requirements identification is conducted
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through conventional requirement elicitation methods and do not include data collection
and analytics. This research addresses this gap by including data analytics for knowledge
extraction as a means of enhancing the conventional requirement elicitation processes.

Given the aforementioned limitations of current processes, the unique aspect of the
Knowledge Requirements Elicitation phase is in its use of data sources that support
worker-centered processes for further knowledge extraction and definition. The use of
data analytics allows developers to determine particular technical, interpersonal,
communication, and management knowledge that can support workers and enhance their
cognitive abilities. Therefore, because no existing processes utilize the extracted
knowledge from data analytics to support the early phases of development, it surges the
need for the Knowledge Requirements Elicitation phase for a worker-centered smart
service development process.

The third phase, Worker-centered Service Design, was addressed in Publication I1l. This
phase encompasses the Worker-profiled Service Ideation and Capability-driven Service
Conceptualization steps of the smart service development process. Publication I11 focuses
on creating a design method based on the Knowledge Requirements Elicitation phase
from the previous publication. The research gaps addressed in this publication is the lack
of internal smart service design approaches focused on the collaboration between workers
and smart technologies (Neuhuttler et al., 2023). Publication 111 addressed the identified
gap by introducing a smart service design approach that places workers at the center of
service ideations and conceptualizations. The resulting concepts in Publication 111 were
obtained in a case study based on the collaborations between service frontline employees
(workers) and cognitive assistants (smart technology).

The Worker-profiled Service Ideation step consists of a process that considers different
worker profiles, including skills and resources specific to each worker profile. The
identification of different worker profiles is utilized to define a targeted worker profile,
which presents the most opportunity areas regarding resources, knowledge, and skill
development. Finally, a worker-centered ideating process begins by taking the targeted
worker profile and the capabilities of the smart technology in question into account. This
step involves the participation of workers, managers, product and service developers, and
researchers.

The Capability-driven Service Conceptualization step consists of defining the specific
features of the smart service ideated previously. These features are determined based on
the decision-making assistance capabilities of the ideated smart service. To determine
such features, three sub-steps should be considered. The first sub-step consists of the
identification of the particular tasks in a worker-involving process that will be supported
by the smart service feature. The second sub-step consists of identifying the key decision-
making points, which are precise situations that require cognitive ability of the worker in
particular tasks. Examples include support for problem-solving, identifying a customer
need, and following a maintenance procedure. The third sub-step consists of determining
capabilities that the features will give to workers at key decision-making points,
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capabilities that the feature will give to workers at the particular key decision-making
point. For example, capabilities include failure diagnosis, recommendation of potential
solutions, and prediction of upcoming events. This step does not include the active
participation of workers. However, hey are included for the subsequent validation phase.
In this step managers, product and service developers, researchers and other experts in
the worker-centered processes are involved.

According to the previous literature review, no existing smart service development
process addresses the service concept ideation based on user (worker) profiles, knowledge
resources and cognitive abilities. Therefore, the Worker-centered Service Design phase
of the introduced process was fundamental to generate service concepts that provide the
needed capabilities to enhance worker cognitive abilities. Moreover, the task-oriented
structure of the design phase differs from previous approaches by ideating concepts that
do not disrupt the current state of the operational process. On the contrary, it allows
developers to create smart concepts that support and assists workers in their tasks as they
are. Such peculiarity might reduce the risks associated with the modification of the
operational process flow and involved tasks.

The fourth phase, Smart Service Concept Validation, was addressed in Publication IV. In
this phase, the smart service concepts are validated with internal members involved in the
worker-centered processes. In the case of this publication, a worker-centered smart
service concept for supporting heavy machinery operators was evaluated with product
development experts at the studied manufacturing companies. Although the participants
are not directly involved in the machine operations processes, they are responsible for
designing the products and supportive services employed to perform the operational
processes. Therefore, their qualifications and familiarity with the machinery processes
allow them to identify and validate how value can be created for the different internal and
external members besides the workers.

The Smart Service Concept Validation phase addresses a main research gap in most
existing smart service development processes (Lim and Kim, 2014; Lim et al., 2018b;
Kim et al., 2018, Neuhuttler et al., 2019, 2022), given that this process aggregates a
validation phase. Feike et al. (2023) include a validation phase in their development
process. However, their development process is presented in a theoretical level, thus,
details on its validation phase are generally described and its application in practice has
not been carried out. The Smart Service Concept Validation phase corroborates whether
the smart service concept supports and enhances worker cognitive abilities from technical
and value perspectives. The technical perspective validates whether the features from the
proposed concept might assist particular worker tasks. On the other hand, the value
perspective validates whether the smart service concept might benefit workers and other
organization members.

The validation phase begins with the Worker Support Feature Validation step, where
involved members determine whether the smart service features can support workers at
key decision-making points in specific tasks of internal processes. Involved members can
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include developers, experts, managers, and workers involved directly or indirectly in the
process of interest. This step consists of determining the specific situations in particular
process tasks where the concept features might support worker cognitive abilities.
Examples include support in decision-making, problem-solving, procedure instructions,
and need identification. In addition, a market validation can be carried out to identify the
existing solutions already offered. This market validation contributes to determining
whether the smart service concept provides a differentiated solution to the existing
external offer.

Consequently, the Value Creation Validation finalizes the introduced process. The step
defines how value is created through the smart service concepts for several organization
members. These members include workers, internal and external customers, partners,
and society, as established in the foundations of Industry 5.0 and Operator 5.0. First, it
validates how the concept creates value for workers, such as improving worker abilities,
wellbeing, safety, and job satisfaction. Value for workers is not limited to the
improvement of technical skills. Examples include empathy and social skill improvement
for workers in customer-facing processes, such as fuel station agents, healthcare givers,
and hospitality workers. Second, it validates how the concept creates value for the rest of
the internal organizational members. Internal members include all the employees and
internal parties directly or indirectly involved in the worker-centered processes, such as
field service engineers, operation supervisors, product development engineers, and the
organization. For example, in the case of Publication IV, a worker-centered smart service
concept for heavy machinery operators also contributed to producing data and
information needed that engineers can use to improve machine design, ultimately
benefiting the manufacturer. Finally, how the concept creates value for the external
customer and society is validated. The smart concept might enhance machine
performance for several machinery customers, including farmers, construction
companies, and mining companies. Besides the economic value obtained by the enhanced
machine operations, value for society can also be created because optimized machine
operations can reduce energy consumption and consequent emissions, achieving more
sustainable production systems.

5.1.2 What attributes should managerial and technical tools have to support
each phase of a worker-centered smart service development process?

The second sub-question was answered based on the requirements of each specific
development phase addressed throughout the four publications. Several technologies,
techniques, and managerial tools can be applied to support each phase of a worker-
centered smart service development process. The tools to be employed in the development
process and their selection will depend on the availability of resources, familiarity of the
service developer with the tools, and characteristics of the organizational setting. This
sub-question will introduce the main attributes the tools should have to meet the
requirements of each specific phase of the introduced development process. Table 4
illustrates the attributes the selected managerial and technical tools should have to
advance each development phase.
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Table 4 Attributes and capabilities required for the selected tools.

Attributes of the selected managerial and technical tools

Development phase: Worker Understanding

Managerial Tools
1) Capacity to recognize the main needs, challenges, and desires of workers and internal
members in particular processes.
Example: Voice of Worker (Publication I)

2) Capacity to interpret and translate the recognized worker needs into specific
information and knowledge needs.
Example: Trace Matrix and Need Interpretation Table (Publication 1)

Development phase: Knowledge Requirements Elicitation

Managerial Tools
1) Participatory and process-oriented approaches for:
-- Identification and collection of relevant data sources in worker-centered processes.
-- Definition and validation of knowledge and information requirements.
Example: Service system mapping (Publication Il) and Service Blueprint — ICAS
adaptation (Publication I1I)

Technical Tools
1) Data analytics techniques for the analysis of collected data sources.
Example: Cognitive analytics—Text Mining (Publication Il and 111)

Development phase: Worker-centered Service Design

Managerial Tools
1) Concept ideation based on a targeted worker profiling according to worker resources,
qualifications, and abilities.
2) Process-oriented approaches for determining concept features that will support
worker decision-making and cognitive abilities in particular process tasks.
Example: ICAS method — adapted Service Blueprint and ROSI technique (Publication
1))

Development phase: Smart Service Concept Validation

Managerial Tools
1) Participatory approaches that include employees and other internal members with
high familiarity with the worker-centered processes.
2) Capacity to validate concept features according to their capability to support worker
decision-making in particular process tasks.
3) Complementary market-oriented analyses to triangulate validation results and
benchmark existing solutions.
Example: Industry analysis and feature validation (Publication 1V)
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Publication I utilized Customer Needs Assessment tools for Worker Understanding. As
described in previous sections, Customer Needs Assessment tools are employed to
interpret the voice of customers in order to understand their needs, challenges, and desires
in particular business processes. For this publication, the Trace Matrix and Need
Interpretation Table were employed to understand the Voice of Worker and other
members involved in heavy machinery operations. These tools contributed to determining
the information needs and other information-related potential improvements in particular
processes. First, the Trace Matrix contributed to identifying the information in particular
processes and the data outputs that the service provider requires from those processes.
Consequently, the Need Interpretation Table provided further details regarding the
information needs, beginning with interpreting the voice of customer.

For the Worker Understanding phase, the selected tools and approaches should present
the following attributes. First, the capacity to recognize the main needs, challenges, and
desires of workers and internal members in particular processes. Second, the capacity to
interpret and translate the recognized worker needs into specific information and
knowledge needs. In this phase of the development process, the information needs and
data outputs are identified at a general level. The outcomes obtained in this development
phase give the service developer a general understanding of what is needed and where,
and who is involved. The hows are determined in the Knowledge Requirements Elicitation
and Worker-centered Service Design phases.

For the Knowledge Requirements Elicitation phase, the hows mentioned above are
determined. In this phase, the data collection and analysis factors are essential for eliciting
information and knowledge requirements. Moreover, identifying data sources for data
collection is also fundamental in this phase. Therefore, this phase requires the appropriate
combination of managerial and technical approaches. Publications Il and Il addressed
the Knowledge Requirements Elicitation phase by employing service design tools and
data analytics techniques.

Regarding service design tools, Publication 1l applied the service system mapping tool,
which traces the value exchanges of the main participants of a service system. In the
context of this study, the tool was used to trace the value exchanges of information among
the participants of the worker-centered processes in the case company service system.
This tool contributed to determining the relevant and valuable information exchanges
presented in the worker-centered processes and identifying the data sources generated
from these exchanges. In Publication Ill, another service design tool was employed,
particularly the Service Blueprint adapted version for the ICAS Method. Contrary to the
general approach of system mapping, this adapted version of the Service Blueprint maps
the flow of the tasks involved in a particular worker-centered process. In addition, the
tool classifies the tasks according to the type of intelligence or skill required to perform
them and identifies the data sources used for training, consulting, and supporting the
whole process. Both service design approaches require participatory methods for their
appropriate application, such as interviews, workshops, and observations.
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Regarding data analytics techniques, Publications Il and 11 employed cognitive analytics,
namely text mining analytics. Text data mining is utilized to extract relevant keywords
and knowledge from unstructured data sources in text documents. Text mining was used
in these studies to extract the important knowledge that could support the workers in the
analyzed process. As previously mentioned, data analytics do not substitute the
participatory methods for Knowledge Requirements Elicitation. However, it is used by
service developers to support their decision-making for determining and validating useful
knowledge and information for workers. Combining service design tools and text mining
analytics contributes to obtaining more informed decisions regarding the elicitation of
knowledge requirements. The quantitative approach of text mining for prioritizing the
relevant keywords and knowledge extracted from the analysis provides more compelling
evidence for decision-making in this phase of the development process. On the other
hand, the participatory approach of service design tools allows service developers to
understand the analyzed process context and its requirements.

Several tools and approaches can be employed in the Knowledge Requirements
Elicitation phase, and their selection will depend on the characteristics of the operational
processes and organizational context where the smart service will be developed.
However, based on the results of this thesis, the selected approaches should meet the
following attributes. From the managerial perspective, the selected tools should include
participatory and process-oriented approaches for identifying and collecting the relevant
data sources in worker-centered processes and determining the knowledge and
information requirements. Service design has been a popular approach that has been used
intensively in both industry and academia. However, the service developer should
consider selecting the tools from this approach or finding alternative solutions. From the
technical perspective, data analytics techniques for analyzing collected sources should be
employed using specialized data analytics software according to the case context. Data
analytics should be combined with the managerial approach for analyzing the identified
data sources that will reveal insights regarding the information and knowledge
requirements of workers. Quantitative data analyses might be employed in some cases,
especially in processes where quantitative parameters are measured. Therefore, the
particular use of text mining analytics in the publications applies to contexts where
guantitative data is not measured or considered relevant.

For the Worker-centered Service Design phase, tools for the creative processes of
Worker-profiled Service Ideation and Capability-driven Service Conceptualization are
employed. Publication 111 addressed these particular aspects through the introduction of
the ICAS Method. The ICAS Method applied two existing service design approaches and
adapted them for the purpose of the introduced process. The tools included were the
Resource-Oriented Service Innovation (ROSI) technique and Service Blueprint. The
ROSI technique was employed to ideate new smart services based on the resources, skills,
and knowledge of a targeted worker, which represented the worker profile with the most
improvement and innovation opportunities. As mentioned above, the Service Blueprint
was employed for task flow mapping, assignment of the type of intelligence required per
task, and identifying data sources in the worker-centered process. However, the task flow
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mapping segment of the Service Blueprint was utilized in a new tool introduced within
the ICAS Method for service conceptualization. As described in Publication I11, the newly
introduced tool identifies the key decision-making points in the mapped process tasks and
suggests the concept features to support those decision-making points. On the other hand,
Capability-driven Service Conceptualization provides specific details on the smart
service concept features and how these concepts will augment worker cognitive abilities
in particular tasks. In order to achieve the proposed features, data analytics play an
essential role in delivering a valuable output, as reviewed in the nine factors of smart
services in section 2 of this thesis. However, the specific details regarding the data
analytics capabilities and functions will vary according to the characteristics of the
applied case and the resources of the service developer.

As in other phases, service developers can employ the managerial tools for the Worker-
centered Service Design phase according to their capacities and resources. However,
certain attributes should also be considered for this development phase. For the Worker-
profiled Service Ideation step, tools that describe a targeted profile or customer persona
can be tailored to create a target worker. However, this persona must be created based on
the resources, qualifications, and abilities of a worker profile with the most improvement
opportunities. In addition, worker tasks in the processes of interest should also be traced
or mapped to understand the resources and people involved in such activities and how
they interact with each other. For the Capability-driven Service Conceptualization step,
service developers should employ a process-oriented and participatory approach to
determining the features that will support workers in particular tasks. These approaches
will help service developers identify the specific situations in tasks where the features
will augment worker cognitive abilities in particular processes. These augmented abilities
can be presented as problem-solving, decision-making, need identification, and procedure
knowledge, among other capabilities. Moreover, service developers should be able to
identify the capabilities and limitations of the employed smart technology.

For the Smart Service Concept Validation phase, participatory methods and industry
analysis were employed in Publication 1V. In this phase, the capacity of a smart service
concept for creating value is validated with several members involved in a worker-
centered process. Particularly, in this phase, the features of a smart service concept are
validated according to their capacity to support worker decision-making in specific tasks,
namely key decision-making points. The participatory methods employed in Publication
IV included semi-structured interviews with product and service development
professionals. Besides the feature validation, the interviews aimed to validate how the
features and capabilities of the smart service concept create value for workers, internal
and external customers, and society in general. An industry analysis was conducted to
support the insights obtained through the interview process. The industry analysis
contributed to triangulating the results to obtain a more compelling validation. The
industry analysis aimed to discover the existing market offer, including similar solutions
for addressing the challenges solved by the smart service concept. This analysis
contributed to obtaining a benchmark of the current solutions and complemented the
validation process.
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For the Smart Service Concept Validation phase, two attributes should be considered.
First, participatory approaches that include the contribution of several members involved
in the worker-centered processes. The participatory approaches can include interviews,
focus groups, workshops, and observations, among other methods. The participants
should be employees and other internal members with high familiarity with the worker-
centered processes. The participants should be able to validate the smart service concept
features according to their capacity to support worker decision-making in particular tasks
and to create value for different stakeholders. In addition, market-oriented approaches
such as industry analysis can complement the validation to explore the existing solutions
in the market.

5.1.3 What kind of value can be obtained from the development of worker-
centered smart services in internal processes?

The four publications illustrated how smart services create value in different case studies
and organizational contexts. Developing worker-centered smart services allows
organizations to innovate in their internal processes, particularly in operational processes
involving workers and operators. As reviewed in Section 2 and throughout the
publications, human-centered smart service systems create value by augmenting and
scaling human cognitive abilities. In the context of this thesis, value is created by
augmenting and scaling worker cognitive abilities. However, besides workers, these
services create value for several internal members of an organization, external actors, and
society.

Figure 18 illustrates the technical capabilities that worker-centered smart services build
for different actors and contribute to value creation. The value creation mechanisms of
smart services vary according to the capabilities of the smart technology employed, the
utilized data, and the context of the specific case. In the first level of Figure 18, workers
are represented as the core members of value co-creation. The technical capabilities that
workers can obtain are related to enhancing cognitive abilities, such as problem-solving,
decision-making, self-learning, and procedure guidance, among other capabilities. The
value that workers can obtain from these capabilities is to improve their skills and
qualifications, stress levels, operational safety, and general performance and productivity.

Nevertheless, these capabilities might contribute to optimizing measurable parameters of
processes and resources at other levels, such as productivity, efficiency, safety, and health
of internal members, external customers, and other stakeholders and society. For instance,
internal members such as managers and business owners might obtain cost reductions and
productivity gains from a skillful and resilient workforce. Likewise, external customers
might benefit from more efficient and productive processes. In B2B contexts, customers
can improve their capabilities to understand workforce behavior and process contexts.
Finally, other stakeholders and society might benefit from resource optimization and
efficiency, such as lower emissions, energy consumption, and longer asset lifetimes. A
skillful workforce can perform processes optimally to achieve more sustainable business
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operations. The capabilities mentioned above and aspects of value creation are described
through the particular examples of the publications below.

Workers

Technical capabilities: Process assistance and Value creation: Enhanced cognitive abilities,
decision-making support. performance, safety, and wellbeing.

Internal members

|¢

Technical capabilities: Process optimization and Value creation: Enhanced productivity, safety,
resilience. and efficiency, cost reduction.

External vustomers

|¢

Technical capabilities: Context and behavior Value creation: Increased asset lifetime, revenue
awareness. streams, and cost reduction.

Other stakeholders and society

|¢

Value creation: Social and environmental

Technical capabilities: Resource optimization. sustainability.

Figure 18 Worker-centered value creation and built technical capabilities.

Publication | considered the Internet of Things as the smart technology embedded in
tractors to deliver smart services to farmers. In this publication, the workers involved
included tractor operators, and it addressed how smart services centered on tractor
operators can create value for several members. Considering the real-time project
manager service example, tractor operators can improve their performance and reduce
workloads by tracking work progress and forecasting potential delivery times and
resource consumption. In this particular case, tractor operators can save a considerable
amount of paperwork related to reporting logs and focus on productive and engaging
tasks. This service can create value to farm owners by increasing productivity and
efficiency, and reducing costs associated with the time and resources needed for
compliance paperwork. The value for the tractor manufacturer is created by obtaining
additional and recurring revenue from the after-sales service. The reduced resource
consumption derived from the efficiency outcomes can benefit governments and society
by reducing emissions and fuel and chemicals needed for farming activities.

Publications Il and 111 considered the use of cognitive assistants, i.e., Al chatbots, as the
smart technology used in smartphones to deliver smart services to service stations. In this
publication, the workers involved included service station agents. Considering the
example of an assistant for car diagnostics and problem-solving service, value can be
created for agents by improving their problem-solving skills regarding car mechanics and
equipment maintenance. The value created is achieved through failure diagnostics,
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prediction of maintenance needs, and repair procedures features. This service can create
value for service station owners by improving service effectiveness, representing
increased sales and market share. In addition, extended equipment lifetime can be
achieved by effective equipment maintenance. Value is created for external customers by
extending car use time and lifetime and reducing potential breakdowns. Finally, value is
created for society through the emission reduction achieved by effective car maintenance
and equipment.

Publication IV considered the use of simulation-based digital twins as the smart
technology embedded in heavy machinery. In this publication, the workers involved
included machine operators. Considering the example of control assistance service,
machine operators can improve operator skills regarding machine handling, improve
operator safety, and reduce operator stress associated with potential machine damage.
This is achieved by potential damage signaling and instruction of optimal parameters for
different working conditions and materials. Value is created for machine and worksite
owners by reducing the risk of impacts and accidents, which improves worksite safety
and reduces machine degradation. In addition, productivity is improved, and training
costs are reduced through operator upskilling. As in the case of Publication I, the value
for the machine manufacturers is created by obtaining additional and recurring revenue
from the after-sales service. Finally, value is created for society through a more qualified
workforce that can address the current challenges related to the shortage of skilled
workers in industrial sectors.

5.2 Contribution

The thesis presents significant contributions to academia and industry through theoretical
contributions and managerial implications, respectively. The theoretical contributions
introduce the novel insights the research provides to the existing body of knowledge in
service development and human-centered smart service systems. On the other hand,
managerial implications refer to the practical applications of the research findings for
leading organizations toward a worker-driven innovation in the new Industry 5.0
paradigm. The contributions of this thesis can be divided into the contributions of
independent publications and the general contributions achieved by the consolidation of
the four publications. Table 5 illustrates a summary of the theoretical contributions and
managerial implications achieved in each publication.

5.2.1 Theoretical contributions

The main theoretical contribution of this thesis is the worker-centered smart service
development process that combines the results obtained in Publications | to 1V and the
answer to the research question of this thesis. This main contribution addressed several
research gaps in the existing literature from three fields: smart service systems, service
development, and smart service systems development literature.
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Table 5 Contribution and impact of the publications

Publication

Theoretical Contributions

Managerial Implications

Conceptual framework for a worker-
centered smart service development.

Approach to interpret the voice of
workers and internal members into
information and knowledge needs in
worker-centered processes.

Smart service concepts for a tractor
manufacturer based on information and
knowledge needs.

Potential benefits of the Internet of
Things and data-driven value creation
for  resource  optimization and
operational sustainability.

Tools and techniques to identify
knowledge requirements in worker-
centered processes for a further smart
service design.

Managerial support for a fuel station
company for identifying knowledge
requirements of workers involved in the
service station sector’s operational and
customer service processes.

Novel service design approach that
emphasizes collaborative innovation
between workers and cognitive
assistants to  improve  worker
cognitive abilities.

Design process at the subsystem level
of service systems centered on
frontline workers.

Managerial support for a fuel station
company to design smart services based
on cognitive assistants.

Service conceptualizations based on the
augmentation of cognitive abilities of
workers in service encounters at the
case company.

Value cocreation validation in the
context of Operator 5.0 by
determining specific processes where
smart services can support worker
decision-making and other cognitive
tasks.

Managerial support for multiple heavy
machinery manufacturers to
conceptualize digital twin-based smart
services and validate their capabilities
for value creation.

This thesis contributes to the smart service system literature, particularly in human-

centered smart service systems (HSSSs) (Spohrer and Banavar, 2015), by
introducing an approach that focuses on the augmentation of cognitive
abilities of workers. Existing literature has explored the potential of HSSSs
for value creation by augmenting cognitive skills and supporting external
customers and consumers (Barile et al., 2021; Knote et al., 2020; Siddike
and Kohda, 2018; Siddike et al., 2021). This thesis sheds light on the
existing literature by emphasizing value creation internally, specifically for
workers. Throughout its four publications, this thesis addressed how the
interactions between workers and smart technologies can lead to the
creation of smart service innovations that create better workplace
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experiences for workers and customers. In addition, it addressed how
worker-centered smart services contribute to value creation for workers in
both industrial B2B and commercial B2C contexts.

This thesis contributes to the existing body of knowledge regarding the new Industry 5.0
paradigm and related initiatives (Breque et al., 2021; Romero and Stahre, 2021). Industry
5.0 aims to create value for workers through the interaction between workers and smart
technologies, i.e., sociotechnical systems. With HSSSs being a particular type of
sociotechnical system, this thesis contributes to the existing Industry 5.0 literature by
introducing a service-oriented approach to exploring how HSSSs improve worker
cognitive skills and wellbeing. This alignment demonstrates how such interactions may
be used to achieve wider and more comprehensive organizational advantages. HSSSs,
particularly worker-centered smart services, contribute to creating economic,
environmental, and social value by providing technical capabilities to workers,
customers, and other stakeholders and members of society.

This thesis contributes to the New Service Development (NSD) literature by introducing
a service development process that varies from existing approaches in two main aspects.
First, the introduced process employed data-driven technology to support the
requirements elicitation phase. In contrast to traditional participatory approaches that
often depend only on stakeholder input, this methodology integrates data-driven
technologies to support and complement the requirements elicitation phases. Second, the
introduced process differs from the common process for NSD (Kim and Meiren, 2010;
Scheuing and Johnson, 1989; Meiren, 1999; Alam, 2002; Sakao and Shimomura, 2007;
Ginn and Varner, 2003; Fischer and Schutta, 2003), mainly in its validation phase. The
worker-centered process includes a validation phase once the service ideation and service
conceptualization processes have been completed. Unlike existing service development
processes, the capacity of the ideated service conceptualizations to meet customer needs
and requirements is validated at the culmination point of the introduced process. This
phase represents a preliminary step before the Refinement and Implementation step of the
common NSD process, which of a verification that ensures that the development meets
the required technical specifications. On the other hand, adding a validation phase can
help service developers determine whether the proposed concepts meet users’ needs and
minimize the likelihood of implementing services that may not provide sufficient value
for them.

Finally, this thesis sheds light on the smart service development literature with three
contributions. First, it presents a worker-centered approach to developing smart services
focusing on internal value creation. Current smart service development processes focus
on creating value for external users and customers. Most recently, Neuhlittler et al. (2022)
and Feike et al. (2023) have emphasized the relevance of internal smart services and the
need for approaches that innovate through an internal-based perspective. This research
addresses this gap by introducing a development process for internal smart services that
creates value for workers and other relevant members. Second, existing smart service
development processes have focused on the technical capabilities achieved by smart
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services and how they can optimize resources and improve productivity for organizations,
among other benefits (Lim and Maglio, 2019). This thesis addressed a research gap in
existing approaches by introducing a development process for HSSSs, particularly by
aiming at the value creation for workers through the augmentation of their cognitive
abilities. Third, existing smart service development approaches do not include customer
and user participation in early development phases, meaning needs and requirements are
barely considered or completely omitted. This thesis addresses a research gap in existing
approaches by including workers and other involved members in the development
process. Therefore, the introduced approach strives for a situation whereby the service
concepts created by the introduced development process meet the needs and requirements
of workers and other internal members of an organization. Moreover, this thesis sheds
light on existing development processes by introducing data analytics to support service
developers in identifying knowledge and information requirements.

In conclusion, the introduced worker-centered smart service development process deeply
emphasizes the understanding of workers’ information and knowledge needs. It employs
an approach to ideate smart service concepts based on worker profiles and data-driven
capabilities of smart technologies to create value for workers by enhancing their cognitive
skills. Due to the knowledge and skill development essence of the worker-centered
development process, no previous approach in existing literature met the needs and
objectives to create worker-centered smart service concepts. The four phases of the
development process, (1) Worker Understanding, (2) Knowledge Requirements
Elicitation, (3) Worker-centered Service Design, and (4) Smart Service Concept
Validation, highlighted the novelty of this research, aligning with the principles of the
Industry 5.0, which focus on benefit workers through socio-technical systems.

5.2.2 Managerial implications

The managerial implications demonstrate how organizations can innovate by harnessing
resources to build internal capabilities, particularly through new worker-centered smart
service concepts. The impact of the research on creating value with the introduced
worker-centered smart service development is not limited to specific processes or
industries. Thus, the practical implications apply to contexts where workers interact with
smart technologies in process tasks that require cognitive abilities, such as decision-
making, problem-solving, planning, need identification, and social empathy, among other
abilities. As illustrated throughout the publications, such contexts can be presented in
industrial B2B and commercial B2C sectors, such as heavy machinery and fuel service
operations. The main implications are targeted especially at workers, managers, and
specialists involved directly or indirectly in worker-centered processes.

Contrary to the process improvement approaches that gradually enhance operations, the
internal and worker-centered smart service development approach aims to radically
enhance existing processes for achieving operational innovation. Moreover, internal
innovations achieved by worker-centered smart services can be developed further as
commercializable solutions for similar and alternative organizations. Worker-driven and
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internal innovation can lead organizations to build solid internal capabilities to achieve a
competitive advantage in the long term.

The introduced process might help organizations develop smart services that can enhance
current service system operations by incorporating the capabilities of smart technologies.
Moreover, this approach might give organizations a deeper understanding of the needs
and requirements of workers and other internal members in particular processes. Worker-
driven innovation through the introduced process can lead organizations to reimagine
their current service systems to transform them into more efficient, effective, and
sustainable ones.

Throughout the publications, several managerial and technical tools were employed to
support each phase of the development process. This thesis contributes to practitioners by
suggesting a multidisciplinary approach to harness the capabilities of data-driven smart
technologies and managerial tools for innovation purposes. This research demonstrated
how the combination of both technical and managerial approaches could lead to making
more compelling and validated decisions in development processes. For instance, this
thesis demonstrated how text mining analytics, combined with service design tools and
participatory methods, can be utilized to support service developers in identifying the
information and knowledge requirements for further service conceptualizations.

This thesis addressed how different smart technologies, combined with human and
material resources, can create internal value. These technologies include the internet of
things, simulation-based digital twins in industrial B2B, and cognitive assistants in retail
B2C. This approach contributed to guiding practitioners in different industries to
understand the capabilities that can be obtained through using such technologies in
combination with their resources. Despite the complexity of smart services, organizations
can harness their available resources to create innovative solutions without significant
investments.

Worker-centered smart services go beyond the conventional economic value creation
approach, focusing on benefiting workers through human-centric, socially sustainable,
and resilient solutions, the pillars of the Industry 5.0 paradigm. As described above,
placing workers at the center of the development processes can lead to value creation for
further members of an organization, customers, partners, and society in general. By
augmenting workers’ cognitive abilities through HSSSs, an important organizational
challenge can be addressed: the lack of a qualified and skilled workforce to meet current
demands. In particular, this thesis contributes to such organizational challenge by
proposing a development process with guidelines for tool selection required to harness
the interactions between workers and smart technologies through smart services.

5.3 Limitations

This thesis presents limitations in its scope and approach that must be discussed. The first
limitation is related to the business environment where the research was carried out. The
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case studies of this thesis were conducted in significantly different environments, i.e.,
B2B heavy machinery industry in Finland and the B2C service station industry in Mexico.
Particular phases of the introduced smart service development process were addressed in
different business case environments due to the objectives of research projects and the
availability of case studies. However, this limitation was addressed by including cases
where both business environments shared characteristics and objectives: the collaboration
between workers and smart technologies in their operational processes, and interest in
exploring the capabilities of HCSSS for creating value for workers and other involved
members

The second limitation concerns the scope of the participants included in the research.
Despite considering the participation and consideration of workers in developing the
introduced process, many of the contributions were made by managers and specialists,
especially in the case of heavy machinery. Moreover, most case studies did not include
more involved members in the worker-centered processes, such as suppliers, additional
internal members, customers, union representatives, or other partners. More intensive
worker inclusion and the participation of further members might help service developers
broadly understand the challenges and needs in worker-centered smart services, resulting
in more compelling solutions. However, the collaborative and participatory approach of
this research, particularly in the ideation steps, contributed to reducing the impact of these
limitations by deepening the engagement with those involved.

The third limitation concerns the scope of resources. Due to its complexity, service
system development requires integrating resources from diverse sources and the
participation of experts from multiple disciplines, which limited this research. Smart
service development requires the availability of technology resources, data sources, data
analytics engineers, and process experts, among other specialized resources. The
intensive collaborative approach of this thesis allowed the research to overcome its
limitations by employing the technical and managerial expertise of the involved members
and the cooperation of case companies to provide resources. Widening the research to
include specialized professionals in multiple disciplines and technology resources
presents a clear area for future smart service development researchers to consider.

The fourth limitation concerns the employed research methods in this thesis. This thesis
followed qualitative research methodology, particularly employing case studies and
design science research approaches. The purpose of this thesis was to empirically explore
the research and practice-oriented approaches to solve an organizational problem while
contributing theoretically to the existing literature. Qualitative methods support
researchers to understand a particular phenomenon broadly. However, the academic rigor
of this methodology has been questioned due to its lack of quantitative approaches for
explaining relationships between measurable variables. The explorative and participatory
nature of this research meant that quantitative methods were not considered. Future
research could utilize quantitative methodologies to explain particular issues, such as
technology acceptance and smart service adoption.
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Moreover, the data collection and analysis methods in the qualitative approach of this
research present limitations. The identified limitations include relatively reduced sample
size, subjectivity in data interpretation, and accuracy of the data collected and analyzed,
which might affect the validity of the qualitative research. However, this research took
the following actions to mitigate these validity concerns. First, the research employed
multiple data collection and analysis methods, i.e., data and method triangulation, which
contributed to cross-verifying the data and reducing potential biases. Second, the research
used practice-oriented tools to ensure the data collected was relevant and analyzed to
extract relevant insights aligned with the organizational objectives. Third, the
participatory approach of this research allowed participants to be involved in the data
collection and analysis processes, which contributed to validating the findings by
including the perspectives of those affected by the outcomes.

The fifth limitation concerns the aspects and considerations covered in this thesis. Topics
regarding privacy concerns, data and technology regulations, usability testing,
prototyping, technical verification, and other relevant aspects of smart services were
considered out of scope. For instance, despite introducing a process for creating new
smart service concepts at a high level, limitations in resource availability prevented the
concepts from being technically developed and implemented. The aspects mentioned
above should be considered in further prototype development, technical verification, and
implementation phases of the worker-centered smart service development process.
Moreover, the measurement and optimization of quantifiable parameters in smart services
are part of the limitations of this thesis.

5.4 Suggestions for future research

The objective of this thesis was to introduce a process to develop worker-centered smart
services for internal value creation. As mentioned in the limitations, a final development
phase is required in the introduced process, which consists of developing the technology
necessary to create a functional prototype or minimum viable product. Future research
should address the development, verification, and testing of a service concept in practice.
The results obtained in such research might provide a complete and tested development
process for further research and implementation in industries that involve workers. In
addition, future research should also consider the aspects mentioned in the limitations
regarding increasing the robustness and reliability of the introduced process.

Beyond the internal implementation of developed smart service concepts, future action
should address their external commercialization and productization once internal success
is achieved. Further studies should explore the mechanisms, processes, and requirements
needed to transform an internal smart service into a commercial innovation. The
productization of internal innovations might face important challenges that must be
addressed. One of the main challenges consists of standardizing customized solutions into
a generic product, including the features and processes to fulfill the needs of a group of
targeted customers. Moreover, further research should explore suitable business models
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and value capture mechanisms to guarantee the implementation of differentiated
innovations.

Research on human-centered smart service systems should continue to deepen the
understanding of how the collaboration between workers and smart technologies can lead
to a more skillful, engaged, and satisfied workforce. Moreover, future studies should
address how the worker-centricity of smart services can create more resilient and
sustainable production systems in the new Industry 5.0 paradigm. Since most of the
existing Industry 5.0 literature is focused on B2B industrial organizations, future research
can incorporate innovative worker-centered practices applied in B2C commercial
organizations, such as retail, healthcare, tourism, and hospitality.

Future research should seek the inclusion of wider groups of multidisciplinary actors at
all levels of the organization, including internal and external members. Further studies
should consider including workers at the center of all the development process phases.
However, the participation of specialists, experts, and decision-makers should be
essential to achieve outstanding results. From a technical perspective, expert members
should ideally have vast experience in data analytics, information and communication
technologies, software development, and other related technical abilities. From a
managerial perspective, expert members should possess extensive experience in service
development and design, process mapping, participatory methods for data collection,
customer understanding approaches, leadership, and other managerial and social skills.

Addressing the first limitation of this thesis, further research might aim to conduct in-
depth case studies where all the phases of the introduced development process are applied
and tested. Preferably, these in-depth case studies should be carried out in a single B2B
or B2C organization. Therefore, by applying the whole development process in different
organizational contexts, the generality of the process can be improved considerably. This
can be achieved through participatory and design science-based approaches, such as the
Action Design Research employed in Publication I11. Based on the above, organizations
should consider including double-role employees who conduct service development
research while performing operational or managerial work.

Finally, future studies should harness the recent technological breakthroughs of Artificial
Intelligence and cognitive technology to explore their potential in interpreting the voice
of internal and external customers. This research explored the use of text mining and
knowledge discovery tools to support the elicitation of knowledge requirements.
However, further studies should address the use of these technologies to extract customer
needs automatically from data sources and translate them into specific requirements. It
does not mean that the role of the service developer in interviewing and interacting with
humans to discover needs and requirements will be fully replaced. Nevertheless, future
research should address how smart technologies and service developers can effectively
interact with each other to develop successful smart service concepts.
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ABSTRACT. Background: The aim of this study is to introduce a framework, which describes a customer-oriented
approach for developing data-driven services by the Internet of Things (IoT), also known as "Smart Services" in
manufacturing business.

Methods: A literature review presents a background for IoT, data and digitalization of services, as well as the role of
simulation technologies for the development process of Smart Services. For the empirical study, an agricultural tractor
manufacturer case company was analyzed utilizing Customer Needs Assessment tools to determine the new service
requirements.

Results: The agricultural industry is also adopting the IoT related technologies to deliver services which are able to track
crop environments in order to optimize crop yields and develop sustainable outcomes.

The results obtained from the Need Interpretation Table and the Trace Matrix show that farmers need Smart Services to
be able to connect their tractors and implements to the Internet for a better understanding of agricultural operations. They
also demand a personalized everyday working plan based on data analyzed on previous work shifts. From the case
company side, it is important to collect and analyze usage data, such as temperature, humidity and pressure of tractor
environment, as well as data related to determine root causes and failure rates.

Conclusion: The scientific contribution demonstrates the relationship between Product Lifecycle Management and IoT,
and how it can leverage Smart Services. The practical contribution was based on the empirical study results by delivering
smart service propositions in a tractor company, such as operation and remote failure tracking, showing customer
demands for machine productivity, time saving and sustainable resource optimization.

Key words: industrial product service systems, product lifecycle management, Internet of things, smart services,
customer needs assessment.

which can utilize such resources to deliver
interrelated products or services.

INTRODUCTION

The complexity of businesses in the current Industrial companies are opting to offer

economic environment has transformed the
way organizations deliver value to customers
by shifting an approach a networked and
shared value creation [Moller et al., 2005].
Organizations in several product processes
from different value chains are creating an
ecosystem where participants’  business
activities are linked to a platform [Muegge,
2011]. Muegge [2011], defines a platform as
a group of entities with interconnected assets,

product-related services throughout the product
lifecycle due to the increasing input costs and
competition [Herterich et al., 2015]. This
practice is known wunder the term
“servitization”, a service-oriented practice
continuously growing among manufacturers,
which is changing their offer from selling
solely tangible products to complementary
services customized to the product [Baines et
al., 2009]. Hence, the combination of
“servitization” and the traditional practice
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of selling tangible products is referred as
Product-Service Systems (Aurich et al., 2006).
Industrial Product-Service Systems (IPSS)
refer to the industrial field of such product and
service bundles [Mikusz, 2014].

The term “Internet of Things” (IoT) refers
to a “global network infrastructure where
physical and virtual objects are discovered and
integrated seamlessly” [Kiritsis, 2011]. These
embedded technologies, in the form of sensors,
actuators, and radio-frequency identification
tags (RFIDs), monitor and gather data related
to the behavior, conditions, and environment of
a single item or product [Pankakoski, 2015].
The data is later analyzed to transform it into
valuable insights and information, used to
optimize product processes during lifecycle.
The Industrial Internet of Things (IIoT) is the
field of IoT related to respond to product
information requirements in manufacturing
environments [Bras, 2009]. Utilizing IloT for
delivering PSS, also known as “Smart” or
digital  services, will allow different
stakeholders to acquire more flexibility by
responding faster to changes in customer needs
and product requirements [Gomez et al., 2009].

The objective of this study is to present
anew framework for developing product and
service bundles with embedded technologies
and the IoT. The research question is defined
as: How manufacturing companies can
leverage the Internet of Things from
a customer-oriented perspective for developing
smart services?

Based on this question, the expected
outcome for this study is to determine the way
the IoT facilitate manufacturing companies to
develop customer-oriented services. According
to Abramovici, Gobel, and Neges [2015], there
is an important gap of tools for engineering
Smart Services based on data and ICT.
Through a literature review and an empirical
case study, the expected result is to show the
foundations for developing data-based services
in the manufacturing business.

RELATED RESEARCH
Information flows along product lifecycle

Product Lifecycle Management (PLM) is
a strategic approach with three essential
dimensions [Kiritsis, 2011]. The first one
related to managing accessibility and use of
product definition information, the second
aims to maintain the integrity of such
information, the last chases to achieve and
maintain business processes used to create,
store, share and use information [Kiritsis,
2011].

Information systems allow stakeholders to
create and use data within PLM systems, since
they can track, manage and control product
information at any phase of the lifecycle.
Facilitating horizontal and vertical information
flows [Kiritsis, 2011, Terzi et al., 2007].

There is a generalized desire from value
partners to develop solutions to deal with the
problem presented when product information
flow is interrupted when it is used, maintained,
serviced or recycled [Kiritsis, 2011]. Closed-
loop Product Lifecycle Management (CL2M)
is an extended PLM approach for improving
product design, manufacturing, use, and
disposal through data collected and used by
technologies (IoT) in a networked environment
[Framling et al., 2013]. The IoT goal within
CL2M is to solve the problem by eliminating
the gaps and interruptions among lifecycle
phases.

IoT for product lifecycle value creation

For closing information flows, it is
necessary to have the appropriate technology
able to monitor and track lifecycle information.
Emerging “embedded” technologies, also
known as smart devices, are intelligent control
units “embedded” to devices in forms of
sensors and actuators, able to monitor products
and their environment. [Kiritsis, 2011,
MacDougall, 2014].

The concept of IoT has been recently
obtaining considerable attention within several
industries. The IoT can be defined as a global
network of interconnected embedded devices
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able to sense, communicate, identify and
collect data from their environment by the
employment of technologies such as sensors,
actuators and radio frequency identification
(RFID), known as “Smart” devices or Cyber-
Physical Systems (CPS) [Gomez et al, 2013,
CERP-IoT Cluster, 2009]. Such data (big data)
is then stored and mined using “smart
algorithms based on correlations and
probability calculations” [Kagermann, 2015],
for obtaining valuable knowledge.

The Industrial IoT came to enhance
efficiency and productivity within
manufacturing, farming, logistics, among other
several straggler sectors. Integrating “smart”
devices in the cloud to a machine, will allow
such machine to be aware of its status and
surrounding environment, e.g. detecting wears
on the brakes or if some component needs to
be replaced [8]. “The machine also knows how
much time it has left before maintenance is
required” [Pankakoski, 2015]. In addition, IoT
benefits operators in the way it provides them
feedback related to the optimal operation of the
machine, working as a digital trainer and
evaluator.

Industry 4.0 is known as the following step
of the third industrial revolution, characterized
by the automation of production processes by
IT and electronics [Kagermann, 2015]. It
focuses on digitalization of manufacturing and
industrial services by utilizing Smart devices in
the IoT as the main means to connect
productive entities among each other, being
manufacturing the central point for all the
“Smart” product lifecycle. This connection
grants the most optimal actions based on data
analyzed, synchronizing product processes
with the IoT [Kagermann, 2015, MacDougall,
2014].

The Industry 4.0 perspective is classified
into two fields, macro and micro [Stock et al.,
2016]. The macro combines value chains and
CPS, on a lifecycle point of view, where
different value creation modules represented as
“Smart Factories” exchange information,
materials and energy among each other. Value
creation modules are entities “cross-linked
throughout the complete value chain of
aproduct lifecycle as well as with value
creation modules in value chains of adjoining

product lifecycles” [Seliger, 2007]. Value
creation factors are defined by all the products,
equipment, and people integrated into a value
creation module.

The micro perspective describes the internal
environment of a particular value creation
module. Represented by a production line, cell,
module or any other productive entity within
the “Smart Factory”. In the micro perspective,
the “Smart Factory” is always exchanging
information in real-time with its factors and
value chain activities. The micro perspective is
graphically presented In Figure 1, as well as its
interaction between external value chain
activities.

Smart Factory
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Fig. 1. Micro perspective of the Industry 4.0

Manufacturing industry participants are
more concerned in offering customized
services such as maintenance, repair, training,
overhauling, and technical supporting,
commonly known as “Servitization in
manufacturing” [Lightfoot et al. 2013]

It takes the “Servitization” approach from
manufacturing companies to switch from
a physical product-based business to a service-
oriented strategy. The term Product-Service
Systems (PSS) has been an object of study of
several authors, interested in the opportunities
this new trend represents for the development
of new sustainable business models. PSS are
defined by a merchantable combination of
products and services able to meet or surpass
customers’ needs in a sustainable way
[Goedkoop et al, 1999, Tukker, 2004]. For
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Reim, Parida and Ortqvist [2015], the way
acompany operates and deliver value for
stakeholders (Business model), depends on
each company or value chain goals. They
classify the service-oriented business model
strategies as following:

a) Product-Oriented: Selling product-related
services in addition to the tangible product
(Product maintenance, support, recycling)
Use-Oriented: Selling accessibility and
availability by renting the usage of
tangible products and their intangible
services. Commonly known by the
periodic payments by contract.
¢) Result-Oriented: Selling results, outcomes

or performance. No physical product or
services are sold. Offering outcomes
based on measurable results. (Reim et al.,
2015).

b

Nt

The PSS product and service design has the
characteristic of considering the whole product
lifecycle as the primary reference for new
developments [5]. According to Reim, Parida
and Ortqvist [2015], for designing and
developing customized services, it is firstly
necessary to understand and assess product and
service requirements.

The Industry 4.0 has leveraged service-
oriented business models for manufacturers.
CPSs embedded with industrial equipment
allow service providers to improve their value-
added offers by improving efficiency in
support, maintenance, and usage. Services
processes such as condition monitoring,
operations tracking, and predictive
maintenance are only a few examples of how
services could be provided to different
customers in the value chain. Nowadays, the
IoT allows users to identify and predict
breakdowns and shutdowns in machinery, or to
remotely fix and manipulate machines.
Industrial Product-Service Systems (IPSS) are
referred as PSS applied to “industrial context
to such product-service bundles” [Mikusz,
2014]. The following list represents diverse
ISPS2s which can be applied on every stage of
the product lifecycle. Such services can be
delivered according to the activities, goals and
strategies of each company. In addition, the
presented list shows a summary of potential
applications of Smart Services from the
previous research taken and adapted from

[Herterich, et al., 2015, Parida et al., 2014,
Gelbmann et al., p. 53].

— Beginning of life services:
Manufacturability ~ analysis,  prototype
design and development, simulation-aided
prototyping, R&D  support, problem

analysis, feasibility studies, engineering
with operational performance data.

— Middle of life services: Operating sold
products, product upgrade services,
optimization of equipment operations,
remote control and management of
equipment, prediction and trigger services,
remote diagnosis, and replace field service
activities.

— End of life services: Maintenance services
by repairing, servicing and upgrading,
recycling or reusing, component
information services, close the product
material cycle by taking products back,
secondary utilization of usable parts in new
products, and environmental effects report
services.

Simulation-aided services

Digitalization of product and service
development, as well as other important
lifecycle processes have been gaining more
importance in manufacturing businesses in
recent years. Several stakeholders of diverse
value chains are becoming less skeptical and
more familiar with the technologies that
replicate real behavior of machines and
equipment, such as automobiles, tractors,
cranes, assemblers, and other machinery within
a diverse number of industries. Such
replication can be obtained using simulation-
based solutions, where different physical
conditions, variables and scenarios can be
virtually experienced before the real processes
are conducted.

Simulations can leverage the knowledge
and information generated by CPSs and other
embedded technologies to create more accurate
predictions from process variables. This
integration could allow value partners to
observe relevant information from diverse
lifecycle processes to further contributing on
the value co-creation of innovative PSSs.
According to Mevea [2016], real-time
simulation consists in a computer model which
runs at the same rate at the real physical
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system. Which means the model needs to
obtain actual real-time data from the physical
phenomena, which can be obtained through the
use of IoT. Contrary to conventional
simulation, real-time simulation possesses the
ability to analyze user and system behavior in
milliseconds “online”, instead of the long
hours taken by the traditional technologies
“offline” [Mevea, 2016].

Real-time simulation allows product and
service development teams to “virtually”
produce prototypes. Allowing them to obtain
predictions  concerning user experience
feedbacks, user behavior, potential risks,
among other valuable data that would be
considerable expensive producing physical
prototypes. However, it is important to
mention that the more real data is collected
through CPSs and integrated into simulators,
the more accurate and reliable real-time
simulation will be. For Hu [2015], without the
assimilation and integration of real-life data
into simulators, the difference between real life
operation and simulation is likely to grow
continuously.

RESEARCH APPROACH

This study is based on a literature study and
empirical analysis concerning the Smart
Service development process from a user-
oriented point of view. Several topics
including product lifecycle management, novel
services on manufacturing industry, service
engineering, smart products, customer needs
analysis, business models, IoT, value chains
and networks were reviewed.

The empirical part employed a qualitative
case study in a tractor manufacturing company,
by performing semi-structured interviews
[Hirsjarvi, 2004], which consider both the
interviewee’s experience in a particular issue
and the general knowledge of the situation
from the interviewer.

Interviews were arranged both personally
and online-based with five representatives in
the case company, covering the Engineering,
Administration and Information Technology
departments, all of them being key areas in

charge of Smart Service development. Further
on, the empirical part employed specific
Customer Needs Assessment tools, chosen
according to the applicability of the tool,
resources and time assigned for the analysis.

To begin the Customer Needs Assessment
process, it is necessary to understand what the
current situation of the company is. This means
that analyzers should focus their efforts on
identifying what are the real concerns and
problems happening in the business and what
are the primary goals concerning usability of
information obtained [Kéarkkdinen et al., 2004]
Different tools can be applied to assess
customers’ needs depending on organization’s
goals, scopes of the analysis, availability of
information, time and resources, among other
factors to consider before starting to implement
the tool. For purposes and scope of this study,
as well as the goals defined by the interviewed
collaborators of the case company, the selected
tools were the Trace Matrix and the Need
Interpretation  Table. These tools are
respectively used for detecting information
demands of a company and for analyzing the
“Voice of Customer”, to detect background
needs and compile a structured analysis of
customer information needs [Kérkkidinen et al.,
2004]. This paper forms part of the thesis
study by Verdugo Cedeno [2016]. More
detailed literature and results can be reviewed
in [Verdugo Cedeno, 2016].

FRAMEWORK FOR SMART
SERVICE DEVELOPMENT

Nowadays, there exists no appropriate
methodologies for the engineering and
development of smart products and services
[Abramovici et al., 2015]. There is a lack of
acombined tool for engineering product-
services  bundles together with ICT
technologies (systems). As well as engineering
methods in the middle phases of product
lifecycle. Thus, this study encounters the
identifiable need of a methodology framework
able to cover the product use, maintenance and
support stages in the lifecycle.

Despite the noticeable gap in availability of
appropriate tools, Abramovici, Gobel, and
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Neges [2015], consider four characteristics or

requirements that a novel engineering

approach for developing smart products,
services and systems (Smart Engineering)
should consider:

— Generic Process Models: They have to
contain generic processes with a strong
focus on the early development phases,
especially on the requirements engineering
and functional design.

— Multi-disciplinary networks: The
methodology  should  consider  the
networked value chain, involving several
value partners in the lifecycle.

— User-oriented approach: Users have to be
able to easily analyze, employ and share
their outcomes with functional and intuitive
systems.

— Product use data and information:. The
generated knowledge and insights from the
data in the IoT can be used for the
development of smart products and
services.

The following framework in Figure 2
presents a procedure pursued for the
development of digital PSS based on
customers’ information needs.
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Fig. 2. Framework for Smart Service development

The framework considers the four
characteristics, described by Abramovici,
Gobel, and Neges [2015] for the Smart
Engineering methodology, especially for the
development of smart services for use, service,
maintenance and support phases of the product
lifecycle. However, it should not be considered
as a methodology itself, yet a foundation to
begin a Smart Engineering process. The aim is

to follow a series of steps: starting from the
description of the customer needs and
particular information requirements through
the use of Customer Needs Assessment tools,
proceeding by the selection of a suitable
business model and factors based on the macro
and micro perspectives of value creation
module, and finalizing by the selection of the
respective “Smart” PSS.

The framework presents a starting phase for
a process re-engineering and smart engineering
method based on the analysis of the “voice” of
customer, as well as the operation insights
obtained through data-analytics software,
allowing them to make decisions based on both
user behavior information and customer needs
identification. As shown on Figure 2, the smart
equipment will provide significant operational
information at the same time the analyzer
assesses customer needs. The continuous
process feedback will create virtuous cycles for
improving customers’ operations through the
IoT and Customer Needs Assessment tools.

RESULTS AND DISCUSSION

This study aims to analyze the actual
information needs presented in the industry for
leveraging the IoT. In this case, the analyzed
manufacturing company was named as Tractor
Co, which is involved in the agricultural
industry and food value chains. It provides
value to customers through tailor-made
services and solutions. Being one of the
leading companies worldwide to offer highly
customized tractors and tractor-related services
to farmers and other stakeholders involved in
the farming industry. The case company is
interested in finding out what are the main
opportunities that the IoT can provide in order
to increase the value they deliver to their
customers.

The farming industry is not an exemption of
the “smartization” era nowadays. Being called
as “Precision” or “Smart” Farming, the
agriculture industry is experimenting a new
phase towards the IoT. “Smart Devices” are
tracking the current crop environment and all
the productive units interacting with it. This
new trend for agri-food businesses represents
multiple opportunities for optimizing crop
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yield and producing sustainable products and
services within various value chains involved.

The Trace Matrix applied in this study
identified several aspects, to be considered in
the recommendations for service development
phases. From the farmers’ point of view, it is
important to connect their tractors and
implements to their environment (crops)
through the Internet. Starting from the fact that
they are interested in performing optimal
operations and save the most amount of
resources  (seeds, fertilizers, chemicals)
possible. They demand valuable data regarding
the processes made by different implements, as
well as their conditions. Farmers also put
emphasis on obtaining the everyday working
plan based on data analyzed from previous
work shifts, progresses, amount of chemicals
used, amount of fertilizers and so on.
Currently, paperwork is made by operators,
causing time expenses and inaccuracy of
information. In addition, the documentation is
also a requirement from the EU. Finally,
farmers desire to keep their equipment working
the most number of hours, avoiding repairing
times when breakdowns occur, thus receiving
failure predictions for components will add
value to their operations.

Concerning the Tractor Co, the valuable
information that it can collect is related to
measurements of product usage and support
phases. The information that can contribute to
product and service improvements is linked to
minimize failure rates by monitoring
component conditions. If a component fails,
the most valuable information to obtain is the
root cause. In this way, the company can focus
its efforts on individual issues. The company
could also be interested in collecting usage
time and conditions, such as average
temperature, humidity, and pressure of
operation. The Trace Matrix for the case
company is presented in Figure 3.

Implements operation
and conditions

predictions
Crops
condition
Working
Plan  Resource

Il

Component
conditions

¢ TRACTOR Co

— . Failure rate

FARMER Root causes

—_—

Usage time
and condition

Fig. 3. Trace Matrix for the company’s and farmers’
information

Table 1. Need interpretation table implements

Voice of customer

Customer need

Information needs

Potential Solution

Farmers need to know: what
is happening in tractor
implements

Implement integration.
Improve customer experience
from tractors.

Obtain information from
different farming processes.

Track implement operation and
interaction with environment

Remote monitoring of
implement operations.
Synchronization with farming
environment.

Table 2. Need Int

erpretation Table Working Plan

Voice of customer

Customer need

Information needs

Potential Solution

Paperwork for making work
plans and resource consumption
reports takes too much time.

Efficient work plan elaboration.
Resource consumption reports
Meeting EU-governmental
requirements

Resource optimization, reducing

Register work shift progress
Collect resource consumpion
records

Identify areas which require
resource application

Automatic work plan generator
Resource consumption reports
Resource consumption
optimizer

inputs and operative costs.

Track real-time resource
consumption

More information needs were identified
when creating the Need Interpretation Table,
complementing the needs described in the
Trace Matrix. In other words, company needs
the information generated from farmers’
operations for product and  service
developments, while farmers need information

generated from company’s technologies to
increase productivity and reduce costs.

In Table 1 and 2, there is presented one of
the results obtained in the Need Interpretation
Table, and it clearly shows the process from
identifying a general need for describing
a particular information need from the farmer’s
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point of view. Once identified the information
requirement, the following steps of the
presented framework for smart service
development consist in the selection of the
business model, value creation factors and

them to the tractor and the whole environment
could improve farmers’ operations and crop
yields. Meanwhile, on Table 2 the “voice” of
farmer is represented by the complain of
spending too much time on non-value-added

and bureaucratic activities for creating working
plans, registering all the supplies used and

As explained on Table 1, one of the main filling governmental requirements. Such
concerns from the farmers’ point of view is to “voice” can be translated into information
perform optimal work with every implement needs e.g. resource consumption real-time
they use in their tractors. Using embedded tracking and work shift progress registration.
technologies to the implements and connecting

Smart service in question.

Table 3. Smart services for optimizing tractor-implement operations
Customer need: Farmers need implement integration with tractors

Information needs . Track implement operation data
. Track remote failure events
. Track component condition
Potential . Product System: Highly integrated tractor with implements for optimal operations
“Smart Services” . Optimization of equipment operations: Implement operation optimized based on
historic operation data
. Remote diagnosis: Diagnosis accomplished remotely through remote service centers
. Remote repairing: Non-complex repairs made by remote service centres
. Predictive services: Trigger service activities based on current component condition
Anticipated spare part orders by forecasting real-time demands
. Real-time simulations: Simulate different tractor-implement operations for
prototyping and testing purposes
Business Model . Product-oriented
Value creation . Product and process
Impacts . Highly integrated systems
. Interoperability and synchronization between tractor and implements
. Higher functionality and added value
. Flexibility and response
. Prevention of breakdown
Implications . Technology investments
. Development costs
. Lack of system integration (APIs)
. Customer adoption

Table 4. Smart services for automating work plans
Customer need: Making the work plan elaboration more efficient

Information needs . Track and record work progress and resource
consumption
. Database from activities “to do” and resources
Potential “Smart . Automatic work plan generator: Generate work plans according to current progress
Services” and available resources.
. Real-time project manager: Track the current progress, forecast potential delivery
times and resource consumption based on historic data.
Business Model . Use-oriented
Value creation . Process
Impacts . Save paperwork time to operators
. Increase time for productive activities
. Increase reliability of work plans
. More accurate understanding on tasks “to be done”
. Reports from work progresses and resources
Implications . Investments on technology and development
. Learning curves and training
o Interoperability with current systems

Following the presented framework for Table 3 and 4. The potential services for
developing smart services, several Smart meeting the need related to the
Services can be implemented as shown in interconnectivity of implement-tractor are the

66



Cedeiio J.M.V., Papinniemi J., Hannola L., Donoghue I., 2018. Developing smart services by internet of things
in manufacturing business. LogForum 14 (1), 59-71. http://dx.doi.org/10.17270/J.LOG.2018.268

following: remote monitoring of components
for triggering maintenances, optimization of
operations based on historic product usage
data, remote diagnosis in case of breakdowns,
even remote operation through a highly
automated solution, among other services that
can leverage operation outcomes. Regarding
the potential services for meeting the need of
generating a customized automated work-plan
are: automatic work-plan generator for
creating work plans according to current
progress and resource available and a real-time
project manager for tracking the current
progress and resource consumption, and
forecasting potential delivery times.

CONCLUSIONS

The presented study had a purpose to
conduct a literature-based research and
empirical analysis to prove that smart and
digital services by the IoT can improve product
processes through the whole lifecycle, more
specifically in the use, service and
maintenance phases. Such improvements are
showed up in the form of resource
optimization, maximizing efficiency of
operations, reducing material and human risks,
improving staff skills and qualification,
increasing value-added tasks, among other
benefits that increase value. Businesses are
always looking for increasing profitability and
higher economic outcomes, thus companies
need more and more to cooperate with each
other to develop new innovative business
models based on smart and digital services.

The theoretical contribution of this study
lies in presenting the relationship between
PLM and the emerging embedded technologies
(IoT) for facilitating product traceability, by
monitoring, storing and analyzing the
information flows presented along business
lifecycle processes in real-time. Traceability
function can help organizations to create new
service-based business models. The effective
synergy of PLM systems (people, resources,
processes and information) with the IoT will
allow value partners to visualize and control
product and user behaviour from all the phases
of the lifecycle, achieving the so-called
Closed-loop PLM. In addition, this paper

contributes in presenting the initial phases of
a Smart Engineering process.

The practical contribution of this study is to
illustrate the creation process and Customer
Needs Assessment tools in designing new data-
based ‘smart’ services in a case company. The
study also points out the possibility and
importance of real-time data, collected by the
IoT technologies and utilized e.g. in product
development, maintenance and training
processes. Finally, a list of smart services was
ideated and analyzed for the case company.
Starting from the services oriented to the
development of new products by digital
prototyping and simulation services, going
through the use, support and maintenance
services for predictive and remote assistance,
for finally using the information tracked from
the new technologies for the reuse,
remanufacturing and recycle of components.

Further research could focus on modelling
the entire Smart Engineering methodology and
process for the development of smart and
digital services. Regarding the main concern of
the case company, further research can focus
on utilizing Smart Technologies and solutions
to improve food traceability through the whole
value chain, aiming the production of valuable
information to customers in all the links of the
chain, from the consumer to the tractor
company as closed-loop lifecycles.
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ROZWOJ USLUG TYPU SMART W OBREBIE INTERNETU RZECZY
W BRANZY PRODUKCYJNEJ

STRESZCZENIE. Wstep: Celem pracy jest wprowadzenie struktury, opisujacej, zorientowane na klienta, podej$cie
do rozwoju ustug zwigzanych z Internetem rzeczy, okreslanych jako ustugi typu smart w dziatalnosci produkcyjne;j.
Metody: W przegladzie literatury zaprezentowano ideg¢ Internetu rzeczy, ustugi zwiazane z digitalizacja jak réwniez rolg
technologii symulacji dla procesu rozwoju ustug typu smart. W czg¢éci empirycznej, na podstawie przyktadu producenta
ciagnikéw rolniczych okreslono zapotrzebowanie na nowe ustugi poprzez zastosowanie narzedzia oceny potrzeb klienta.
Wiyniki: Technologie oparte na Internecie rzeczy zostaly zaadaptowane réwniez w przemysle rolniczym w celu
dostarczania ustug umozliwiajacych $ledzenie $rodowiska uprawianych plonéw e celu optymalizacji uzyskiwanych
plonéw uprawianych zgodnie z zaleceniami gospodarki zréwnowazone;j.

Wyniki otrzymane z tabeli analizy potrzeb oraz matrycy $ledzacej wskazuje na zapotrzebowanie wsréd rolnikéw na
ustugi typu smart w celu lepszego wykorzystania swoich maszyn w réznych pracach zwiazanych z rolnictwem.
Oczekiwana byta rowniez przez nich dostgpno$¢ codziennego planu roboczego opartego na analizowanych danych oraz
wczesniej wykonywanych pracach. Z punktu widzenia tego typu przedsigbiorstwa, istotne jest zbieranie oraz analiza
takich danych jak temperatura, wilgotno$¢ i ci$nienie otoczenia, w ktérym pracuje ciagnik jak réwniez danych
dotyczacych wypadkow i awarii.
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Whioski: Wykazano zaleznos¢ pomigdzy zarzadzaniem cyklem zycia produktu a Internetem rzeczy oraz jego wplywu na
ustugi typu smart. Praktycznym rozwigzaniem bylo przygotowanie propozycji wdrozenia tego uslug typu smart
w analizowanym przedsigbiorstwie, takich jak §ledzenie operacji oraz awarii, okreslanie zapotrzebowania na wydajnos¢
maszyn, oszczgdnos¢ czasu oraz optymalizacja zasobéw uwzgledniajaca rozwdj zréwnowazony.

Stowa kluczowe: przemystowe produkcyjne systemy ustugowe, zarzadzanie cyklem zycia produktu, Internet
rzeczy, ustugi typu smart, ocena potrzeb klienta

DIE ENTWICKLUNG VON SMART-DIENSTLEISTUNGEN IM
INTERNET DER DINGE IN DER PRODUKTIVEN BRANCHE

ZUSAMMENFASSUNG. Einleitung: Das Ziel der Arbeit ist es, die kundenorientierte Struktur einzufiihren, die eine
Herangehensweise an die Entwicklung der mit dem Internet der Dinge verbundenen Smart-Dienstleistungen in der
produktiven Branche beschreibt.
Methoden: In der Literaturiibersicht projizierte man die Idee des Internets der Dinge, die mit der Digitalisierung
verbundenen Dienstleistungen, sowie die Rolle der Simulationstechnologie im Prozess der Entwicklung der Smart-
Dienstleistungen. Im empirischen Teil ermittelte man auf der Grundlage des Beispiels eines Produzenten von
landwirtschaftlichen Treckern den Bedarf fiir neue Dienstleistungen mittels der Anwendung eines Werkzeugs fiir die
Bestimmung von Kundenbediirfnissen.
Ergebnisse: Die auf das Internet der Dinge gestiitzten Technologien wurden auch in der landwirtschaftlichen Industrie
zwecks der Bereitstellung von Dienstleistungen, die die Verfolgung von Pflanzenanbau zwecks einer Optimierung der zu
erzielenden Ertriige anhand von Empfehlungen der nachhaltigen Wirtschaft ermoglichen, adaptiert.
Die aus der Analysentabelle und der Verfolgungsmatrix gewonnenen Ergebnisse beziiglich des Bedarfs seitens der
landwirtschaftlichen Produzenten weisen auf die Nachfrage fiir die Smart-Dienstleistungen zwecks einer besseren
Inanspruchnahme von Maschinen innerhalb von landwirtschaftlichen Einsitzen hin. Der Zugriff auf den tiglichen, auf
die analysierten Daten und die frither ausgefiihrten Arbeiten gestiitzten Arbeitsplan wurde auch von ihnen erwartet. Aus
dem Gesichtspunkt eines solchen landwirtschaftlichen Unternehmens sind die Ermittlung und Analyse der Daten wie:
Temperatur, Luftfeuchte und -druck, Gegebenheiten der Umwelt, in denen der Trecker arbeitet, sowie die Angaben
beziigl. der Ausfille und Havarien duferst wichtig.
Fazit: Es wurde auf die Abhingigkeit zwischen dem Management des Produkt-Lebenszyklus und dem Internet der
Dinge, sowie dessen Einfluss auf die Smart-Dienstleistungen hingewiesen. Eine praktische Losung stellte die
Ausarbeitung eines Vorschlags fiir die Einfilhrung im betreffenden Unternehmen der folgenden Smart-Dienstleistungen,
wie: die Verfolgung von Operationen, Einsitzen und Maschinenausfillen, die Festlegung des Bedarfs fiir die
Maschinenauslastung, Zeitersparung und Ressourcen-Optimierung, die die nachhaltige Entwicklung beriicksichtigt, dar.

Codeworter: industriemidBige Produktions- und Dienstleistungssysteme, Management des Produkt-Lebenszyklus,
Internet der Dinge, Smart-Dienstleistungen, Bestimmung von Kundenbediirfnissen
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Recent research have addressed the topic of smart services from distinct angles, covering both technical and
business aspects. However, a holistic approach in development processes of such services have yet to be fully
covered. Therefore, this paper proposes an elicitation of requirements process as the initial step of a smart
service design approach. The process takes information and knowledge needs as its core element for
development, also considering customer centricity, service lifecycle, and sustainability concerns. A text
mining tool was used to discover the unknown knowledge requirements from different text-data sources
presented in a case ecosystem. After a co-occurrence analysis performed by our text mining software, we
extracted the most relevant natural linguistic elements, which are expressed as knowledge requirements. The
proposed elicitation process aims to lay the foundations for further propositions with a holistic point of view.
Future research could aim the application of other technologies and methods for service design, as well as a

broader approach in business processes and interdisciplinary cooperation.

1 INTRODUCTION

The more connected world and accessibility of
resources have driven a seamless spread of ideas and
information in a globalized market. It is leading into
a relative easiness in imitation of product design,
resulting in a commoditization of tangible goods
(Stickdorn et al., 2018). This challenge creates a need
for innovation for organizations, guiding them to turn
their vision into services (Liiftenegger et al., 2017).
Value co-creation is hardly conceived without the
consideration of collaborative partnering interactions
between stakeholders from different organizations
(Lempinen and Rajala, 2014). Such collaborations are
known as service ecosystems, which are considered
as dynamic systems of connected actors interacting
each other through value co-creation, with the ability
of self-reconfiguring continuously (Vargo and Lusch,
2011, Lusch and Nambisan, 2015). Finally, a service
platform serves as the means to integrate actors and
resources of a service ecosystem for service exchange
(Hein et al., 2018).
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Service design can be defined as a “human-
centered,  collaborative, interdisciplinary — and
iterative approach to create experiences that meets
stakeholders needs” (Stickdorn et al., 2018, p. 20),
usually through the approach of design thinking.
Design thinking is a collaborative approach of cross-
functional teams integrated by members from
different backgrounds (Lim et al., 2018). It
concentrates most of the attention on customer
centricity, utilizing tools such as customer journeys
and service blueprints (Bitner et al., 2008). Despite
being a proven approach for service design, it is not
clear how design thinking considers the design
process from a lifecycle point of view, where
“sustainability (environment, social, economic)
value” (Orellano et al., 2018) is approached, most
known as lifecycle thinking (Bauer et al., 2008). On
the other hand, lifecycle perspectives lack customer
centricity on their frameworks (Antikainen and
Valkokari, 2016, Orellano et al., 2018). Therefore, an
integrated process which considers both customer
centricity and sustainability matters should be
researched more in detail.
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The concept of “Smart Services” has gained
attention in recent years due to the digitalization of
industries. Several authors have defined the term to
refer data-driven services (Kim et al., 2018, Lim et
al., 2018, Neubhiittler et al., 2018). However, there is
not an official definition. Data is considered the raw
material or input needed to develop Smart Services.
Hence, it is fundamental to understand the methods,
technologies, and processes required to achieve the
collection and analysis required to transform raw data
to actual knowledge (Fayyad et al., 1996). There are
several approaches to convert data into knowledge,
for both qualitative and quantitative data. One of the
qualitative ones is text mining, which is a knowledge
discovery process to obtain unknown insights from
data contained in texts (Bird et al., 2009). According
to Lim and Maglio (2018), using text mining could
enhance the data collection and analysis of keywords
from different sources and related to the
characteristics  (features, needs, pain points,
requirements, experiences) of a given service.

The present study aims to utilize text mining as
the means to determine the unknown knowledge
requirements from the data generated by
stakeholders’ service interactions. The purpose of this
paper is to present a requirements elicitation process
for the initial phases of a smart service design
method, considering the customer centricity and
service lifecycle. The organization of this paper is
presented as follows: Section 2 presents a literature
review of the relevant theory related to smart services
design and applicability of text mining tools. As well
as a brief description of text data mining and its role
on determining service keywords; Section 3
illustrates in detail the requirements elicitation
process proposition, the justification of the chosen
approach and the gaps filled through its application;
Section 4 describes the utilized research method of
case study to demonstrate and justify the applicability
of text mining for requirements discovery; Section 5
discusses the results of the case study and the
requirements elicitation process; and Section 6
concludes with the limitations, practical and
theoretical contributions, as well as its future research
approaches of the study.

2 LITERATURE REVIEW

2.1 Smart Service Design
The most novel approaches for service design

surged to the field with a strong focus on data,
human centricity, collaboration, user experience,
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sustainability, lifecycle, and ecosystems. For this
paper, the main focus of study are the service
offerings which take data as their raw material and
outcome, best known as smart services. Such
services are defines by Neuhiittler et al. (2018) as a
self-configurable bundle of digital and physical
services based on data collected from different
sources.

Recently, authors have proposed tools, method
and frameworks covering the novel approaches
mentioned above. First, there is the method suggested
by Kim et al. (2018), which address the data
collection gap of interviews, surveys, and
experiments by collecting customer and business data
from electronic sources. Second, Stickdorn et al.
(2018) aim to deliver a service design based on
customer experiences, with roots in collaborative
design thinking and an ecosystem point of view.
Third, Orellano et al. (2018) propose a framework for
PSS offerings with a lifecycle and sustainable
perspective. It contemplates all the phases of PSS
lifecycle: Beginning of Life (BOL), Middle of Life
(MOL) and End of Life (BOL) (Orellano et al., 2018).
BOL phases consider PSS design, production and
distribution; MOL phases the PSS use, repair and
maintenance; and finally EOL phases involve
disposal and backtracking processes. Such
framework utilizes the lifecycle thinking method,
which is defined by the “ability to decouple the
lifecycle of any offer into sub-processes” (Orellano et
al., 2018, p. 293), translating them into environmental
and societal requirements.

All the approaches follow the current trends of
service design separately. However, there is a
significant research gap of proposing a framework,
method, approach or a process for smart service
design, which considers and integrates the aspects
covered by the previous authors.

2.2 Text Mining as a Tool to Obtain
Knowledge Requirements

As suggested by Kim et al. (2018) the service design
process consists of the following five steps: (1)
Definition of service objectives. A multidisciplinary
agreement is required in order to define the market
trends and constraints, as well as a precise definition
of stakeholders’ objectives. (2) Data collection of
customers’ data sources. The common methods
usually utilize traditional tools for data collection,
such as surveys, or experiments. However, recent
studies have been using data collection from
electronic sources to overcome the bias and trends
from previous sources, e.g., text documents, social



media, data from sensors, emails, and so on
(Ordenes et al., 2014). (3) Analysis of data
collection using both quantitative and qualitative
methods, as well as IT related tools such as big data
analytics and machine learning for requirements
elicitation. For example, the study presented by
Mankad et al. (2016), aims the utilization of
automated text analysis tools for understanding
customers’ reviews. (4) Idea generation for service
propositions. This step also considers the
multidisciplinary approach to reach an agreement of
what are the options that best meet the requirements
of customers. (5) Concept generation. In this final
step, the ideas that best suit the customers’ demands
from the previous step are selected for prototyping
and market test.

For Stickdorn et al. (2018) data collection task
should include different types of data outputs in
order to get a more plentiful and comprehensive
researcher’s findings, known as Data Triangulation.
The terms refers to the principle of combining
distinct data sources, such as text in the form of
documents, transcripts, interviews, audio
translations, notes; images, photos and pictures;
audios, videos; artifacts in the form of brochures,
flyers; tickets and finally quantitative data such as
statistics, tables, numbers, and so on. One of the
most common processes for working with
qualitative data is the Qualitative Content Analysis
(Hsieh, 2005), which interprets and codifies data
from text sources to find patterns and meanings from
them. A regular challenge of text data is its lack of
structure, given its degree of difficulty of analysis
and interpretation (Orellano et al., 2018, Ordenes et
al., 2014). Meanwhile, structured data in the form of
numbers have been a convenient path of
organizations to evaluate a product or service by
giving numerical ponderations to their attributes,
being questionnaires the most traditional method for
customer feedback (Macdonald, 2011).

Text mining or text data mining is the process to
discover unknown knowledge by the analysis of
textual information, finding its structure and hidden
meaning (Mikroyannidis, 2006, Bird et al., 2009). It
is a continually evolving technology which
integrates machine learning algorithms, data
mining, natural language processing and knowledge
management (Yu, 2011, Lim and Maglio, 2018). For
structuring text data, data mining utilizes a
processing method to extract the so-called concepts,
which are words or complete sentences explaining a
general interpretation of a text (Mikroyannidis,
2006).

Knowledge Requirements for Sustainable Smart Service Design

Several studies have used the text mining methods
to identify customer feedback, reviews, opinions and
informative documents (Jansen, 2009, Ordenes et al.,
2014, Mankad et al., 2016). However, no study
presents the integration of diverse interactions among
several members of an ecosystem in a systematic
approach, either analyse the whole lifecycle
perspective of such interactions.

3 PROPOSED KNOWLEDGE
REQUIREMENTS
ELICITATION PROCESS

The elicitation process suggested in this paper
considers business related aspects, such as system
mapping, customer centricity and service lifecycle; as
well as technical related aspects, such as text data
mining analysis. The elicitation proposition adheres
to the service design process explained above,
focusing on the three first steps of it. The reason why
the elicitation process is developed in such way lies
in two arguments: (1) the need of practical studies that
consider a holistic approach of identifying, collecting
and analysing different data sources presented in a
service ecosystem and in each phase of service
lifecycle, and (2) the applicability of text data mining
tools to discover knowledge insights from non-
structured natural language sources. In industry, there
is a saturation of quantitative structured data with a
wide offer of technological and managerial
developments able to reach a high level of automation
in decision making.

The first step of the process consist in the use of
the system map tool proposed by Stickdorn et al.
(2018) in their collaborative service design approach
as a reference to present the relationships between
members of a product-service ecosystem. It
represents the value exchanges (money, goods,
services, and information) among such members. The
adaptations of the Stickdorn et al. (2018) system map
for our process consisted in solely two aspects. The
first one is the simplification of the value
representation. While the original map considers four
forms of value exchange, this proposed process only
contemplates the information exchanges and
interactions, since knowledge (information) is the
primary resource for creating smart services. The
second one is the integration of a lifecycle approach
into the system map. Namely, the process also maps
information exchanges and interactions between
ecosystem members through the whole service
lifecycle as shown in Figure 1.
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Figure 1: Service ecosystem value exchange (information)
mapping from a customer-centric and lifecycle approach
(adapted from (Stickdorn et al. 2018).

The purpose of the lifecycle approach is to give
deserving importance to the middle and last phases of
the lifecycle. In such a way, we cannot ignore the
environmental and social aspects, i.e., sustainability
issues. The system mapping is necessary at the
beginning to understand all the information
interactions between value partners in the ecosystem,
for later identify the data sources of such value
exchanges. In fact, the initial step of the process is to
identify and describe the sources of data collection
presented on every phase of the service lifecycle,
which can be presented in the form of text content,
reviews, interviews, brochures, flyers, reports and so
on. The further step consists of the data collection,
text data mining analysis and report of the analysis
results by presenting the most common and usual

Interactions

EVP-IVP )
Sources
Data [ EVP-Customer ]
Collection
IVP-Customer ]
Knowledge Key Data Elements Set:
Discovery and Sentiments— Keywords - Concepts
Data Mining Categories— Entities - Text Fragments

[ Knowledge Requirements ]

Figure 2: Framework for determining Knowledge
Requirements for Sustainable Smart Service Design.
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keywords obtained from such data sources. In the
particular case of our study, we decided to utilize the
data elements (sentiments, keywords, concepts,
categories, entities and text fragments) offered by
our text mining software enrichments. Data
enrichment is defined as an algorithm that process
unstructured text data from different sources to find
insights that were not referenced explicitly in the
text, interpreting the data into the context of other
information sources and simplifying the definitions
of specific topics (Hasan et al., 2011, IBM). A data
enrichment utilizes a linguistic approach which
considers the natural language contained in the data
sources, identifying the domain (topic) predominant
for effective analysis (Ordenes et al., 2014). The
data enrichment algorithm used by the software
employed in this study removes the irrelevant
elements and performs interdependency analysis to
bring the key or most relevant element set on the
members’ interaction. The elements that present a
higher co-occurrence are considered as knowledge
requirements. The whole requirement elicitation
process is illustrated in Figure 2.

4 CASE STUDY: OIL LUBRICANT
AND ADDITIVE
MANUFACTURER
ECOSYSTEM

An empirical study was used to apply and test the
elicitation process previously presented. The
members involved in the study were a car lubricant
and additive manufacturer and one of its main
customers, a fuel stations group providing full-
service offerings to its customers. The manufacturer
supplies several customers segments in its value
chain. Their customer segments are car workshops,
spare parts stores, retail stores, and its main
customer fuel stations. The fuel stations group
provide full-service offerings to its customers,
including gasoline and diesel filling, express car
washing and car liquid level checking, serving both
consumers and corporate clients. The optimal scope
of this study would be the full integration of all the
members involved in the manufacturer’s ecosystem.
However, due to the extension limitations of our
work, we will consider the system integrated by the
manufacturer and the service station group,
including its members and regulators, defined as the
micro-ecosystem.
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Figure 3: Service ecosystem value exchange (information)
mapping among members of case study.

The study began with two interviews made to the
Operations Managers from both companies. The
purpose of such meetings was to identify the data
sources presented in each interaction, considering the
whole service lifecycle. The members involved
within the manufacturers ‘side were sales
representatives,  training  leaders,  technical
representatives and operations managers. From the
fuel stations group side, the members involved were
service operators, sales and operations managers.
Finally, the regulator’s side was represented by
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governmental institutions and private quality
assurance entities. The value (information) exchanges
between members are graphically represented in the
system map shown in Figure 3.

The managers from both companies provided the
data sources resulting from the previously mentioned
interactions. As shown in figure 4, several data
sources were identified for the different members
interactions across the whole service lifecycle,
representing the first part of our elicitation process.
Diverse areas involving the performance, customer
feedbacks, safety issues and product handling were
found. According to our interviews and employees’
recommendations, we selectively categorized four
areas or fields for our analysis: Safety, Regulations,
Performance and Disposal. The next step was to
perform the text mining analysis. The software used
for this study was IBM Watson Discovery, a cloud-
based solution which uses algorithms to process text
data from diverse sources, transforming raw
unstructured data into explicit and implicit findings.
We proceed to upload all the text documents
previously into the software cloud in order to carry
out the text mining process and knowledge discovery.
After the text mining process was finished and data
enrichment analysis was performed, the software
brought us outputs composed of multiple key
elements. The chosen elements were selected based
on their co-occurrence, which are the elements with
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= Technical Data Sheets
= Safety Data Sheets

= Training Content

= Blog

®= Brochures
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= |n-site Training Feedback
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= |nterviews = Waste Reports
= Reviews
&
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Standards

Standards

SSO- Regulator

= Waste Reports
= Compliance Reports

Figure 4: Sources of data collection through the phases of service lifecycle.
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more interdependency with each other once the
software eliminates irrelevant elements and performs
the statistical analysis for term frequency. The last
one is an automate process that brings the most
common and used keywords presented in the
documents. As shown in Table 1, we organized the
key elements (outputs) presented according to the
areas previously described and the three phases of
service lifecycle as illustrated in Figure 4. Finally,
once the key element set is obtained and organized, it
is utilized as the main input to construct the whole
knowledge requirements elicitation  process,
necessary for further smart service design process
steps, which are object of study for future research.

5 RESULTS AND DISCUSSION

In order to describe the results obtained and
illustrated in Table 1, the following lines will explain
the origin and application of the key elements
discovered, henceforth expressed as knowledge
requirements. We begin presenting the keywords
output brought by the statistical analysis for term
frequency, which is one of the previous analysis
before obtaining the key elements by co-occurrence
or interdependency. The most frequent terms by study
area are: (1) Safety keywords related to health
hazards and risks that the handling of lubricant and
additives can cause to human health, such as
Inhalation, Skin, Toxicity, Breathing and Irritation;
(2) Regulations keywords with strong emphasis on
the compliance and environmental preservation
fields, such as Pollution, Carbon Monoxide, Hazards,
and ISO and OSHA standards; (3) Performance
keywords aiming the knowledge of the recommended
product to use in each car and situation, such as
Application, Benefits, Applications, 100000 Km,
Transmission, Corrosion, Viscosity Index, Synthetic;
(4) Disposal keywords related to waste management
and handling of liquid and solid hazardous waste,
such as Residues, Collectors, Spills, Environment,
Containers, Lifecycle and Transportation.

As we can observe, the keywords brought by the
term frequency statistical analysis only provide single
words without any natural linguistic-based outcomes
involving the syntax, grammar and interdependency
of elements. The resulted keywords are important to
understand the repeatability in words an identify
certain parameters. However, the analysis concerned
to this study involves the more complex process
involved after the software eliminates irrelevant
elements and brings term frequency, the linguistics-
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based co-occurrence analysis, which bring us key
data elements in form of composed keywords.

As shown in Table 1, we can identify several key
elements that illustrate the knowledge requirements
in a structured way after the co-occurrence analysis.
It reveals us the exact knowledge need presented in
each phase of the service lifecycle. Firstly, at the
Beginning of Life phase we can find elements related
to the information of the properties, characteristics
and classification and disposal of the product. It
interesting in this case that the main requirements are
not service concerned, rather product orientated.
Makes sense in the way fuel stations operators and
managers demand all the crucial knowledge needed
to perform an optimal service, keeping the customers
and employees in the safest condition before their
activities begin. Elements such as Toxicological
Information, Component Information, QOils and
Additives Classification and Uses, and Confined
Spaces confirm us the concerns. Currently,
employees do not have the technological tools to
extract the most important information from data
sources, given the fact that such information is
contained in hundreds of electronic or paper
documents in form of technical data sheets, safety
sheets, training presentations, and so on. Making the
request of single query a very challenging and time-
consuming task to be done. Therefore, even when
employees are constantly trained, some valuable
knowledge is still hidden within the document pages.
Secondly, at the Middle of Life phase we observe a
transition towards the performance of the service per
se. In the performance area, the elements of
Recommended Applications and Car Condition
Determination explain us the need of recognizing the
diverse conditions a car could face. As we previously
observed in the frequent keywords, information
regarding the condition of the transmission, high-
kilometrage engines, corrosion and many more car
states are concerns to determine the correct product
and service offering. However, nowadays service
providers are guided on their previous experience,
traditional training and colleague advise, guiding
them to offer a service susceptible to errors. In the
Safety and Regulations areas, we notice the interest to
preserve human integrity while providing the service.
The elements Security Practices, Risk Control
Procedures and Chemical Substance Practice are
related to the protocols the employees must follow in
order to mitigate risks and the way they respond to
possible emergencies when handling chemical
products in the service activities. In the Disposal area,
the elements of Product Spills and Cleaning Methods
clearly describe the need to know the procedures in
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Table 1: Knowledge discovery of key data elements for requirements elicitation.

Fields BOL MOL EOL
Safety Hazard Security Practices
Communication
Toxicological Risk Control
Information Procedures
Regulations Component Chemical Substance Appropriate
Information Handling Containers
Performance Product Classification Recommended
Applications
Product Uses Car Condition
Determination
Disposal Confined Spaces Product Spills Dangerous Residues
Contractor Cleaning Methods Waste Collection
Competence

case the product leaks in certain surfaces when giving
the service, causing an environmental damage and
potential hazards. Finally, at the End of Life phase,
naturally the areas of Disposal and Regulations are
presented. The elements of Appropriate Containers,
Dangerous Residues and Waste Collection provide us
a convinced idea that the main knowledge
requirements are related to processes and regulations
in storage, transportation and confinement of residues
for sustainable and safety purposes.

6 CONCLUSIONS

The practical contribution of this paper is to bring us
an understanding of the main knowledge needs from
the people involved in the operational and customer
service processes every day. Which is one of the pillar
steps in the development of the smart worker or the
so-called Operator 4.0, also presented at service and
retail industries. Previous research mainly focuses on
the development of the smart worker within purely
manufacturing environments, without mentioning the
opportunities on their peripheric ecosystem members.
Two main novel tools contributed to the development
of the proposed process. First, the use of the system
mapping tool to understand the information value
flows and data sources needed, considering all the
phases of the service proposition and all the members

involved within the ecosystem. Second, the
application of text data mining from the data sources
allows us to comprehend the key elements presented
in different ecosystem process, identifying the
information or knowledge needs for the further smart
service design phases.

We identified three main limitations to our study
that can be tackled for future research. First, our
results depend on the analysis of the given data
sources documents from case companies. We infer
that the quality and amount of information contained
on the documents provided by the managers from the
two companies were adequate. However, the
information contained on the documents can change
overtime and the amount naturally will raise. That
could be an opportunity to address a more complex
analysis and better algorithm training. Second, the
study did not describe in detail each business process
involved within the ecosystem members. For general
purposes, this the scope of this study was appropriate.
However, future research may address the analysis of
business processes in a systematic way to
comprehend the pain points and needs involved.
Third, this study employed tool IBM Knowledge
Discovery for text data mining. Which is a software
with a high degree of process automation, making
easier to non-field experts in the data science area to
perform high-quality analyses. However, future
research could focus on providing more specialized
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data analysis performed by experts as collaborators of
further works, who could exploit state-of-the-art
methods. Since the study involves both managerial,
business and technical work, it would be necessary to
achieve a collaborative and multidisciplinary
environment, integrated by field experts, operators,
managers, regulators, and other members presented in
the ecosystem.

REFERENCES

Antikainen, M. & Valkokari, K. 2016. A framework for
sustainable circular business model innovation, Techno-
logy Innovation Management Review, vol. 6, no. 7.

Bauer, C., Buchgeister, J., Hischier, R., Poganietz, W.R.,
Schebek, L. & Warsen, J. 2008. Towards a framework
for life cycle thinking in the assessment of
nanotechnology, Journal of Cleaner Production, vol.
16, no. 8-9, pp. 910-926.

Bird, S., Klein, E. & Loper, E. 2009. Natural language
processing with Python: analyzing text with the natural
language toolkit, " O'Reilly Media, Inc.".

Bitner, M.J., Ostrom, A.L. & Morgan, F.N. 2008. Service
blueprinting: a practical technique for service
innovation, California management review, vol. 50, no.
3, pp. 66-94.

Fayyad, U., Piatetsky-Shapiro, G. & Smyth, P. 1996. From
data mining to knowledge discovery in databases, Al
magazine, vol. 17, no. 3, pp. 37.

Hasan, S., Curry, E., Banduk, M. & O'Riain, S. 2011.
Toward situation awareness for the semantic sensor
web: Complex event processing with dynamic linked
data enrichment, Proceedings of the 4th International
Conference on Semantic Sensor Networks-Volume
839CEUR-WS. org, , pp. 69.

Hein, A., Scheiber, M., Bohm, M., Weking, J. & Krcmar,
H. 2018. Towards a design framework for service
platform ecosystems, 26th European Conference on
Information Systems. Portsmouth, United Kingdom.

Hsieh, H. 2005. Three approaches to qualitative content
analysis, Qualitative health research, vol. 15, no. 9, pp.
1277.

IBM, Data enrichment. Available: https://www.ibm.com/
watson/whitepaper/discovery/data-enrichment.html
[2019, "Mar 23, "].

Jansen, B.J. 2009. Twitter power: Tweets as electronic
word of mouth, Journal of the American Society for
Information Science and Technology, vol. 60, no. 11,
pp. 2169-2188.

Kim, M., Lim, C., Lee, C., Kim, K., Park, Y. & Choi, S.
2018. Approach to service design based on customer
behavior data: a case study on eco-driving service
design using bus drivers’ behavior data, Service
Business, vol. 12, no. 1, pp. 203-227.

Lempinen, H. & Rajala, R. 2014. Exploring multi-actor

value creation in IT service processes, Journal of

Information Technology, vol. 29, no. 2, pp. 170-185.

202

Lim, C., Kim, K., Kim, M., Heo, J., Kim, K. & Maglio, P.P.
2018. From data to value: A nine-factor framework for
data-based value creation in information-intensive
services, [International Journal of Information
Management, vol. 39, pp. 121-135.

Lim, C., Kim, K., Kim, M. & Kim, K. 2018. Multi-factor
service design: identification and consideration of
multiple factors of the service in its design process,
Service Business, pp. 1-24.

Lim, C. & Maglio, P.P. 2018. Data-driven understanding of
smart service systems through text mining, Service
Science, vol. 10, no. 2, pp. 154-180.

Liiftenegger, E., Comuzzi, M. & Grefen, P.W. 2017.
Designing a tool for service-dominant strategies using
action design research, Service Business, vol. 11, no. 1,
pp. 161-189.

Lusch, R.F. & Nambisan, S. 2015. Service innovation: A
service-dominant logic perspective, MIS quarterly, vol.
39, no. 1.

Lusch, R.F. & Vargo, S.L. 2014. Evolving to a new
dominant logic for marketing in The Service-Dominant
Logic of Marketing Routledge, , pp. 21-46.

Lusch, R.F., Vargo, S.L. & Gustafsson, A. 2016. Fostering
a trans-disciplinary perspectives of service ecosystems,
Journal of Business Research, vol. 69, no. 8, pp. 2957-
2963.

Macdonald, E. 2011. Assessing value-in-use: A conceptual
framework and exploratory study, Industrial Marketing
Management, vol. 40, no. 5, pp. 671.

Mankad, S., Han, H., Goh, J. & Gavirneni, S. 2016.
Understanding online hotel reviews through automated
text analysis, Service Science, vol. 8,no. 2, pp. 124-138.

Mikroyannidis, A. 2006, Heraclitus II: A Framework for
Ontology Management and Evolution.

Neuhittler, J., Woyke, 1., Ganz, W. & Spath, D. 2018. An
Approach for a Quality-Based Test of Industrial Smart
Service Concepts, International Conference on Applied
Human Factors and ErgonomicsSpringer, , pp. 171.

Ordenes, F., Burton, J., Theodoulidis, B., Gruber, T. &
Zaki, M. 2014. Analyzing customer experience
feedback using text mining: A linguistics-based
approach, Journal of Service Research, vol. 17, no. 3,
pp. 278-295.

Orellano, M., Lambey-Checchin, C., Medini, K. & Neubert,
G. 2018. Towards an integration of lifecycle thinking
into PSS business models, Procedia CIRP, vol. 73, pp.
291-296.

Stickdorn, M., Hormess, M.E., Lawrence, A. & Schneider,
J.2018. This Is Service Design Doing: Applying Service
Design Thinking in the Real World, "O'Reilly Media,
Inc.".

Vargo, S.L. & Lusch, R.F. 2011. It's all B2B... and beyond:
Toward a systems perspective of the market, Industrial
marketing management, vol. 40, no. 2, pp. 181-187.

Yu, C.H. 2011, "Compatibility between Text Mining and
Qualitative Research in the Perspectives of Grounded
Theory, Content Analysis, and Reliability", Qualitative
Report, vol. 16, no. 3, pp. 730-744.



Publication 111

Verdugo Cedefio, M., Hannola, L., and Ojanen, V.
Designing Al-based Smart Service Concepts for Worker Use: Case of
Cognitive Assistants

Reprinted with permission from
European Academy of Management Conference (EURAM)






Designing Al-based Smart Service Concepts for Worker Use: Case of Cognitive

Assistants

ABSTRACT

The rapid growth of Artificial Intelligence (Al) in service encounters has increased the need
for innovative approaches that enhance workers by interacting with such technology. Cognitive
assistants integrate Al in conversational interfaces to provide capabilities to their users,
including decision-support and problem-solving. Services are considered smart when a data-
driven technology, such as Al, provides intelligent capabilities to the members involved in a
service setting. The purpose of this paper is to develop a process for designing smart services
that harness Al to support and upskill workers in service encounters. An Action Design
Research approach in a case study company was followed to develop the design process. The
design process resulted in the Innovation of Cognitive Assistant Services (ICAS) method, a
worker-centered approach that integrates Al and managerial tools to create smart service
concepts driven by cognitive assistants. The method was applied and validated in a retail
service setting where workers interact face-to-face with customers. Three service concepts
were designed to augment the analytical, intuitive, and empathetic abilities of workers in
service encounters, which might enhance worker performance, effectiveness, and perceived

service quality.

Keywords: Service Design, Smart Services, Artificial Intelligence



1. INTRODUCTION

In recent years, the concern from workers in diverse industries about being replaced by artificial
intelligence has arisen significantly (Jarrahi, 2018; Wilson and Daugherty, 2018). Regarding
the service industry, numerous workers still perform routine and repetitive mechanical tasks
that do not require higher education or skills, and it is these tasks that are most likely to be
replaced (Huang and Rust, 2018). Despite the current discussion of placing technology as a
driver of economic value, a human-centered approach, defined as workforce augmentation, has
emerged to improve employees’ abilities and wellbeing (Moencks et al., 2022). This
augmentation refers to the amplification of human abilities to assist economic and social tasks
through a wide range of technologies, such as extended reality, wearables, computer vision,
and cognitive assistants (Matari¢, 2017; Ras et al., 2017). Augmentation technologies provide
multiple advantages to both workers and organizations. Organizations might benefit from
efficiency, operational safety, and customer satisfaction improvements, whereas workers

experience improved skills development, health, and safety (Moencks et al., 2022).

The cognitive assistant, one of the augmentation technologies, integrates Artificial
Intelligence (Al), neuroscience, machine learning, cognitive science, and other disciplines to
augment human knowledge and abilities, which are further used to assist humans in their
decision-making processes (Spohrer and Banavar, 2015). Cognitive assistants are commonly
used in consumer products to inform and guide customers in achieving specific goals through
conversational user interfaces (CIU) (Lister et al., 2020). However, the use of cognitive
assistants for workforce augmentation in industrial contexts has gained particular interest in

recent years (Campbell, 2020).



Cognitive assistants enable the so-called intelligence augmentation, which refers to the
enhancement of human abilities for supporting real-time decision-making and training
(Harborth and Kiimpers, 2022). Chatbots, virtual agents, conversational Al, virtual assistants,
smart assistants, and further nomenclature (Tudor Car et al., 2020) are different terms for
referring to an assistant with a conversational interface. The difference between conventional
rule-based chatbots and cognitive chatbots (assistants) lies in the complexity of conversations
and the level of intelligence for solving specific tasks (Agarwal et al., 2022). Although both
understand human language, rule-based chatbots respond to predefined and fixed answers
according to the user input (Adamopoulou and Moussiades, 2020). In contrast, cognitive
assistants can recognize, recommend, predict, optimize, prioritize, reason, and take action from
training algorithms that analyze obtained data sources (Dellermann et al., 2019). Unstructured
text data plays a role in training the cognitive assistant with the input needed to support
decision-making. The more data from previous conversations and text sources are used, the
more reliable the capabilities of the cognitive assistant. However, biases in the training data
might be reflected in the cognitive assistant, and to minimize it, developers should include

unstructured data from different sources and individuals (Srinivasan and Chander, 2021).

In service contexts, cognitive assistants can collaborate with frontline workers,
providing them with real-time analytics and advice on how to socially interact with customers
in optimal ways (Garry and Harwood, 2019). For instance, Mele et al. (2022) presented a study
that shows how cognitive assistants can advise healthcare givers on how to treat each patient
according to their vulnerabilities, such as their psychological conditions and socio-economic
status. Data-driven technologies, i.e., cognitive assistants, utilized in service contexts to
provide intelligent capabilities for value creation are known as smart service systems (Lim and
Maglio, 2019). In smart service systems, value creation is automated or extended in a connected

network where data from various sources is collected, computed with technology, and



transmitted with wireless communications (Lim and Maglio, 2019). Human-centered smart
service systems (HCSSS), in turn, are an extension of the latter, which aim to augment human

knowledge through cognitive computing capabilities (Spohrer and Banavar, 2015).

Despite the advantages that cognitive assistants can bring for workforce augmentation
in service encounters, studies focusing on collaborations between frontline workers and
cognitive assistants as a potential means for service innovation are yet to be conducted. Few
studies have explored the use of Al-based cognitive assistants in the contexts of smart services
and value creation. For instance, Siddike and Kohda (2018) introduced a service system
framework to demonstrate the benefits that cognitive assistants have on end consumers of smart
devices, such as smart home and entertainment devices. In such a framework, the authors
concluded that cognitive assistants create value for end users of smart devices, including
improvements in task management, information retrieval, learning, and data-driven decisions
(Siddike and Kohda, 2018). Despite presenting several benefits of cognitive assistants, the
study is focused on the value creation for end customers, such as users of smart home devices.
Another example includes Siddike et al. (2021), who explored the potential of cognitive
technology for creating value for end users at the bottom of the pyramid. The authors propose
a service platform based on cognitive technology that integrates healthcare, financial, and
educational services (Siddike et al., 2021). Despite previous studies focused on cognitive
augmentation from the service perspective, existing literature on smart services has not
addressed how Al-based smart services can be designed in internal settings, particularly to

create value for workers in service encounters.

This study aims to design smart service concepts that might augment the skills and
knowledge of less experienced workers in service encounters, addressing the problem of
service organizations to find and preserve qualified workers. Focusing on service innovations

for employees not only extends benefits for internal customers (Umashankar et al., 2011), but



also contributes to turn employees’ knowledge and resources into external services (Valtakoski
and Jarvi, 2016). Moreover, when internal service processes are improved with data-driven
technologies, organizations have the opportunity to deliver such improvements as new service

offerings to the external market (Sawhney, 2016).

This paper introduces the Innovation of Cognitive Assistant Services (ICAS) method,
a design process to ideate services based on worker-cognitive assistant collaborations. The
ICAS method demonstrates its applicability through an in-depth single case study in a medium-
sized service station group. The ICAS method was developed and applied in a context where
workers provide full-service offerings to car drivers. The objectives of this paper are: (1) to
develop a method for designing Al-based smart services for workers in service encounters, and
(2) to investigate how Al-based smart service concepts can create value for workers and other
stakeholders. The intended contribution of this paper to the literature is to introduce a design
method for HCSSS from an internal process perspective, particularly for workers on the

frontline.

2. METHODOLOGY: ACTION DESIGN RESEARCH FOR DEVELOPING THE

ICAS METHOD

The ICAS method was developed following the Action Design Research (ADR)
research methodology (Sein et al., 2011), supported by an in-depth case study. ADR involves
the intensive collaboration of researchers and practitioners to solve organizational problems,
aiming to make academic research relevant in practice. The difference from existing design
research approaches is that ADR focuses on the continuous evaluation of the artifact (Sein et
al., 2011), which can be possible in cases where intensive and long-term intervention occurs

with the involved organization.



ADR suggests following a series of stages and principles for ensuring research
outcomes relevant to practitioners and researchers (Sein et al., 2011). First, ADR begins with
a problem formulation step, which consists of defining practice-inspired research to solve a
class of organizational problems through a theory-ingrained artifact. The theory-ingrained
artifact is composed, i.e., ensembled, of diverse multidisciplinary methods, tools, and
approaches. Second, the ADR continues with the building, intervention, and evaluation step,
which aims to validate the initially designed artifact through continuous evaluation cycles,
shaping the understanding of the organizational context to influence the method selection.
Third, ADR finalizes by reflecting on the outcomes obtained through the ensembled artifact

and its suitability to solve the previously defined class of organizational problems.

The in-depth single case study supported the ADR for understanding the processes,
characteristics, and complex structures of the organization (Dubois and Gadde, 2002, 1999).
Moreover, the case study is valuable when the selected example denotes relevant aspects of the
phenomenon to be studied and thus, potential revelatory opportunities (Siggelkow, 2007). The
in-depth case study consisted of four years of intensive collaboration between the case
company and one of the authors of this paper, who is simultaneously a doctoral researcher and
an employee of the organization. The data was collected through multiple meetings,
workshops, observations, calls, and semi-structured interviews conducted with more than 40
workers and ten managers of the organization from August 2017 to August 2021. For instance,
a recurring weekly meeting was conducted with the operations staff, where occasionally, a
workshop approach was adopted to discuss improvement opportunities. In addition, individual
face-to-face meetings with the staff were conducted twice a month to discuss multiple issues,
including service improvement opportunities. The data was handled in meeting minutes, a
common approach in practice to summarize and synthesize the relevant aspects of a meeting.

A narrative analysis was conducted to analyze the data, consisting of identifying patterns from



the narratives and experiences of each respondent. The narrative analysis contributed to
understanding the organizational phenomena, including business processes, team dynamics,

problems, and improvement opportunities that supported the ADR.

3. CASE STUDY: FUEL STATION GROUP

A case company was studied to evaluate the contributions and relevance of our method
to solving an organizational problem. The case company is a group of service stations operating
in southern Mexico. The company is a middle-sized organization with 120 employees, of which

90 are workers.

3.1 Problem definition

Contrary to self-service stations from developed markets, service stations in Mexico are
full-service retail providers. The core product in their offering consists of fuel retail, including
gasoline and diesel. In addition, the company offers peripheral products related to car
performance and aesthetics, such as lubricants, oils, additives, and car cleaning products. Most
service stations in Mexico integrate convenience stores focused on non-auto-related consumer
products, which operate independently of the fueling and service business. However, the main
difference with their counterparts in developed markets lies in the full-service offering, which
includes fueling dispatch, tire pressure inspection and inflation, express cleaning, liquid level

inspection and refilling, and repair of non-complex mechanical failures.

The studied case company has convenience stores within its stations. However, they are
operated by a third-party company, and its service operations are out of the scope of this
research. The service context of interest for this study lies in the full-service provision
occurring at the fueling stations. The full-service offering is carried out by operators interacting

with customers face to face, working 24 hours per day in three shifts. Operators perform



different service tasks by combining commercial and technical skills. Their skillset includes
customer service, sales, car mechanics, retail software, and equipment handling. In addition to
the tasks related to the service provisions, operators collaborate on duties related to the facility
and equipment maintenance. Customers spend an average of 3.5 minutes at the station, and
each operator serves an average of 120 customers per shift. The service station collaborates
intensively with the supplier of its peripheral products, a manufacturer of additives, oils, and
lubricants. Both parties continuously provide operator training and coaching in sales and

customer service, operation processes, and safety practices.

Operators, shift supervisors, administrative staff, and the station manager use instant
messaging mobile applications to collaborate on several issues occurring at the station and
make decisions accordingly. All members participate in a group channel within the application
to support each other in matters related to customer complaints, technical problems, and
managerial procedures, among other topics related to the business operation. The team
harnesses the advantages of the application’s conversational interface and audiovisual content
sharing for consulting recommendations and instructions on problem-solving (See Figure 1).
For instance, operators can contact the manager to receive instructions and feedback related to
maintenance work. Another example occurs when operators consult the group about

recommendations for dealing with a customer complaint or inquiry regarding the service.

Issues consulted in the messaging application:

1. Maintenance and repair of fuel tanks, dispenser components, electronic and electric
systems, pumps, and compressors.

2. Customer inquiries regarding features and benefits of offered fuels, oils, and lubricants,
and cleaning products.

3. Troubleshooting of car failures and inquiries related to general car mechanics.



4. Recommendations on handling customer complaints and effective practices in
customer service.
5. Instructions and support on Point of Sales (POS) software, i.e., terminals, invoice

system, inventory entries, and sales and commissions.

Despite the multiple advantages that instant messaging applications provide to the company
staff, they highly depend on the knowledge and time response from the members who
provide feedback, recommendations, or instructions. In addition, the organization has
questioned the effectiveness of conventional operational training for upskilling operators,
given the constant reliance of staff members on the group’s feedback through messaging
applications. For this reason, the adoption of such a communication channel can be

harnessed and complemented through Al-based smart services using cognitive assistants.
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Figure 1: Recommendations and instructions given by conversational interfaces.



Based on the current situation of the company, we identified a general problem from
three angles, which defines the class of problems to be solved by our artifact. First, the
operators rely on the knowledge level of their co-workers, trusting in the instructions and
recommendations they receive and request in digital channels, i.e., conversations in the chat
group. Second, the operators are unaware of how Al can contribute to enhancing their skills in
work processes. Third, the organization considers innovative ways to upskill operators to face
the challenge of finding and maintaining qualified workers. A class of problems comprises the
three aspects mentioned before. Based on the above, we defined the class of problem to solve:
enhancing worker skills in service encounters in the age of Al. Finally, since the context of the
case company denotes relevant aspects of the phenomenon to be studied, namely a service
organization where frontline workers physically interact with customers in service encounters
and utilize conversational applications as support tools, we conclude that the selected case

study is suitable for the purpose of this research.

3.2 Artifact proposal and evaluation

The next step identifies the theoretical bases and prior technology to formulate the
premises for the ensembled artifact derived from the defined class of problems. After
considering managerial, design, and technological tools suitable to solve the class of problems,
we determined potential theory-ingrained solutions for each problem angle, as shown in Table
1. After an exclusion criteria procedure, a group of methods and tools were selected and
justified according to the objectives of each class of solutions, which were subject to continuous

evaluations in the following stages until an ensembled artifact was obtained.

The proposed solution for the first problem angle is to improve the knowledge obtained
from the messaging application group. As we described above, cognitive assistants need input

from data sources. However, we first need to identify the data sources that will be the means



for the cognitive assistant support. To solve the first problem angle, we selected two tools for
identifying information sources contained in the form of text documents. First, we selected the
Flowchart (Gilbreth and Gilbreth, 1921), a diagram widely used in industry and academia to
represent processes and workflows graphically. Despite being introduced more than a century
ago, the Flowchart is commonly used to represent resource flows and actions, including
document flow between members (Aguilar-Saven, 2004). The second information
identification method proposed was the Value Network Map (Morelli, 2006; Stickdorn et al.,
2018), a system-based tool for visualizing business processes and interactions between actors,

including the information sources generated in such interactions.

We proposed text mining analysis as a support tool to determine the relevant content
that can be used to feed the cognitive assistant with enough input data to solve the potential
issues that operators could face. The purpose of the text mining analysis is not to reveal new
information but rather to identify the knowledge needs to assist operators in service encounter

processes.

Table 1: Potential theory-ingrained solutions for each specific problem

Problem Angle

Theory-ingrained Potential Solution

Purpose

Operators rely on the
knowledge level of
their co-workers.

Unawareness of how
Al can contribute to
enhance operator
skills.

The organization
considers new ways
for upskilling
operators.

1. Value Network Map (Morelli, 2006; Stickdorn et
al., 2018)

2. Flowchart (Gilbreth, 1921)

1. Cognitive Computing - Text Mining

1. The Four Intelligences (Huang and Rust, 2018)
1. Service Blueprint (Shostack, 1982; Bitner et al.,
2008; Patricio et al., 2008)

2. Process Chain Network (Sampson, 2012)

1. Resource-Oriented Service Ideation (Takeyama et
al., 2014)

2. Job Map (Bettencourt and Ulwick, 2008)

Identification of information sources

Knowledge discovery and extraction

Separate tasks according to intelligence
levels

Identification of service tasks and
interactions between members

Service Design — Service Ideation
Techniques

10



To address the second problem angle, we selected two service design tools to identify
the process involved in the service encounter and determine how Al (cognitive assistants) can
support operators in particular tasks. The first tool is the Service Blueprint (Shostack, 1982;
Bitner et al., 2008; Patricio et al., 2008). Initially suggested as an adaption of the Flowchart
(Gilbreth and Gilbreth, 1921) for service researchers (Shostack, 1982), the Service Blueprint
maps visualized representations of service systems in the context of service encounters,
including the activities of a service provision (Patricio et al., 2011). The second tool to be
evaluated is the Process Chain Network (Sampson, 2012), an improved version of the Service
Blueprint, which represents service activities from a network perspective, considering the
interaction of diverse entities participating in a service system (Sampson, 2012). Consequently,
we applied the four-intelligences classification (Huang and Rust, 2018) to separate the
activities or tasks according to the type of intelligence required. This categorization classifies
intelligence into four classes: mechanical, analytical, intuitive, and emotional intelligence, with
tasks requiring mechanical intelligence being the first predicted to be replaced by Al and those
needing emotional intelligence the last (Huang and Rust, 2018). The utilization of the
classification contributes to identifying the tasks that can be enhanced by cognitive assistance.
For instance, the cognitive assistants might contribute to support analytical and intuitive tasks

to a higher degree, whereas emotional tasks might contribute to a lower degree.

We selected two service ideation techniques to address the organizational problem of
finding innovative ways for upskilling operators. The objective was to identify two ideation
tools from two perspectives, one resource-oriented and one outcome-oriented tool. The
Resource-Oriented Service Ideation (ROSI) (Takeyama et al., 2014) is a service ideation
technique based on the premises of Service-Dominant (S-D) logic (Vargo and Lusch, 2004)
and resource integration in a value constellation (Normann and Ramirez, 1993; Patricio et al.,

2011; Ng, 2013). The technique aims to integrate available resources from different
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stakeholders, including knowledge and skills, to ideate service propositions (Takeyama et al.,
2014). The second suggested ideation technique was the Job Map, an outcome-based service
ideation technique (Bettencourt and Ulwick, 2008). The technique systematically breaks down
a goal or job that a customer wants to be achieved into a series of steps considering resource
availability, needs identification, and the environment required to get the job done (Bettencourt

and Ulwick, 2008).

One of the main differences between ADR and other design research approaches is that
the initial design of the proposed artifact is continuously re-shaped through evaluation cycles.
The initial artifact is repeatedly evaluated in this stage until the concluding ensemble is reached.
ICAS was developed in this work to solve the three problem angles conforming to the class of
problems defined earlier. The following section introduces ICAS, its conceptual structure,

design process, and design results in the form of conceptualizations.
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4. RESULTS

Two main results were obtained after four years of ADR collaboration. First, the
development of an ensembled artifact for designing Al-based smart services for workers in
service encounters, i.e., the ICAS method. Second, the smart service concepts designed after
implementing the ICAS method. The ICAS method integrates managerial approaches with Al-
based technologies to innovate service encounters through worker skills enhancement. The
managerial and design approaches contributed to mapping the current process, identifying
resources, and ideating service concepts. Text mining contributed to extracting and identifying
the relevant knowledge needed to support decision-making, the fundamental function of
cognitive assistants. Figure 2 illustrates the ICAS method design process and value-creation
mechanisms to solve the defined class of problems. The ICAS method follows three phases
and six steps: (1) data source identification and process mapping of service encounter; (2)
knowledge extraction and identification of key knowledge needs; and (3) service ideation and

conceptualization.

Phase 1. Service Phase 2. Knowledge Needs Phase 3. Smart Service
Encounter Process Innovation
Step 1: Data | Step 2: Step 3: Step 4: Step 5: Step 6:
source Service Knowledge Knowledge Service Service
identification | process extraction needs ideation conceptualiz
mapping identification ation
Identification | Mapping of Extraction of | ldentification Service Service
of service relevant of key ideation conceptualiz
unstructured [ encounter concepts, knowledge based on ation based
data sources process tasks keywords, needs in the worker on decision-
utilized for and skill and entities service resources making
the service (intelligence) from data encounter and assistance
encounter level sources. process. knowledge points in the
process. required. needs. service
encounter
process.

Figure 2: ICAS Method design process
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4.1 First Evaluation Cycle — Tool selection for knowledge needs identification

The first tools evaluated included the Flowchart and the Value Network Map, tools
needed to identify the information sources. The Flowchart is a widely used tool in process
management and operations for identifying document sources of business processes. The Value
Network Map consists of developing a graphical representation of a network of business
members and their interactions. The map uses graphic symbols of the members drawn in a
circular representation of the network, tracing the flow of tangible and intangible assets,
including information sources flowing between the members. Despite the Value Network Map
being a more up-to-date tool, the Flowchart suited better the purpose of identifying information

sources.

For the service process mapping, the evaluated tools included the Service Blueprint and
Process Chain Network. The Service Blueprint uses most of the Flowchart symbology to
represent interactions and flows. The Blueprint separates activities according to the member
who performs them and divides activities into visible and non-visible activities for the customer
and the employee through borderlines called visibility lines. The Process Chain Network is
claimed to be an improvement on the Service Blueprint due to its systematic perspective of
considering members interacting in a value network. Despite being a tool that also uses familiar
Flowchart symbology, it was not clear how to define the specific roles of each member in the
Process Chain Network. Therefore, the Service Blueprint was selected. Consequently, the
operators’ tasks were classified according to the four types of intelligence required to perform

them.

Text mining analytics was utilized to extract knowledge from identified information
sources. The selection of text mining was not compared against other technologies due to the

capabilities that cognitive computing has to meet our purpose. In addition, the researchers
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excluded alternative technologies with the same potential due to the technical limitations of
this study. The results obtained from the text mining analysis supported the identification of
key knowledge needs, which was conducted in collaboration between researchers and the

organization’s management staff.

4.2 Second evaluation Cycle — Results-Oriented Service Ideation technique

The service ideation tools were evaluated and included the involvement of key
operators in selecting the most suitable. Ten operators were involved in the evaluation cycles,
including two supervisors and two shift managers. The evaluated ideation tools utilize
knowledge and skills as means for value creation. In the context of cognitive assistants,
knowledge is the means and primary resource for value creation. Therefore, the ideation
concepts derived from such tools are based on the main principle of smart services and the
fundamental approach of this research. The Job Map was the first evaluated service ideation
tool. Its application consists of an eight-step process to discover customers’ motivations to
achieve a specific goal. The tool was explained through exemplifications using familiar cases,
i.e., customers’ goals when visiting the service station. The Job Map defines users’ objectives
and the resources needed to achieve them, followed by the definition and preparation of specific
inputs to do the job. The exercise aimed to comprehend the tool and its suitability for the further

artifact ensemble.

The second evaluated tool was the Results-Oriented Service Ideation (ROSI) technique.
ROSI integrates external and internal resources for service ideation, including internal skills
and knowledge. As with Job Map, ROSI was explained through familiar terminology and cases.
The ROSI technique maps the integrated resources for two types of users: the lead user, whose
profile relates to an informed person and a holder of resources needed to achieve goals, and a

target user, with limited knowledge and resources to accomplish objectives. In the ROSI
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technique, comparing both users’ resources, skills, and competencies leads to the ideation
process. The ideation process considers the target users’ lack of competencies and resources to

explore service innovation opportunities.

This cycle aimed to evaluate the two ideation tools with a customer-oriented approach
and understand their processes, advantages, and disadvantages for our study. Despite sharing
similarities, the ROSI technique makes the ideation process more straightforward by
comparing the competencies and resources of two types of users. In conclusion, the ROSI
technique was selected to re-shape our ensembled artifact. We evaluated our concluding artifact
ensemble in the following cycle, including further evaluation of the selected theory-ingrained

tools and methods.

4.3 Third evaluation cycle — ICAS method process for service innovation

This evaluation cycle aimed to integrate the tools proposed for our ensembled artifact
and verify its usefulness for designing services based on cognitive assistants. For the first phase
of ICAS, we unified the Flowchart and Service Blueprint processes, as shown in Figure 3. We
mapped the process in the service encounter to identify the decision-making tasks the cognitive
assistants can support. Simultaneously, we identified the information sources contained in text
documents. More than 700 documents were identified and collected for this study. The
identified sources were classified according to their purpose of use into process-related and
customer-related documents. Process-oriented documents include the technical information
needed to perform the service from the quality, safety, and environmental aspects, such as
process manuals, technical datasheets, training content, process standards, compliance reports,
and logs. Customer-oriented documents include the content created to inform, educate, and
promote the services offered, such as blog articles and brochures. Customer-oriented

documents also include opinions gathered from customers through online reviews.
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Once identified the information sources, the second phase of ICAS was carried out.
Through text mining analysis, we extracted the most relevant knowledge that supported the
identification of processes and resources needed to apply the ROSI technique for service
ideation. The text mining analysis was performed using IBM Watson Knowledge Discovery, a
software that automatically classifies, sorts, and labels text with Natural Language Processing
(NLP) capabilities (IBM, 2021). The software automatically classified, sorted, and labeled the
data collected in the form of concepts, keywords, entities, and semantic structures in an
unsupervised way utilizing Al search technology with Natural Language Processing (NLP). It
converted documents in text formats, e.g., pdf, txt, doc, into structured JSON format output
through queries labeling concepts, keywords, entities, and categories. With word tagging, we
identified concepts within the text documents and their relations with other entities, labeling
concepts not textually contained in the documents and presenting high-level input keywords.
The software retrieved a vast set of extracted concepts, keywords, and entities through the TOP
VALUES query, which analyzed the frequency and relevance of such terms and retrieved the

results accordingly.
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Knowledge needs identification

The text mining results supported the identification of key knowledge needs step. The
results were classified into three categories, as shown in Table 2: problems likely to occur,
internal processes and operations, and customer complaints. Such classification was made
considering the key tasks involved in the service encounter process and which can be enhanced
through the augmentation of intelligence and skills. The operators utilize empathetic,
analytical, and intuitive intelligences in the service encounter. They emotionally encounter the
customer on three occasions: when greeting the customers at their arrival and departure, when
the operator asks for the products needed, and when operators apply their selling and
communication skills to offer full-service proposals. Regarding analytical and intuitive
intelligences, they perform vehicle check-ups successfully, identifying problems, and solving
them as required. In summary, the purpose of text mining analysis is not to provide new
knowledge but rather to identify the relevant content for the cognitive assistant to support the

decision-making tasks.

The first knowledge need, problems that are likely to occur, refer to car mechanics,
especially those related to the engine, transmission, suspension, and other components. The
second knowledge need, internal processes, and operations refer to operators’ guidelines for
occupational safety, health, and environment. The third need, customers’ complaints, describe
specific deficiencies in the service extracted from the online reviews, which could be
considered opportunities for improving emotional skills through the support of a cognitive

assistant.
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Table 2: Extracted concepts, keywords, and entities from the text-mining analysis

Problems likely to occur

Internal processes and
operations

Customer complaints

Oil change
Corrosion

Presence of foams
Worn out engine
Presence of smoke
Transmission damage
Number of cylinders
Broken hose

Engine cooling

High mileage
Engine start
Moisture presence

Protection measures
Flammability limit
Safety conditions
Hazardous waste
Skin irritation
Chemical emergency
Hazardous chemical
First aid
Environmental precautions
Control spills

Gas exposure

Rough in car care

Lousy attitude

Slow in rush hours
Always in a bad mood
Lack of staff training
Not helpful

Very rude

Always have a pout
Long queues

Terrible service on Sundays
Too slow to refuel

Do not like motorcyclists

Recommended for vehicle type Despotic attitude

Need to be more friendly

Service ideation process

Finally, the smart service innovation phase began with the implementation of the ROSI
technique along with crucial operators. Due to the current adoption of operators with messaging
applications, cognitive assistants, i.e., chatbots, were familiar to most of them. These operators
already had experience interacting with chatbots for different purposes, such as customer
service and product assistance. The operators claimed that a cognitive assistant (chatbot) would
be helpful as an alternative in cases where the information from co-workers is not accurate, or
the response is not received within the demanded time. Privacy concerns were not an issue for

them as long as the cognitive assistant did not ask questions regarding their personal lives.

The first part of the ROSI technique requires defining the lead and target users,
represented by a lead operator and a target operator in this study. The lead operator is
represented by a skillful worker with a complete set of emotional, analytical, and intuitive
skills. In contrast, the target operator is represented by a less experienced worker, usually a
recently hired member without previous working experience in the sector. The target operator
presents more opportunities for innovation. However, the lead operator’s resources and

competencies are considered the means to make the service ideation easier. Once the two
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profiles are determined, the team identifies the activities, resources, and competencies needed
to achieve each operator’s goal. The second part of the ROSI technique requires the constitution
of aresource availability table, which facilitates the comparison of competencies and resources

from the two profiles.

In the resource availability table, we describe the resources and competencies of both
worker profiles using the outcomes obtained from the text mining analysis and expertise from
the organization’s side. We divided resources and competencies into technical and soft, as
shown in Table 3. The technical aspect refers to knowledge and skills related to car mechanics
and vehicle performance. From an internal perspective, it also includes operators’ knowledge
regarding equipment use and maintenance, safety, protection measures, and environmental
guidelines. The soft aspect considers competencies and resources unrelated to the specialized
technical view, such as behavior, qualifications, and background. The first quadrant of Table 3
is blank despite participants’ attempts to identify shared competencies between the lead and
target operators. In the second quadrant, we identified the competencies possessed by the lead
operator, such as technical, business-oriented, and operational knowledge. Kindness,
accountability, and planning skills were considered soft resources and competencies. In the
third quadrant, we identified resources at the disposal of both workers, although only the lead
operators make use of them. In the fourth quadrant, we described the lead operator’s resources,
which the regular operator lacks. Lead operators possess advantages that allow them to excel

due to their previous working experience, education, and training.
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Table 3: Resource availability table

Developed / Easy to obtain Not developed / Difficult to obtain
Competences Technical Soft
o Diagnosis skills when problems o Friendly and kind.
occur. © Supportive and
* Knowledge of safety and helpful attitude.
protection measures. o Flexible and
* Knowledge of waste responsive.
management. . o Efficient in service
o Knowledge of car mechanics. times.
e Interest in searching and reading .
information sources. * Open attltuc!e
« Electromechanical skills. towards learning and
o Equipment maintenance and feedback.
repair skills.
Resources Technical Soft Technical

o Continuous e Salary and o Technical education and training.

training and compensations. | e Previous work-related experience.

courses. o Time o Acquaintances in the car industry.

e Available schedules and o Years of working experience.

information shift rotation.

sources. o HR incentives

o Consultation and | and

support from development

managers and programs.

colleagues.

Smart service Concepts

The outcomes obtained in the resource availability table and results from the text mining

analysis contributed to creating the service conceptualizations. The service concepts are created

based on the key decision-making points and cognitive assistant capabilities in service process

tasks (See Figure 4). The key decision-making points are specific issues that require the

operators to solve and can be supported by cognitive assistants. We ideated three service

concepts according to the needs of target personas and the type of skills augmented: (1)

assistant for sales support; (2) assistant for car diagnostics and problem-solving; and (3)

assistant for customer service. Table 4 illustrates the assistant features of each concept and how

they support the key decision-making points.
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Table 4: Smart service concepts for the fuel station service encounter

Smart Service Key Decision-
Service Process making Points Cognitive Assistant Features
Concept Tasks
Customer needs Recommendation of optimal service offerings based
identification on new customer needs.
Identify needs Example: For an 8-cylinder truck, the optimal service
Suggest according to car includes 93-octane gasoline plus an octane booster
full-service | profile and condition. | additive to increase engine performance.
option Frequent customer Prediction and suggestion of customized solutions
Assistant for recognition based on historic customer purchases.
Sales
Support Recognize recurrent Example: The last liquid check for customer “X” was
customers and their three months ago, and he bought a coolant. The
Suggest needs. customer might need a new liquid check.
liquids Solution offering Retrieve operator inquiries and provide product and
needed service information.
Respond to customer
inquiries and Example: The 5w40 oil cleans the pistons, prevents
communicate oxidation, and contributes to fuel economy by
solution offerings. reducing friction.
Failure diagnostics Estimation of failure diagnostics based on the failure
mode description input.
Determine the causes
of car or equipment Example: The decrease in the acceleration of the
Engine failures. automatic car might be due to a fault in the
Assistant for | checking transmission torque converter.
car Maintenance needs Prediction of maintenance needs based on current
diagnostics identification conditions.
and
problem- Identify maintenance | Example: Based on the car model, mileage, and
solving Identify needs in car and condition, problems in the hydraulic pump might
problem- equipment. arise. Recommend the customer a car shop visit.
need Repair alternatives Recommendation of repair procedures based on
failure level and available toolkits and products.
Provide repair
solutions with Example: The car probably will not start due to a
available means. faulty spark plug. Change the spark plug from
available stock and follow the procedure...
Assistant for Complaint handling Complaint solution recommendation based on
customer Greetings complaint description and customer profile.
service Provide solutions to
customer complaints. | Example: If the customer complains that his fuel tank
was not filled, conduct a test with a standard jug
following the next procedure...
Incident management | Protocols and measures recommendation in conflicts
Communic and misunderstandings.
ation Actions taken in case
customer- of incidents with Example: In the case of misconduct of an intoxicated
operator customers. customer, follow the next protocol...

Personalized
customer service

Provide personalized
offerings to
customers.

Customization of special offerings based on customer
profile.

Example: This is the fourth visit of customer “X” in
the month. You can offer him a free express wash on
his next visit.
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Figure 4: Service conceptualization structure

The first service concept, assistant for sales support, was created to help operators
improve their sales skills and knowledge related to the products and services offered in the
service station. The concept supports the key decision-making points presented in the service
tasks that require intuitive and empathetic commercial skills, such as identifying customer
needs and problems to offer full-service options and products accordingly. As presented in
Table 4, the assistant supports operators in the customer need identification, frequent customer

recognition, and solution offering key decision-making points.

For the customer need identification, the cognitive assistant can recommend the optimal
service offers according to the customer’s car profile and condition. This assistant can be used
in cases where the operators are not certain of specific oil, lubricant, and fuel needs depending
on the car model, year, and engine size, among other variables. For example, the maximum
octane level offered in the country’s stations is 93. Therefore, 6, 8, and higher-cylinder engines
might require an octane booster additive to increase the engine’s performance. The cognitive
assistant can recommend to the operator offering a service package that includes 93 octane

gasoline plus an octane booster additive.

For recurring customer recognition, the cognitive assistant can predict and suggest
solutions for recurring customers based on their purchase history and visit frequency. This

assistant is particularly useful since the company does not have a Customer Relationship
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Management (CRM) software, meaning the customer purchase history is stored in the Point of
Sales (POS) system. The cognitive assistant synchronized with the POS system can predict
maintenance requirements that the customer’s car might need and recommend personalized
services accordingly. For instance, the assistant can inform operators when the last liquid check
from a customer was and services obtained. Thus, it can recommend whether another check is

needed.

For the solution offering, the cognitive assistant can retrieve customer inquiries and
provide information about products and services. This particular assistant might be useful for
recently hired employees who are not entirely familiar with the products and services offered.
This assistant can upskill operators without relying on consulting qualified co-workers or
taking additional training. For example, a customer might ask for the properties and benefits
of the 5w40, an oil used primarily for cleaning purposes, which helps reduce fuel consumption

by minimizing friction and oxidation.

The second service concept, assistant for car diagnostics and problem-solving, was
created to support operators in technical issues related to car mechanics and equipment
involved in the service provision. This concept requires analytical and intuitive skills in
particular tasks of the service process, namely car mechanics skills for effective express engine
checking and identifying problems, respectively. The key decision-making points for this

concept are failure diagnostics, maintenance needs identification, and repair alternatives.

For failure diagnostics, the cognitive assistant can estimate the car or equipment
diagnostics based on the malfunction input provided by the operator. This assistant is
particularly useful for less experienced operators in car mechanics. It can suggest alternative
diagnostics and solutions based on the malfunction so that the operators ultimately decide on

the action to take. For example, when a customer’s car is experiencing decreases in its
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acceleration, the assistant can suggest that it might be caused by a fault in the transmission
torque converter. Thus, the operator can recommend that the customer visit a specialized auto

shop to solve the problem.

For the maintenance needs identification, the cognitive assistant can predict the car or
equipment maintenance needs based on current conditions. Unlike the recurring customer
recognition from the sales support assistant, the diagnostics and problem-solving assistants can
predict car or working equipment maintenance needs based on specific conditions, such as
mileage, oil levels and condition, and general functionality. For instance, a combination of high
mileage, dark hydraulic lubricant, and vibrations in the steering wheel might indicate problems
in the hydraulic pump. Thus, the operator can replace the hydraulic oil in the meantime and

suggest that the customer visit a specialized auto shop.

For the repair alternatives, the cognitive assistant can recommend procedures for non-
complex failures that can be repaired at the station. Similar to the previous example, the
operator can replace oils, lubricants, and simple spare parts with the tools and parts available
in the station. Consequently, the operator can suggest specific repairs and maintenance services
that the customer might need, which can be provided in specialized auto shops. For example,
when a customer’s car does not start due to a faulty spark plug, the assistant can suggest the

operator change the spark plug and provide guidance on the procedure.

The third service concept, assistant for customer service, was created to improve the
customer experience when interacting with the operators. The concept supports the empathetic
tasks of the service process that require emotional and social skills, such as greeting and general
communication between the customer and the operator. The key decision-making points for

this concept are complaint handling, incident management, and personalized customer service.
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For complaint handling, the cognitive assistant can recommend solutions based on the
situation described by the operator. This assistant might reduce the reliance of less experienced
operators on consulting solutions to supervisors or other co-workers. Moreover, particular
situations require managerial decision-making skills, which can help operators to solve
problems effectively. For example, car fuel gauges tend to fail, which causes customers to
complain about their tanks not being wholly filled by the fuel pump. The assistant can show
the operator the procedure for measuring the pump’s correct operation to the customer. In

addition, the assistant can recommend best practices to handle the complaint.

For incident management, the cognitive assistant can suggest the optimal measures for
conflicts and misunderstandings between customers and operators. These conflicts can cause
significant stress and affect the safety of operators. For example, it is usual that intoxicated
customers, under the effect of alcohol or other drugs, conflict with operators, especially during
the night shift. The assistant can guide the operators in following the action plans and protocols

to avoid escalating conflicts and misunderstandings.

For personalized customer service, the cognitive assistant can customize special
offerings according to customer profile, such as discounts, incentives, loyalty programs, and
premiums. Currently, the company offers incentives to regular customers with reward cards.
However, the main issue with reward cards alone is that they do not offer personalized
discounts or incentives. Instead, customers accumulate points with predefined monetary
conversion rates. Cognitive assistants can create customized variable offers to complement
reward programs according to customer purchase history and profile. For instance, free express
car washes, merchandise, oil changes, and other incentives can be offered to particular

customers.

27



5. DISCUSSION AND CONCLUSION

The ICAS method is a multidisciplinary approach to designing worker-centric and Al-
based smart services, resulting in smart service conceptualizations. The resulting concepts
based on enhancing worker skills might innovate the traditional service encounters between
workers and end customers. ICAS integrates Al with managerial tools to create internal service
concepts that might be commercialized as solutions to similar organizations in case of internal

success.

The ICAS method design process comprises three phases and six steps (See Figure 2).
The first phase maps the service process tasks that can be supported by cognitive assistants and
identifies and collects the information sources used to support such process. The second phase
extracts the relevant knowledge that supports the identification of the key knowledge needs
during the service process. The third phase utilizes knowledge needs and worker resources as
means to ideate smart service conceptualizations. The managerial tools and technologies
selected for the ICAS method can vary according to the applied service context and experience
of the designer applying specific tools. However, the selected toolkit must follow the ICAS

design process, i.e., its phases, steps, and goals.

Service innovation based on cognitive assistants can increase workers’ knowledge and
augment their analytical, intuitive, and empathetic skills in service encounters. Skills
improvement is not the only benefit created for workers. Workers can also be benefited from
reduced stress and workloads, improving their job satisfaction and general wellbeing. The
ICAS method allows service organizations to create concepts that assist workers in specific
tasks during service encounters. Moreover, cognitive assistants are not limited to benefit
workers. Besides, they create value for external customers and other stakeholders in several

ways, which translates into enhanced efficiency, productivity, and customer satisfaction,
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among other benefits. In our case study, customers can benefit by reducing maintenance costs,

extending car lifetime, increasing fuel efficiency, and obtaining personalized experiences.

Our results show that Al-based services can contribute to supporting, upskilling, and
training workers in real time. Cognitive assistants’ ability to predict, optimize, plan,
recommend, diagnose, and generate contribute to creating highly efficient, productive, and
resilient services. The ICAS method contributes to identifying the key decision-making points
within the service process that require specific skills and knowledge from workers. Cognitive
assistants can support those decisions, moving towards the decision-making effectiveness that
only experienced workers use to own. The role of the cognitive assistant is to address some of
the current challenges faced by several industries, such as the shortages of qualified workforce,

increasing competition, and the need for conventional businesses to innovate.

5.1 Theoretical contributions

This study contributes to theory by introducing an approach that advances service-
related research, particularly in service encounters, where the interactions between frontline
workers and Al can be harnessed for innovation purposes (Spohrer and Banavar, 2015). This

study contributes to the existing literature by presenting two main novel contributions.

This study introduces a method that focuses on collaborations between frontline
workers and Al as a potential means for service innovation in service encounters. Previous
studies have addressed the impacts of Al on service frontline workers (Dodds et al., 2022;
Garry and Harwood, 2019; Mele et al., 2022). Moreover, existing studies have explored how
Al can enhance service encounters (Robinson et al., 2020; Xiao and Kumar, 2021; Yoon and
Lee, 2019). However, existing literature focuses on presenting Al” benefits in workers and the
service encounter at a general level, without exploring how new service concepts can be created

based on the interactions between workers and Al. The study illustrates how research methods
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and practice-oriented tools can be combined to solve a particular class of organizational
problems and generate theory as an artifact. The artifact generates theory in service research,
particularly by presenting a three-phase service design method in settings where Al is applied
in service encounters. Future studies might focus on the continuous development of the artifact

to increase its generalization in broader contexts.

From the smart service perspective, prior research has introduced service
conceptualizations based on Al-based cognitive assistants (Siddike and Kohda, 2018; Siddike
et al., 2021). However, these studies are focused on illustrating frameworks that show the
different resources, i.e., people, technology, and information, participating in service systems
without proposing a design process. The studies explore services based on the interactions
between end consumers and cognitive assistants. Thus, prior literature left a gap in research
focusing on internal customers (workers) in conventional service encounters as a means for
service innovation. Therefore, this study bridges such a gap by introducing an approach that
places frontline workers at the center of a service design process. In addition, the ICAS method
introduces a systematic design process that comprises mechanisms to identify key tasks in

service encounter processes and proposes Al-based solutions to enhance them.

5.2 Practical Implications

This study has several practical implications for the members involved in service
encounters in conventional service industries. The ICAS method illustrates how the resources
and competencies of workers can be utilized for a further ideation process based on existing
undeveloped skills and difficult-to-obtain resources. Three implications impacting frontline

workers, customers, and service organizations are described.

First, the outcomes obtained from the ICAS method, namely service concepts, might

benefit frontline workers depending on the available skills and resources of each particular case
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where the ICAS method is applied. However, the study’s resulting service concepts might
benefit the company’s operators by augmenting their empathetic, intuitive, and analytical
skills, as shown in the previous section. Empathetic skills might be improved when interacting
with customers, especially in sales and customer service. For example, when operators sell full-
service offerings or need to handle customer complaints and misunderstandings. Intuitive skills
might be improved when identifying customer problems and solutions, especially by
diagnosing issues in the customer’s car and identifying suitable products and services to solve
them. Finally, analytical skills might be improved in activities that require following a specific
procedure. For example, when a car presents a failure, the operators need to follow a procedure

to fix it, including the spare parts and liquids needed.

Second, customers might perceive higher service value by encountering more informed,
skilled, solution-driven, and empathetic employees. As a result, customers might experience
better treatment from employees, compelling answers to their inquiries, effective solutions to
their problems, and personalized offers, among other benefits. In the study’s particular case,
customers might benefit from (1) higher fuel efficiency, (2) extended car lifetime, (3) time and
cost savings in car repairs, (4) improved car esthetics, and (5) improved rewards for brand

loyalty.

Third, Al-based services developed through the ICAS process can benefit service
organizations by bridging worker skill gaps. Service organizations can reduce their dependence
on qualified workers by providing skills augmentation capabilities to less experienced workers.
Additionally, the real-time training capabilities of cognitive assistants might be an alternative
to conventional training, which is often ineffective in upskilling workers. Finally, the internal
service innovations obtained by the ICAS method might lead to further external innovation
opportunities. Service organizations can productize internal services and offer them as

solutions for markets in service sectors and other industries.
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5.3 Limitations and Future Research

This study has limitations in its methodology, results, and scope. First, the study
adopted the guidelines and principles of ADR to the context of service artifact proposition for
original research. Therefore, further studies are required to validate its effectiveness and

examine the implications of using ADR approaches in diverse contexts.

Second, our study might present limitations in its research scope by investigating a
particular case company, i.e., a service station group, and could affect the generality of our
results (Yin, 2003). However, the workers involved in the design process interact with
customers face-to-face and utilize conversational interfaces in messaging applications in the
service encounter. Thus, the characteristics of our case study denoted relevant aspects of the
phenomenon studied (Siggelkow, 2007), which contributed to increase the generality of our
results. Furthermore, this research lays the foundation for extensive studies that might include
the study of the phenomenon in different industries. Some examples include use cases in

healthcare and hospitality industries.

Third, the results obtained through the text mining analysis are limited by the available
information sources, biases from the writers who compiled the text documents, differences in
terminology and jargon from a specific industry, and personal interpretation of the results from
the participants. However, the objectives of this study are not related to analyzing such
variables but rather the discovery of valuable content to support operator decision-making. Due
to the scope limitations, text mining was not utilized to analyze content from previous
interactions in the conversations carried out in the messaging application. Further research
might consider the text-mining analysis of historical conversations. Therefore, the cognitive
assistant can extract valuable content regarding operational instructions and customer service

guidelines to complement its responses.
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A fourth limitation in scope is that this study does not consider the technological
development of the three service concepts and their implications, such as privacy concerns,
interaction design, technical requirements, usability tests, and other variables involved in
developing such technologies. This study introduces a method to include workers in the
digitalization and cognitive era through cost-effective solutions that improve their lives, e.g.,
cognitive assistants. Further research might consider the development of prototypes to evaluate

the assistants’ usefulness.

Finally, the technology selected and used for this research employed unsupervised
algorithms that extracted knowledge from information sources in a semi-automatic way. Future
research might include a multidisciplinary team of developers, data scientists, designers, and

service researchers to improve the analyses and outcomes of the presented study.
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ABSTRACT

The Industry 5.0 initiative seeks the sustainability and resilience of production systems through
digital technologies. Derived from such an initiative, the Operator 5.0 concept surged to place the
operator as the main value-creation contributor of sustainable and resilient human-machine sys-
tems. Smart service systems are data-driven services that provide intelligent capabilities to support
decision-making in business processes. Despite previous research on smart services driven by mul-
tiple technologies in different contexts, further studies approaching Digital Twins as enablers of
smart services in machine use phases are yet to be explored. Digital Twin, an Industry 5.0 enabler,
is a technology that virtually represents physical assets that collect and analyze data from actual
operations to make predictions for decision-making. Simulation-based Digital Twins generate simu-
lation models that are continuously upgraded with asset data in real time, improving the accuracy
of predictions. This paper aims to investigate how the Simulation-based Digital Twins (SDT) can
enable the development of smart services in the Operator 5.0 context. We build on a multiple
case study of 13 interviews from nine heavy mobile machinery manufacturers. We capture our
results in categorizing SDT-enabled smart services for the use phases of the machine lifecycle. The
categorization identifies the capabilities of each smart service for decision-making support and

KEYWORDS

Digital Twins; simulation;
Industry 5.0; smart service
systems; value co-creation

value co-creation.

1. Introduction

The European Commission recently announced the Industry
5.0 initiative as an extension of the well-known Fourth
Industrial Revolution, i.e., Industry 4.0, mainly focused on
the industry’s technological development and digital trans-
formation (Breque et al.,, 2021). Industry 5.0 focuses on the
social impact the Industry 4.0 on workers, with a focus on
human-centricity, sustainability, and resilience (Xu et al,
2021). Romero and Stahre (2021) introduced the concept
“Operator 5.0,” which aims to empower operators to collab-
orate with intelligent machines to reach unseen levels of
productivity, safety, and resilience in production systems
(Romero & Stahre, 2021).

The human-centricity considers the collaborative inter-
action between workers and technology towards a common
goal (Carayon, 2006; Rankin et al., 2014; Walker et al,
2008). The sustainability perspective aims to use digital tech-
nologies to improve operators’ personal and professional
development (Hutchins & Sutherland, 2008; Rajak &
Vinodh, 2015). The resilience aspect aims to create flexible
and resilient human-machine systems by monitoring current

circumstances, anticipating events and responding accord-
ingly (Hollnagel, 2009; Madni & Jackson, 2009).

The Industry 4.0 is a technology-driven initiative to
improve manufacturing systems by connecting them
through the internet (Nahavandi, 2019). This includes a
range of industries, such as manufacturing, agriculture, con-
struction, and logistics (Dhanabalan & Sathish, 2018). The
new Industry 5.0 builds on Industry 4.0’s technologies to
create sustainable and resilient systems (Miiller, 2020).

Digital Twin (DT) is a tool that creates a virtual version
of a physical object or system (Xu et al, 2021). It collects
real-time data from the physical object to predict and fore-
cast how it will perform (Barricelli et al., 2019; VanDerHorn
& Mahadevan, 2021). Traditional DT technology analyzes
historical data to identify asset failures, making it difficult
for decision-makers to predict future events accurately
(Fuller et al., 2020; Martinez et al., 2018). Simulation-based
Digital Twins (SDT) (Aivaliotis et al, 2019) address this
challenge by communicating bi-directionally with the phys-
ical object to run and upgrade simulations that model
diverse predictive scenarios (Sepasgozar, 2021). SDT can
contribute to improving operator resilience and social

CONTACT Mario Verdugo-Cedeno @ mario.verdugo.cedeno@lut.fi @ Department of Industrial Engineering and Management, LUT University, Lappeenranta,

Finland
© 2023 The Author(s). Published with license by Taylor & Francis Group, LLC

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow the posting of the Accepted

Manuscript in a repository by the author(s) or with their consent.



2 (&) M. VERDUGO-CEDENO ET AL.

sustainability by providing decision-making support during
machine use (Boschert et al., 2018).

Due to their data-driven and intelligent characteristics
(Lu et al.,, 2020), the DT are considered enablers of smart
service systems (C. Lim & Maglio, 2018; West et al., 2021).
Smart service systems are services in which value is co-cre-
ated through intelligent (smart) technologies that collect,
analyze and communicate data for decision-making support
(Maglio & Lim, 2016; Spohrer & Banavar, 2015). Previous
studies have shown how smart service systems create value
in several industries (C. Lim et al., 2018; C. Lim et al.,
2019). However, limited research approach the operationali-
zation of value co-creation through smart services (C. Lim
& Maglio, 2019). Particularly, further research is needed to
illustrate how DT-enabled service systems create value for
decision-making support (West et al., 2021).

To bridge such gaps, we introduce a categorization of
SDT-based smart services within the Operator 5.0 context.
We conducted a multiple case study with nine mobile
machinery manufacturers in Finland and interviewed experts
in simulation engineering and product development to
strengthen our results’ reliability. Our findings sorted SDT-
enabled smart services into two categories: operator-centric
services and resilience-based services. Operator-centric serv-
ices show how the SDT can support machine operations
processes to improve the social sustainability of operators.
Resilience-based services harness the SDT capabilities to
anticipate needs and events, and therefore, enhance the
resilience of machine-operator systems.

This paper contributes by proposing value-creation mech-
anisms of SDT-based smart services, which can be consid-
ered for further developments and service design in different
phases of the machine lifecycle (Kuo et al, 2021). It also
contributes to the field by introducing smart services that
promote the human-centricity, social sustainability, and
resilience of machine operations. In practice, this study
presents to the manufacturers the potential applications and
business opportunities to develop after-sales services based
on the SDT. Moreover, this study gives the manufacturers a
better understanding of the value created through the inter-
actions between the operator, the machine and the digital
twin, allowing them to develop different smart service
configurations.

The objectives of this paper are: (1) examine the attributes
of Digitial Twins and Simulation-based Digital Twins and
how they can enable smart services in machine operations,
(2) explore the contributions of the SDT to support decision-
making in machine operations processes, and (3) investigate
how SDT-driven smart services enable value co-creation in
the context of the Operator 5.0. To achieve these objectives, a
literature review is carried out to understand how Digital
Twins contribute to value creation in the context of the
Operator 5.0. Consequently, a qualitative inductive study
grounded on multiple Finnish heavy machinery manufac-
turers was conducted to explore how the SDT can be utilized
in supporting decision-making in machine operations. Finally,
the results of the literature review and the inductive study
were combined to determine the mechanisms of the SDT to

co-create value in machine operations within the context of
the Operator 5.0.

The paper is organized in four sections. Section 2
presents the theoretical background of the Operator 5.0,
Digital Twins, and their interaction with smart service
systems. Section 3 introduces the research methodology
and describes its approach and architecture. Section 4
presents the results organized around smart service char-
acteristics, which are then integrated into a categorization
of SDT-enabled smart services. Finally, section 5 discusses
the study’s theoretical contributions and managerial
implications.

2. Theoretical background
2.1. The notion of the Operator 5.0

The fourth industrial revolution, known as Industry 4.0, has
given intelligent capabilities to production systems by incor-
porating digital technologies into physical objects (Lasi
et al,, 2014). For instance, the Industry 4.0 contributed that
agricultural tractors became intelligent by automating previ-
ously mechanized tasks (Liu et al., 2021). Despite its techno-
logical advantages, the Industry 4.0 has left aside the human
and sustainability aspects. Therefore, the new paradigm of
the Industry 5.0 surged to add three new elements, human-
centricity, sustainability, and resilience of production sys-
tems (Breque et al. 2021). The new paradigm aims to create
intelligent production systems that contribute to social sta-
bility, resource conservation, and environmental protection
(Adel, 2022).

Derived from the Industry 5.0 paradigm, a recent concept
places the operators at the core of truly resilient and
human-centered production systems, called the Operator 5.0
(Romero & Stahre, 2021). To address the three aspects of
the Industry 5.0, The Operator 5.0 concept suggests that
three research domains should be considered, sociotechnical
systems, social sustainability, and resilience engineering.

Sociotechnical systems consider the collaborative and
augmented operations between workers and technology
towards a common goal (Carayon, 2006; Rankin et al., 2014;
Walker et al., 2008). To be prepared to interact with such
technologies, operators must have a certain level of trust,
openness, and knowledge (Blayone & VanOostveen, 2021).
For instance, to achieve effective collaboration between
robots and workers, robots might perform repetitive and
monotonous tasks and assist operators in making decisions
in more complex tasks (Gjeldum et al., 2022).

Social sustainability seeks the development of worker
competencies, learning, satisfaction, wellbeing, health, and
safety (Hutchins & Sutherland, 2008; Rajak & Vinodh,
2015). It aims to harness digital technologies to enhance
operator skills and general wellbeing with applications that
include real-time and automatic training systems, workload
measurement systems, virtual simulators, and collaborative
robots (Pinzone et al., 2020).

Resilience engineering refers to the ability of productive
systems to anticipate events, identify and monitor current
circumstances, respond to unexpected situations, and learn



from previous encounters (Hollnagel, 2009; Madni &
Jackson, 2009). In the context of the Operator 5.0, the
anticipation ability can be manifested in the prediction and
monitoring capabilities. With intelligent technology, opera-
tors can predict equipment failures, maintenance needs
(Romero et al., 2016), operation safety risks, and health
issues such as stress and workloads (Sun et al., 2020).

2.2. Digital Twins enabling the operator 5.0

Digital Twins (DT), an Industry 5.0 technology enablers (Xu
et al,, 2021), create a digital counterpart of a physical product
or system (e.g., machine, production line) and utilize data to
obtain intelligent capabilities, such as asset monitoring, pre-
diction, optimization, control and decision support (Lattanzi
et al., 2021; Rasheed et al., 2020). Originally, DT technology
contributed to product development and engineering teams to
design more efficient equipment and machines (Donoghue
et al, 2018). However, next-generation DT create value
through services in all phases of the product lifecycle, espe-
cially during machine use phases (Boschert et al., 2018).

The next generation of DT upgrade the unidirectional
sensor-fed DT by virtually representing a system that com-
municates bi-directionally with its physical counterpart to
create simulated models, which provide more extensive and
accurate information of the system (Sepasgozar, 2021). The
next-generation DT interact with its physical counterpart by
integrating real-time data into the physical system (Leng,
Yan, et al, 2021).

Simulation-based Digital Twins (SDT) are next-gener-
ation DT that enhance the traditional computer simulation
modeling of machines and production systems by constantly
upgrading its model with data from sensors (Guerra-
Zubiaga et al., 2021). SDT run reality-driven simulations in
parallel with the machine operation, enabling the so-called
“virtual sensors” to estimate measurements that physical
sensors do not provide or provide with lower accuracy
(Kurvinen et al., 2022), as illustrated in Figure 1. Traditional
simulation cannot be entirely accurate, over time the inac-
curacies accumulate causing the simulation model to drift
away from and substantially differ from reality. However,
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SDT continuously correct the simulation model to bring it
closer to the actual machine behavior (see Figure 2) (Jaiswal
et al., 2022). The enhanced simulation models are thus used
to support decision-making in operations, design, and man-
agement (Savolainen & Knudsen, 2022).

Previous literature has presented the industrial applica-
tions of DT throughout the product lifecycle. Liu et al.
(2021) introduced an in-depth literature review of the appli-
cations of DT in the design, manufacturing and service
phases of the product lifecycle. In product use phases, some
examples include predictive maintenance, fault detection,
and performance prediction (Liu et al, 2021). Moreover,
West et al. (2021) introduced a multiple case study of DT-
enabled services to improve value co-creation and decision-
making support in production environments. The authors
introduced the DT’s capabilities for the whole product life-
cycle, including asset monitoring, control, and operation
optimization (West et al., 2021).

In the design phase of the product lifecycle, DT can be
used to validate and verify the functionality of prototypes in
machine development. The DT allow designers to simulate
several machine scenarios to identify early potential errors
and malfunctions and, therefore, reduce reconfiguration
costs in design corrections (Leng, Wang, et al., 2021). The
DT fed with IoT-generated data from actual machine envi-
ronments, i.e., SDT, enable machine designers to simulate
semi-physical machine configurations and reconfigurations
with a high level of accuracy, reducing prototype validation

l — Reality — Simulation

SDT |

Parameter

Time
Figure 2. SDT-enabled correction of traditional virtual simulation models.
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Figure 1. Simulation-based Digital Twins process.
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costs (Leng, Zhou, et al., 2021). During machine use phases,
the DT can enable interoperability between the digital and
physical worlds, providing operators feedback instructions
from real-time virtualized machine analysis, improving the
performance of the human-machine system (Leng et al.,
2019).

Despite recent literature approaching the DT and simula-
tion as means for value co-creation, further studies related
to the value co-creation of SDT in the context of the
Industry 5.0 paradigm are yet to be explored. Nevertheless,
previous research has presented practical cases of the DT
technology that match the human-centricity, social sustain-
ability, and resilience of the Operator 5.0 (see Table 1).

To meet the human-centricity, DT utilize complementary
technology to interface the DT, the machine, and the operator
(Qi et al., 2021). For instance, Virtual Reality (VR) (Havard
et al,, 2019) and Augmented Reality (AR) (Vidal-Balea et al.,
2021) are used to train operators in controlled environments
and assist operators in actual machine setups, respectively.
Safety management systems (Agnusdei et al., 2021) have inter-
faced with the DT to improve the operator’s occupational
health and safety. Artificial Intelligence (AI) has been inte-
grated into the DT to provide cognitive capabilities, enabling
the semi-autonomy of machines (Groshev et al., 2021). For
instance, conversational assistants (i.e., softbots) have been
used to intermediate between the DT and the operator in a
conversational interface (Rabelo et al., 2021).

The Operator 5.0 new strategic vision will affect one of
the most important resources of production systems, the
human operators (Pinzone et al., 2020). In the Operator 5.0,
social sustainability aims to harness the professional and
personal development of operators (Ajmal et al.,, 2018). DT
applications can train operators in diverse topics. For
instance, safety (Kaarlela et al., 2020) and operations (Pérez
et al., 2020) training applications utilize measurements from
real environments to simulate different possible scenarios
that may challenge operators. From the health perspective,
DT monitor and predict stress levels (Scheuermann et al.,

Table 1. DT and simulation applications enabling the Operator 5.0.

2020), physical and cognitive workload (Peruzzini et al.,
2020). From the wellbeing perspective, the DT can offer
interfaces to improve the operator’s satisfaction. For
example, gamified interfaces embedded in the machine con-
trols can serve as an incentive to keep the operators engaged
and motivated (Loizou et al., 2019).

The DT can monitor current circumstances, identify,
anticipate, and respond to unexpected events, i.e., resilience
engineering (Hollnagel, 2009; Madni & Jackson, 2009).
Considering the interaction between the operator, the
machine, and its digital twin as a symbiotic human-machine
system (Romero et al., 2020), the capabilities given to any of
the three elements of the system affect its whole. When mul-
tiple human-machine systems operate in a production envir-
onment, effective communication and decision-making
between them can give process control systems the capacity
to make coordinated adjustments in case of disruptions,
improving the resilience of the whole production (Leng, Sha,
et al, 2023). To achieve resilience of multiple human-
machine systems, modularized architectures that consider
the integration and coordination of multiple agents are
needed (Leng, Sha, et al, 2023). Moreover, technologies
such as blockchain can ensure that multiple control systems
achieve secure and robust data exchanges among them
(Leng, Zhu, et al., 2023).

The DT utilizes predictive decision techniques to antici-
pate unexpected events, and therefore enhance the system’s
resilience. However, different industries might require spe-
cific prediction capabilities depending on the nature of their
operational processes (Leng et al., 2022). For instance, DT
can predict maintenance needs, and optimize scheduling
and spare parts requirements before a breakdown occurs
(van Dinter et al., 2022). However, the operator also benefits
from such a prediction due to the improved understanding
of machine maintenance needs and safer operations
(Jasiulewicz-Kaczmarek et al., 2020). Similarly, the DT for
machine failure identification and root cause analysis
(Boschert et al., 2018) helps operators to prevent failures

Industry 5.0 perspective Operator 5.0 aspect

Digital Twins applications

Human-centricity Sociotechnical Systems: Collaborative and

augmented operations between workers and

technology toward a common goal.

Sustainability

health and safety.

Social Sustainability: Development of worker
competencies, learning, satisfaction, wellbeing, .

e DT-based assistance through Virtual Reality (Havard
et al., 2019)

e DT visualization and interaction through Augmented
Reality (Vidal-Balea et al., 2021)

e DT-assisted safety management system (Agnusdei et al.
Agnusdei et al., 2021)

e Conversational assistants (softbots) intermediating DT
and workers (Rabelo et al., 2021)

e Safety training (Kaarlela et al., 2020)

Operations training (Pérez et al., 2020)

e Individual stress levels prediction (Scheuermann et al.,
2020)

e Gamified operations experience for worker engagement
and satisfaction (Loizou et al., 2019)

e Physical and cognitive worker workload monitoring
(Peruzzini et al., 2020)

Resilience Resilience Engineering: Ability to anticipate events, e Operator risk prevention and prediction (Bevilacqua
identify and monitor current circumstances, et al., 2020)
respond to unexpected events and learn from e Predictive maintenance (van Dinter et al., 2022)

previous encounters.

e Equipment status monitoring (Botkina et al., 2018)
e Failure identification and root cause analysis (Boschert
et al., 2018)




and respond if they unexpectedly occur. Lastly, some of the
DT-based applications cover the three aspects of the
Operator 5.0. For instance, Bevilacqua et al. (2020) intro-
duced a DT-based safety management system to predict and
prevent operational safety risks through an instructional
interface using VR and AR.

2.3. DT-enabled smart services for the Operator 5.0

The servitization of manufacturing consists in the transition
from traditional product-centric offerings to a combination
of product and service bundles, which utilice resources such
as people, technology, and information, embedded in net-
works of value co-creation, known as service systems
(Kohtamaki et al., 2018; Maglio et al., 2009). These networks
consider the interactions between various customers, suppli-
ers, and business partners to co-create value in complex sys-
tems (Patricio et al., 2018).

Smart services are systems that use human, digital, and
physical resources to create value (C. Lim et al, 2016).
Smart service systems are “service systems in which value
co-creation between stakeholders are automated or facili-
tated on a connected network, data collection (sensing), con-
text-aware computation, and wireless communication” (C.
Lim & Maglio, 2019, p. 361). The data collection (sensing),
computation, and analysis is made by an intelligent object
called smart product, which mediates the interactions
between the customer and provider, enabling the creation of
smart services (Beverungen et al., 2019). Examples of smart
services include condition monitoring, predictive mainten-
ance, remote diagnosis, remote operation, asset performance
optimization, and autonomous and semi-autonomous oper-
ation (Kohtamaki et al., 2021, 2022; Thomson et al., 2022).

Smart services can be enabled by different technologies
embedded into the smart product. Computer simulation and
modeling within the context of the Industry 5.0 evolves into
the so-called Simulation-based Digital Twin (Xu et al,
2021). The DT constitutes one of the smart technologies
that act as a resource that supports value co-creation as
smart service systems (West et al.,, 2021).

According to the socio-technical systems
Operator 5.0, the DT (technology) and humans (operators)
interact in a cyclical way. The DT provides knowledge to
help operators make decisions, while operators give real-
time data input to the DT for physical operations (Kuo
et al., 2021). This interaction creates DT-driven smart serv-
ices that help the operator make decisions. These services
fall under the category of human-centered smart service sys-
tems, which support decision-making by improving human
expertise (Spohrer & Banavar, 2015).

In smart service systems, value co-creation between cus-
tomers, the smart object (product) and service providers is
achieved by a continuous cycle of data interactions and
mutual feedback, enabling the constant improvement of
decision-making (C. Lim & Maglio, 2019). Based on the lit-
erature review, we introduce the value co-creation cycle for
the particular case of SDT (see Figure 3). The value co-cre-
ation cycle occurs when the machine sends data to the SDT

view of

INTERNATIONAL JOURNAL OF HUMAN-COMPUTER INTERACTION @ 5

provider, and the machine gains smart capabilities from the
SDT. The operator provides input from the machine oper-
ation, and the smart machine supports decision-making.
Finally, the operator and customer perceive value from deci-
sion-making support, and the service provider gets feedback
on the smart service’s performance.

3. Methodology
3.1. Research approach and case selection

We followed an inductive research method based on qualita-
tive exploratory research design (Frankel & Devers, 2000).
The exploratory research was grounded on a multiple case
study (Yin, 2009) of heavy mobile machinery manufacturers
operating in Finland. The selection of such a research
approach contributed to appropriately examining that how
the SDT can enable smart service innovations, and how they
enhance resilience capabilities and operator abilities.
Inductive research methodology based on multiple case
study aims to understand complex phenomena and develop
new theory from the understanding of the multiple factors
derived from the differences and similarities between cases
(Hunziker & Blankenagel, 2021; Stake, 2013). Contrary to
the single case study, multiple case research contributes
to achieving comprehensive results by answering “how to”
questions using various sources of information (Creswell &
Poth, 2016; Eisenhardt & Graebner, 2007).

The cases included in this study were selected by theoret-
ical sampling (Eisenhardt & Graebner, 2007; Glaser et al.,
1968), where manufacturers were considered to explore the
potential of SDT to enable smart services for this particular
segment. Nine case companies of forestry, agriculture,
material handling, and construction machinery were selected
to improve the ubiquity of our results. Case companies from
diverse backgrounds and characteristics were selected to
understand better the contrasts and similarities between par-
ticipants, i.e., family, public, multinational and multi-brand
companies. The aspects considered for this study are: (1) the
context of the current offer of digital (smart) services, (2)
the perspective of machinery manufacturers on SDT, and
(3) the understanding of the suitability of such technology
for further developments.

The factors that influenced the selection of the case com-
panies were the following. First, we selected the machinery
manufacturers with whom we had established contact due to
their participation in the research project and have
expressed interest in extending their service offering.
Second, we selected companies that currently use simulation
technologies for product development and training purposes
and are exploring the applications of SDT for future devel-
opments in after-sales services. For example, one of the
material handling manufacturers is interested in harnessing
its simulation engineering in-house expertise to develop
services that increase the added value of its machines. Third,
we selected companies currently offering smart services in
their solutions catalog and that are seeking improvements
and further developments. For instance, the agriculture
machinery manufacturer is interested in improving the
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Figure 3. Simulation-based Digital Twins value co-creation cycle.

prediction accuracy of their remote diagnosis and failure
prediction service.

We addressed ethical considerations to ensure the partici-
pants’ privacy and the scientific integrity of our study
(Hasan et al., 2021). We maintained the confidentiality of
manufacturers by omitting brand and product names, and
personal names of participants in the presentation of this
paper. Moreover, we obtained informed consent from the
manufacturers concerning their current status of digitaliza-
tion and the opportunities that SDT bring to their develop-
ment goals, which also contributed to ensuring our research
findings’ validity. By conducting the inductive research that
involved interviews with experts in the field of technology in
heavy machinery, specifically in the areas of simulation,
digitalization, and services, we enhanced the reliability of
our results.

Our inductive study might present limitations in its scope
by approaching a specific industry, ie., Finnish heavy
machinery manufacturers, and could affect the generality of
our findings (Yin, 2003). However, the exploratory nature of
our research approach allowed us to explain a complex and
novel topic that might not be achieved through experimental
and quantitative methods (Zainal, 2007). In addition, the
interviewed manufacturers operate in different international
markets, meaning that the responses from participants were
given with a global-oriented perspective of the industry,
which helped to increase the generality of our results.

3.2. Data collection

The data collected in this study were gathered through
semi-structured interviews with members of the nine case
companies. The respondents were selected and contacted

based on their degree of experience and familiarity with
digital twins and simulation technologies. In total, 13 in-
depth interviews were conducted, particularly focused on
topics related to the scope of this study, i.e., physics-based
simulation, real-time simulation, digital twins, machine
operations, and predictive services, among other themes.
The interviews were conducted simultaneously to more than
two interviewees, including product development managers,
product managers, engineering managers, product special-
ists, product designers, simulation engineers, and control
systems engineers. Table 2 shows an overview of the com-
pany profiles and positions of respondents within each
organization.

We asked open-ended questions to company respondents
following an interview guide. Three different guides were con-
sidered depending on the company profile (size, resources),
level of technology maturity, current digital offer, and level of
technical expertise of the respondents in question. The ques-
tions were focused on the current digital offer, the use of
simulation, and its future potential for smart services, such as:
“What is your current offer of digital/smart services?,” “How
are simulation models utilized in your company?,” “What
advantages could the DT and simulation bring for custom-
ers?,” “What kind of digital aids (assistive/semi-automatic sys-
tems) do operators use in different types of lifting situations?,”
“What kind of potential has been identified in the develop-
ment of the usability, productivity, and safety of the work
machine?” The interviews were conducted mainly via online
conference meetings and lasted approximately 45-90 minutes
each. Interviews were transcribed, which contributed to
obtaining the basis for the data analysis.

We collected data regarding companies’ digital offer from
multiple sources, i.e., data triangulation (Carter et al., 2014).



Table 2. Overview of the case companies and respondents.
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Company Employees Industry Respondents

A 24,000 Agriculture machinery manufacturer e Research and Engineering Manager
e Product Performance Specialist

B 14,000 Construction machinery manufacturer e Product Manager
e Product Specialist |
e Product Specialist Il

C 11,000 Material handling machinery manufacturer e Head of Product
e Product Sales

D 2,000 Forestry machinery manufacturer e Simulation Engineering Manager
e Simulation Engineer

E 700 Forestry machinery manufacturer e Automation Specialist

F 450 Material handling machinery manufacturer e Development Manager
e Simulation Engineer

G 330 Material handling machinery manufacturer e Product Development Director
e Simulation Engineer
e Control Systems Engineer

H 250 Forestry machinery and tractor equipment manufacturer e Product Development Manager
e Product Designer |
e Product Designer Il

250 Forestry and agriculture machinery manufacturer e Product Development Manager

The respondents shared documents and sources containing
product brochures, white papers, company reports and other
product-related content to provide a broader understanding
of the current technologies and services (see Table 3). In
addition, the data triangulation allowed us to contrast the
differences in development needs and product strategies
among case companies. For example, large multinational
companies focused on improving specific aspects of certain
services, whereas small family companies concentrated on
finding a cost-effective solution to compete in the market.

3.3. Data analysis

The method for analyzing the collected data was thematic
analysis, an inductive approach used to identify themes and
patterns from relevant codes contained in data sets (Braun
& Clarke, 2006). We followed a systematic process for new
concept development (Corley & Gioia, 2004; Gioia et al.,
2013) to introduce a categorization of smart services enabled
by SDT from Operator 5.0 perspective. The process consists
of following a series of iterations and comparisons that link
themes from extracted data until developing an empirically
grounded model.

The first step of the process consists in identifying the
first-order themes, which are codes (words, themes, and
topics) extracted from the interview transcripts and men-
tioned in respondents’ own words. In the context of our
study, the identified codes were the specific needs that case
companies have regarding machine operations and service
needs, challenges faced by operators in the workplace, and
improvement opportunities.

The second step consisted in associating first-order
themes with shared patterns through an iterative process.
Such iterations emerged in second-order themes, which are
conceptualizations representing the resulting first-order
theme associations. From the context of our study, the
second-order themes relate to service classifications linked
to the smart services, SDT applications in accordance with
the insights from the literature review, consulted documents
and sources, and interview transcripts. The resulting second-

order themes are control assistance, operator augmentation,
failure prediction and diagnosis, need-based and predictive
maintenance, reality-driven simulation, and optimization.
The final step involved the generation of aggregate
dimensions, which represent the highest level of the
abstracted codes. The aggregate dimensions link the empir-
ical first and second-order themes to a theoretically
grounded categorization formed from the literature review
of this paper. From the perspective of this study, the aggre-
gate dimensions relate to the three aspects of the Operator
5.0. The operator-centric services dimension covers the serv-
ices that focus on the human-centricity and social sustain-
ability of operators. This sort of services co-creates value
through human-technology collaborations that support oper-
ators’ decision making, and therefore, improve their skills,
safety, and wellbeing. The resilience-based services dimen-
sion comprises the services that anticipate, identify and
respond to unexpected circumstances. Such services co-cre-
ate value by harnessing the decision-making capabilities
needed to achieve higher levels of machine-operator system
productivity and efficiency. Figure 4 illustrates the categor-
ization resulting from the data analysis. In the next section,
a thorough explanation of how each service contributes to
decision-making and value co-creation is presented.

4, Results

In this section, we describe the categorization of smart serv-
ices enabled by SDT in the Operator 5.0 context, resulting
from the inductive analysis of the multiple case study. The
results are presented in two parts. The first part describes
the operator-centric services, which include the smart serv-
ices focused on the social sustainability through human-
technology collaborations (sociotechnical systems). The
second part describes resilience-based services, consisting of
smart services that can monitor current circumstances and
anticipate and respond to unexpected events (resilience
engineering).

Related to the purpose of this study and fundamental
part of our results, we illustrate how the presented smart
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Table 3. Current digital offers by machine manufacturers.

Company Digital offering Description
A 1. Online condition monitoring Remote telemetry service to access to data about machines, such as real-time usage,

2. Predictive maintenance and problem solving remote diagnostics and maintenance data.

3. Intelligent machine control Transmitted machine data is processed and analyzed to predict a wide range of service
needs in advance, such as future problem and failure detection to prescribe specific
maintenance plans.

Smart control system integrated by a touchscreen interface, an intelligent multi-use drive
lever and a hydraulic joystick to control the tractor’s smart farming functions.
B 1. Remote condition monitoring The telematics system captures machine data remotely to monitor and predict potential

2. Payload optimization failures, sending alerts for intervention required.

3. Operator assistance Optimization of payload in mass excavation by maximizing the load count of each
truckload based on type of material and weight.

Real-time feedback on operator behavior and performance, recommendations on
improvement areas and machine guidance on how to use controls and functions.
C 1. Real-time condition monitoring Real-time monitoring of machine utilization, condition and operation for remote

2. Proactive maintenance identification and diagnosis of operational issues.

3. Operator assistance Optimized maintenance scheduling based on machine needs in inspections and spare
parts.

Virtual Reality and camera system that analyze and assess the working conditions to
assist operators in moving the machine with more precision.
D 1. Machine condition monitoring The interface in machine control tells the operator the condition status of machine

2. Predictive maintenance and problem solving components.

3. Operator assistance Data from forest machine movements, operations and performance is collected and
analyzed to help maintenance services to evaluate maintenance needs and solve
operation problems.

Operator guidance system that monitors productivity, instructs the user and gives
feedback based on actual measurements.
E 1. Remote monitoring Remote tracking of machine health diagnostic of trouble codes and record of machine

2. Preventive maintenance and problem solving performance readings.

3. Intelligent machine control Telematics and alert management tools filter and analyze the data generated by
machines to identify critical issues and preventative maintenance.

Smart boom control keeps the machine boom at a steady pace to anticipate machine
movements, improving machine controllability.
F 1. Remote monitoring Remote tracking of vehicle locations and movement to monitor transport operations,

2. Automation facilitating remote support and diagnosis.

Process optimization and operator assistance with autonomous and semi-autonomous
robotics.
G 1. Machine condition monitoring Machine data is analyzed for improvement of operational performance by providing

2. Intelligent machine control instant feedback on the health of the machine.

The system displays to the operator information on optimal machine functions.
H - N/A The offer of digital services is currently under development phase.
| - N/A Maintenance and services are offered by the company’s dealer network.

services contribute to support decision-making in machine
operations, and therefore, how this support can enable value
co-creation for machine operators, manufacturers, and
customers. Table 4 summarizes the two classes of smart serv-
ices, the machine operation processes where the decision-
making is supported, and the resulting co-created value.

4.1. Operator-centric services

The operator-centric services are referred to as smart serv-
ices that contribute to the human-centricity and social sus-
tainability of the Operator 5.0. These services focus on the
human-technology interactions that use SDT to assist
machine operators, and therefore, meet the sociotechnical
systems area of the Operator 5.0. As described in the litera-
ture review, the SDT utilize complementary technologies
such as VR, AR and conversational agents to assist the oper-
ators in performing better in their processes. In addition,
the SDT contribute to the social sustainability of operators.
In this regard, SDT can be used to train the operators in
real-time, monitor and predict the operator’s workload and
stress levels, and provide assistive guidance while operating
the machine.

4.1.1. Control assistance

Control equipment located in heavy machine cabins
includes handling instrumentation, and in most cases, con-
trol software systems embedded in hardware. The interface
between such systems and the operators is regularly dis-
played on monitors. The operators can visualize informa-
tion regarding the machine and the working process. One
of the manufacturers affirmed that the most sophisticated
control systems are those with integrated intelligent soft-
ware, which assists operators to avoid mistakes and
improve their abilities.

The SDT can enable intelligent control assistance func-
tions by coordinating the control system of the machine
with its digital counterpart. Thus, the operator receives deci-
sion-making support from diverse working situations already
simulated in the SDT. A common concern among manufac-
turers is that operators might not be familiar to run the
machine in different weather conditions. For example, oper-
ating in low temperatures with snow presence can be chal-
lenging, or in extremely humid environments with low
visibility. Furthermore, the material composition plays an
important role when handling machines. A manufacturer
commented on the extensive variability of operating with
different materials in different environments:
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Figure 4. Categorization of SDT-enabled smart services.

Table 4. SDT-driven value creation categories.

Aggregate dimensions

Operator-centric Services

Resilience-based Services

DT-driven smart service Decision-making process support

Value co-creation

Operator-centric services
Control assistance - Signal operators of potential damage in
machine and attachments.
- Instruct operators the optimal parameters for
different working conditions and materials.

Operator augmentation - Guidance on payload swinging and target
points.
- Guidance when operators surpass work
process limits.

Resilience-based services
Failure prediction and diagnosis - Inform decision-makers on occurred failures
and their causes.
- Inform decision-makers on upcoming failures
and malfunctions.

Need-based and predictive maintenance - Inform decision-makers on optimal
maintenance scheduling and spare parts
needs.

Reality-driven simulations - Monitor machine parameters that would be
challenging to estimate from sensor
measurements.

Optimization - Recommend operators on efficient energy
consumption operation.
- Recommend operators on optimal bearable
payload according to material.

Risk reduction of impacts and accidents:
Reduction in machine degradation and safety
improvement.

Operator upskilling: Increases in productivity
and work satisfaction, and training cost
reduction.

Reduction of machine movements and errors:
Safety improvement, stress reduction and
efficiency increases.

Risk reduction of accidents and errors: Safety
improvement, stress reduction and cost
savings.

Reduction of diagnosis times and action
measures: Downtime reduction, improvement
of machine-related knowledge and cost
reduction.

Increase in machine productive time:
Downtime reduction, productivity increases
and extension of machine lifetime.

Increase of machine availability: Downtime
reduction, cost reductions and extension of
machine lifetime.

Awareness of working settings: Safety and
productivity improvement, improvement of
operator knowledge and skills, stress
reduction and downtime reduction.
Reduction of machine energy consumption:
Cost reduction, and efficient use of resources.
Optimized machine performance: Productivity
increases and safety improvement.
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In earthmoving equipment, you have a million ways to use the
machine and a million different environments where they are
used, it can be underground, in the mountains, hot weather, or
cold weather. There are also a lot of variables in the
composition of the soil and material, where the degradation of
the bucket varies considerably.

We identified two processes where control assistance can
support operator decision-making. The first is by signaling
operators when significant damage in the machine or attach-
ment is about to occur. According to the manufacturers,
damage in attachments, such as buckets, occur especially
operating on rock surfaces, causing impacts that can cause
accidents and accelerate machine deterioration. By prevent-
ing operators from damaging the machine, they can improve
their safety, and customers can reduce machine degradation,
and therefore, extending the machine’s lifetime. The second
is by instructing operators the optimal parameters to operate
in different working conditions and materials, and the
effects of such conditions on the machine. It can improve
operators’ competencies through the real-time training they
receive before and during machine operations. By doing so,
operators could reduce health risks involved with high levels
of stress and increase worker levels of satisfaction. From the
customer side, they could increase productivity levels and
reduce training costs due to operator upskilling.

4.1.2. Operator augmentation

Operator augmentation services aim to extend human
capabilities by guiding operators to execute previously
manual tasks. Unlike control assistance services, operator
augmentation services assist with mechanical semi-auto-
mated movements with a predefined target, helping oper-
ators complete their workloads faster and safer. One of
the advantages of such skills augmentation is that the less
experienced operators can run the machines effectively,
with minimal risk of committing a mistake that eventually
can cause a breakdown.

The SDT do not provide the mechanical guidance to
achieve the targeted tasks. However, it provides the neces-
sary calculations and process limits to the control system,
bringing semi-automatic capabilities to machines. According
to a manufacturer, one of the challenges faced by operators
is to keep the payload safe while the machine is in motion.
Another manufacturer commented on the need to improve
the machine’s controllability by automating routine move-
ments, such as rotary and swinging movements.

Two processes can be improved by augmenting operator
abilities. First, by enabling guidance systems to automate the
repetitive movements with shorter variability. As described
above, the DT can establish the necessary parameters to
automate routine tasks and achieve the work target more
efficiently and effectively. Thus, operators can reduce their
stress levels and workloads, while improving safety by avoid-
ing collisions. The customer can reduce the risks of acci-
dents, which would lead to considerable monetary losses
and safety hazards. Second, by enabling the functionality to
guide operators when they surpass work process limits. By
delimitating work areas in the Digital Twin, operators can

reduce mistakes and accidents, and therefore, reduce their
stress levels and workloads. Customers can improve work-
place safety and reduce costs associated with reworks.

4.2. Resilience-based services

Resilience-based services relate to the smart services that
meet the resilience engineering aspects of Operator 5.0. Such
services have the capabilities to monitor operations in real-
time, anticipate failures before they occur, predict mainten-
ance needs, identify and diagnose sources of failures and
disruptions, and learn from previous events. As illustrated in
the literature review, the DT can provide resilience capabil-
ities to the machines and operators, i.e., sociotechnical sys-
tems. The SDT can enable accurate failure and maintenance
need predictions, causes of machine faults, simulations of
multiple scenarios, and optimization of resources and
machine capacities.

Disruptions and disturbances are usually understood as
similar concepts, however, there are significant differences
between them. Disruptions are the unanticipated events that
may affect operations, which can be overcome with resili-
ence capacity (Essuman et al., 2020), as mentioned in previ-
ous sections. On the other hand, disturbances are variations
in the operational processes that could affect the production
performance, which can be addressed with robustness cap-
acity (Stricker & Lanza, 2014). Moreover, flexibility differs
from resilience and robustness in its capacity to adapt to
changing conditions and requirements, and it is considered
a robustness enhancer (Stricker & Lanza, 2014).

4.2.1. Failure prediction and diagnosis

Remote monitoring, failure prediction and diagnosis are
smart services that have been offered by machine manufac-
turers in recent years. However, as manufacturers remarked,
the most important challenge for them lies in the accuracy
of prediction and cause identification. Manufacturers already
collect vast amounts of data from machine sensors, yet not
enough to provide accurate estimations. The most advanced
manufacturers utilize sophisticated data analytics techniques
for failure prediction and diagnosis, whereas small manufac-
turers still do not offer such services. For the most advanced
manufacturers, the SDT can contribute to improving the
accuracy of the already existing services. In contrast, for
small manufacturers, it can enable highly accurate capabil-
ities for new service development. An engineering manager
of one of the manufacturers commented:

The challenges are that uses of the machine can be done in
many different ways and taking into account all the factors and
variables is important. One of the main challenges is to make
reliable predictions with the available data you have.

The SDT can improve the accuracy of failure prediction
and diagnoses through the so-called “virtual sensors.”
According to the simulation engineer of one of the manu-
facturing companies, the DT can produce “synthetic data”
with virtual sensors installed in machine positions that phys-
ical machines rarely have or would be expensive to have.



The DT then produces the virtual data in predefined scen-
arios for long periods of time. In such a way, the DT can
inform the operator and involved parties when and where
potential failures are about to occur. Moreover, failure scen-
arios can be simulated to find out the causes of machine
faults and malfunctions.

From the value co-creation side, the operator can predict
failures in different working conditions, and predict risks
that can affect the productivity and safety of the operator-
machine system. The machine’s lifetime can also be
extended by minimizing the frequency of failures. Root
cause identification and diagnosis of machine failures might
allow the customers to act accordingly and reduce machine
downtimes, which are eventually translated into monetary
losses.

4.2.2. Need-based and predictive maintenance

Similarly to failure prediction services, digitally mature man-
ufacturers already offer predictive and need-based mainten-
ance based on analyzed data from multiple sources,
including sensor measurements. The service consists of
informing customers on optimal maintenance scheduling,
and specific needs in spare parts and inspections. The pre-
diction model determines a time range when the mainten-
ance service should be carried out before the machine fails.
Such as the case of failure prediction, the main concern of
this sort of solution is to improve the accuracy of prediction.
For manufacturers who do not offer this service yet, predict-
ive maintenance represents a “big key factor that everybody
wants to achieve,” according to a product specialist of one
of the manufacturers.

Besides its capabilities to improve prediction accuracy
through “virtual sensors,” the DT can enable effective pre-
dictive maintenance by integrating historical machine data
into the SDT. Thus, multiple simulations can be run to find
the optimal scheduling point. These simulations can also
predict which components of the machine suffered the
greatest degradation, and therefore, determine spare parts
needs. The SDT integrated into the machine control system
would inform in advance to operators and decision-makers
about the optimal schedule dates and spare parts needs. In
need-based and predictive maintenance services, operators
ensure that machines will be available for more time. For
customers, these services might represent extended machine
lifetime, reduced downtimes, and reduced costs in spare
parts and maintenance services.

4.2.3. Reality-driven simulation

As previously illustrated, SDT is the upgraded simulation
modeling that improves its accuracy from sensor data.
Contrary to conventional physics-based simulation, the SDT
constantly improves its accuracy with measurements from
working environments in real-time. Another characteristic
of SDT is its capability to communicate with the machine
control system to support operator decision-making. Despite
being reality-driven simulation as the core technology to
enable the rest of the smart services presented in this study,
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the difference in simulation services lies in the decision-
making support offered to different stakeholders, i.e., opera-
tors, customers, and manufacturers. To the manufacturers,
the SDT can support engineers in improving product
designs. As the simulation engineer from one of the manu-
facturers commented on the importance of SDT to improve
product development:

The utilization of physical models based on reality can improve
the agility of product development by testing machine
functionality in our own development environment using
simulation. In this way, we can understand failure situations,
obtain dimensioning information for the design phase, a deeper
level of understanding of boom dynamics, eliminate vibrations
and optimize machine weight.

From the operator’s side, reality-driven simulation serv-
ices can help operators to monitor machine parameters and
work settings that would be challenging to estimate from
sensor measurements exclusively. Operators can be aware of
previously unknown conditions by setting a virtual represen-
tation that presents comprehensive and real-time informa-
tion from machine’s health. It might reduce operator stress
levels, which would eventually lead to safer operations. In
addition, the operator might increase his knowledge about
the machine and improve his skills to operate the machine
in diverse working conditions. For the customer, less stress
and skilled operators represent fewer risks associated with
machine collisions and accidents, and therefore, less
machine downtime and more productive time.

4.2.4. Optimization

As pointed out in previous sections, the SDT is capable of
making calculations that match sensor data and “synthetic
data.” The DT accurately estimates and predicts machine
measurements that can be optimized for future improve-
ments in resource consumption, machine performance, and
component durability. One of the main concerns of custom-
ers is the high consumption of fuel and power in heavy
machinery, which represents higher costs in already
resource-intensive industries, such as the construction, for-
estry, and material handling industries. An engineering
manager of one of the forestry machinery manufacturers
commented:

Optimizing fuel consumption is a hot topic at the company.
Fuel consumption is the guiding factor in the customer’s
purchase decision. We are at risk of losing customers to
competitors if we fall behind in this issue. For this reason, the
development investment is directed to this area, because fuel
costs account for about 30% of the forest machinery contractor’s
business.

In addition to fuel reduction, the SDT can estimate the
maximum payload, forces, and stresses bearable by the
machine. The construction machinery manufacturer offers a
payload optimization service where the machine control sys-
tem tells the operator the optimal material payload needed
to fill a hauler. However, one of the product specialists com-
mented that they need to improve the service with more
accurate estimations:
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At the moment, we have a 4% error in the payload estimator
application using the raw data from machine sensors. Sensor
data is not always reliable because there may be noises like
vibrations.

Optimization services can indicate to operators the opti-
mal handling practices for reducing energy consumption
and increasing optimal loads. The operators can benefit
from such services by increasing their productivity, and
therefore, lower workloads. From the customer side, they
can reduce costs associated with energy consumption, bene-
fit from productivity increments, and reduce machine break-
downs due to overloads and excessive demand to the
machines.

5. Discussion and conclusion

Based on the qualitative data obtained from a multiple case
study analysis of nine Finnish heavy machinery manufac-
turers, the results indicate that the Simulation-based Digital
Twins represent significant opportunities for manufacturers
to expand their smart service offerings. The cases show that
manufacturers’ current expertise in simulation, digitalization,
and services can be a unique advantage to upgrade to the
SDT to enhance decision-making in machine operations.
Our results reveal that how the SDT contribute to
improving decision-making in specific lifecycle processes.
For instance, our findings show that the SDT can provide
instructions on optimal parameters for different working
conditions, give alerts of potential machine damage, and
guide machine movements on payload swinging and target
points. Furthermore, our findings show that the SDT can
inform on upcoming failures and maintenance needs, simu-
late diverse scenarios before operations, recommend optimal
bearable weights in lifting material, among other capabilities
in operational processes. In essence, the experimental results
demonstrate that the “virtual sensors” of the SDT can solve
one of the main challenges in the industry’s digitalization,
which is the limited accuracy and utility of machine data.

5.1. Theoretical contributions

This study contributes to the existing literature by present-
ing an analysis and conceptualization of SDT-enabled smart
services and applications and how it might help machinery
manufacturers to design services in the use phases of the
product lifecycle (Kuo et al., 2021). The study suggests three
main contributions by illustrating the key decision making-
processes where machinery manufacturers might improve
machine operations with the SDT.

First, by presenting the development of a categorization
of smart services and application areas enabled by the
emerging technology of SDT. Conceptualizations on smart
and digital services for machine manufacturers have been
proposed (Kohtamaki et al., 2021, 2022). Additionally, prior
research has presented conceptualizations of DT-based serv-
ices (Aheleroff et al., 2021; Liu et al.,, 2021; Qi et al., 2018).
However, we have found none for smart services enabled by
the SDT from the point of view of value co-creation for

operators, customers, and manufacturers. In addition, it
contributes by illustrating the value co-creation mechanisms
(Leone et al.,, 2021) that can be achieved through the inter-
actions between the SDT, the smart machine and the
operator.

Second, by providing the foundations to operationalize
value co-creation through decision-making support.
According to C. Lim and Maglio (2019), most of the smart
service system studies do not focus on managing and
improving service systems in the context of value co-cre-
ation in operations. Regarding the DT for value co-creation,
West et al. (2021) call for future research focused on the
decision-making processes supported by the DT and how it
contributes to value co-creation. We fill this gap by defining
the machine operations processes where the SDT can sup-
port decision-making, and therefore, enabling value co-cre-
ation through smart services in the use phases of the
product lifecycle (Kuo et al., 2021).

Third, it contributes to the smart manufacturing systems
literature by addressing a human-centered approach to
improve the Operator 5.0 (Romero & Stahre, 2021) aspects
through DT-enabled services by improving the social sus-
tainability of operators and resilience capabilities of
machines in the human-automation symbiosys (Romero
et al,, 2020).

5.2. Managerial implications

This study entails several practical implications for heavy
machinery actors involved in the development and use of
smart services enabled by digital twins and simulation tech-
nologies. Four implications for value co-creation from the
introduced smart service categorization are described, con-
sidering the point of view of machine operators, customers,
manufacturers, and society in general.

First, it illustrates to operators how the SDT can harness
their decision-making in different phases of machine opera-
tions, which would lead to perceiving personal value in
diverse aspects. From the user point of view, it can show
operators how the SDT can improve their skills and know-
ledge, reduce their levels of stress and workload, reduce risks
of accidents, improve their performance with the machine,
and increase their work satisfaction and engagement, among
other benefits. Moreover, operators might reduce possible
concerns of being replaced by automation by realizing this
technology augments their abilities, and therefore, increase
awareness that in their industries only specific tasks can be
fully automated.

Second, it clarifies to machine customers how the SDT
can contribute to perceiving higher value from the after-
sales (smart) services offered by manufacturers. Specifically,
it shows how the improved decision-making capabilities can
bring more resilient and sustainable operations. Customers
can perceive quantifiable results that are translated into eco-
nomic, social, and environmental value. From the economic
value perspective, customers might increase machine prod-
uctivity and efficiency and reduce costs in maintenance,
spare parts, training operators, staff turnover, repairs, and



associated costs of accidents and downtime. From the social
value perspective, customers might improve occupational
health and safety by reducing risks associated with work
accidents, high levels of worker stress, and hazards associ-
ated with extreme weather conditions. From the environ-
mental perspective, significant energy savings can be
achieved, which leads to lower carbon emissions.

Third, it might orientate machine manufacturers on how
to develop value propositions based on SDT-enabled smart
services. According to the availability of resources, degree of
technological maturity, and know-how in simulation and
data-oriented techniques, manufacturers may plan develop-
ment strategies in such regard. For example, whilst large
and mature enterprises might use the SDT as a means for
smart service improvement, smaller companies can place
such technology as the core resource for their complete
smart service offer. Moreover, this study guide manufac-
turers in determining how reality-driven simulations con-
tribute to improving product development and designing
more effective prototypes.

Fourth, it might contribute to creating sustainable pro-
duction systems from the social and environmental points of
view. From the social standpoint, SDT respond to the short-
age of highly-skilled workforce by easing machine operations
so that less experienced workers operate with comprehensive
information and semi-autonomous assistance. The SDT
technology represents a breakthrough towards the acceler-
ation of machine autonomy, which will help workers to
reduce repetitive tasks that eventually will enhance their
health and safety rather than replace them. From the envir-
onmental viewpoint, SDT can respond to the environmental
challenges faced by several industries to adopt sustainable
practices in operations and efficient use of resources. The
SDT will assist operators to follow the optimal work sequen-
ces and cycles that lower energy consumption and reduce
emissions.

5.3. Limitations and further research

This research offers a comprehensive study of SDT-enabled
smart services in the Operator 5.0 context and their mecha-
nisms for decision-support and value co-creation in machine
operations. The results obtained in this study are formulated
from a multiple case study of nine heavy machinery manu-
facturers in Finland. Thus, this study presents limitations in
its research approach and scope.

From the research approach, this study presents limita-
tions in its methodology. This study lays its foundations of
the case study methodology, which presents limitations since
it might be affected by subjective evidence, researcher biases,
limited results generality, and extensive data collection
(Zainal, 2007). In the context of this study, we identified
three limitations of the multiple case study. First, its reliance
on data collection from engineers and managers who might
have biases and limited knowledge related to the needs and
requirements in machine operations. Second, the inductive
thematic analysis utilized to identify and extract themes in
our data analysis might have had limitations in its
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objectivity and approach. Third, limitations in its scope, as
discussed in Section 3.1, by selecting specific industry mem-
bers from a particular country that might affect the general-
ity of our findings.

To address the aforementioned limitations, we established
the following research directions. First, further research
might extend the sample of respondents by including a
wider group of profiles, especially those involved in the deci-
sion-making processes, such as maintenance supervisors,
service technicians, and machine operators. Second, to
increase the objectivity of responses, future studies might
consider alternative data analysis methods such as grounded
theory, content analysis, or framework analysis (Thorne,
2000) to mention a few. Third, to broaden the generality of
results, future studies might include an extensive group of
manufacturers in different industries and regions.

From the scope perspective, this study presents limita-
tions in its theoretical contributions and managerial implica-
tions. In the theoretical contributions, the study addresses
research gaps in the contexts of the Operator 5.0 (Romero
& Stahre, 2021), operationalization of DT-based value co-
creation (West et al., 2021) and conceptualizations in smart
services (Kohtamdki et al.,, 2021, 2022). However, the study
contributions are limited to particular human-machine
interactions in machine operations, meaning that a macro
perspective of the production system was not considered. In
the practical implications, the study focuses on the applica-
tion of the SDT for use phases of heavy machinery lifecycle.
However, implications on machine design and development
were briefly presented. In addition, the study acknowledges
the potential benefits of the SDT technology, yet it does not
discuss the potential limitations in machine lifecycle proc-
esses. For instance, since the SDT rely on creating models
that estimate measures from virtual sensors, thus manufac-
turers and other interested parties might distrust the tech-
nology’s capacity to provide reliable information (Kurvinen
et al., 2022).

To address the limitations in scope, we present future
research areas. To address the limitations on the theoretical
contributions, further investigations might focus on studying
SDT-based smart services of multiple human-machine enti-
ties, analyzing the factors that determine the value co-cre-
ation for several system members. From the practical
perspective, future research might consider studying deci-
sion-making processes in machine design, and investigate
how the SDT can support such processes throughout the
lifecycle. Moreover, future research might address the trust-
worthiness issues of the technology by conducting empirical
studies that measure the actual accuracy of the SDT-esti-
mated measurements of machines to validate its effective-
ness. Besides, studies might further investigate the factors
that affect the adoption of the SDT.

Furthermore, this research lays the foundation for exten-
sive studies that might include a broader cluster of value co-
creation participants in heavy machinery operations. Some
examples of participants include technology providers, pro-
ject contractors, machinery dealers, and other relevant mem-
bers who might have influence in the SDT-driven value co-
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creation cycle. Thus, a more comprehensive understanding
of decision-making needs in machinery processes can enable
the further development of smart services from an ecosys-
tem perspective.
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