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Abstract
Smart services serve customers and their individual, continuously changing needs; information and communications technology
enables such services. The interactions between customers and service providers form the basis for co-created value. A growing
interest in smart services has been reported in the literature in recent years. However, a categorization of the literature and relevant
research fields is still missing. This article presents a structured literature search in which 109 relevant publications were
identified. The publications are clustered in 13 topics and across five phases of the lifecycle of a smart service. The status quo
is analyzed, and a heat map is created that graphically shows the research intensity in various dimensions. The results show that
there is diverse knowledge related to the various topics associatedwith smart services. One finding suggests that economic aspects
such as new business models or pricing strategies are rarely considered in the literature. Additionally, the customer plays a minor
role in IS publications.Machine learning and knowledgemanagement are identified as promising fields that should be the focus of
further research and practical applications. Concrete ideas for future research are presented and discussed and will contribute to
academic knowledge. Addressing the identified research gaps can help practitioners successfully provide smart services.
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Introduction

Increasing digitalization and the emergence of the Internet of
Things have fostered growing interest in smart services in

recent years (Georgakopoulos and Jayaraman 2016). Smart
services are characterized by the fact that the service provider
and the customer interact to create value. This process is called
value co-creation (Gavrilova and Kokoulina 2015) and en-
ables service providers to continuously adjust to a customer’s
individual and constantly changing needs (Massink et al.
2010). Customers are supported, and new business models
are realized via smart services.

The number of publications that have focused on smart
services has greatly increased in recent years. Although these
publications have answered many relevant research questions,
none have yet articulated a systematic and comprehensive
research agenda for smart services. Systematic insights in dif-
ferent topics help to provide a broader view on the subject
(Kamp et al. 2016). Therefore, the objective of the article is
to present a holistic overview of past research and opportuni-
ties for further research in the field of smart services.

The presented literature review clusters existing publica-
tions related to smart services based on topics and lifecycle
phases. Both in theory and practice, the lifecycle concept is
adopted to describe a product or service from the design to the
continual improvement (e.g., Fischbach et al. 2013; Wiesner
et al. 2015). It helps to organize the complex structure of a
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product or a service and makes it more transparent. In this
article, this approach is also applied to smart services, since
the lifecycle indicates that they are dynamic and constantly
refined. How to involve customers to meet the requirements
and to provide successful smart services varies in the different
phases. Only passing the lifecycle together with the customers
enables value co-creation. By investigating existing research
and future research opportunities in the context of a smart
service lifecycle, a new viewpoint is taken that is not yet
considered in literature. It enables to consciously view a spe-
cific step from the strategy development to the continual im-
provement. Through the lifecycle, not only a topic-centered
focus is considered in the present review but also an organi-
zational perspective. It enables to identify phases that are
unexplored.

The research intensity in different fields is discussed. It
aims at getting an overview of smart service research. Past
results are presented briefly, and research gaps are identified.
For example, the customer is generally accepted as an essen-
tial component of successful smart services but has rarely been
the focus of research. Additionally, few viewpoints on operat-
ing smart services exist.

Investigating concrete starting points for further research
will advance the understanding of smart services in the IS
literature. For example, some possible future contributions
are identifying appropriate technology and necessary data
streams. In practice, knowledge gained through theoretical
research can be used to introduce new perspectives on smart
services. For practitioners, designing, realizing and maintain-
ing them is a key need (Kamp et al. 2016). Because such
services are a relatively new development, best practice ap-
proaches have not been well defined. Theoretical investiga-
tions can help practitioners to provide smart services
successfully.

To present a comprehensive literature review including
suggestions for further research opportunities, the following
research questions are investigated:

RQ 1: How does academic literature conceptually ap-
proach smart services along the smart service lifecycle?
RQ 2: Which research gaps and related further research
opportunities can be derived from prior research on smart
services?

Based on the approach presented by Webster and Watson
(2002), a literature review is conducted by searching through
academic databases using a set of predefined search terms.
This review includes a forward and backward search, as well
as a search using the Tool for Semantic Indexing and
Similarity Queries (TSISQ), a literature tool presented by
Koukal et al. (2014). In total, 109 publications were found to
be relevant and are included in the literature review. After
assigning each publication to at least one of the smart service

lifecycle phases, an analysis of several topics is performed.
Five lifecycle phases, in addition to the investigated topics,
are used to develop a heat map. The heat map shows the
research intensity for each combination of topics and lifecycle
phases. Selected areas of the heat map are analyzed and
discussed. Based on the findings, directions for further re-
search are presented.

The remainder of this article is structured as follows: a
definition of smart services is derived, and the smart service
lifecycle is presented. Next, the research design is explained,
and the results of the literature review are presented. Finally,
results are discussed and directions for further research are
developed. The article concludes with limitations and
conclusions.

Smart services and a smart service lifecycle

Although there is little controversy regarding how to define
smart services, various authors emphasize different aspects
and characteristics of the fundamental topics. Smart services
co-create value by the customers and providers via connected
systems and machine intelligence (Gavrilova and Kokoulina
2015). Interaction between customer and provider is neces-
sary, in addition to the service offered by the technology itself
(Baldoni et al. 2010; Wünderlich et al. 2012; Demirkan et al.
2015). Through collaboration the service provider knows the
current needs and thus can adapt the smart service constantly.
Lee et al. (2012) suggested that value co-creation does not
require direct input from a customer because functionalities
should be provided in a convenient way. Nevertheless, the
present article indicates that the customer and the environment
are involved and form an important part in all phases from a
strategic development to the improvement of operational
smart services. This interaction can be direct, e.g. in form of
feedback, or indirect, e.g. by providing information. By con-
sidering individual needs it is possible to improve and simpli-
fy the customers’ tasks and processes, both in the business-to-
business (B2B) and the business-to-consumer (B2C) sector
(Massink et al. 2010). Smart services are quality-based ser-
vices, thus services in which the quality of processes plays a
decisive role for economic success (Gerke and Tamm 2009).

Smart services are strictly based on field intelligence
(Allmendinger and Lombreglia 2005). Field intelligence re-
fers to the concept that connected systems and devices pave
the way to intelligence that is higher than the intelligence of
the individual parts. It is enabled by context information and
high dynamics (Oh et al. 2010; Byun and Park 2011). Support
from technology such as information and communications
technology, as well as the ability to react to an individual’s
context and its changes make up Bsmart^ service (Calza et al.
2015). Intelligent sensors (i.e. sensors that not only collect
data, but also prepare and preprocess them) are often used to
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determine the current contexts (Byun and Park 2011; Delfanti
et al. 2015), combined with continuous communication and
feedback (Wünderlich et al. 2015). Information from several
sources, including technology, the environment and social
contexts (Alahmadi and Qureshi 2015; Lee et al. 2012) is
collected and then presented, or suggestions are made via data
analysis (Kynsilehto and Olsson 2012).

Based on the aspects named in the literature, the following
definition of smart services is derived, forming the basis for
this article:

Smart services are individual, highly dynamic and
quality-based service solutions that are convenient for
the customer, realized with field intelligence and analy-
ses of technology, environment and social context data
(partially in real-time), resulting in co-creating value
between the customer and the provider in all phases
from the strategic development to the improvement of
a smart service.

The definition contains the necessary attributes of a
smart service from the article’s point of view.
Individual customer needs are not mentioned as precon-
dition because they must be considered to be able to
offer individual smart services. Additionally, customer
needs often are the result of data analyses what forms
part of the definition. Information and communications
technology is not named explicitly because it is neces-
sary for field intelligence and analyses, what forms part
of the definition. The reaction to the individual’s con-
text is represented by naming that smart services are
highly dynamic as well as individual. Intelligent sensors
are only one possibility to receive data which is why it
is not mentioned in the general definition. The same
applies to the feedback of the customer. For what the col-
lected data and information from different sources are used
depends on the specific smart service and cannot be answered
generally. As business and private customers are the only two
possible target groups, it is assumed to be not a necessary part
of the definition.

Predictive maintenance for production machines is an ex-
ample for a smart service. Depending on the machines, pro-
duction processes, current production planning and further
factors, maintenance activities are planned and continually
adapted. For example, mathematical models and artificial in-
telligence in connection with data in real-time contribute to an
individual and dynamic solution. Constant exchange of
knowledge and information enables the development as well
as continual adaption and optimization of the applied predic-
tive maintenance service. Additionally, feedback of the cus-
tomer enables to adapt the scope of service. Thinking of pre-
dictive maintenance, after a while the customer might want
that the provider does not only carry out predictive

maintenance activities, but also the spare parts supply. The
service provider orders spare parts when they are required,
thereby fixed capital is reduced. Considering this aspect fur-
ther, another form of collaboration between customer and ser-
vice provider is imaginable; the customer can become a co-
producer.When small spare parts, e.g. gearwheels, are needed,
they could be printed in 3D by the customer itself. Thereby,
machine downtimes resulting from delivery times are reduced.
Detailed data and information that are required for the 3D
print are supplied by the service provider.

For physical products, it is common to think in terms of
their lifecycle, from the planning and development to the im-
provement stages. Services have a similar lifecycle (Fischbach
et al. 2013). Several publications describe services in a
lifecycle using a model that has phases progressing from idea
to improvement (e.g., Niemann et al. 2009; Wiesner et al.
2015). Smart services are also subject to a lifecycle that ranges
from strategic development to service improvement. In this
article, it is referred to the basic service lifecycle defined in
the Information Technology Infrastructure Library (ITIL)
framework because it contains and clearly defines the phases
of a service lifecycle. The sub-processes described in the
ITIL lifecycle are not considered. This framework is
widely accepted and contains best practice approaches,
from both the public and private sectors (Cater-Steel
et al. 2011). It is suitable for quality-based services that
use information technology (Gerke and Tamm 2009).
These characteristics apply to smart services, which is
why the framework is considered adequate.

The service lifecycle of the current version from 2011 con-
sists of five phases. In the first phase, the process objective is
defined. Based on customer requirements, a service strategy is
developed, and the necessary capabilities are defined. A more
theoretical view of smart services discusses business align-
ment due to this kind of services. The second phase, namely
service design, uses a predefined strategy to design services.
The phase considers all articles that propose new smart ser-
vices as a whole, i.e. infrastructures, service platforms, or re-
lated necessary aids. Deployment of the designed services is
covered in the service transition phase, describing the way in
which a new or changed smart service is implemented.
Descriptions of a concrete implementation within a use case
are included. The fourth phase is the service operation phase;
this phase contains failure management, maintenance, and
the execution of tasks and processes. Publications de-
scribing challenges and requirements during the use
phase of a service are included. The final phase of the service
lifecycle is continual service improvement. Learning from past
successes and failures is a key component of this phase. This
phase also describes how to continually adapt a service, use its
pertinent data and information, and involve the customers.
Figure 1 illustrates the described service lifecycle transferred
to smart services.
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Research design

The research design for this study includes two components:
identifying relevant literature and analyzing it. The first part
describes how the comprehensive and broad literature search
is conducted. The second part presents how the identified
literature is analyzed. The research design enables to review
existing contributions to obtain a comprehensive overview of
the status quo.

Identifying relevant literature

To find relevant literature that focuses on smart services, a
systematic search was performed. To ensure a structured and
broad overview, the approach by Webster and Watson (2002)
was chosen as the underlying methodology. According to
Vom Brocke et al. (2009), validity and reliability are essential
components of a rigorous literature search. In general, validity
is defined as the degree of accuracy, and, for a literature re-
view, the validity is regarded as the degree to which all pub-
lications relevant to a topic are discovered (Vom Brocke et al.
2009). For this study, the validity of the literature search was
considered by examining the selected databases, the
predefined search terms, the performance of forward and
backward searches, and the use of the TSISQ (Koukal et al.
2014). The TSISQ uses the concept of latent semantic
indexing and is an extension of conventional term-matching
methods. Reliability is generally understood to be the formal
precision of a scientific study. In the case of a literature search,
reliability is the replicability of the search process; thus, it is
necessary to comprehensively document the search process
(Vom Brocke et al. 2009).

Searches were carried out in the following eight databases:
ACM, AISeL, Emerald Insight, IEEEXplore, InformsOnline,
JSTOR, Science Direct, and SpringerLink. These databases
provide articles from the most important outlets in the ISR
field and yield different rankings, such as the VHB-
JOURQUAL3 ranking. A search was not only carried out

for the term Bsmart service^ but also for digital and electronic
services; The latter two terms have sometimes been used as
synonyms for smart services, especially in earlier publica-
tions. To summarize, the three predefined search terms were
as follows:

& Bsmart service^ OR Bsmart services^
& Bdigital service^ OR Bdigital services^
& Belectronic service^ OR Belectronic services^ OR

Be-service^ OR Be-services^

A search was performed in the listed databases to deter-
mine whether a publication contained at least one of the search
terms in the title or abstract. For SpringerLink and
InformsOnline, it was not possible to specify the criteria in
the search field; therefore, a full-text search was conducted on
these databases. There were 25,056 hits in total from all the
databases.

Inclusion and exclusion criteria were defined to identify the
most relevant articles. Publications that were non-academic
articles or not peer-reviewed were filtered out. However, to
be sure of achieving a broad literature review, the search was
not limited to high-ranking journals and conferences.
According toWebster andWatson (2002), a topic-centric view
of the literature is much more valuable than a view limited to a
few top journals. Articles that were not written in English were
excluded, which is why only English search terms were used
to identify relevant literature. It was assumed that potentially
relevant articles in the field of smart services would be in
English because most researchers write in English, aiming to
address a broad target group. To avoid regional overrepresen-
tation of research in the formal analysis, articles in other lan-
guages were excluded. This choice also helped avoid regional
bias based on differences in research topics. After
implementing the named inclusion and exclusion criteria,
10,012 potentially relevant hits remained. In this literature
review smart services are viewed from an ISR perspective.
Articles in different disciplines such as history or art were
excluded. This criterion was applied by using the filters when-
ever possible while searching the different databases and dis-
ciplines. A publication by Bianchi (2015), which includes a
discussion of the roles of risks and trust in art exchanges, is an
example of an article that was not from the ISR field and thus
excluded. Additionally, articles that only used the terms smart/
digital/electronic service, without subsequently focusing on
these topics, were not considered. One example is a technical
analysis and presentation of strategies for network scenarios
(Sohn and Gwak 2016).

Most of the articles were found using second and third
search terms; that is, they contained the terms Bdigital^ or
Belectronic^, but not Bsmart^. The definition of smart services
presented earlier was used to determine whether an article was
using the terms Bdigital service^ or Belectronic service^ as a
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synonym for smart services. Implementing this criterion led to
a large reduction in potentially relevant articles, because most
of the articles that used the second and third search terms did
not consider Bsmart^ services in accordance with the defini-
tion presented in this article. Appendix Table 4 shows the
number of hits and their reduction for each search term in
the different databases. If it was not possible to decide
whether the terms used in an article complied with the
definition of smart services considered in this article, the full
text was examined. An article by Mecella and Pernici (2001)
is an example of a hit using the search term Belectronic
service^ that was eventually excluded. They define electronic
services as open, developed for interaction in an organization
and between organizations and as easily composable. Using
this definition, electronic services are not necessarily based on
context information or data analytics.

Following the search described above, both a backward
and a forward search were conducted (Webster and Watson
2002). For the backward search step, the citations of the arti-
cles were screened manually for additional relevant literature.
Google Scholar was used for the forward search to find arti-
cles that cited the identified literature, resulting in seven addi-
tional articles. Finally, the literature tool TSISQ (Koukal et al.
2014) was used to enhance the keyword-based search via
latent semantic indexing. The tool compares unstructured
texts and identifies semantically similar texts in a database.
The database contains IS literature from the BAIS basket of
eight^ and other IS conferences and led to the identification of
two further articles. In total, 109 articles were considered in
the literature review. Figure 2 illustrates the literature search
process.

Analyzing the identified literature

In the second phase of the literature review an analysis of the
identified articles was conducted, involving the following
steps: identifying relevant aspects and issues, categorizing
them and discussing the highlights and results. First, a
formal exploration of the 109 articles was conducted. The
years of publication were examined to identify a possible
trend. The identified industries used as context were also
determined. Next, the articles were analyzed thematically.

The smart service lifecycle explained in section two was
used to identify the phases covered by each article. During
analysis, it was found that considering the service lifecycle
is helpful for organizing the relevant publications.
Associating research with a specific lifecycle phase enabled
to draw more concrete conclusions and to better understand
the opportunities and challenges. For each article in the
literature review, it was determined which phases of the
smart service lifecycle were covered. The service lifecycle is
also relevant in practice. Niemann et al. (2009) indicated that a
given topic must be examined at multiple points in the smart
service process. All existing publications focus on specific
lifecycle phases but do not consider the entire lifecycle. The
considered topics were also analyzed. In the different phases it
is focused on different topics. As not all articles identified can
form part of the findings section, publications are selected
that, in total, represent the diversity of research results.

Based on the categorizations, a heat map was created to
show the number of articles published for each topic and
lifecycle phase. The heat map formed the basis for a discus-
sion of important research fields. As a result, research gaps
were identified that form promising areas for further research.

Findings

Based on the 109 identified publications, both a formal and a
content analysis were conducted. The formal analysis pro-
vides a first insight into the publications covering smart ser-
vices. The publications were then categorized based on the
phases of the smart service lifecycle that they covered and
the topics they considered. This forms the basis for the subse-
quently developed heat map and the discussion of research
gaps.

Categorization of the literature

The issue of smart services was first mentioned in the litera-
ture in 2003 (Fig. 3a). Initially, the term Belectronic service^
emerged for individual and interactive services. One year lat-
er, the term Bsmart service^ appeared for the first time in the
literature and finally became widely established in 2010. For
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three years, the interest was constant or growing. Although
research in this field declined temporarily, it reached a new
peak during the past years.

There is no outlet that concentrates publications dealing
with smart services. Considering the outlets that researchers
chose more than once (Appendix Table 5), conferences are the
most common. The research context is also broad. Smart ser-
vices are most often discussed in literature in the fields of
manufacturing and healthcare. The topics of smart cities and
smart homes also occur frequently. General approaches that
do not specialize in a specific industry are also common
(Fig. 3b). An overview of the industries considered by each
publication is presented in Appendix Table 6. Details on the
origins of the first authors and the target groups can be found
in Appendix Fig. 5. The identified publications were catego-
rized according to the phase of the smart service lifecycle that
they represent (Table 1). The design and the transition phases
were the most frequently considered parts of the service
lifecycle. To date, little research has been done in the field of
smart service operation.

After assigning the publications to the relevant phases of
the service lifecycle, the publications were categorized ac-
cording to their focus. These topics were not predefined but
were derived continuously throughout the literature review. In
total, 13 topics were identified (Table 2), and each article was
reviewed to determine whether it covered each topic. Each
article focuses on at least one of the key topics.

Smart service strategy

In total, 25 articles deal with the strategic level of smart ser-
vices; this number is relatively low compared to the later
phases of the smart service lifecycle. Discussions about the
most suitable technologies and how to include them in the
strategy occurred in eleven articles (e.g., Ferretti and
D'Angelo 2016; Perera et al. 2014). Six different risk types
in the context of technology-based service innovations, name-
ly privacy, functional, financial, psychological, temporal and
social risks revealed challenges (Paluch and Wünderlich
2016). Interviews with both providers and customers enabled
to identify the most important risks. From a provider’s per-
spective, it is privacy risks while functional risks are
named most frequently by customers.

The eight articles (e.g., Smith et al. 2016; Tien 2012) that
considered data during the strategy phase suggested that data
represent a key factor in providing smart services. Using re-
mote maintenance services as an example, real-time data are
necessary to make such services possible. Looking at technol-
ogies, they should support data collection (Holgado and
Macchi 2014).

The context in which a smart service is provided is a key
ingredient for satisfying customer demands (Lee et al. 2012).
The customer should be involved to find a strategy for satis-
fying individual needs (Spottke et al. 2016; Wang et al. 2012).
A certain level of service quality contributes to customer sat-
isfaction. The perception of service quality strongly impacts
the probability that a service will be used again (Zo 2003).
This is especially true when multiple services are intercon-
nected (Wang et al. 2012).

Smart service design

In total, 59 articles examined the smart service design phase,
covering a set of diverse topics. Service design should always
be context-aware (Weijie et al. 2012). A design approach
showed how to use industrial equipment for smart services
(Priller et al. 2014). Considering existing production lines,
the approach enables to make equipment smart to integrate it
into the smart service world. A similar approach resulted in a
platform as basis for smart mobile health services (Alti et al.
2015).

In contrast to the strategic phase, standardization, security
and privacy concerns were frequently investigated. The dom-
inant conclusion regarding standardization was that standards
are necessary to combine and extend smart services and apply
them to individual customer requirements. Open standards are
necessary when designing new services (Kryvinska et al.
2008). Such standards enable a rapid and cost-effective devel-
opment (Mihaylov et al. 2015). A model-driven approach that
refers to several standards and contains different combined
methods enabled the design of service systems (De Oliveira
and Silva 2015). A case study showed applicability in
practice.

A total of 14 articles (e.g., Gretzel et al. 2015; Roduner and
Langheinrich 2010) highlighted the importance of security
and privacy issues. Privacy is a fundamental challenge with

Industry Number of papers 
General 34 
Manufacturing 19 
Health 17 
City 13 
Home 11 
Website/App 6 
Government 5 
Grid 5 
Tourism 3 
Robotic 3 
Others 5 
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Table 1 Publications categorized by the covered phases of the service lifecycle

Author Service strategy Service design Service transition Service operation Continual service
improvement

Abbate et al. (2015) ● ●
Abdellatif et al. (2013) ●
Adeleke and AbdulRahman (2011) ●
Al Nuaimi et al. (2015) ●
Allmendinger and Lombreglia (2005) ●
Alti et al. (2015) ●
Anthopoulos and Fitsilis (2014) ●
Anthopoulos et al. (2016) ●
Anttiroiko et al. (2014) ●
Baldoni et al. (2010) ●
Barile and Polese (2010) ● ●
Batubara (2015) ●
Bedogni et al. (2013) ●
Berna-Martinez et al. (2006) ●
Böcker et al. (2010) ●
Brotman et al. (2015) ●
Buchanan and McMenemy (2012) ● ●
Buettner (2016) ●
Byun and Park (2011) ●
Calza et al. (2015) ●
Cardozo and Clarke (2015) ●
Cellary (2013) ●
Chatterjee and Armentano (2015) ●
Chen et al. (2012) ● ●
Chu and Lin (2011) ●
Ciortea et al. (2016) ●
Dawid et al. (2016) ●
De Oliveira and Silva (2015) ●
Delfanti et al. (2015) ●
Domingues et al. (2010) ●
Fan et al. (2012) ●
Fan et al. (2016) ●
Ferretti et al. (2016) ●
Ferretti and D'Angelo (2016) ● ●
Georgakopoulos and Jayaraman (2016) ● ●
Geum et al. (2016) ●
Gillig and Sailer (2012) ● ●
Gretzel et al. (2015) ●
Hamdan et al. (2012) ●
He et al. (2012) ●
Holgado and Macchi (2014) ●
Hong et al. (2014) ●
Jerald et al. (2016) ●
Kamp et al. (2016) ● ● ●
Kennedy and Keskin (2016) ● ●
Keskin and Kennedy (2015) ● ●
Kim et al. (2015) ● ●
Knote and Blohm (2016) ●
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Table 1 (continued)

Author Service strategy Service design Service transition Service operation Continual service
improvement

Kölmel and Bulander (2015) ●
Korzun et al. (2015) ●
Kryvinska et al. (2008) ● ● ●
Kuebel and Zarnekow (2015) ● ●
Kwak et al. (2014) ● ●
Kynsilehto and Olsson (2011) ●
Kynsilehto and Olsson (2012) ●
Lê Tuán et al. (2012) ● ●
Lebedev et al. (2016) ● ●
Lee et al. (2010) ●
Lee et al. (2012) ●
Lee et al. (2015) ● ●
Lee et al. (2016) ●
Lesjak et al. (2014) ●
Lesjak et al. (2015) ●
Li et al. (2015) ●
Ma et al. (2010) ●
Maleshkova et al. (2016) ● ●
Martin et al. (2004) ● ● ●
Massink et al. (2010) ●
Mathes et al. (2009) ● ●
Mihaylov et al. (2015) ● ●
Mihovska et al. (2015) ● ●
Mo et al. (2010) ● ●
Moawad et al. (2015) ●
Mukudu et al. (2016) ●
Nakajima et al. (2012) ●
Oh et al. (2010) ●
Oslislo et al. (2011) ●
Paluch and Wünderlich (2016) ● ●
Pao et al. (2011) ●
Perera et al. (2014) ●
Pistofidis and Emmanouilidis (2012) ●
Priller et al. (2014) ●
Ren et al. (2014) ●
Roduner and Langheinrich (2010) ● ●
Sakakibara et al. (2016) ●
Seeliger et al. (2015) ●
Singhai and Faizan (2016) ●
Smirnov et al. (2015) ●
Smith et al. (2016) ● ●
Son et al. (2011) ● ●
Spottke et al. (2016) ●
Strüker and Kerschbaum (2012) ●
Tantatsanawong et al. (2011) ●
Theocharis and Tsihrintzis (2013) ● ●
Tianyong et al. (2006) ●
Tien (2012) ● ●
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respect to the concept of Bsmartness^ (Cellary 2013). In the
field of smart governance, the possibility of identifying any
person at any time causes privacy problems. Therefore, rules
and regulations regarding security and privacy are re-
quired for a successful smart service. Broadly, security
is the primary concern regarding the Internet of Things
technology (Keskin and Kennedy 2015). Therefore, it
must be considered during the service design phase.
The implementation of a maintained and frequently up-
dated knowledge management helps to quantify security
and privacy risks, e.g., through providing lists of risks for
different situations or technologies (Moawad et al. 2015).

Eleven articles (e.g., Buchanan and McMenemy 2012;
Yong and Hui-ying 2013) investigated how to involve the
customer during the smart service design process. The
importance of customer involvement is justified by the
fact that value should be co-created (Wünderlich et al.
2012). A framework for user involvement helps to op-
timize the service design process (Gillig and Sailer
2012). A study enabled to develop the framework and
shows that the customers must be analyzed from the
beginning, e.g. regarding their role, activities and envi-
ronment. For example, machine learning techniques are
helpful to analyze the customers and to identify preferences
(Abdellatif et al. 2013).

Although business models are changing through the
Internet of Things (Keskin and Kennedy 2015), it is
rarely a subject of discussion when investigating smart
services. Pricing is only named one time as a fundamental
design dimension of a comprehensive business model
(Williams et al. 2008).

Table 2 Key topics in the literature and aspects focused on in the
context of smart services

Topic Focus on

(Big) Data • Data analysis
• Importance of data for smart services

Business models • General approaches for business model
design

• Concrete business models

Customer involvement • Role of customer
• Customer requirements

Knowledge management • Technologies for information processing
• Means of showing or applying information

Machine learning • Approaches for specific functionalities
• General approaches for using machine

learning for smart services

Pricing • Pricing strategies
• Analysis of different pricing models

Security/privacy • Role concepts and user management
• Security and privacy concerns

Service quality • Measuring the quality of smart services
• Aspects of smart service quality

Standardization • Of data and information
• Of technological aspects

Technology • Technological perspective on smart services
• Discussions of appropriate technology
• Presentation and evaluation of infrastructure

Trends • Future trends of smart services

Usage behavior • Measuring and analyzing usage behavior
• Perspectives for applying knowledge of

usage behavior

User interface • Examples of user interfaces
• Theoretical contributions on how a user

interface supports smart services

Table 1 (continued)

Author Service strategy Service design Service transition Service operation Continual service
improvement

Wang et al. (2011) ●
Wang et al. (2012) ● ●
Weijie et al. (2012) ●
Westwood and Cazier (2016) ●
Williams et al. (2008) ● ●
Wünderlich et al. (2012) ●
Wünderlich et al. (2015) ● ●
Yachir et al. (2009) ● ● ●
Yang et al. (2015) ● ●
Yong and Hiu-ying (2013) ●
Yu (2004) ●
Zhang and Qi (2011) ●
Zo (2003) ● ●
Total number of articles 25 59 40 5 19
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Smart service transition

In total, 40 publications focused on smart service tran-
sition. As in other lifecycle phases, technologies and big
data received the most attention in the transition phase.
Technology-based services generally have great potential
(Paluch and Wünderlich 2016). Especially context-aware
tools enable smart services and help to adapt them to
individual customer needs (Pistofidis and Emmanouilidis
2012). The implementation of a robotic system for smart
home-care services illustrated that openness and flexibility is
a key for successful smart service technology (Ma et al. 2010).

The use of large datasets, e.g. in form of real-time data,
provides great potential regarding the identification of individ-
ual customer needs (Lê Tuán et al. 2012). But when introduc-
ing a service based on big data, several challenges and poten-
tial problems must be carefully investigated (Al Nuaimi et al.
2015). It must be ensured that the foundations are laid to be
able to transform different types of data into storable datasets
(Li et al. 2015). Dynamic environments require robustness
when collecting, transforming and storing big data (Al
Nuaimi et al. 2015).

The user interface plays a central role in the academic lit-
erature and was mentioned six times (e.g., Mukudu et al.
2016; Oh et al. 2010) in discussions of the smart service tran-
sition phase. All researchers that dealt with this topic agreed
that an intuitively operable user interface is a key com-
ponent for interaction with the customer. An interactive
user interface improves efficiency and simplifies smart
service transition (Pao et al. 2011). It is important to
understand both usage behavior and a customer’s pref-
erences and needs to implement a suitable user interface
(Seeliger et al. 2015).

Knowledge management only occurred twice (Chu and Lin
2011; Li et al. 2015) in this phase as a topic of discussion.
Knowledge is a valuable asset when offering smart services
and improves the efficiency of communication and coordina-
tion (Chu and Lin 2011). Smart services are knowledge-
intensive and require consistent knowledge management
(Chu and Lin 2011; Li et al. 2015); this management includes
collecting, packaging, distributing and reusing knowledge
(Ferneley et al. 2002). That is why a knowledge management
portal is a precondition to create and realize innovative ser-
vices. The idea is to use knowledge management to imple-
ment a learning culture within an organization. A medical
knowledge recommendation service for patients functions as
starting point for designing an information framework to en-
able knowledge management in the health sector (Li et al.
2015). A prototype shows how to implement such a frame-
work in practice. Connected to knowledge management, little
attention has been paid to machine learning techniques. Kamp
et al. (2016) are the only authors who recommended
conducting data analyses using machine learning techniques.

During the service transition phase, machine learning can help
to ensure the quality of the processes.

Smart service operation

Only five articles dealt with the service operation phase,
which received the least amount of attention in the literature.
The three articles (Chatterjee and Armentano 2015; Lee et al.
2010; Yachir et al. 2009) concerned with technologies agreed
that technology which operates smoothly is essential for indi-
vidual and dynamic smart services. Taking the healthcare sec-
tor as an example, a system for electronic health services that
bases on the Internet of Things contributes to smooth opera-
tion (Chatterjee and Armentano 2015). Technology that is
used for monitoring especially is important to guarantee the
functionality of a smart service (Lee et al. 2010). A real-time
monitoring system enables to process sensor data during ser-
vice operation (Lee et al. 2010). Looking at technologies for
data analyses, effective fault diagnosis in wireless sensor net-
works is important for a successful service operation (Hamdan
et al. 2012). Abstraction of functionalities for heterogeneous
devices is required in order to support interoperability for
concurrency management and failure detection in whole
systems (Baldoni et al. 2010). Scalability of large data
handling during an operation based on the number of con-
nected devices is necessary (Lee et al. 2010). To compose
different smart services, several parameters must be consid-
ered. One of the most important parameters is the quality of
services (Yachir et al. 2009).

Continual smart service improvement

In total, 19 articles address the requirement to continually
improve smart services. Seven of these articles (e.g., Kwak
et al. 2014; Yu 2004) focused on service quality. In addition to
discussing the importance of service quality, recommenda-
tions help to understand how it can be determined. For exam-
ple, a mathematical model can be used to estimate the quality
of a service. An algorithm was developed using previously
defined preconditions and determines whether these are ful-
filled (Yachir et al. 2009). Another approach is the provision
of a list of indices. They help to measure service quality based
on considerations regarding the service provider, customer,
and platform (Hong et al. 2014).

Four articles (e.g., Böcker et al. 2010; Kuebel and
Zarnekow 2015) concluded that the usage behavior should
be considered when improving smart services. A system
should be able to learn from usage behavior (Kynsilehto and
Olsson 2011). Knowledge management systems that integrate
domain knowledge and human expertise (Wang et al. 2011)
enable to detect, analyze and respond to the customer’s
local environment and the usage behavior (Kynsilehto
and Olsson 2011).
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Discussion of research gaps and further
research topics

The discussion of opportunities for further research consists of
two parts. First, the research intensity along the different
topics and lifecycle phases is summarized to get an overview
of the role of smart services in the literature. Second, five
specific fields are discussed to provide promising starting
points for further research.

Research intensity in the field of smart services

The results indicate a growing interest in the topic of smart
services in the ISR field since 2010. A heat map was created
using the 109 articles analyzed in the literature review (Fig. 4).
Each article was assigned to at least one area of the heat map,
and each area describes a combination of a topic and a
lifecycle phase.

The colors in the heat map represent the number of
articles in an area. A detailed overview of the publica-
tions and their respective areas can be found in
Appendix Table 7. As demonstrated by the heat map,
research intensity in the different areas is highly vari-
able. In many areas (the cold areas), there is hardly any
research. It is necessary to examine whether these are
interesting for research, because it is not sensible to
look at a specific topic in each lifecycle phase; or
whether they are good starting points for further re-
search. In contrast, other areas (hot areas) include many
articles. For these areas, the question is whether more
research is needed; in other words, whether the area has
already been comprehensively explored, or if it is a
diverse area where research is still required.

In the following discussion, it is focused on five
specific fields that seem to be interesting for discussion
(Table 3). Each field integrates several areas that belong
together because they address the same topic or

lifecycle phase. Both topics and lifecycle phases are
considered in the discussion for their potential to pro-
vide promising starting points for further research. The
fields represent all areas because hot areas, cold areas
and areas between these two extremes are considered.

Technologies and (big) data as key enablers
in the service design and transition phases

Most research on smart services was carried out in the
fields of technology and big data, particularly in the
design and transition phases. In addition to existing re-
search, a classification that can recommend technologies
when a specific service is designed would be an impor-
tant contribution. A discussion of the advantages and
challenges of the different technologies would also be
an interesting topic for further research. The design
phase has a more theoretical perspective, which is why
general predictions would support a broader overview of
technologies in the field of smart services. Technologies
that are necessary for such services can be implemented
and are already well covered in the literature. However,
previous studies generally discussed a specific applica-
tion (e.g., Ferretti et al. 2016; Ma et al. 2010). Further
analysis of technologies in the transition phase in vari-
ous contexts would contribute to a broader understand-
ing of smart service implementations.

In the service transition phase, data play an essential
role, since smart services are mainly based on data.
Real-time data such as sensor data, were emphasized
as being interesting for satisfying individual customer
needs (Lê Tuán et al. 2012). Specific applications were
discussed that are suitable for a specific industry, such
as the health sector (e.g., Alti et al. 2015). Prototypes
were developed for a specific application and predefined
types of customers, such as private end users (e.g.,
Mukudu et al. 2016). Apart from a specific industry, a

Service 
strategy

Service 
design

Service 
transition

Service 
operation

Service 
improvement

Technologies

(Big) data

Standardization

Security/privacy

Service quality

Customer involvement

Trends 

User interface

Usage behavior

Business model

Knowledge management

Pricing

Machine learning

Low (cold) Research progress  High (hot)

Fig. 4 Summary of research
intensity
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structured analysis of the role of data in the design
phase is missing. An investigation into the different data
types and their importance for different smart services
would help to structure the current knowledge of data
and data analyses. In the transition phase, special atten-
tion is given to concrete examples of the implementa-
tion. Taking a more general approach on how to imple-
ment smart services on the customer side under consid-
eration of data streams might result in a general
framework.

Considering the customer

Although a characteristic of smart services is that value
is co-created via interactions between the service pro-
vider and the customer, the role of the customer in the
literature has not been as well explored as would be
expected. Research has addressed the question of how
to involve the customer in the innovation process (e.g.,
Gillig and Sailer 2012) but customer involvement in the
operation and improvement phases is relatively unexam-
ined. While exploratory case studies have already indi-
cated the importance of the customer (e.g., Wang et al.
2012; Spottke et al. 2016), general conclusions across
different applications and industries are still missing. A
systematic overview of the customer’s role across all
lifecycle phases of a smart service would help those
engaged in the practice to improve their processes. A
theoretical framework presenting the role of the custom-
er from a more general perspective would contribute to
academic knowledge.

Another aspect regarding the customer’s role would
be to measure and predict their behavior. Investigating
in detail how usage behavior influences smart services
in all phases of the lifecycle would provide a better
understanding of smart services. It would also be inter-
esting to investigate how usage behavior can be influ-
enced by designing smart services in a specific way.
Knowledge about usage behavior would also help to
improve customizable user interfaces as the user inter-
face is a critical element for enabling interactions be-
tween customer and provider (Tien 2012). One possible
approach would be to determine critical success factors

related to user interfaces. Systemizing the current
knowledge of user interfaces in connection with smart
services would enable practitioners to satisfy customer
needs.

Knowledge management and machine learning
to gain, preserve and use information

Little attention has been paid to knowledge management
and machine learning. Knowledge permits the improve-
ment of the provision of smart services and ensures that
past problems and challenges do not persist in the fu-
ture. Therefore, a knowledge base should be filled,
maintained and used (Moawad et al. 2015). A system-
atic investigation of the role of knowledge management
for smart services would contribute to academic re-
search. Studies that compare different approaches would
close the gap between theory and practice. Another
starting point for further research is the investigation
of the extent to which reliable knowledge management
can be a success factor for smart services.

Machine learning uses data to continually optimize the ser-
vices provided. It generally contributes to satisfying individu-
al customer requirements (Abdellatif et al. 2013). The topic of
machine learning is diverse and methods suitable for smart
services have not yet been established. Researching machine
learning in the context of smart services has the potential to
uncover new opportunities and may lead to new business con-
cepts. A possible approach is to investigate as to which extend
established machine learning methods are suitable for smart
services.

Putting smart services into money

As economic decisions are mainly strategic decisions,
business models and pricing strategies are important in
the first two phases of the smart service lifecycle.
Notably, business models for smart services have rarely
been discussed. Business models are changing through
smart service systems (Keskin and Kennedy 2015),
which is why more attention should be devoted to this
topic. One reason for the lack of research into business
models for smart services could be the fact that they are

Table 3 Fields of the heat map
that are addressed in the
discussion

No. Topic Lifecycle phase

1 Technologies, (big) data Service design, service transition

2 Costumer involvement, user interface, usage behavior All phases

3 Knowledge management, machine learning All phases

4 Business models, pricing All phases

5 All topics Service operation
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still under development (Lee et al. 2016). It is difficult
to develop a business model without knowing the con-
crete services that will be provided. An investigation
could be carried out to determine whether there are
new aspects of a smart service business model that are
absent in other business models. This could result in a
business model framework for smart services. Although
these are relatively general approaches, they help place
such services in the context of whole business models.

Pricing strategies have been emphasized and are fun-
damental for smart service design (Williams et al.
2008). Identifying the best pricing model for a specific
smart service is a key for the success. Nevertheless,
pricing strategies are rarely discussed in the literature.
Depending on the industry concerned, pricing strategies
differ. However, the industry is not the only factor that
can influence the optimum pricing strategy. The type of
customer (i.e. private or business customer) and the cor-
porate strategy also play a role. A systematic investiga-
tion of possible additional influencing factors would
help to introduce smart services. Based on these factors,
it is possible to develop a decision support system that
can identify the optimum pricing strategy for a particular
service.

Using smart services in practice

Few academic studies have discussed the phase of smart
service operation. Technology and especially sensors
have been identified as important tools for smooth op-
eration (Hamdan et al. 2012). Investigating how to run
faultless and smooth technical systems for smart ser-
vices may provide interesting possibilities to connect
theory and practice. Researching critical success factors
of technologies is interesting both for researchers and
smart service providers. A model focusing on the inter-
play of technologies and further elements such as big
data contributes to a comprehensive overview of smart
services. Going further in the direction of big data and
data collection in real-time, their handling in different
application areas in practice may lead to a better under-
standing of the variety of data and how to process and
store them in databases.

The attention that is paid in the smart service opera-
tion phase to topics apart from technologies and data is
smaller, there are virtually no publications. Some of
these cold fields are interesting starting points for fur-
ther research. An example would be case studies of how
security and privacy concerns are considered during the
operation phase. The gained knowledge might form the
basis for further investigations regarding the role of se-
curity and privacy in practice. It might be interesting to
find out whether this topic forms a large part when

operating a smart service. In turn, this influences the
research of security and privacy in the operation phase.
The same applies to knowledge management and ma-
chine learning. Conducting case studies would provide
a first insight in their use in practice. Depending on the
findings further research can be conducted, e.g., regard-
ing relevance, challenges and possibilities of machine
learning and knowledge management when operating
smart services.

Standardization is one example that may be of less interest
regarding operation. Generally, standards are determined in
the design and transition phases. Although they may be used
in the operation phase, this topic has lower potential resulting
in new knowledge.

Many topics concerning the customer also contain
interesting avenues for further research. Studying usage
behavior during the smart service operation phase would
be a good basis for subsequent service improvement.
Studies on how to track usage behavior could lead to
interesting results. Such investigations should not stop
at the point of collecting information about the usage
behavior, though; appropriately using this information is
also an important aspect. Therefore, the operation phase
should not be considered in isolation but in connection
with the phase of continual improvement.

Limitations

As a starting point for the literature search, three search
terms were predefined; further search terms were not
included during the search process. A second search
process could be conducted using additional search
terms identified during the literature analysis. Similarly,
the literature identification process was limited to eight
different databases. Although these databases were iden-
tified to be the most important ones in the ISR field,
searching additional databases could have generated ad-
ditional results. Additionally, only peer-reviewed articles
published in journals or conference proceedings were
included in the literature review; whitepapers and book
chapters were excluded. Considering these types of pub-
lications could have also yielded further results. Next,
only one of the search terms contained the word
Bsmart^. The definition for smart services was derived
based on the literature identified using this search term.
Consequently, literature that did not use the words
Bsmart service^ but rather Bdigi ta l service^ or
Belectronic service^ was examined to determine whether
the use of the terms was consistent with the definition
of smart services presented in this article. The decision
to include articles resulting from the second and third
search terms was based on manual analysis. Considering
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another definition of smart services could have led to
other results. Finally, the 13 identified topics were not
predefined; they were determined during the literature
analysis phase to ensure that all relevant topics were
considered. Five fields were selected as starting points
for discussion and identification of research fields. The
remaining fields would likely also have provided interesting
avenues for further research.

Conclusions

The literature review presented in this study provides a
broad, structured overview of research in the field of
smart services. A systematic search led to 109 publica-
tions dealing with smart services in the ISR field. The
research context of the resulting literature is diverse and
reflects the applicability of smart services in several
industries (e.g., manufacturing, health, city).

To provide a better overview, the articles were categorized
based on the phases of the smart service lifecycle that they
covered. Next, the publications were classified according to
their thematic focus. During the literature analysis phase, 13
topics were defined based on the focus of the articles (e.g.,
technologies, (big) data, standardization). Each publication
covered at least one of these topics. A summary in the form
of a heat map demonstrated the research intensity of
topics regarding smart services. Possible research gaps
were identified from the heat map (e.g., measuring and
predicting customer’s behavior, role of knowledge man-
agement, using established machine learning methods
for smart services).

The fact that several publications may have covered
the same topic and lifecycle phase does not necessarily
mean that no more research is required. Research is still
needed in certain fields of technology and data in the
context of smart services, even though these topics have
been frequently discussed. A general approach consider-
ing e.g. the roles and different functions of technology
and big data is still missing. In past publications topics
related to technologies and big data are rather discussed
for a specific field or application. Part from looking at
specific forms of smart services enables to take an over-
all view in order to deepen the global understanding.
Nevertheless, it must be ensured that the approaches
are not too shallow without providing added value.

The heat map shows that only a few topics have
been a major focus of research. Although the impor-
tance of the customer’s role is undisputed in the litera-
ture, this aspect has rarely been examined. On the one
hand it is postulated that focusing on the customer is
the key for successful smart services. On the other
hand, this importance is not reflected in the number of

publications dealing with the customer in the context of
such services. Especially looking at the customer during
the operation phase might provide interesting insights
that are helpful for smart service research. Taking a
broader view, overall findings of how to involve the
customer and considering the usage behavior across all
phases of the lifecycle are not yet investigated. This is
important because it does not have to be neglected that
the better the customer and the customer’s behavior is
understood, the better and more precise appropriate
smart services can be provided.

Economic aspects, such as the development of busi-
ness models or pricing strategies, have rarely been
discussed in the literature. For providers it is valid that
offering smart services is only reasonable if it is profit-
able. But how to identify profitability and examining
which information is necessary to make a feasibility
study is yet to be explored. Investigating in what sense
known business models are changing through smart ser-
vices helps to understand how they work in practice.

The research of knowledge management and machine
learning in the field of smart services stands mostly at
the very beginning. This is interesting because especial-
ly for this type of service data interpretation is impor-
tant. Smart services are frequently adapted to meet the
customer’s requirements. Knowledge gained from past
events, employees and further sources enables to contin-
ually improve them. Machine learning enables to turn
data into information what also contributes to continual
improvement. As smart services are a relatively new
development, best practice approaches are not yet
established. Research that investigates suggestions of
how knowledge management and machine learning for
smart services can be designed is interesting both for
theory and practice. Related to the design it is also
necessary to investigate how to embed it into the different
contexts.

Not only the thematic focus is limited to only a few
topics, but there is also a clear focus along the lifecycle.
While both the design phase and the implementation
phase have been frequently discussed, the operation of
smart services has been neglected. This phase seems to
be more practice-oriented than the other phases which
provides great potential for research. Case studies are an
appropriate opportunity to gain an insight into what the
most important topics in practice are. The results help
to improve theoretically developed results, such as
models or frameworks. Therefore, detailed investigations
are useful to both theory and practice.

To sum up, this article presented and discussed concrete
ideas for further research that will help to draw a clearer and
more comprehensive picture of smart services in the academic
literature as well as for practical applications.
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Appendix 1

Appendix 2

Table 4 Number of hits in the databases

Database Keyword Results through
keyword search

Articles after applying
formal criteria

Articles after
screening manually

ACM • Bsmart service^ OR Bsmart services^ 26 19 8
• Bdigital service^ OR Bdigital services^ 53 48 2
• Belectronic service^ OR Belectronic services^ OR

Be-service^ OR Be-services
234 214 3

AISeL • Bsmart service^ OR Bsmart services^ 3 1 1
• Bdigital service^ OR Bdigital services^ 48 47 3
• Belectronic service^ OR Belectronic services^ OR

Be-service^ OR Be-services^
167 161 2

Emerald Insight • Bsmart service^ OR Bsmart services^ 12 10 1
• Bdigital service^ OR Bdigital services^ 1110 331 0
• Belectronic service^ OR Belectronic services^ OR

Be-service^ OR Be-services^
366 180 0

IEEExplore • Bsmart service^ OR Bsmart services^ 180 153 45
• Bdigital service^ OR Bdigital services^ 325 316 5
• Belectronic service^ OR Belectronic services^ OR

Be-service^ OR Be-services^
3374 3182 7

InformsOnline • Bsmart service^ OR Bsmart services^ 9 2 1
• Bdigital service^ OR Bdigital services^ 18 13 0
• Belectronic service^ OR Belectronic services^ OR

Be-service^ OR Be-services^
62 42 0

JSTOR • Bsmart service^ OR Bsmart services^ 27 9 0
• Bdigital service^ OR Bdigital services^ 523 252 0
• Belectronic service^ OR Belectronic services^ OR

Be-service^ OR Be-services
3261 1309 0

Science Direct • Bsmart service^ OR Bsmart services^ 22 19 5
• Bdigital service^ OR Bdigital services^ 61 50 1
• Belectronic service^ OR Belectronic services^ OR

Be-service^ OR Be-services^
379 357 0

SpringerLink • Bsmart service^ OR Bsmart services^ 1010 167 13
• Bdigital service^ OR Bdigital services^ 2077 400 1
• Belectronic service^ OR Belectronic services^ OR

Be-service^ OR Be-services^
11,709 2730 1

Total number of articles 25,056 10,012 99

Table 5 Outlets that are selected
more than one time Outlet Frequency

Proceedings of the Hawaii International Conference on System Sciences 4

Proceedings of the International Conference on Information Systems 3

Proceedings of the Annual SRII Global Conference 3

Proceedings of the Wuhan International Conference on e-Business 2

Proceedings of the International Conference on Electronic Commerce 2

Proceedings of the International Conference on Industrial Informatics 2

Proceedings of the International Conference on Service Systems and Service Management 2

Proceedings of the International Conference on Ubiquitous Intelligence and Computing
and International Conference on Autonomic and Trusted Computing

2

Service Business 2

Proceedings of the Annual ACM Symposium on Applied Computing 2

Proceedings of the IEEE Symposium on Computers and Communication 2

IEEE Transactions on Consumer Electronics 2

Focusing the customer through smart services: a literature review 69



Appendix 3

Table 6 Publications categorized by research context and target group

Author Research context Target
group

Abbate et al. (2015) General B2B
Abdellatif et al. (2013) Government B2C
Adeleke and AbdulRahman (2011) Government B2C
Al Nuaimi et al. (2015) City B2C
Allmendinger and Lombreglia (2005) Manufacturing B2B
Alti et al. (2015) Health B2C
Anthopoulos and Fitsilis (2014) City B2C
Anthopoulos et al. (2016) City B2C
Anttiroiko et al. (2014) City B2B
Baldoni et al. (2010) Home B2C
Barile and Polese (2010) General Both
Batubara (2015) General, health B2C
Bedogni et al. (2013) Mobility B2C
Berna-Martinez et al. (2006) Manufacturing,

robotic
Both

Böcker et al. (2010) General, health B2C
Brotman et al. (2015) Home B2C
Buchanan and McMenemy (2012) Health, library B2C
Buettner (2016) General B2C
Byun and Park (2011) Building Both
Calza et al. (2015) Manufacturing Both
Cardozo and Clarke (2015) City B2C
Cellary (2013) Manufacturing B2C
Chatterjee and Armentano (2015) Health B2C
Chen et al. (2012) General B2C
Chu and Lin (2011) General Both
Ciortea et al. (2016) General B2C
Dawid et al. (2016) General B2C
De Oliveira and Silva (2015) Grid B2C
Delfanti et al. (2015) City, grid B2B
Domingues et al. (2010) General Both
Fan et al. (2012) Grid Both
Fan et al. (2016) Manufacturing B2C
Ferretti et al. (2016) City B2C
Ferretti and D'Angelo (2016) City B2C
Georgakopoulos and Jayaraman (2016) General B2C
Geum et al. (2016) General Both
Gillig and Sailer (2012) General B2C
Gretzel et al. (2015) Tourism Both
Hamdan et al. (2012) General B2B
He et al. (2012) Website/app B2C
Holgado and Macchi (2014) Manufacturing B2B
Hong et al. (2014) Website/app B2C
Jerald et al. (2016) General Both
Kamp et al. (2016) Manufacturing B2B
Kennedy and Keskin (2016) Manufacturing B2C
Keskin and Kennedy (2015) Manufacturing Both
Kim et al. (2015) Health, Home B2C
Knote and Blohm (2016) General B2C
Kölmel and Bulander (2015) Manufacturing Both
Korzun et al. (2015) Health B2C
Kryvinska et al. (2008) Telecommunications B2C
Kuebel and Zarnekow (2015) Home Both
Kwak et al. (2014) General B2C
Kynsilehto and Olsson (2011) General B2C
Kynsilehto and Olsson (2012) General, home B2C
Lê Tuán et al. (2012) City B2C

Table 6 (continued)

Author Research context Target
group

Lebedev et al. (2016) Health B2C
Lee et al. (2010) General B2C
Lee et al. (2012) General B2C
Lee et al. (2015) Home B2C
Lee et al. (2016) General B2C
Lesjak et al. (2014) Manufacturing B2B
Lesjak et al. (2015) Manufacturing B2B
Li et al. (2015) Health B2B
Ma et al. (2010) Health, home, robotic B2C
Maleshkova et al. (2016) Website/app B2C
Martin et al. (2004) Government B2C
Massink et al. (2010) General B2C
Mathes et al. (2009) Manufacturing B2B
Mihaylov et al. (2015) Health B2C
Mihovska et al. (2015) General, health Both
Mo et al. (2010) General B2C
Moawad et al. (2015) Home B2C
Mukudu et al. (2016) City Both
Nakajima et al. (2012) Health B2C
Oh et al. (2010) City B2B
Oslislo et al. (2011) Home B2B
Paluch and Wünderlich (2016) General B2B
Pao et al. (2011) Manufacturing B2C
Perera et al. (2014) City Both
Pistofidis and Emmanouilidis (2012) Manufacturing Both
Priller et al. (2014) Manufacturing B2B
Ren et al. (2014) General Both
Roduner and Langheinrich (2010) General B2C
Sakakibara et al. (2016) City B2C
Seeliger et al. (2015) Tourism B2C
Singhai and Faizan (2016) Government B2C
Smirnov et al. (2015) Home B2C
Smith et al. (2016) Website/app B2C
Son et al. (2011) Home B2C
Spottke et al. (2016) General B2C
Strüker and Kerschbaum (2012) Grid Both
Tantatsanawong et al. (2011) Education B2C
Theocharis and Tsihrintzis (2013) Government B2B
Tianyong et al. (2006) General B2B
Tien (2012) General,

manufacturing
Both

Wang et al. (2011) Manufacturing B2C
Wang et al. (2012) General Both
Weijie et al. (2012) Health B2C
Westwood and Cazier (2016) Health B2C
Williams et al. (2008) Website/app B2C
Wünderlich et al. (2012) General Both
Wünderlich et al. (2015) General Both
Yachir et al. (2009) Health, robotic B2C
Yang et al. (2015) Health B2C
Yong and Hiu-ying (2013) Tourism B2C
Yu (2004) Manufacturing B2C
Zhang and Qi (2011) Grid B2C
Zo (2003) Website/app B2C
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Table 7 Publications assigned to the fields of the heat map

Topic Service strategy Service design Service transition Service operation Service improvement

Technologies Allmendinger and
Lombreglia (2005)

Alti et al. (2015) Byun and Park (2011) Baldoni et al. (2010) Böcker et al. (2010)

Ferretti and D'Angelo
(2016)

Anttiroiko et al. (2014) Ferretti et al. (2016) Chatterjee and
Armentano (2015)

Fan et al. (2012)

Georgakopoulos and
Jayaraman (2016)

Berna-Martinez et al. (2006) Georgakopoulos and
Jayaraman (2016)

Hamdan et al. (2012) Kim et al. (2015)

Holgado and Macchi
(2014)

Brotman et al. (2015) Kryvinska et al. (2008) Kryvinska et al.
(2008)

Kamp et al. (2016) Cardozo and Clarke (2015) Lê Tuán et al. (2012) Kynsilehto and Olsson
(2011)

Lê Tuán et al. (2012) Ciortea et al. (2016) Lebedev et al. (2016) Oslislo et al. (2011)
Lee et al. (2012) Delfanti et al. (2015) Lee et al. (2015) Singhai and Faizan

(2016)
Paluch and Wünderlich

(2016)
Domingues et al. (2010) Lesjak et al. (2014) Smirnov et al. (2015)

Perera et al. (2014) Ferretti and D'Angelo (2016) Lesjak et al. (2015)
Spottke et al. (2016) Geum et al. (2016) Ma et al. (2010)
Tianyong et al. (2006) Gretzel et al. (2015) Maleshkova et al.

(2016)
Jerald et al. (2016) Mathes et al. (2009)
Kamp et al. (2016) Mihovska et al. (2015)
Kim et al. (2015) Mukudu et al. (2016)
Kryvinska et al. (2008) Oh et al. (2010)
Kuebel and Zarnekow (2015) Paluch and Wünderlich

(2016)
Lebedev et al. (2016) Pistofidis and

Emmanouilidis
(2012)

Lee et al. (2015) Ren et al. (2014)
Maleshkova et al. (2016) Roduner and

Langheinrich (2010)
Mathes et al. (2009) Sakakibara et al. (2016)
Mihovska et al. (2015) Seeliger et al. (2015)
Nakajima et al. (2012) Strüker and

Kerschbaum (2012)
Priller et al. (2014) Westwood and Cazier

(2016)
Roduner and Langheinrich

(2010)
Zhang and Qi (2011)

Wünderlich et al. (2012)
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Table 7 (continued)

Topic Service strategy Service design Service transition Service operation Service improvement

(Big) data Allmendinger and
Lombreglia (2005)

Abdellatif et al. (2013) Al Nuaimi et al. (2015) Chatterjee and
Armentano (2015)

Fan et al. (2012)

Georgakopoulos and
Jayaraman (2016)

Alti et al. (2015) Bedogni et al. (2013) Lee et al. (2010) Mihaylov et al. (2015)

Holgado and Macchi
(2014)

Batubara (2015) Chu and Lin (2011) Yachir et al. (2009) Singhai and Faizan
(2016)

Keskin and Kennedy
(2015)

Buettner (2016) Ferretti et al. (2016) Wang et al. (2011)

Lee et al. (2012) Cellary (2013) Georgakopoulos and
Jayaraman (2016)

Yu (2004)

Perera et al. (2014) Domingues et al. (2010) Kamp et al. (2016)
Smith et al. (2016) Geum et al. (2016) Lê Tuán et al. (2012)
Tien (2012) Gretzel et al. (2015) Lesjak et al. (2014)

Keskin and Kennedy (2015) Lesjak et al. (2015)
Korzun et al. (2015) Li et al. (2015)
Maleshkova et al. (2016) Maleshkova et al.

(2016)
Mihaylov et al. (2015) Mihovska et al. (2015)
Mihovska et al. (2015) Mo et al. (2010)
Mo et al. (2010) Mukudu et al. (2016)
Moawad et al. (2015) Ren et al. (2014)
Priller et al. (2014) Sakakibara et al. (2016)
Smith et al. (2016) Son et al. (2011)
Son et al. (2011) Strüker and

Kerschbaum (2012)
Tien (2012) Westwood and Cazier

(2016)Weijie et al. (2012)
Wünderlich et al. (2015)

Standardization Dawid et al. (2016) Anthopoulos et al. (2016) Al Nuaimi et al. (2015) Böcker et al. (2010)
Lê Tuán et al. (2012) Berna-Martinez et al. (2006) Bedogni et al. (2013) Singhai and Faizan

(2016)Martin et al. (2004) Ciortea et al. (2016) Lê Tuán et al. (2012)
Tien (2012) De Oliveira and Silva (2015) Lesjak et al. (2014)

Fan et al. (2016) Lesjak et al. (2015)
Kölmel and Bulander (2015) Ma et al. (2010)
Kryvinska et al. (2008) Maleshkova et al.

(2016)
Maleshkova et al. (2016) Martin et al. (2004)
Martin et al. (2004) Mathes et al. (2009)
Mathes et al. (2009) Mihovska et al. (2015)
Mihaylov et al. (2015) Mukudu et al. (2016)
Mihovska et al. (2015) Oh et al. (2010)
Priller et al. (2014) Sakakibara et al. (2016)
Smith et al. (2016)
Tien (2012)

Security/privacy Dawid et al. (2016) Buettner (2016) Al Nuaimi et al. (2015) Chatterjee and
Armentano (2015)

Fan et al. (2012)
Lê Tuán et al. (2012) Cellary (2013) Kryvinska et al. (2008) Kuebel and Zarnekow

(2015)
Martin et al. (2004) Delfanti et al. (2015) Lê Tuán et al. (2012) Kynsilehto and Olsson

(2012)
Tien (2012) Domingues et al. (2010) Lesjak et al. (2014) Singhai and Faizan

(2016)Lesjak et al. (2015)
Fan et al. (2016) Martin et al. (2004)
Gretzel et al. (2015) Paluch and Wünderlich

(2016)
Jerald et al. (2016) Roduner and

Langheinrich (2010)
Keskin and Kennedy (2015) Sakakibara et al. (2016)

Strüker and
Kerschbaum (2012)

Kuebel and Zarnekow (2015)
Martin et al. (2004)
Moawad et al. (2015)
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Table 7 (continued)

Topic Service strategy Service design Service transition Service operation Service improvement

Priller et al. (2014)
Roduner and Langheinrich

(2010)
Tien (2012)

Service quality Barile and Polese (2010) Abbate et al. (2015) Adeleke and
AbdulRahman
(2011)

Yachir et al. (2009) Chen et al. (2012)

Calza et al. (2015) Barile and Polese (2010) Kwak et al. (2014) Fan et al. (2012)
Lee et al. (2012) Buettner (2016) Lesjak et al. (2015) Hong et al. (2014)
Wang et al. (2012) Chen et al. (2012) Mo et al. (2010) Kwak et al. (2014)
Zo (2003) Delfanti et al. (2015) Zo (2003) Tantatsanawong et al.

(2011)
He et al. (2012) Yachir et al. (2009)
Smith et al. (2016) Yu (2004)
Tantatsanawong et al. (2011)
Wang et al. (2012)
Yachir et al. (2009)
Yong and Hui-ying (2013)

Customer
involvement

Allmendinger and
Lombreglia (2005)

Gillig and Sailer (2012)
Spottke et al. (2016)
Wang et al. (2012)
Zo (2003)

Brotman et al. (2015)
Buchanan and McMenemy

(2012)
Gillig and Sailer (2012)
He et al. (2012)
Kuebel and Zarnekow (2015)
Mihovska et al. (2015)
Son et al. (2011)
Wang et al. (2012)
Wünderlich et al. (2012)
Yachir et al. (2009)
Yong and Hui-ying (2013)

Adeleke and
AbdulRahman
(2011)

Mihovska et al. (2015)
Mukudu et al. (2016)
Paluch and Wünderlich

(2016)
Son et al. (2011)
Zhang and Qi (2011)
Zo (2003)

Yachir et al. (2009) Buchanan and
McMenemy (2012)

Kuebel and Zarnekow
(2015)

Wang et al. (2011)
Yachir et al. (2009)

Trends Abbate et al. (2015) Abbate et al. (2015) Maleshkova et al.
(2016)

Dawid et al. (2016) Anttiroiko et al. (2014) Mihovska et al. (2015)
Perera et al. (2014) Brotman et al. (2015)
Tianyong et al. (2006) Gretzel et al. (2015)
Wünderlich et al.

(2015)
Kölmel and Bulander (2015)
Lee et al. (2016)
Maleshkova et al. (2016)
Mihovska et al. (2015)
Tantatsanawong et al. (2011)
Wünderlich et al. (2012)
Wünderlich et al. (2015)
Yong and Hui-ying (2013)

User interface Fan et al. (2016) Bedogni et al. (2013) Hamdan et al. (2012) Böcker et al. (2010)
He et al. (2012) Li et al. (2015) Kynsilehto and Olsson

(2011)
Kim et al. (2015) Mukudu et al. (2016) Yu (2004)
Massink et al. (2010) Oh et al. (2010)
Nakajima et al. (2012) Pao et al. (2011)
Roduner and Langheinrich

(2010)
Seeliger et al. (2015)

Tien (2012)
Usage behavior Perera et al. (2014) Kuebel and Zarnekow (2015) Seeliger et al. (2015) Böcker et al. (2010)

Spottke et al. (2016) Massink et al. (2010) Yang et al. (2015) Kuebel and Zarnekow
(2015)

Zo (2003) Wünderlich et al. (2012) Kynsilehto and Olsson
(2011)

Yang et al. (2015) Kynsilehto and Olsson
(2012)

Business models Allmendinger and
Lombreglia (2005)

Gretzel et al. (2015) Anthopoulos and Fitsilis
(2014)

Gillig and Sailer (2012) Kamp et al. (2016) Kamp et al. (2016)
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