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Abstract. Mobile services have unique characteristics and can provide oppor‐
tunities for added value, new types of value and new ways of value configuration.
Mobile cloud computing can boost the development of mobile services. In this
paper we provide a user-driven and usage-oriented perspective on mobile serv‐
ices, especially when they are provided via the cloud. We examine the different
perspectives on mobile services and outline models of mobile service provision.
Mobile services are regarded as embedded in the daily activities of the mobile
user in order to attain personal objectives. We provide an integrated view on
mobile services that combines technological and usage aspects and emphasizes
on value creation. This work helps understand better the provision, usage and
value creation in mobile services and can provide new research and practical
opportunities for developing new service models in mobile environments.

Keywords: Mobile service · Mobile cloud computing · Service value · Value co-
creation

1 Introduction

The substantial progress in mobile technologies and the wide availability of wireless
Internet has driven to an increasing popularity of mobile computing. Mobile devices,
especially smartphones and tablets, serve today as a multipurpose tool in everyday life
practices of the people. They are used more and more to provide a variety of services
(‘mobile services’) that go beyond communication and support a wide spectrum of
human activities, including social interaction, entertainment, economic transactions,
business operations, personal time management, data management, learning, healthcare
and a variety of location-aware and context-aware services, such as navigation, tracking
services, emergency services, etc.

A serious obstacle for the further development and use of mobile services stems from
the technological limitations of mobile devices, especially with concern to resources
(battery life, storage space, etc.) and capacity (processing, bandwidth, etc.). Mobile
cloud computing has been developed as a solution to these problems, by marrying
together mobile technologies and cloud computing to extend the benefits of cloud
computing to mobile services and applications. Mobile cloud computing can supposedly
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boost the development of mobile services, as well as enable the development of entirely
new types of services [1] and become the dominant model for mobile applications in
the future [2]. Huang et al. [3], for instance, give a perspective of the ‘service of the
future’ as a combination of people needs, the physical environment surrounding people
and the virtual environments with which people interact. Research in the areas of ubiq‐
uitous and pervasive computing (e.g. [4]) recognizes the central role of the user in the
interaction with cyber-physical systems, as a part of their everyday life practices.

In this paper we provide a user-driven and usage-oriented perspective for mobile
service, especially when it is provided via the mobile cloud. We acknowledge that
mobile services are embedded in people’s everyday life practices. For this, we introduce
concepts from service management to explore the meaning of service value, analyze the
role of the user and examine the interaction, collaboration and co-creation of value
between the user, the service provider and the mobile cloud actors that facilitate the
provision of mobile service.

The emphasis on the mobile cloud is founded on its significance as a new techno‐
logical approach that can empower the mobile user in his everyday activities and can
support the emergence of novel distributed and collaborative models of service provision
and consumption [2]. Notice that the business and usage or user aspects of the mobile
cloud computing remain marginal in the literature (e.g. [4, 5]).

The purpose of this paper is to provide a framework that integrates concepts from
mobile cloud computing on the one hand and service management on the other hand in
order to understand better the usage and value creation in mobile services. Without good
knowledge of the usage aspects of the mobile service, companies are prone to fail to
support their customers and they may be missing opportunities for the development of
new services and new business models.

The paper contributes in the literature in the following ways: first, it analyzes
concepts and models of mobile service provision and explains the roles and activities
of the different actors. Second, it integrates in the analytical framework the human
aspects of mobile service regarding the usage and value creation with the computing
operations for the provision of mobile service. Third, it introduces concepts of mobile
service provision as a cyber-physical phenomenon that includes computing operations
and value creation activities from the part of the user. Fourth, it provides a bridge
between the technological, business and use aspects of mobile services and supports the
better understanding of the relevant concepts.

The rest of the paper is organized in six sections. In the next section we present
an overview of mobile services and mobile cloud computing, by emphasizing on the
use aspects of services and the service models. In section three we analyze the
different perspectives on the concept of mobile service and we describe the related
mobile service models. In section four we provide an integrated view on mobile
service provision that combines technological and usage aspects, regards mobile
service provision as a cyber-physical phenomenon and emphasizes on real world
effects and value creation. In section five we develop a conceptual framework for the
provision, usage and value creation and co-creation in mobile services. The paper
concludes with the main points of this work and the research implications.
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2 Mobile Services and Mobile Cloud Computing

Mobile services are services that can be accessed and used with the use of mobile
technologies and mobile devices, such as smart phones, tablets and other wireless
devices. The great advantage of mobile services comes from their ability to support
the mobility of the user. They are characterized by ubiquity, localization, improved
personalization and increased convenience [7, 8] and, thus, they are different from
other e-services and physical-world services [9]. Under certain circumstances [10],
mobile services can provide new types of value (e.g. location-aware services), new
ways for value configuration (e.g. real-time interaction with friends and other users
who share the same context), rich experiences (e.g. context-aware services that adapt
to the situation of the user) and opportunities for more added value (e.g. receiving
service any time and especially at the moment it is needed). Satyanarayanan [11]
describes the vision of mobile computing as “information at your fingertips
anywhere, anytime”.

Mobile cloud computing has been developed as the integration of mobile computing
and cloud computing with the purpose to bring the benefits of cloud computing into the
mobile environment [12, 13]. Cloud computing is a new computing paradigm [14, 15]
that is based on the use of Internet infrastructure for the provision or sharing of
computing resources, hardware and software, ‘as a service’, that is on demand and on
temporary basis. Cloud computing has been recognized as the ‘next generation
computing infrastructure’ [13] and a ‘new economic and business computing para‐
digm’ [16].

With the explosion of mobile applications in the first place and the supplementary
support of cloud computing in the provision of mobile service, the significance of the
mobile cloud computing was amplified. Mobile cloud computing can bring new types
of services and it offers ample business opportunities [11].

The literature of mobile services and mobile cloud computing suffers from ambi‐
guity. Yang et al. [12] distinguish three major approaches in the literature for mobile
cloud applications: (a) extending the access of cloud services to mobile devices; (b)
enabling mobile devices to work collaboratively as cloud resource providers; (c)
augmenting the execution of mobile applications on portable devices using cloud
resources. In the first approach, users access with their mobile devices software/appli‐
cations “as services” offered on the cloud, with all the computation and data handling
being performed in the cloud. The second approach makes use of the resource at indi‐
vidual mobile devices to provide a virtual, ad hoc and local mobile cloud environment.
The third approach uses the cloud resources for the execution of the operations on mobile
devices. We can gather that, from a usage point of view, mobile cloud applications can
support the access of services offered in the cloud, while from a computing point of
view, they can enable mobile devices to work collaboratively as cloud resource providers
or augment their operations by using cloud resources.

Regarding the typical service models of cloud computing [15], the mobile cloud is
most often considered as a SaaS model, when it is used to access software offered on
the cloud, and it is considered as IaaS or PaaS model, when it is used to augment the
capability of mobile devices through partial or full offloading of the computational
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operations and data storage from the mobile devices [12]. Qi and Gani [16] describe
three basic mobile cloud computing service models that are based on the role of the
mobile device. In ‘mobile as a service consumer’ (MaaSC), which is the most common
model, the mobile device receives computing functions as single direction service from
other actors that operate on the cloud. In ‘mobile as a service provider’ (MaaSP) the
mobile device becomes the service provider of information or computing capacity
through the cloud. ‘Mobile as a service broker’ (MaaSB) is a special case of MaaSP,
because the mobile device provides services to other mobile devices or sensing nodes
in its proximity.

In the literature we can find several examples of mobile cloud applications and serv‐
ices. Here we are interested in those that include user’s involvement and provide direct
benefits to the user. Common examples refer to mobile crowdsourcing [2, 11], collective
sensing [3], location-aware and context-aware services [3, 17, 18], pooling mobile
resources and sharing applications between mobile devices [19, 20].

3 A Service Terminology and Service Models
in Mobile Environments

The discussion about the mobile service provision is prone to serious misunderstandings
as concerns the meaning of the term ‘service’ when one adopts a user-driven and usage-
oriented approach. The source of misunderstandings is the multiple dimensions of the
concept of service and in particular the different uses of the term in computer science
and in business science [21, 22]. Besides, there are different approaches in running
mobile cloud applications [12] and commercial hype in mobile cloud computing [23].
In this section we attempt to clarify the concept of service in the mobile cloud. In partic‐
ular, we distinguish between mobile service for the user and computing service for the
operation of the mobile device in the mobile cloud. We name the former ‘mobile service’
and the later ‘mobile cloud service’.

A ‘mobile service’ is an electronic service that can be provided, accessed and used
with the use of mobile technologies and mobile devices. Mobile services are used by
users in commercial transactions, business operations, learning, healthcare, entertain‐
ment/multimedia, gaming, social networking and collaboration, augmented reality,
searching/querying, etc [5, 13, 23, 24].

A mobile service can be the mobile version of an e-service (as the term is
described in [21]), or it can be provided only in a mobile form, such as some kinds
of location-aware and context-aware services. Likewise, a mobile service can be the
mobile counterpart of a physical world service, or it can be only in mobile form.

A mobile service is an electronic in nature service that is produced and consumed
by real world entities: business entities, as service providers, produce and provide mobile
services as a part of their business functions; end-users as individuals consume mobile
services in their everyday life practices. Thus, mobile services produce a real world
effect.

Service providers can offer mobile service directly to the end user with the use of
mobile computing technologies and Internet and wireless technologies. In addition, they
can provide mobile service via the cloud, with the use of cloud resources and cloud
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computing technologies. In most cases, the user does not know (and perhaps does not
care) about the way mobile services are transmitted and received by his mobile device.
These relationships can be seen in Fig. 1.

A ‘mobile cloud service’ is a computing service that is provided with the use of
mobile computing technologies and cloud technologies and consumed by the mobile
device of the user to run more efficiently and effectively mobile applications and provide
mobile service to the user. For instance, in order to provide navigation service (mobile
service) to the user, the mobile device uses cloud resources for processing location-
aware data (mobile cloud service). Examples of mobile cloud services are related to the
access, transmission and storage of data in the cloud, the outsourced execution of
computing operations of the mobile device, the use of security services, etc. Mobile
cloud services exist only in the virtual world of the cloud and serve the augmented
operations of the mobile devices.

In Fig. 1 we see two approaches for mobile cloud service. In the first case the mobile
device receives computing service from the cloud for the augmented execution of
computing tasks. In this case we have basically a two-level architecture for the provision
of cloud-based service that is consumed by mobile devices. In the second case the mobile
device participates in a local and ad hoc cloud environment that exploits distributed
operations and opportunism and enables mobile devices to work collaboratively by
pooling resources and sharing operations.

In Fig. 1 we can see the distinction between the cloud and the ad hoc mobile cloud.
In the literature the term mobile cloud is used frequently as a general term to refer broadly
to cloud services for mobile applications. However, in most cases it is simply cloud
service that is offered to mobile devices, adjusted to the requirements of mobile

Fig. 1. Provision of mobile service and mobile cloud service
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computing. We can see also the provision of cloud service (iterative link) as a part of
the operations of the different actors of the cloud ecosystem.

Is sum, we can distinguish the following mobile service models:

(a) Direct Mobile Service Provision. The service provider offers mobile service to the
user directly, without the use of any cloud resources.

(b) Cloud-Based Mobile Service Provision. The service provider uses cloud resources
in order to offer mobile service to the user. Satyanarayanan [11] refers to it as
‘mobile Web-based service’. SaaS is the prevailing cloud computing model here.
The users may not be aware that the mobile service is transmitted via the mobile
cloud.

(c) Mobile Cloud Service Provision. The mobile device receives service from the cloud
in order to augment its computing capacity by executing remotely computing oper‐
ations and tasks. SaaS is the prevailing cloud computing model. The user is not
directly involved. However, the user is aware and, in fact, decides for the use of
mobile cloud services (e.g. by applying the required settings and possibly paying
a fee).

(d) Ad-hoc Mobile Cloud Service Provision. The mobile device participates in a local
cloud (e.g. cloudlet, mCloud, etc.) that is created ad hoc with other mobile devices
and cloud-based resources in proximity. The mobile device both receives and
provides computing services in the ad hoc cloud; for instance, it offers computing
capacity because it holds bigger battery resources and uses the bandwidth of an
other smartphone in the ad hoc cloud, because it provides cheaper or faster Internet
access. All cloud computing models can be applied here (SaaS, IasS and possibly
PaaS). As in the previous case, the user is not directly involved, but is aware of the
participation in the ad-hoc mobile cloud.

4 An Integrated View on Mobile Service

Mobile devices function in an autonomous way in mobile cloud computing, when they
interact with other devices or mobile cloud resources to receive or provide service. In
addition, they have their own objectives, such as reduce energy consumption or improve
the quality of connection to the Internet. However, their objectives and their operations
are closely related to the provision of mobile service to the user and they must serve the
needs of the user. Mobile services and mobile cloud services are supplementary. It is
difficult to see the mobile device in separation of the user, his activities and intentions.
The mobile device is simply the smart and multi-functional tool that enables people
receive service in a flexible way in their daily life practices, anytime and anywhere.

The combination of service concepts from the real world and the computing world
introduces the idea of mobile service provision as a cyber-physical phenomenon. This
idea is not new in the literature of mobile cloud computing. Huang et al. [3] suggest a
user can be represented by a virtualized entity in the cloud, through his mobile device,
an approach that can introduce a “next-generation mobile cloud computing service
model” in that both physical systems and virtual systems are seamlessly integrated
through virtualization technologies to provide service. The connection between a cyber-
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physical system (CPS) and cloud computing is envisaged also by Simmon et al. [26],
who cast the term ‘Cyber-Physical Cloud Computing’ (CPCC). Moreover, research in
the areas of ubiquitous computing, pervasive computing and the Internet of Things
include also the user (as a human being) in the conceptualization of the cyber-physical
framework. The National Institute of Standards and Technology (NIST) uses the term
‘Smart Networked Systems and Societies’ (SNSS) to describe the network of connected
computing resources, things and humans [26]. Humans participate as an integral part of
SNSS, especially through social networks, and social networking services allow people
to access, store and share their real-life experiences. Conti et al. [4] place humans at the
center of the ‘Converged Cyber-Physical World’, as humans use several computing
devices in their everyday life practices. Likewise, Zhuge [27] suggests people live and
develop in a ‘Cyber-Physical Society’, which is a multi-dimensional complex of the
cyberspace, the physical space and the social space. Huang et al. [3] suggest mobile
devices have a dual character and operate in the physical world as cyber-physical system
(CPS) and in a virtualized mobile cloud as cyber-virtual system (CPV).

The development of an integrated view on mobile service that combines techno‐
logical and usage aspects and emphasizes on real world effects and on value creation
requires inevitably to include explicitly the user and his context in the analytical
framework. The mobile service should be seen as an embedded part in the life of the
user that supports human activities and attains personal objectives. Hence, the mobile
device facilitates the provision of mobile service and intermediates and connects the
physical world of the user with the virtual world of the electronic systems. In sum, the
mobile device can be seen as a cyber-physical system and the mobile service provi‐
sion as a cyber-physical phenomenon.

This approach can have important implications for value creation in mobile service
environments and can provide new research and practical opportunities. For instance,
the interconnection of the cyber and the physical worlds enables the observation and
measurement of human behavior, which can allow the analysis, modeling and experi‐
mentation with human behaviors, reveal behavioral patterns and support a dynamic
adaptation of service provision [4]. Understanding better the individual and how it uses
mobile service in the daily life practices is a key requirement for understanding service
value, improving service provision and developing new services and new service
models.

Input from the service management literature can help understand better the concept
of mobile service. Recent research in service management focuses on the role of the
service consumer/user and on the creation and co-creation of value. Service value is
created by users in their everyday practices [28], or co-created with the providers [29].
Service providers do not create value, but they only offer service, as a ‘value proposition’
and as input in the value creating process of the users. Service providers can also support
and facilitate the users in their value creating processes.

The mobile technologies have some value potential, but value is created by the user
only when the mobile service is used. If it is not used for some reason (e.g. technological
restrictions, computing failures, security issues, wrong settings in the mobile devise,
ignorance of user for the existence or the usage method of the service, etc.), then it creates
no value at all. In addition, the same service will bring different value to different users.
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For instance, the value of the mobile cloud services varies for different mobile devices,
with different technical features, or for the execution of different tasks that have different
computing needs.

Value is created in the context of the user. The notion of the context includes anything
that characterizes the situation of the user [30]; key dimensions of the context refer to
the time and location. The context is a key characteristic of mobile service and offers
plenty opportunities for the development of personalized services and further service
innovations [31]. Mobile devices are in most cases strictly individual and, therefore,
mobile services can be personalized to each user. Hence, besides contextual, value of
mobile service is highly personalized and experiential.

5 A Conceptual Framework for the Provision, Usage and Value
Creation in Mobile Services

In this section we present a conceptual framework for the provision and usage of mobile
service and the creation and co-creation of value in mobile service. The framework
considers mobile service provision as a cyber-physical phenomenon that is enabled by
mobile devices and facilitated by mobile cloud technologies and resources. The
proposed framework is depicted in Fig. 2.

The Service Provider is the business entity that provides Mobile Service. The key
activity here is the provision of Mobile Service. Mobile Service can be provided
directly by the Service Provider or with the support of Cloud Service, provided by a
Cloud Actor. The Service Provider makes a Value Proposition to the User through the
offer of the Mobile Service. The Value Proposition describes the potential uses and
value of the Mobile Service.

Fig. 2. A conceptual framework for value creation and co-creation in the mobile cloud
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The User is the human entity that consumes Mobile Service through the use of a
Mobile Device. The basic activity of the User is the creation of value. Value is created
by the User as an outcome of the meaningful Usage of Mobile Service, which takes
place as a part of the daily Activities of the User in the Context of his life.

The Cloud/Mobile Cloud refers to the general cloud computing idea and infrastruc‐
ture. It is a middle layer between the User and the Service Provider and facilitates the
provision of Mobile Service to the User. The key activity here is the provision of
computing service as Cloud Service and Mobile Cloud Service. Cloud Service supports
the provision of Mobile Service by the Service Provider. Mobile Cloud Service supports
the virtualization of the operations of the Mobile Device in the Mobile Cloud. The MC
Actor is a resource (i.e. network, infrastructure, platform or software) and service
provider of Cloud Service or Mobile Cloud (MC) Service. Value Proposition of MC
Service refers to the potential use and value of MC Service and it is a key selection
criterion for MC Service.

The Mobile Device serves as an interface of the User in order to receive Mobile
Service and participate in the Mobile Cloud. It is a middle layer that refers to: (a) the
interaction of the User with the Service Provider, directly or through the Mobile Cloud,
in order to receive Mobile Service (as Cyber-Physical System), and (b) the computing
operations of the Mobile Device (as Cyber-Virtual System) in order to interact with
other MC Actors and receive or offer MC Service. The key activity is the co-creation of
value, as a result of the interaction of the User with the Service Provider and possibly
other Users. Value co-creation exists also when Mobile Devices interact with other
Devices and MC Actors and they work collaboratively in the mobile cloud.

Mobile Cloud Service is based on the dynamic pooling, sharing and composition of
resources and it can be even more interactive and collaborative than Cloud Service. For
instance, while in cloud computing the client regularly receives services only, in the
mobile cloud the client usually both receives and provides services. In certain cases,
such as in mobile crowdsourcing, value is always co-created as a result of the active
participation and contribution of a large number of users.

6 Conclusions

Mobile devices, especially smartphones and tablets, are used today more and more to
provide a variety of mobile services. In this paper we analyzed the concept of service
in mobile environments and distinguished between ‘mobile service’ on the one hand as
an electronic service that is provided through mobile devices and with the use of mobile
technologies and possibly cloud computing technologies, and ‘mobile cloud service’ on
the other hand as a computing service for the improved performance of the mobile device
through the virtualization of its operations in the mobile cloud. Based on this distinction
and on the complementary relationship between mobile service and mobile cloud
service, we analyzed mobile service provision as a cyber-physical phenomenon. At the
end we developed a conceptual framework for mobile service provision and for the
creation and co-creation of value in the mobile cloud.

This paper integrates concepts from mobile cloud computing and service manage‐
ment and provides a user-driven and usage-oriented perspective for mobile service that
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explains mobile service provision, value creation and value co-creation. The paper inte‐
grates the human-related aspects for the use of service and the creation of value with the
computing operations for the provision of the mobile service. Certain concepts of the
service management literature, especially for the creation and co-creation of value, are
relevant in mobile cloud computing.

The conceptual framework provides some key concepts for the analysis and the better
understanding of the usage of mobile service by the user. Understanding better the
service user and how he creates value in his context and in his daily life practices, in
which mobile service is naturally embedded, is a key requirement for the creation of
service value, for service improvement and for the development of new services and
new service models.

Future research can develop further and refine the proposed conceptual framework,
as well as explore its practical implications. For instance, it can be used for the analysis
of use and the identification of use patterns of mobile services (e.g. who uses them, when,
where, with what application and technologies, with what resources, with whom else,
for what reason, etc.). Such use patterns can be useful for the service improvement and
the development of new service. In addition, use patterns can be used for the assessment
of the mobile service models in terms of the technological restrictions and limitations
in the use of mobile cloud services, the functional requirements and the motivation of
the users to receive mobile cloud services and share their resources in the mobile cloud.
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