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Clarifying the Concept of Smart Service
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Abstract A new trend of smart service systems is emerging. Technology is
applied intensively to alleviate the cognitive and behavioral load of customers
and improve the operations of service systems, thereby enhancing value. Despite
the significance of smart service systems in this connected and data-rich world,
knowledge on this concept remains insufficient. This chapter builds a theoretical
background for smart service systems research. Motivated by recent cases of smart
service systems, this chapter reviews the definitions and characteristics of smart
service systems discussed in existing studies; integrates empirical insights from
studies on the design and development of smart service systems; and further
explores the nature of smart service systems by analyzing texts from the scientific
literature, news articles, and end-user opinions. By integrating all the information,
this chapter aims to clarify the concept of smart service system. Using the proposed
conceptual framework and related studies as basis, this chapter also categorizes
smart service systems into three types according to the portion of customer roles in
technology-based value co-creation: smart self-service, smart super service, and
smart interactive service systems. Finally, based on the proposed conceptual
framework, this chapter discusses future research topics related to the concept of
smart service system, such as autonomous service system as a new type of service
system that requires a minimum level of human–thing interaction but works
mainly based on thing–thing interaction. This chapter would serve as basis for
studying and developing smart service systems.
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16.1 Introduction

Service systems in transportation, retail, healthcare, entertainment, hospitality, and
other areas are configurations of people, information, organizations, and technolo-
gies that operate together for mutual benefit (Maglio et al. 2009). Service systems
have become “smarter” over time with the increasing use of technology in the
systems (Lim et al. 2016). Smart service systems can be found in homes (Alam
et al. 2012) as well as the energy (Strasser et al. 2015), healthcare (Raghupathi and
Raghupathi 2014), and transportation sectors (Pelletier et al. 2011), among many
others. As the concepts of service system and smartness intertwine, the academia,
industry, and government pay significant attention to the concept of smart service
system (e.g., Maglio et al. 2015; IBM Smarter Cities Challenge 2016; NSF 2016).
This concept is meaningful in developing and using technology, such as the Internet
of Things (IoT) and artificial intelligence (AI), because it represents the ultimate
application and integration of technology for value creation for people (Ng and
Vargo 2016).

Despite the widespread application and research on smart service systems,
knowledge on this concept for its development remains inadequate (Maglio et al.
2015; Larson 2016). This chapter aims to contribute to building a theoretical
background about the concept and stimulate debate about the sufficiency of existing
efforts at academic and practical levels. Establishing common ground for central
terms is essential for scientific progress (Boehm and Thomas 2013); thus, develop-
ment and innovation in smart service systems require a shared vocabulary across
multiple fields (Larson 2016). This chapter aims to establish a common ground
necessary for integrating perspectives and capabilities to encourage the research and
development of smart service systems and contribute to synergy among different
research fields and application areas.

Section 16.2 reviews emerging cases of smart service systems in practice from a
service science perspective to motivate the readers. Section 16.3 reviews the defini-
tions and characteristics of smart service systems discussed in existing studies to
help the readers develop a basic understanding of smart service systems.
Section 16.4 reviews studies on the design and development of smart service
systems to help the readers understand data-based value creation mechanisms of
smart service systems. Section 16.5 introduces the authors’ findings from analysis of
5378 scientific articles, 1234 news articles, and 444 user opinions related to smart
service systems (e.g., keywords, research topics, and technology factors of smart
service system) to help the readers understand the diverse features and core of smart
service systems at the same time. Section 16.6 aims to clarify the concept of smart
service systems by integrating findings from the previous sections. Section 16.7
integrates the proposed conceptual framework and related studies on service cate-
gorization and value co-creation to categorize smart service systems according to the
portion of customer roles in technology-based value co-creation. Section 16.8 dis-
cusses promising future research topics related to the concept of smart service
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system, such as the service systems analytics and engineering and autonomous
service system. Section 16.9 concludes this chapter.

16.2 Observation on Emerging Cases of Smart Service
System

Value may be co-created between customers and firms (Prahalad and Ramaswamy
2002) or between any two actors (Vargo and Lusch 2016). More generally, value is
constellated by a network of multiple actors and their interdependent relationships
(Normann and Ramirez 1993). Value co-creation and value constellation are pow-
erful concepts in analyzing and designing service systems (Payne et al. 2008;
Patrício et al. 2011) because these concepts enhance the degrees of freedom to
find fresh and innovative solutions for value creation, aside from existing product
or service concepts (Lusch and Nambisan 2015).

This chapter takes a service science—a value co-creation conscious—perspective
in viewing this connected and data-rich economy. From this perspective, the essence
of the IoT (Atzori et al. 2010) is the enhanced connectivity between stakeholders that
may increase encounters for value co-creation or constellation, whereas the term
“big data” (George et al. 2015) pertains to the increased types and amounts of traces
of the value co-creative activities and interactions within a service system that can be
used in understanding and improving the activities and interactions.

Increased connectivity and the proliferation of data produced various forms of
service in which stakeholders can monitor, be aware, and manage connected things
and other stakeholders better than before. People call such services “smart” may be
because of this intellectual property. For example, automobile manufacturers ana-
lyze car conditions and driving data collected from connected cars, and they provide
various types of useful information to assist drivers on fuel efficiency, safety,
consumable, and navigation (Lim et al. 2018a). Smart band-based fitness tracking
services collect data from daily life, such as behavior, health, and food menu data, to
help people achieve specific fitness-related goals, such as walking 10,000 steps a day
(Takacs et al. 2014). Other examples include tire pressure monitoring (Velupillai and
Guvenc 2007), vehicle fleet management (Volvo 2009), screen golf training (Jung
et al. 2010), and precise farming solutions (Lim et al. 2012).

Apart from commercial examples, smart service systems are emerging in public
domains (Lim et al. 2018e). The Seoul government collected data from city buses,
identified patterns and demands of city bus usage at midnight, and subsequently
improved the midnight bus services for citizens (NIA 2013). Waste management in
Delhi collected data from trash bins using radio frequency identification tags and
scheduled trash collection locations and time (Purohit and Bothale 2011). Air
pollution monitoring in London analyzed data from pollution sources across the
city along with European weather forecasts to create a pollution map of London.
Precipitation monitoring in Rio de Janeiro used a flood prediction model based on
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land survey data, precipitation statistics, and radar data (Kitchin 2014). Transporta-
tion management in Singapore collected data from roads and taxis to anticipate
future traffic and control traffic lights (Lee 2013).

A common aspect of these cases is the use of sensor data collected from
connected things and people. With recent advancements in sensing technologies,
various kinds and massive amounts of data are collected from individuals and
objects through sensor-equipped consumer electronics and industrial engineering
systems (Porter and Heppelmann 2014). Human-generated data involve a hypothesis
or bias of recorders, whereas sensor data are natural records that reflect real behav-
iors of people and operations of objects. One difficulty in managing and improving a
service system, which is sometimes conceptual, was a lack of data required to track,
measure, model, modify, control, and manage individual behaviors and object
operations within the service system in question. The recent advancements in
sensing technologies unlock this limitation and provide numerous opportunities
for engineering service systems. Thus, the degree of freedom to develop smarter
service systems is increasing. From a service science perspective, using sensor data
contributes to operationalizing or even automating value co-creation among
connected people and things, and this is why smart service systems are meaningful
to people (for their value creation). The introduced cases of smart service systems
illustrate this advancement.

16.3 Definitions and Characteristics of Smart Service
System

Smart service systems are described with keywords such as learning, adaptation,
monitoring, decision making, sensing, actuation, coordination, communication,
control (NSF 2016), viability, open, optimization, intelligence (De Santo et al.
2011), compliance, sustainability, data analytics, cognitive system, service (Spohrer
and Demirkan 2015), self-reconfiguration, ICT, connection (Carrubbo et al. 2015),
wise, interacting (Oltean et al. 2013), people, AI, real-time, interconnected, interac-
tivity, context awareness, proactive, preventive, IT (Gavrilova and Kokoulina 2015),
self-detection, self-diagnostic, self-corrective, or self-controlled (Maglio and Lim
2016). Sectors that incorporate smart service systems include city, government, (e.g.,
smart city) (Lim et al. 2018e), health (e.g., smart healthcare) (Mukherjee et al. 2014),
energy (e.g., smart grid) (Strasser et al. 2015), transportation (e.g., smart car)
(Pelletier et al. 2011), and even manufacturing (e.g., smart factory) (Lee et al. 2014).

Table 16.1 lists the definitions or descriptions of smart service system. These
definitions and descriptions are consistent in that they specify capabilities or require-
ments of smart service system (e.g., the capability of self-adaptation and requirement
of technology incorporation) but emphasize different capabilities or requirements. A
common requirement emphasized by most studies is intensive data use. Using this
observation as basis, we can understand smart service systems are data-based service
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Table 16.1 Definitions or descriptions of smart service system

Source Definition or description

NSF (2016) A “smart” service system is a system that amplifies or augments human
capabilities (Ng 2015) to identify, learn, adapt, monitor and make
decisions. The system utilizes data received, transmitted, or processed
in a timely manner, thus improving its response to future situations.
These capabilities are the result of the incorporation of technologies for
sensing, actuation, coordination, communication, control, etc.

Barile and Polese
(2010)

Smart service systems may be intended as service systems designed for
a wise and interacting management of their assets and goals, capable of
self-reconfiguration (or at least of easy inducted re-configuration) in
order to perform enduring behavior capable of satisfying all the
involved participants in time. . . . Because smart service systems inev-
itably involve multiple actors, the organizational configurations need to
take account of network theory—especially the networking forces and
enablers required to keep the system tight and focused towards its goals

Medina-Borja (2015) A smart service system is a service system capable of learning,
dynamic adaptation, and decision making based upon data received,
transmitted, and/or processed to improve its response to a future
situation

De Santo et al. (2011) Smart service systems are open, according to the logic of viable system
approach, and capable of simultaneously optimizing the use of
resources and improving the quality of the services provided. ... In this
sense the intelligence of smart service systems derives not from intu-
ition or chance, but from systemic methods of learning, service think-
ing, data collection, rational innovation, social responsibility and
networked governance

Spohrer and Hamid
(2015)

In the era of cognitive systems, smart service systems will increasingly
include cognitive or digital assistants (e.g., Watson and SIRI-like
systems) for all occupations and societal roles. It is foreseeable that
smart Service Science research focus on leveraging advances in AI, big
data-enabled intelligence and cognitive computing, and innovating to
enable the creation of intelligent technologies and societies that are
integrating well with human societies

Spohrer and Demirkan
(2015)

Smart service systems are ones that continuously improve (e.g., pro-
ductivity, quality, compliance, sustainability, etc.) and co-evolve with
all sectors (e.g., government, healthcare, education, finance, retail and
hospitality, communication, energy, utilities, transportation, etc.). ...
Because of analytics and cognitive systems, smart service systems
adapt to a constantly changing environment to benefit customers and
providers. Using big data analytics, service providers try to compete
for customers by (1) improving existing offerings to customers,
(2) innovating new types of offerings, (3) evolving their portfolio of
offerings and making better recommendations to customers,
(4) changing their relationships to suppliers and others in the ecosys-
tem in ways their customers perceive as more sustainable, fair, or
responsible

Spohrer (2013) Smart service systems are instrumented, interconnected, and intelli-
gent. Instrumented means sensors, sensors everywhere—more of the
information (real-time and historical, as well as monte carlo predictive
runs) that stakeholders, providers, customers, governing authorities,

(continued)
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Table 16.1 (continued)

Source Definition or description

etc.—need to make better win-win (value co-creation, capability
co-elevating) decisions is available. Interconnected means people have
easy access to information about a particular service system, as well as
others that interact with it via value propositions, perhaps displayed on
their smartphones. Intelligent means recommendations systems that
work to provide stakeholders useful choices—for example, Watson-
style recommendation systems, or Amazon-style recommendation
systems

Carrubbo et al. (2015) Smart service systems can be understood as service systems that are
specifically designed for the prudent management of their assets and
goals while being capable of self-reconfiguration to ensure that they
continue to have the capacity to satisfy all the relevant participants over
time. They are principally (but not only) based upon ICT as enabler of
reconfiguration and intelligent behavior in time with the aim of creating
a basis for systematic service innovation (IfM IBM 2008) in complex
environments (Basole and Rouse 2008; Demirkana et al. 2008). Smart
service systems are based upon interactions, ties and experiences
among the actors. Of course, among these actors, customers play a key
role, since they demand a personalized product/service, high-speed
reactions, and high levels of service quality; despite customer rele-
vance, indirectly affecting every participating actor, smart service
systems have to deal to every other actor’s behavior, who’s expecta-
tions, needs and actions directly affect system’s development and
future configurations. The smarter approach applied to healthcare is
called “smarter healthcare”. As IBM highlights, a smarter healthcare
system is obtained through better connections for faster, more detailed
analysis of data

Oltean et al. (2013) Smart service systems may be intended as service systems designed for
a wise and interacting management of their assets and goals and
capable of self-reconfiguration in order to perform enduring behavior
capable of satisfying all the involved participants in time

Massink et al. (2010) Common recurring elements of smart service systems are: spaces;
displays; sensors; users. Users will interpret information on displays
and carry out actions as a result of what has been read

Lim et al. (2016) Smart service systems are those service systems in which connected
things and automation enable intensive data and information interac-
tions among people and organizations that improve their decision
making and operations. Thus, transforming a service system into a
smart service system means improving the decision making and oper-
ations within the service system with connected things and automation.
As the definition indicates, a smart service system consists of four
components: (1) connected things, (2) automation, (3) people and
organizations, and (4) data and information interactions

Gavrilova and
Kokoulina (2015)

The term “smart” implies two main properties. First, it highlights
anthropomorphic features of the smart service. For example, technol-
ogy research company Gartner, Inc. claims that smart technologies are
“. . . technologies that do what we thought only people could do. Do
what we thought machines couldn’t do” (Austin 2009). Second, term
“smart” is usually related to artificial intelligence (i.e. intelligence of

(continued)
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systems, in which data use contributes significantly to value creation. “Smart”
modifies behaviors and operations of people, operations and condition management
of organizations and things, and interactions within the service system. Sensing from
things and people within the service system produces data that indicate these
behaviors, operations, conditions, and interactions. Data analytics contributes to
the effectiveness and efficiency of these processes. Data analytics is core to smart
service systems given the capability for continuous monitoring and learning with
data. For instance, customer data may be converted into information that is useful in
customer value creation processes in service systems and also can be used to adjust
service operations (e.g., use of energy usage data for energy management). Imagin-
ing a smart service system without intensive use of data is difficult. Thus, a key to
transform service systems into smart ones lies in exploiting data.

16.4 Design and Development of Smart Service System

The findings from the previous sections show that a smart service system features a
data-based value creation mechanism. Previous studies on the design and develop-
ment of smart service systems provide further insights into data-based value creation
mechanisms of smart service systems. This section briefly introduces findings from
the studies in Table 16.2.

Table 16.1 (continued)

Source Definition or description

machine) “[. . .] because it is impractical to deploy humans to gather
and analyze the real-time field data required, smart services depend on
“machine intelligence” (Allmendinger and Lombreglia 2005). ... Smart
service systems often have the following characteristics of the intelli-
gent system: Self-configuration (or at least easy-triggered
reconfiguration) (Barile and Polese 2010), Proactive behavior (capa-
bility for prognosis or preventive actions, as opposed to the reactive
behavior) (Allmendinger and Lombreglia 2005), Interconnectedness
and continuous interactivity with internal and external system elements
(Gershenfeld et al. 2004). ... Smart service attributes include dynamic
properties (without modelling of the changing environment; past-based
modelling; stochastic modelling), intelligence (knowledge-based; data-
based; content-based), Knowledge awareness (context-oriented;
explicit knowledge; business intelligence), IT platform (mobile; SaaS;
hybrid cloud; corporate servers), and elements (IT; people; hybrid)

POSTECH IME (2016) A smart service system refers to a system that delivers various services
effectively and efficiently by considering the needs and context of
stakeholders through smart technologies. Smart service systems pro-
viding smart service offerings such as adaptive control, prognostic
monitoring, personalized guidance, and user-friendly interfaces are
flourishing in business and society
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Table 16.2 Studies on the design and development of smart service system

Study Brief description
Related service
system

Lim et al.
(2018a)

Designed car infotainment services for individual drivers that
use vehicle operations and condition data, based on analyses
of 7.6 million trip data of 18,943 vehicles (vehicle operations
data) and 3662 cases of warning code occurrences (vehicle
condition data)

Smart
transportation

Lim et al.
(2018d)

Designed driving safety enhancement services for commer-
cial drivers that use vehicle operations data, based on ana-
lyses of operations data of commercial vehicles (278 buses,
46 taxis, and 931 trucks) and accident data of commercial
vehicle drivers (4289 bus, 1550 taxi, and 490 truck drivers)

Kim et al.
(2018)

Designed an eco-driving support service for bus drivers that
use vehicle operations data, based on analyses of bus oper-
ations and fuel consumption data of 33 bus drivers

Winkler et al.
(2016)

Designed and implementing a thermal comfort enhancement
service for building occupants that uses building energy
operations data and occupant feedback data

Smart building

Kim et al.
(2014a)

Designed hypertension patient management services that use
a national health insurance database, based on analyses of a
sample data from the database for one million people for
9 years (2002–2010)

Smart health

Kim et al.
(2016)

Designed a smart wellness service for college students that
use daily behavior data of students, with an IT company and
a student counseling center at a university based on data
from 47 students

Kim et al.
(2014b)

Designed health-related data-based services for health-
related stakeholders with a government organization, based
on interviews with 34 experts such as doctors, public health
scientists, managers and executives in the industry, and
government employees

Chung and
Park (2016)

Proposed a personal health record (PHR) open platform
based smart health services using the distributed object
group framework for managing chronic diseases

Yu et al.
(2011)

Designed a home portal service with a smart door interface
which combines virtual and physical door control and pro-
vides the place for home members to communicate each other
no matter he is at home or not

Smart home

Cai and Li
(2014)

Designed a micro grid renewable energy service system for an
island that uses wind, photovoltaic and biomass energy

Smart energy

Perera et al.
(2014)

Proposed a “Sensing as a Service” model based on IoT
infrastructure for smart cities, such as waste management and
smart agriculture services

Smart city

Maglio and
Lim (2016)

Categorized design models of smart service system into four
groups according to the source and usage of data: smart
operations management, smart customization and prevention,
smart coaching, and smart adaptation and risk management
services

Any smart
service system
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From these studies, we can derive a generic mechanism of data-based value
creation in smart service systems. Each study focused on a specific part of the
spectrum from data to value creation in smart service systems. Considering these
studies, smart service systems, regardless of cases, entail the collection of data from
certain sources, creation of useful information on the data sources through data
analysis, and delivery of information to users to help them create value. More
specifically, data-based value creation in smart service systems involves at least
nine factors: (1) data source, (2) data collection, (3) data, (4) data analysis, (5) infor-
mation on the data source, (6) information delivery, (7) information user, (8) value in
information use, and (9) provider network (Lim et al. 2018b).

Data source (factor 1) includes specific objects such as vehicles, facilities such as
city infrastructure, management activities such as city administration, and customers
such as drivers and citizens. The methods of data collection (factor 2) include using
sensors, recording logs of IT system users, and crowdsourcing of opinion data. Data
(factor 3) include condition traces of engineering systems, event logs of business
systems, health and behavioral records of people, and bio-signals of animals. The
methods of data analysis (factor 4) include using specific algorithms pre-installed on
servers and expert knowledge, which entail time for decision making.

Information (factor 5) created from data analysis indicates interested facts about
the original data source. In many cases, the terms “data” and “information” are used
interchangeably. For smart service systems, this chapter distinguishes data from
information based on the data–information–knowledge–wisdom (DIKW) hierarchy
(Braganza 2004): Data are raw materials and ingredients of information, and infor-
mation is the outcome of the data analysis used for a specific purpose (Lim and Kim
2015). The methods of information delivery (factor 6) include e-mail, phone calls,
smartphone applications, or onboard displays in vehicles (Lim and Kim 2014).
Information user (factor 7) includes drivers who use car infotainment services,
parents who utilize baby-monitoring services, and citizens and local organizations
that use services in smart cities. A common aspect of these studies in Table 16.2 is
that each study focused on specific stakeholders (i.e., information users) of a service
system as main targets for data-based value creation, such as passenger car drivers
(Lim et al. 2018a), riders and drivers of commercial vehicles (Kim et al. 2018),
building occupants (Winkler et al. 2016), and people and government (Kim et al.
2014a, b).

Examples of value (factor 8) include evidence-based health management,
improvement of operational processes of certain service systems, and prevention
of potential user problems. Note that value is not created until users actually use the
received information for a specific purpose. In other words, value is created in
information use (Vargo and Lusch 2004; Lusch and Nambisan 2015). For example,
the safety of driving can be improved when information for safe driving is used by
drivers and health can be improved when health-related advice information is used.
The provider network (factor 9) consists of the main service provider (which
interacts with customers) and its outsourcing partners, such as sensor manufacturing,
data management, and analytics companies. Data and information can be digitized
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into bits unlike other types of deliverables in business; thus, outsourcing is common
in smart service systems.

A service concept is a description of what needs to be done for customers and
how this can be done (Edvardsson and Olsson 1996; Goldstein et al. 2002; Kim et al.
2012). Thus, designing services requires understanding the things that constitute the
what and how of service (Lim et al. 2012; Kim et al. 2013). Service design is difficult
because a design space is wide and complex, which is attributed to the variety of the
what and the how of the candidates (Lim et al. 2018c). The nine factors embrace key
areas of smart service system analysis and design: (5) what to deliver, (8) why, (7) to
whom, (1–4) how to produce it, (6) how to deliver it when and where, and (9) who
creates and delivers it. The use and management of data in smart service systems
should consider these areas to facilitate value creation with.

16.5 Understanding Smart Service System Through Text
Mining

Including the intensive use of data discussed in the previous sections, smart service
systems involve diverse features. The functions and operations of smart service
systems depend on sensing (Sim et al. 2011), big data (Maglio and Lim 2016),
computation (Lee et al. 2012), and automation (Jacobsen and Mikkelsen 2014).
Customer (Wuenderlich et al. 2015) and business aspects (San Roman et al. 2011)
must be considered as well. A search for “smart service system” in the Web of
Science generates more than 5000 results across engineering, computer science,
information systems, control, transportation, healthcare, and other fields. Given the
wide range of various research related to smart service systems, a unified under-
standing of the concept across different fields may facilitate development and
innovation; such unification would promote the use, integration, and improvement
of technologies from a broad and application-oriented perspective. However, such
integrative work is difficult to achieve because of the variety and number of studies
and applications related to smart service systems. Text mining is an appropriate
method to address this challenge given its ability to automatically explore aspects
and areas of smart service systems in a comprehensive manner (Lim et al. 2017).

Lim and Maglio (2018) developed a unified view of smart service systems by
mining text related to these sorts of systems. The text they analyzed includes
scientific literature, news articles, and user opinions. Their analytics method
uniquely incorporates metrics to statistically measure the importance of word-
features of data and unsupervised machine learning algorithms, such as spectral
clustering (Von Luxburg 2007) and topic modeling (Blei et al. 2003), to capture the
essence of the data. Their analysis of 5378 scientific studies, 1234 news articles, and
444 opinion surveys identifies statistically significant keywords, research topics,
technology factors (sensing, connected network, context-aware computing, and
wireless communications), a definition, application areas, and end-user-perceived
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values. This section briefly reviews their findings to advance the readers’ under-
standing about smart service systems after the previous sections.

Findings from the analysis of 5378 literature data indicate that a smart service
system requires technologies for networking, data and information processing,
control, communications, devices, and applications to provide specific functions to
system users. Related topics in the literature include “design of smart service
systems,” “sensing,” “Internet/Web of Things,” “wireless networks/communica-
tions,” “mobile devices,” “cloud computing/environment,” “security,” “smart
home,” “smart health,” “smart energy management,” and “smart city.” Lim and
Maglio (2018) also identified a set of 53 generic word-features that may represent the
generic structure of smart service systems, including “thing,” “internet,” “context-
aware,” “control,” “sensing,” “wireless,” “location,” “access,” “communication,”
“computing,” and “data.” An exploratory factor analysis of the 53 generic word-
features of 5378 articles from the literature (i.e., those extracted from the 5378 by
53 matrix dataset that may represent the generic structure of smart service systems)
revealed four key technology factors of (any) smart service systems; based on factor
loading of the 53 word-features (i.e., variables), these four factors can be called
“connected network,” “sensing,” “context-aware computing,” and “wireless
communications.”

Using the four factors and the list of 53 generic words as basis, Lim and Maglio
(2018) propose a statistically significant definition of smart service system: “A smart
service system is a service system that controls things based on the resources for
connected network, sensing, context-aware computing, andwireless communications”.
Examples of the resources include specific environments, infrastructure, devices, and
applications (software). Examples of the things to be controlled include specific
objects, processes, and users. These definitions and examples are meaningful in that
they consist of the important words quantitatively identified from the literature data.

Findings from the analysis of 1234 news data indicate that application areas of
smart service systems can be categorized into “smart device,” “smart environment,”
“smart home,” “smart energy,” “smart building,” “smart transportation,” “smart
logistics,” “smart farming and gardening,” “smart security,” “smart health,” “smart
hospitality,” “smart education,” and “smart city and government.” These 13 areas
can be distinguished according to the type of application: Smart device and envi-
ronment are resource-type areas, which are required in any kind of smart service
system. Smart home, energy, building transportation, logistics, farming and garden-
ing, security, health care and management, hospitality, and education are business
system-type areas. Smart city and government systems are a public administration-
type area. Common keywords found from the news data include “device,” “prod-
uct,” “app,” “data,” and “information.” This list implies that the essence of smart
service systems, which have been discussed in various news articles, is the use of a
device or product with a smartphone application to collect data from people and to
deliver information to them. A network analysis of these areas indicate that a smart
service system is related to other systems across different contexts of the users (e.g.,
smart health and smart home are highly relevant, while smart transportation is one of
the key businesses in smart cities) and resources (e.g., smart device and
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environment). Thus, achieving synergy between different smart service systems will
effectively streamline the development and operations of a system.

Findings from the analysis of 444 user opinion data indicate that people used the
following phrases to describe values of the smart service system they like: “ask Siri
thing,” “easy order,” “people make money,” “behavior make decision,” “computer
make choice,” “people living assisted,” “advance contextual awareness,” “better
sleep tracking,” “monitor many different,” “ready go get,” “people want know,”
“house living remotely,” “allowing happen without,” “accomplished less time,”
“ability reduce load,” “make job,” “manage human resource,” and “surroundings
make decision.” Based on this result and a detailed reading of the full list of
444 opinion data, we found that the end-user-perceived values of smart service
systems may include (1) save time, cost, or other resource; (2) reduce undesired
outcomes; (3) increase desired outcomes; (4) allow things to happen without some-
thing; (5) monitoring or tracking ability; (6) know the user or the contexts; (7) easy
or autonomous decision making; and (8) easy order or remote control.

Combining all the findings, Lim and Maglio (2018) describe smart service
systems, such as smart homes and health, energy, transportation, and hospitality
systems, as follows: Smart service systems automate or facilitate the value-creating
activities of users and providers based on technological resources for connected
network, sensing, context-aware computing, and wireless communications. These
systems enable users to get their jobs done efficiently and effectively. Sensing of
data obtained from connected networks of people and things is the key mechanism of
smart service systems. Context-aware data analysis creates information that can be
used by users to manage and improve their things (e.g., specific objects, processes,
and resources) and people concerned. User-friendly smart devices enhance the
delivery of benefits of smart service systems to users through wireless communica-
tions. The design of a smart service system can be improved by considering the
factors and values of the system in question and seeking a synergy with other
application areas.

16.6 Clarification of the Concept of Smart Service System

Each of the previous sections emphasized specific characteristics of smart service
systems. Section 16.2 emphasized the importance of sensor data collected from
connected things and people. Section 16.3 emphasized that capabilities of smart
service systems require a data-based mechanism. Section 16.4 emphasized the
importance of managing the spectrum from data to value creation in smart service
systems. Section 16.5 emphasized the four technology factors required to create
value, namely, connected network, sensing, context-aware computing, and wireless
communications.
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By integrating findings from the previous sections, this section aims to clarify the
concept of smart service system. Smart service systems are service systems in which
value co-creation between customers, providers, and other stakeholders are auto-
mated or facilitated based on a connected network, data collection (sensing),
context-aware computation, and wireless communications. These systems enable
customers to accomplish their tasks efficiently and effectively. Using data from
people and things (e.g., specific objects, processes, and resources) is the key in
smart service systems to manage and improve the value co-creation and system
operations. Given this definition, a smart service system exhibits five essential
attributes, namely, the 5Cs: (1) Connection between things and people, (2) Collection
of data for context awareness, (3) Computation in the cloud, (4) Communications by
wireless, and (5) Co-creation of value.

Figure 16.1 illustrates a conceptual framework of a smart service system based on
the 5Cs. Customers and providers who are connected to each other co-create value
through data and information communications. Data are collected from connected
things (e.g., specific objects, processes, and resources), customers, and providers and
then transformed into information through computational processes. Information
generated from computational processes is used by the customers to use, manage,
and improve their concerned things and people.

Connection between things and people is the first attribute that a smart service
system should manage. Connected things include tangible goods directly used by
customers, as well as dedicated infrastructures generally required by customers and
providers; these goods and infrastructures can be connected to other things. We live
in a connected world; the buzzwords “IoT,” “Connected Car,” or “Connected

Fig. 16.1 Conceptual framework of smart service system
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Home” reflects our ability and desire to effectively control things around us. The
development of a connected network of people and things, which is the base
infrastructure for a system, is the groundwork for collection and communications
in a smart service system. In fact, a connected network represents the network of
“data sources” for smart service systems. Where to collect data is directly relevant to
data use (i.e., purpose of service system) and to the scope and potential of a service
system. IoT is crucial because IoT is about creating a cyber-physical infrastructure
for connection. Technologies for data analytics, cloud computing, and mobile
communications, among others, can effectively work together only with a connec-
tion infrastructure.

Collection of data from connected people and things is the second attribute of a
smart service system. Data include condition traces of engineering systems, event
logs of business processes, health and behavioral records of people, and bio-signals
of animals. Given our capability for continuous monitoring and learning from data,
data are the core resources for context awareness. The term “smart” pertains to
information actions rather than to physical or interpersonal actions; hence, this term
is inevitably related to the use of data. A major distinction between traditional and
recent data collection is the data source (i.e., engineering systems versus human
systems). Current sensing methods include physical plus social sensing. Physical
sensing refers to a process conducted using physical sensors, whereas social sensing
includes any type of sensing enabled or conducted by people without using physical
sensors. Examples of social sensing include data collection from social network
services, surveys, interviews, queries, and documents. Physical and social sensing
from things and people within a service system produce data that indicate behaviors
and operations of people, operations and condition management of organizations
and things, and interactions within a service system. Data use contributes in the
effectiveness and efficiency of these processes.

Computation is the third key attribute of a smart service system. Computational
processes involve the use of specific algorithms and expert knowledge for decision
making. Computation is the prerequisite for data and information communications in
a connected network because these processes transform raw data into standardized
data or information that enable machine-understandable data or human-
understandable information. The key functions of smart service systems (e.g.,
context awareness, predictive and proactive operations, adaptation, real-time and
interactive decision making, self-diagnosis, and self-control) can be created only
through computation of specific data. This often requires several pre-tasks for data
analytics, such as analysis planning, data cleaning, anonymization, aggregation,
integration, and storage. Two of the key requirements of computation in smart
service systems are cloud computing availability and security because of the dis-
tributed nature of connections in the service system.

Communications by wireless between people and things is the fourth attribute of
a smart service system. The contexts of communications include machine-to-
machine actuation and machine-to-human guidance. Thus, the issues of this attribute
encompass the issues in communicating machine-understandable data and human-
understandable information, such as visualization methods and other information

362 C. Lim and P. P. Maglio



delivery methods through auditory, olfactory, palate, and tactile stimulation in
physical, virtual, and augmented reality. Although the same goods, infrastructures,
and stakeholders can be involved in multiple service systems, interactions are
relatively unique in each service system. Although technologies for connection,
collection, and computing are fulfilled in a specific service system, the key to
transforming such system into a smarter service system or to creating a new smart
service system lies in improving the unique interactions within the system in
question. As such, communications technology that facilitates interactions is crucial
in any smart service system and is considered the circulating blood of the system.

Co-creation of value between customers and the provider of a service system is
the fifth attribute of a smart service system. Value creation is the core purpose and
central process in economic exchange. Any type of socio-technical service system
involves value co-creation that brings different stakeholders together to jointly
produce a mutually valued outcome. In this respect, the development and use of
technologies ultimately aim for enhanced or new value creation. Examples of value
co-creation stakeholders include customers of IT goods, manufacturers, government
agencies of infrastructure, and application developers. The first four attributes
represent the technological resources for smart service systems, whereas the fifth
attribute represents the application objective of various resources. In fact, the first
four attributes of smart service systems contribute to increasing the opportunities for
active value co-creation. As we become more connected, encounters for value
co-creation increase; as we collect and compute more quality data (quality in terms
of variety and volume), the informational or intellectual resources for value
co-creation increase; and as we communicate more efficiently and effectively, the
frequency and intensity of value co-creation increase.

Figure 16.1 indicates that smart service systems have a closed-loop mechanism.
Data and information interactions within a service system are iterative, and stake-
holders can develop their relationships and improve value co-creation continuously
through a cycle of monitoring and learning. This feature shows the true importance
of service system thinking for the use of various technologies. The direction of the
evolution of smart service systems is clear, that is, continuous development of the
loop of value co-creation by integrating technologies for connection, collection,
computation, and communications. The real advantage of service system thinking is
that it deviates from the existing technology concepts and focuses on the final
function (i.e., application) that must be fulfilled.

The 5Cs are useful in describing and analyzing a smart service system. For
example, a smart home can be defined as a service system that automates or
facilitates value co-creation activities (e.g., lighting, cooking, temperature control,
garage opening, and exercising) between residents and related stakeholders through
in-home or home-around connectivity, collection of living-related data, computation
for context awareness, and wireless communications achieved within or through a
technology-equipped house. Similarly, a smart health service system automates or
facilitates value co-creation activities among patients, healthy people, healthcare
providers, and other stakeholders through connectivity among people, devices, and
healthcare environment; collection of health-related data; computation for diagnosis
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and prognosis; and communications within or through technology-equipped people,
living, and care environment.

Another significance of describing smart service systems in this manner is that the
5Cs provide a basis for interconnecting different fields, with emphasis on applica-
tions. Recent concepts, such as IoT, big data management, AI, cloud computing, and
wearable devices, are related to smart service systems, wherein each concept corre-
sponds to one or more system attributes. For example, wearable devices (e.g.,
smartphones, wristbands, and watches) are related to collection and communications
and serve mainly as data collection and information delivery channels. AI is related
to computation, whereas IoT is about connection. Moreover, each of the research
fields related to smart service systems, for instance, electronic engineering on
collection and communications, computer science on computing, and marketing
and business on co-creation, may focus on one or some of the system attributes
and seek synergy with different fields related to other attributes. A challenge for
R&D projects is the integration of the expertise of different professionals into
knowledge for value creation. The proposed concept of smart service system with
its five attributes can guide the entire project team to work effectively in managing
and improving a technology-based service system.

16.7 Categorization of Smart Service System

The conceptual framework of smart service system illustrated in Fig. 16.1 shows
how technologies contribute to the interactions and value co-creation within a
network of customers, providers, and things. By integrating the framework and
related studies on service categorization (Frei 2006; Bolton and Saxena-Iyer 2009;
Campbell et al. 2011; Wünderlich et al. 2013) and value co-creation (Payne et al.
2008), we can categorize different smart service systems into three types, namely,
smart self-service, smart super service, and smart interactive service systems (see
Fig. 16.2).

Payne et al. (2008) developed a process-based conceptual framework for under-
standing and managing a detailed mechanism of value co-creation. Their framework
shows that customer value is co-created based on continuous interactions between
customer and provider processes through encounter processes. From this perspec-
tive, services can be differentiated according to the portion of customer roles in value
co-creation processes. In traditional self-services or classic reduction of customer
variability (Frei 2006), such as the use of ATM and self-check-in hotels, the
customer performs many of the tasks previously done by the provider. By contrast,
the boundary can shift in the opposite direction. In traditional super services (Camp-
bell et al. 2011) or classic accommodation of customer variability (Frei 2006), the
provider performs many tasks previously done by the customer, such as a car rental
service that delivers cars to customers or luxury hotel service. Meanwhile, in
traditional interactive services (Bolton and Saxena-Iyer 2009), such as fitness
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training and counselling services, interpersonal interactions between customer and
employee are essential for value co-creation.

The four technology factors of smart service system (i.e., connection, collection,
computation, and communications) have advanced all three types of service. For
example, smart band-based fitness tracking services (Takacs et al. 2014) take the
traditional role of fitness trainers and enable a smart self-service system for health
management powered by the four technology factors (e.g., coaching capability for
people). Such smart self-service systems require significant customer–thing interac-
tions for value creation. By contrast, many equipment manufacturers take the
traditional role of customers in maintaining and using equipment and enable a
smart super service system powered by the four technology factors (e.g., optimiza-
tion capability for equipment). Such smart super service systems significant
provider–thing interactions for value creation. Meanwhile, a smart interactive ser-
vice system “comprises not only an embedded technology within the product that
communicates object-to-object but also personal interactions between the user and
the service provider employee as part of the smart service delivery process”
(Wünderlich et al. 2013). Examples include industrial remote interactive repair and
online transportation network (e.g., Uber) services. Smart interactive service systems
are somewhere in between the other two types and require significant customer-to-
provider interactions for value creation.

Service systems depend not only on people, information, organizations, and
technologies but also on their interactions, which have emergent consequences
(Maglio and Lim 2016). Thus, managing the interactions among customers, pro-
viders, and things involved in the service system is key to improve value co-creation.
Figure 16.2 shows how different types of smart service system improve the interac-
tions with technology. Lusch and Nambisan (2015) provide a broadened view of
service innovation based on the service-dominant (S-D) logic (Vargo and Lusch

Fig. 16.2 Three types of smart service system
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2004) and describe the integration of the resources of a service system as the
fundamental method to innovate the system. In the proposed conceptual framework
of smart service system, the connection and communications factors mainly con-
tribute to a tighter integration of resources (e.g., people and their concerned things),
while the collection and computation factors are critical in creating new useful
resources (e.g., data on the things, information for people, and enhanced knowledge
of people). From this perspective, Fig. 16.2 further illustrates the three areas of
technology-based service innovation: The integrative use of the four technology
factors (i.e., connection, collection, computation, and communications) contribute to
the smart self-service innovation by enhancing the controllability of customers over
their concerned things; to the smart super service innovation by allowing providers
to infiltrate into the value creation process of customers, embed themselves in the
process, and take the roles previously done by the customer; and to the smart
interactive service innovation by expanding and intensifying the interactions
between customers and providers.

16.8 Future Research Topics

By integrating existing studies on smart service system in this chapter, a number of
research issues have been observed. This section discusses the four following
priorities: (1) service systems analytics and engineering, (2) operationalizing value
co-creation in smart service systems, (3) autonomous service systems, and
(4) extending the smart service system concept.

First, this chapter calls for research on service systems analytics and engineering.
A system is “a combination of interacting elements organized to achieve one or more
stated purposes” (ISO/IEC 2008). Human-designed systems, such as vehicles and
transportation systems, have well-defined architectures and understood mechanisms
of operation. For other systems, parts may be designed but the systems themselves
may evolve, such as cities or universities, with system architectures and mechanisms
emerging over time. Service systems tend to fall between fully designed and fully
emergent systems, and their architectures or mechanisms are not yet clearly under-
stood, although such an understanding is the key to engineering and improvement.
One difficulty in engineering and managing complex service systems is the lack of
data required to monitor and improve the system elements. However, with recent
advances in sensing technologies, various kinds and massive amounts of data can be
collected from the elements of the service system, such as people and physical
goods.

This advancement contributes to unlocking the limitations of engineering and
managing service systems, that is, a way of transforming specific service systems
into smarter service systems. At least, the proliferation of (big) data alleviates two
challenges in service systems engineering and management. First, articulating the
concept, architecture, and mechanism of a service system was difficult because
service systems are complex (Maglio et al. 2009) and fuzzy (Glushko 2013), in
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contrast to physical systems, such as vehicles and factories. Section 16.5 illustrates
how newly available text data from social sensing can be used to understand the
mechanism and define the concept of a specific type of service system, that is, the
smart service system. Second, designing a service system was difficult because
service systems involve numerous variabilities originating from customers (Frei
2006), contexts (Glushko 2010), and operations (Roels 2014). Section 16.4 illus-
trates how newly available physically sensed data from customer processes or
operations within the service system in question can be used to design new services
or improve existing services. Transforming specific service systems into smarter
service systems requires understanding of the service system in question and mod-
ification of the system operations. Under the proposed framework of smart service
system, it is apparent that data analytics can contribute to such understanding and
modification. Research on using data through descriptive, predictive, and prescrip-
tive analytics will contribute to understanding and improving service systems in
multiple application areas.

Second, this chapter calls for research on operationalizing value co-creation in
smart service systems. Many notable studies have discussed concepts, utilities, and
mechanisms of value co-creation theoretically and empirically in marketing, infor-
mation systems, innovation, design, and multidisciplinary contexts (e.g., Vargo and
Lusch 2004; Maglio and Spohrer 2008; Payne et al. 2008; Vargo and Lusch 2016).
Despite the emergence of a broad range of research on value co-creation over the last
decade, a review of the literature revealed a surprising lack of work directed at
providing frameworks to help organizations operate value co-creation with cus-
tomers effectively and systematically, except for few related studies (Payne et al.
2008; Ulaga and Reinartz 2011; Smith et al. 2014). The fifth axiom of S-D logic
states that “value co-creation is coordinated through actor-generated institutions and
institutional arrangements” (Vargo and Lusch 2016). Thus, S-D logic indicates the
research necessity of operationalizing value co-creation in service settings to account
for all agents, organizations, and resources involved.

One difficulty in operationalizing value co-creation is the lack of data required to
track, measure, model, modify, control, and manage individual customer behavior
and perceptions (Lim et al. 2018f). Considering the field of industrial operations
management before the emergence of “big data,” data from production and business
operations were routinely used to better operate specific processes (e.g., Linderman
et al. 2003; van der Aalst and Weijters 2004). With recent advances in sensing
technologies, various kinds and massive amounts of data are collected from indi-
viduals through sensor-equipped consumer electronics (Porter and Heppelmann
2014). Traditional survey or observation data on customers are essentially research
data involving a hypothesis before data collection, whereas sensor data on customers
are natural records being collected and archived independent of a specific research
project, which reflect the real behavior and contexts of customers. From a marketing
perspective, the IoT enables the Internet of Customers that creates many new types
of customer touchpoints and provides opportunities for managing the customer
relationship (Johnson 2016). In this context, it is the time to operationalize value
co-creation with newly available data on customers.
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As discussed, various kinds and massive amounts of data are collected in smart
service systems from sensors located around people. Such newly available data can
be used for operationalizing value co-creation on the connected network. The
previous section illustrates that, for effective value co-creation, smart self-services
operationalize customer–thing interactions using data from customers and things,
smart super services operationalize provider–thing interactions using data from
providers and things, and smart interactive services operationalize customer–pro-
vider interactions using data from customers and providers. However, only few
studies addressed this topic though it is key to the application of the value
co-creation concept and S-D logic in practice. Although the studies reviewed in
Sect. 16.4 provide some insights into smart service system operations, most of the
studies do not focus on the context of value co-creation. Research on
operationalizing value co-creation in smart service systems will contribute to man-
aging and improving service systems in this connected and data-rich world from a
service science perspective.

Third, this chapter calls for research on autonomous service systems. The pro-
posed framework of smart service system can be used to describe any service system
as the network of customers, their concerned things, and providers is generic. From
this perspective, Fig. 16.3 illustrates the evolvement of service systems according to

Fig. 16.3 Evolvement of service systems and emergence of the autonomous service system
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the intensity of technology use in the service system network. Value is co-created
through “the application of competences (knowledge and skills) by one entity for the
benefit of another” (Vargo and Lusch 2004). In traditional service systems
(Fig. 16.3a), customers employ the competences of providers to achieve specific
goals and interact with concerned things. In the three types of smart service system
(Fig. 16.3b), the interactions among customers, their concerned things, and providers
are facilitated or automated based on the four technology factors (i.e., connection,
collection, computation, and communications). In this continuum, a new type of
service system that is rapidly emerging is the autonomous service system
(Fig. 16.3c), such as service systems based on a self-driving car (e.g., Google) and
a fully automated building (e.g., Edge in Amsterdam).

As shown in Fig. 16.3, interactions exist within customers, things, and providers.
As recent AI can recognize and deliberate various things, we must pay specific
attention to thing–thing interactions. In autonomous service systems, thing–thing
interactions are fully automated and the things behave autonomously. Following Frei
(2006), traditional “automation” technologies and modern “autonomous” technolo-
gies in service systems can be distinguished in terms of variability, with traditional
“automation” technologies “reducing” and controlling variability (e.g., trains use
specified routes and ATMs cover limited options) and modern “autonomous”
technologies “accommodating” variability (e.g., self-driving cars use any route and
AI-based financial services invest by themselves). Autonomy must incorporate
automation technologies for the four technology factors of smart service system to
be connected with, use data on, deliberate about, and communicate with humans and
things. We are at a tipping point of the true integration of these factors for autonomy
for monitoring, communication, context awareness, learning, predictive and proac-
tive behavior, adaptation, optimization, real-time and interactive decision making,
control, self-detection, self-diagnosis, self-reconfiguration, and self-control. As
shown in Table 16.1 in Sect. 16.3, these terms have been used to describe smart
service systems. Thus, the emergence of autonomous service systems means the
emergence of truly smart service systems as indicated in the continuum shown in
Fig. 16.3.

Autonomous service systems may be viewed as an ideal form of smart self-
service systems in that customers only need to consider the outcome of the service
system or the same of smart super service systems in that providers encapsulate their
capability in the service system. However, autonomous service systems are clearly
different for the adjacent types shown in Fig. 16.3 in that no or a minimum level of
human–thing interactions is required and things take deliberate action on their own.
Given a full automation of the interactions within things and consequent autono-
mous behavior and operations of the things, customers and providers (nearly) do not
have to interact with each other and with the things.

In autonomous service systems, value co-creation processes are nearly automated
by the things as humans only need to take (either consciously or unconsciously) the
value in use produced and delivered by the things automatically. Many areas of
smart service system, such as autonomous farming, building, energy, logistics,
transportation, and security, can be evolved into autonomous service systems,
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whereas smart home, health, hospitality smart education, smart city, and government
service systems require human interventions. In any case, what should be automated
or whether and when automation will improve the overall value co-creation (or it
should only be value creation) is unclear. Research on autonomous service systems
from a service science perspective can extend the literature on value co-creation to
the world of interactions within things and improve the partnership between humans
and computers for value co-creation.

Finally, the smart service system concept proposed in this chapter should be
further extended and studied in depth. This chapter has mainly focused on a digital
data-centric perspective, such as that on the connection of different data collection
sources to develop a smart service system with high-quality computation and
communications functions for value co-creation. However, this perspective may be
incomplete due to the limited scope of the reviewed studies on smart service systems
and the authors’ limited background in industrial engineering, computer science, and
management. For example, this chapter has not fully covered the engineering
perspectives on physical human–machine interaction (HMI) as well as those on
physical control and actuation mechanisms. Within most of the existing smart
service systems, humans interact with machines. Using advances in haptics and
actuators enhances the interactions between them and improves function execution
accuracy. For example, the ability to physically retrieve cash from an ATM or
deposit a check may co-create more value than the action of checking the balance
only. Thus, advancements in the HMI and control aspects of ATMs are important.
The future AI-based smart banking service systems are not different and are required
to be equipped with high-quality functions for HMI and controls. This requirement
applies to other types of smart service system as well, such as physical driving with
received information in smart transportation systems and physical intervention in
smart health systems, which are adaptive to the patients’ behavioral and bio-signal
data. These perspectives are also important in autonomous service systems because
humans are always involved and receive physical outcomes in such systems.

Our intention was not to propose an exhaustive concept of smart service system in
one chapter but to clarify some important perspectives and elements of the concept.
Value co-creation in smart service systems can be enhanced by advances in data
collection and use, but also through the spectrum of engineering advances in
actuation, such as a robotic hand exoskeleton that can provide an assistant service
to a customer by reacting to the input provided through the electromagnetic waves
from the customer (e.g., electromyography; Yun et al. 2017a, b). In general, the
physical interaction of a machine with a human to co-create value is only possible
because of the existence of both elements.

Although we believe the aforementioned perspectives are important, we could not
state these perspectives in an earlier section because we could not find these from our
data analytics and specific references focused on the smart service system concept.
For example, in the factor analysis discussed in Sect. 16.5, we could not derive a
control-related factor when we set up the number of factors as five or six, though
“control” was one of the 53 generic word-features that may represent the generic
structure of smart service systems. We believe future studies on the HMI and control
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aspects of smart service systems can extend our findings significantly. For example,
factors about the physical actuators and physical interaction with technology can be
added to the current nine factors of value creation mechanisms of smart service
systems. The 5Cs can also be further extended to the 6Cs, including the following:
(1) Connection between things and people, (2) Collection of data for context
awareness, (3) Computation in the cloud, (4) Communications by wireless, (5) Con-
trol and actuation of physical elements, and (6) Co-creation of value. Smart service
systems with a strong physical component, such as smart homes, transportation, and
farming, may be described and developed with the extended 6Cs concept.

Likewise, other perspectives on smart service systems can be further investigated
and added to the findings of this chapter. The level of service system smartness
should also acknowledge the partnerships between machines and humans that
interact to co-create value. For example, a team consisting of robotic assistant nurses,
human nurses, human doctors, and surgery robots can co-create value with patients
as they deliver smart health services to such patients. Strategies for the symbiosis,
where the machine and the human interact in a perfect and harmonic way, should be
studied and included in an extended smart service system concept. Indeed, no
machine can complete the value co-creation process without the human, and no
human can do it without the machine. Finally, the augmentation of human capabil-
ities, such as vision, sensing, touching, hearing, and movement in smart service
systems, can be investigated and integrated with all the aforementioned points.

16.9 Conclusion

This chapter takes a service science perspective in viewing service systems in this
connected and data-rich economy, following the call for proposals on smart service
systems by the NSF (2016). The concept of smart service system discussed in this
chapter recognizes the smartness in modern service systems as multi-dimensional
(i.e., the 5Cs). The concept can facilitate the application of a service science
perspective to develop and use technologies for people for their value co-creation.
Our work is significant in that the findings were derived from a literature review
(Sect. 16.3), real projects with industry and government on the design and develop-
ment of smart service systems (Sect. 16.4), and an analytics of 5378 scientific studies
and 1234 news articles (Sect. 16.5). The findings in Sects. 16.6 and 16.7 aggregate
the key concepts and areas of broad studies and applications of smart service system.
Our work will bring significant clarification and elaboration to the definition of
smartness in modern service systems. Smart people co-create value by creating
connections between relevant things and the concerns of people, by collecting and
computing data, and by communicating with things and people to address the
concerns. This mechanism can be applied to describe and develop any type of
smart service system. Following Larson (2016), the authors believe that this chapter
would provide an effective framework for the design and development of smarter
service systems across multiple disciplines.

16 Clarifying the Concept of Smart Service System 371



References

Alam MR, Reaz MBI, Ali MAM (2012) A review of smart homes: past, present, and future. IEEE
Transactions on Systems, Man, and Cybernetics, Part C 42(6): 1190-1203.

Allmendinger G, Lombreglia R (2005) Four strategies for the age of smart services. Harvard
business review 83(10): 131.

Atzori L, Iera A, Morabito G (2010) The internet of things: A survey. Computer Networks 54(15):
2787-2805.

Austin T (2009) The Disruptive Era of Smart Machines Is Upon Us, Gartner, Inc.
Barile S, Polese F (2010) Smart service systems and viable service systems: Applying systems

theory to service science. Service Science 2(1): 21-40.
Basole RC, Rouse WB (2008) Complexity of service value networks: Conceptualization and

empirical investigation. IBM Systems Journal 47(1): 53-71.
Blei DM, Ng AY, Jordan MI (2003) Latent dirichlet allocation. Journal of Machine Learning

Research 3: 993-1022.
Boehm M, Thomas O (2013) Looking beyond the rim of one's teacup: a multidisciplinary literature

review of Product-Service Systems in Information Systems, Business Management, and Engi-
neering & Design. Journal of Cleaner Production 51: 245-260.

Bolton R, Saxena-Iyer S (2009) Interactive services: a framework, synthesis and research direc-
tions. Journal of Interactive Marketing 23(1): 91-104.

Braganza A (2004) Rethinking the data–information–knowledge hierarchy: towards a case-based
model. International Journal of Information Management 24(4): 347-356.

Cai X, Li Z (2014) Regional smart grid of island in China with multifold renewable energy.
Proceedings of 2014 International Power Electronics Conference (IEEE): 1842-1848.

Campbell CS, Maglio PP, Davis MM (2011) From self-service to super-service: a resource mapping
framework for co-creating value by shifting the boundary between provider and customer.
Information Systems and e-Business Management 9(2): 173-191.

Carrubbo L, Bruni R, Cavacece Y, Moretta Tartaglione A (2015) Service system platforms to
improve value co-creation: Insights for translational medicine, System Theory and Service
Science: Integrating Three Perspectives in a New Service Agenda. Napoli: Giannini Editore.

Chung K, Park RC (2016) PHR open platform based smart health service using distributed object
group framework. Cluster Computing 19(1): 505-517.

De Santo M, Pietrosanto A, Napoletano P, Carrubbo L (2011) Knowledge based service systems,
System Theory and Service Science: Integrating Three Perspectives in a New Service Agenda,
E. Gummesson, C. Mele, F. Polese, eds., 2011. Available at SSRN: https://ssrn.com/
abstract¼1903954.

Demirkana H, Kauffmana RJ, Vayghanb JA, Fillc H-G, Karagiannisc D, Maglio P (2008) Service-
oriented technology and management: Perspectives on research and practice for the coming
decade. Electronic Commerce Research and Applications 7(4): 356–376.

Edvardsson B, Olsson J (1996) Key concepts for new service development. Service Industries
Journal 16(2): 140-164.

Frei FX (2006) Breaking the Trade-off Between Efficiency and Service. Harvard Business Review
84: 93-101.

Gavrilova T, Kokoulina L (2015) Smart Services Classification Framework. In FedCSIS Position
Papers (pp. 203-207).

George G, Haas M, Pentland A (2015) Big data and management. Academy of Management
Journal 57(2): 231-326.

Gershenfeld N, Krikorian R, Cohen D (2004) The Internet of things. Scientific American 291(4):
76-81. https://doi.org/10.1038/scientificamerican1004-76.

Glushko RJ (2010) Seven contexts for service system design. In Handbook of service science (pp.
219-249). Springer US.

Glushko RJ (2013) Describing service systems. Human Factors and Ergonomics in Manufacturing
& Service Industries 23(1): 11-18.

372 C. Lim and P. P. Maglio

https://ssrn.com/abstract=1903954
https://ssrn.com/abstract=1903954
https://ssrn.com/abstract=1903954
https://doi.org/10.1038/scientificamerican1004-76


Goldstein SM, Johnston R, Duffy J, Rao J (2002) The service concept: the missing link in service
design research? Journal of Operations Management 20(2): 121-134.

IBM Smarter Cities Challenge (2016) http://www.smartercitieschallenge.org.
IfM IBM (2008) Succeeding through Service Innovation: A Service Perspective for Education,

Research, Business and Government. University of Cambridge Institute for Manufacturing;
Cambridge, UK.

ISO/IEC 15288 (2008) Systems and software engineering–system life cycle processes.
Jacobsen RH, Mikkelsen SA (2014) Infrastructure for intelligent automation services in the smart

grid. Wireless Personal Communications 76(2): 125-147.
Johnson G (2016) Internet of Customers: Customer Experience Automation Meets IoT? IoT

Journal, 5 July.
Jung J, Park H, Kang S, Lee S, Hahn M (2010) Measurement of initial motion of a flying golf ball

with multi-exposure images for screen-golf. IEEE Transactions on Consumer Electronics 56(2):
516-523.

Kim K, Kwon R, Kim K, Kang S, Kim Y, Kim E, Jun C, Lee J, Lee W (2014a) Development of a
service model for hypertension patient management Proceedings of SRC-SEMS 2014,
Shenzhen, China, May 16-17.

Kim K, Lim C, Heo J, Lee D, Hong Y, Park K (2013) An Evaluation Scheme for Product-Service
SystemModels with a Lifecycle Consideration from Customer’s Perspective. In Re-engineering
Manufacturing for Sustainability (pp. 69–74), Springer Singapore.

Kim K, Lim C, Kim K, Kang S, Jun C (2014b) Development of healthcare service concepts using
national health insurance service database in Korea. In 2014 INFORMS Annual Meeting, San
Francisco, USA, Nov. 9-12.

Kim K, Lim C, Lee D, Lee J, Hong Y, Park K (2012) A concept generation support system for
product-service system development. Service Science 4(4): 349-364.

Kim K, Kim K, Park J, Jun C, Kim K, Kim B, Lee D, Kim M (2016) Identification of critical health
behaviors in health behavior support services for college students. Proceedings of IRC-SEMS
2016, Beijing, China, Apr. 1-2.

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 12(1): 203–227.

Kitchin R (2014) The real-time city? Big data and smart urbanism. GeoJournal 79(1): 1-14.
Larson RC (2016) Commentary—Smart Service Systems: Bridging the Silos. Service Science 8(4):

359-367.
Lee W (2013) Smart City Management Using Big Data. BDI Focus 190: 1-12.
Lee S, Park H, Shin Y (2012) Cloud computing availability: multi-clouds for big data service.

Proceedings of International Conference on Hybrid Information Technology (Springer Berlin
Heidelberg): 799-806.

Lee J, Kao HA, Yang S (2014) Service innovation and smart analytics for industry 4.0 and big data
environment. Procedia CIRP 16: 3-8.

Lim C, Kim K (2014) Information service blueprint: A service blueprinting framework for
information-intensive services. Service Science 6(4): 296-312.

Lim C, Kim K (2015) IT-enabled information-intensive services. IT Professional 17(2): 26-32.
Lim C, Kim K, Hong Y, Park K (2012) PSS Board: a structured tool for product–service system

process visualization. Journal of Cleaner Production 37: 42-53.
Lim C, Kim M, Heo J, Kim K (2018a) Design of informatics-based services in manufacturing

industries: case studies using large vehicle-related databases. Journal of Intelligent Manufactur-
ing 29(3): 497-508.

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

Lim C, Kim K, KimM, Kim K (2018c) Multi-factor service design: identification and consideration
of multiple factors of the service in its design process. Service Business, Online First: 1-24.

16 Clarifying the Concept of Smart Service System 373

http://www.smartercitieschallenge.org


Lim C, Kim M, Kim K, Kim K, Maglio PP (2018d) Using data to advance service: managerial
issues and theoretical implications from action research. Journal of Service Theory and Practice
28(1): 99-128.

Lim C, Kim K, Maglio PP (2018e) Smart Cities with Big Data: Reference Models, Challenges, and
Considerations. Cities, In Press.

Lim C, Kim M, Kim K, Kim K, Maglio PP (2018f) Customer Process Management: A Framework
for Using Customer-related Data to Create Customer Value. Journal of Service Management,
Conditionally Accepted for Publication.

Lim C, Maglio PP (2018) Data-driven Understanding of Smart Service Systems through Text
Mining. Service Science 10(2): 154–180.

Lim C, Maglio PP, Kim K, Kim M, Kim K (2016) Toward Smarter Service Systems through
Service-oriented Data Analytics. Proceedings of 2016 I.E. International Conference on Indus-
trial Informatics: 1-6.

Lim J, Choi S, Lim C, Kim K (2017) SAO-based semantic mining of patents for semi-automatic
construction of a customer job map. Sustainability 9(8): 1386.

Linderman K, Schroeder RG, Zaheer S, Choo AS (2003) Six Sigma: a goal-theoretic perspective.
Journal of Operations Management 21(2): 193–203.

Lusch RF, Nambisan S (2015) Service Innovation: A Service-Dominant Logic Perspective. MIS
Quarterly 39(1): 155-175.

Maglio PP, Lim C (2016) Innovation and Big Data in Smart Service Systems Journal of Innovation
Management 4(1): 11-21.

Maglio PP, Spohrer J (2008) Fundamentals of service science. Journal of the Academy of Market-
ing Science 36(1): 18-20.

Maglio PP, Vargo SL, Caswell N, Spohrer J (2009) The service system is the basic abstraction of
service science. Information Systems and e-Business Management 7(4): 395-406.

Maglio PP, Kwan SJ, Spohrer J (2015) Toward a research agenda for human-centered service
system innovation. Service Science 7(1): 1-10.

Massink M, Harrison M, Latella D (2010) Scalable analysis of collective behaviour in smart service
systems. Proceedings of the 2010 ACM Symposium on Applied Computing: 1173-1180.

Medina-Borja A (2015) Smart things as service providers: A call for convergence of disciplines to
build a research agenda for the service systems of the future. Service Science 7(1): ii-v.

Mukherjee S, Dolui K, Datta SK (2014) Patient health management system using e-health moni-
toring architecture. Proceedings of 2014 I.E. International Advance Computing Conference
(IEEE): 400-405.

Ng I (2015) The Internet of Everything and the Future of Service. Speech, 2015 Frontiers in Service
Conference in San Jose, CA. Accessible online at: http://hubofallthings.com/hat-in-the-usa/.

Ng IC, Vargo SL (2016) Call for Papers—Service Science Special Issue: Service-Dominant Logic:
Institutions, Service Ecosystems, and Technology. Service Science 8(2): 247-248.

NIA (2013) Smart City Cases and Implications. IT & Future Strategy, 11: 1-23.
Normann R, Ramirez R (1993) Designing Interactive Strategy. Harvard Business Review 71(4):

65-77.
NSF (2016) Partnerships for Innovation: Building Innovation Capacity (PFI:BIC). http://www.nsf.

gov/funding/pgm_summ.jsp?pims_id¼504708.
Oltean VE, Borangiu T, Dragoicea M, Iacob I (2013) Approaches and Challenges in Viable Service

Systems Development. In 4th International Conference on Exploring Service Science.
Patrício L, Fisk R, Constantine L (2011) Multilevel service design: from customer value constel-

lation to service experience blueprinting. Journal of Service Research 14(2): 180-200.
Payne AF, Storbacka K, Frow P (2008) Managing the co-creation of value. Journal of the Academy

of Marketing Science 36(1): 83-96.
Pelletier MP, Trepanier M, Morency C (2011) Smart card data use in public transit: A literature

review. Transportation Research Part C: Emerging Technologies 19(4): 557-568.

374 C. Lim and P. P. Maglio

http://hubofallthings.com/hat-in-the-usa/
http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=504708
http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=504708
http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=504708


Perera C, Zaslavsky A, Christen P, Georgakopoulos D (2014) Sensing as a service model for smart
cities supported by internet of things. Transactions on Emerging Telecommunications Technol-
ogies 25(1): 81-93.

Porter ME, Heppelmann JE (2014) How smart, connected products are transforming competition.
Harvard Business Review 92(11): 64-88.

POSTECH IME (2016) Research Agenda of the IME Department at POSTECH: Smart Service
Systems.

Prahalad CK, Ramaswamy V (2002) The co-creation connection. Strategy and Business 27: 50-61.
Purohit SS, Bothale VM (2011) RFID based Solid Waste Collection Process. Proceedings of Recent

Advances in Intelligent Computational Systems (RAICS): 457-460.
Raghupathi W., Raghupathi V (2014) Big data analytics in healthcare: promise and potential,

Health Information Science and Systems 2(3): 2-10.
Roels G (2014) Optimal design of coproductive services: Interaction and work allocation.

Manufacturing & Service Operations Management 16(4): 578-594.
San Roman TG, Momber I, Abbad MR, Miralles AS (2011) Regulatory framework and business

models for charging plug-in electric vehicles: Infrastructure, agents, and commercial relation-
ships. Energy policy 39(10): 6360-6375.

Sim SH, Carbonell-Marquez JF, Spencer BF, Jo H (2011) Decentralized random decrement
technique for efficient data aggregation and system identification in wireless smart sensor
networks. Probabilistic Engineering Mechanics 26(1): 81-91.

Smith L, Maull R, Ng I (2014) Servitization and operations management: a service dominant-logic
approach. International Journal of Operations & Production Management 34(2): 242-269.

Spohrer JC (2013) NSF Virtual Forum: Platform Technologies and Smart Service Systems, http://
service-science.info/archives/3217

Spohrer JC, Demirkan H (2015). Introduction to the Smart Service Systems: Analytics, Cognition,
and Innovation Minitrack. In System Sciences (HICSS), 2015 48th Hawaii International
Conference on (pp. 1442-1442). IEEE.

Spohrer JC, Hamid M (2015) The Evolution of Service Research at IBM, http://hamidmotahari.
info/2015/06/the-evolution-of-service-research-at-ibm/

Strasser T, Andren F, Kathan J, Cecati C, Buccella C, Siano P, Leitão, P, Zhabelova, G, Vyatkin V,
Vrba P, Mařík V (2015) A review of architectures and concepts for intelligence in future electric
energy systems. IEEE Transactions on Industrial Electronics 62(4): 2424-2438.

Takacs J, Pollock CL, Guenther JR, Bahar M, Napier C., Hunt MA (2014) Validation of the Fitbit
One activity monitor device during treadmill walking. Journal of Science and Medicine in Sport
17(5): 496-500.

Ulaga W, Reinartz WJ (2011) Hybrid offerings: how manufacturing firms combine goods and
services successfully. Journal of Marketing 75(6): 5-23.

van der Aalst WM, Weijters AJMM (2004) Process mining: a research agenda. Computers in
Industry 53(3): 231-244.

Vargo SL, Lusch RF (2004) Evolving to a new dominant logic for marketing. Journal of Marketing
68(1): 1-17.

Vargo SL, Lusch RF (2016) Institutions and axioms: an extension and update of service-dominant
logic. Journal of the Academy of Marketing Science 44(1): 5-23.

Velupillai S, Guvenc L (2007) Tire pressure monitoring [applications of control]. IEEE Control
Systems 27(6): 22-25.

Volvo (2009) ITS4mobility Technical Description.
Von Luxburg U (2007) A tutorial on spectral clustering. Statistics and Computing 17(4): 395-416.
Winkler DA, Beltran A, Esfahani NP, Maglio PP, Cerpa AE (2016) FORCES: Feedback and

control for Occupants to Refine Comfort and Energy Savings, In UbiComp 16.
Wuenderlich NV, Heinonen K, Ostrom AL, Patricio L, Sousa R, Voss C, Lemmink JG (2015)

“Futurizing” smart service: implications for service researchers and managers. Journal of
Services Marketing 29(6/7): 442-447.

16 Clarifying the Concept of Smart Service System 375

http://service-science.info/archives/3217
http://service-science.info/archives/3217
http://hamidmotahari.info/2015/06/the-evolution-of-service-research-at-ibm/
http://hamidmotahari.info/2015/06/the-evolution-of-service-research-at-ibm/


Wünderlich NV, Wangenheim FV, Bitner MJ (2013) High tech and high touch: a framework for
understanding user attitudes and behaviors related to smart interactive services. Journal of
Service Research 16(1): 3-20.

Yu YC, Shing-chern D, Tsai DR (2011) Smart Door Portal. Proceedings of IEEE International
Conference on Consumer Electronics: 761-762.

Yun Y, Dancausse S, Esmatloo P, Serrato A, Merring CA, Agarwal P, Deshpande AD (2017a)
Maestro: An EMG-driven assistive hand exoskeleton for spinal cord injury patients. Proceed-
ings of IEEE International Conference on Robotics and Automation: 2904-2910.

Yun Y, Esmatloo P, Serrato A, Merring CA, Deshpande AD (2017b) Methodologies for determin-
ing minimal grasping requirements and sensor locations for sEMG-based assistive hand orthosis
for SCI patients. Proceedings of International Conference on Rehabilitation Robotics: 746-752.

Chiehyeon Lim is an assistant professor in the School of Management Engineering at UNIST
(Ulsan National Institute of Science and Technology). He obtained his B.S. (2009) and Ph.D.
(2014) from the Department of Industrial and Management Engineering at POSTECH (Pohang
University of Science and Technology). As part of his postdoctoral experience, he served as an
assistant project scientist and lecturer in the School of Engineering at University of California,
Merced. His research interests include smart service systems and service systems engineering and
management.

Paul P. Maglio is a professor of technology management in the School of Engineering at the
University of California, Merced. He holds an SB in computer science and engineering from MIT
and a Ph.D. in cognitive science from UCSD. One of the founders of the field of service science,
Dr. Maglio is currently Editor-in-Chief of INFORMS Service Science, and was lead editor of the
Handbook of Service Science (Springer).

376 C. Lim and P. P. Maglio


	Chapter 16: Clarifying the Concept of Smart Service System
	16.1 Introduction
	16.2 Observation on Emerging Cases of Smart Service System
	16.3 Definitions and Characteristics of Smart Service System
	16.4 Design and Development of Smart Service System
	16.5 Understanding Smart Service System Through Text Mining
	16.6 Clarification of the Concept of Smart Service System
	16.7 Categorization of Smart Service System
	16.8 Future Research Topics
	16.9 Conclusion
	References


