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The present work shows the necessity of an economic evaluation model that is based on singularities of

mobile systems and that takes into account the interdependencies of their individual components. A
motivation for this approach is not only given by the continuing discussion on the economic efficiency of
mobile systems, but also by the fact that appropriate methodologies for comprehensive evaluation still do
not exist. Starting point for a research agenda is the definition of the term mobile system, followed by the
explanation of the single components and singularities of such systems. The findings of the present work
motivate the development of a generic model for economic evaluation. By defining the research agenda we

provide guidance for constructing such a model.

1 INTRODUCTION

For nearly three decades, the debate about the cost-
effectiveness of information and communication
systems (ICS) is consistently resurrected. In the late
80’s Solow stated, that the effects of computers can
be seen everywhere — except in the productivity
statistics (Solow, 1987). Also Loveman had no
doubt that “IT capital had little, if any, marginal
impact on output or labor productivity, whereas all
the other inputs into production -including non-IT
capital — had significant positive impact on out-put
and labor productivity” (Loveman, 1994). The
current state of scientific knowledge though presents
opposite results: The productivity paradox does not
exist in praxis — it is caused by the lack of
appropriate methodologies for the economic analysis
of ICS (see e.g. Brynjolfsson, Hitt and S. Yang,
2002).

Information and communication technologies
(ICT) are often implemented in order to conduct
businesses as efficient as possible; the quantitatively
definable monetary effects are considered the most
important objectives when implementing such a
system. For the economic evaluation mostly
methodologies are applied that focus exactly on
these effects. This approach may easily fudge the
results due to the fact that the full benefits of the
technologies are insufficiently reflected — and thus
leads to the assumption that a productivity paradox
exists.
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Literature study shows that there is still a lack of
appropriate evaluation methodologies (see e.g.
Hogler, 2012; Ashurst, Doherty and Peppard 2008).
Especially integrative and qualitative effects of the
systems are mostly not considered in the calculation
(Pietsch, 1999) — one of the main benefits of ICS.
This is even more important for mobile systems that
represent a special "mobile" form of ICS. It can be
assumed that mobile systems face the same
difficulties concerning the economic evaluation as
stationary ICS. Additionally they are affected by
challenges that result from the fact that mobile
technologies are mostly used during “mobile
actions” like travelling or walking. Literature on the
effectiveness of mobile systems is scarce; therefore,
in this position paper, we explore the domain of
mobile systems from an evaluation angle.

The term “mobile system” is defined in section
2, and section 3 describes the single components of
such systems. The unique singularities of mobile
systems are elaborated in section 4. Section 5 will
outline economic evaluation of mobile systems
based on their singularities and main characteristics;
for this we define a number of research questions.
We finish our paper with conclusions.

2 HOWTO DEFINE MOBILE
SYSTEMS

Although often used synonymously in the literature,
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this work strictly distinguishes between ICT and
ICS. Starting point for the elaboration of a definition
is systems theory, an approach that focuses on
entities and that postulates that the system itself
comes into existence by the relationships among the
system elements and the resulting interactions. This
approach was chosen due to the fact that for an
economical evaluation based on singularities of
mobile systems the relationship of entities or
components respectively is of key importance. The
analysis of structures, reactions and functions of the
entities allows certain predictions about the expected
system behaviour, whereas it does not focus on a
separate consideration of each element (see also
Boulding, 1956 and Bertalanffy, 1976).

Having the above given considerations in mind,
it becomes clear that in contrast to ICT, the term ICS
has to include also system-elements of human nature
(human beings) besides technologies that support
information exchange and communication (so called
“technical components”) and thus take into account
the relationships between the single components,
properties as well as their behaviour (so called
system parameters).

System parameters are variables, whose values
characterize the behaviour of the system with a
given structure (DIN, 1995). Since the behaviour of
a system and therefore its cost-effectiveness are
influenced by their interaction or controlling of
system parameters, they play an important role for
the evaluation of mobile systems. System parameters
with the largest influence on a system are
characterized in the present work as “success
factors”. The term success factor is used in the
literature to characterize the cause of success.
(Corsten, 2000) defines success factors as "[...]
factors that have a significant impact on the potential
success of a strategic business area. While on the
one hand it is emphasized that the individual factors
[....] depend on the industrial sector in which the
company operates, on the other hand a hypothesis is
supported that there are so-called basic factors [....],
that matter for the success or failure over all
industries, i.e. it is assumed that the structure of the
factors” system 1is relatively constant, while the
weighting of the individual factors is subjected to
frequent changes”. In dependence on (Rockart,
1979) and relating mobile systems, the current work
defines critical success factors as technical as well as
human system parameters that have a significant
impact on the economics of the mobile system.

Relationships between the single components are
represented by the processes that take place between
them whereas the structure and organization of the
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ICS symbolize the characteristics of the elements.
When reflecting on the given definition of the term
ICS it becomes clear, that the human component is
of key importance when discussing the profitability
of ICS. Users are involved in all processes, they are
using the technical components and determine the
success factors for the (economic) efficiency of the
whole system.

Within this research work, mobile systems are
chosen as subject of investigation. Mobile systems
can be regarded as ICS that are extended by mobile
aspects. They exist in different forms and have a
multiplicity of characteristics, aiming at integrating
people, mobile processes and workstations into
internal, mostly stationary corporate and enterprise-
wide process chains and thus to overcome their
spatial separation and accompanying information
losses.

Basing on the general systems theory and
following the above given socio-technical definition
of the term ICS, the present work defines a mobile
system as a set of mobile technology and human
(system) elements, which are inherently related (see
also the discussion of (Goos and Zimmermann,
2005) concerning the term system). They form an
entity due to their interactions that is task-related
and that executes corresponding business processes.
Mobile systems, as a unit, distinguish themselves in
this respect from the surrounding environment by
the relations between their components and the
effects that take place between the single
components. In the following sections the
components as well as the singularities of a mobile
system are discussed.

3 COMPONENTS OF MOBILE
SYSTEMS

A mobile system consists of two types of
components: Technical and non-technical
components. The distinction of the components is
important because the economy of mobile business
processes is not only affected by technical, but
particularly by the human system components

(users).
Technical components comprise  mobile
hardware (e.g. Smartphones and Tablets),

appropriate applications as well as mobile operating
systems and middleware (if necessary). They include
also wireless communication technologies like LTE,
UMTS and WLAN (see figure 1). The particular
potential of mobile technologies lies primarily in the
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possibility of reorganizing processes and thus in the
exhaustion of the value added that is facilitated by
mobile technologies. Especially mobile ICT
contributes to the efficient support of processes by
bridging spatial and temporal distances (Schiller,
2000). Figure 1 shows technical as well as non-
technical components of mobile systems. Security
issues play an important role for mobile processes
and thus can influence significantly the economic
efficiency of such systems. The importance of
security in the field of wireless and Internet-based
systems is a key research topic of the project Be
Wiser — Building Enterprises: Wireless and Internet
Security in European Regions, funded by the
European Commission under the 7" Framework
Programme (project reference FP7-REGIONS-2012-
2013-1). It is expected that main findings of this
project will be included in the authors further
research.
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Figure 1: Components of a mobile system.

Non-technical 'components' are users who use
the technical components in order to perform their
tasks. These can be for example employees who
accomplish their jobs in a mobile way (means: not at
a stationary workplace) either within or outside the
enterprise (e.g. sales people, customer service and
maintenance engineers). Human-Computer-
Interactions (HCI) is a well investigated research
field, thus this work refers to books and proceedings
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like “Human-Computer Interaction — INTERACT”
(Gross et al. 2009), “Digital Technology Research”
(Price et al., 2013) and articles within the IEEE-
journal “Pervasive Computing”. They explain the
human-computer-interactions in detail. The effects
of HCI on economic efficiency is still an open
research topic and will be elaborated by the author to
a later point.

Mobile processes differs from stationary
processes primarily by its spatial distribution and the
mobility of the persons who are involved in the
process. Mobile processes can be characterized as
follows: At their beginning it is often not exactly
known where and when they will take place — many
uncertainties can influence these processes and thus
make them at least partly unpredictable. Example:
Even if a sales man has an appointment with a
customer at a defined location and at a defined time,
there is still an uncertainty that he will not be able to
attend this meeting: A strike; storm, breakdown or
even an accident can foil his plans. Thus, following
these explanations, distributed processes with a
determined distribution structure are not mobile
processes (Kohler and Gruhn, 2004).

The evaluation of a mobile system has to take
into account all interdependencies between the
single components. In order to do so, e.g. following
questions have to be answered: “How do technical
components like mobile devices, applications and
data transfer affect each other? And how can the
most important component of the mobile system —
the human being — be affected by the technical
components or by the surroundings when proceeding
tasks? How can the singularities of different working
profiles (e.g. maintenance engineer, businessman)
and their experience with mobile technologies be
considered within the holistic profitability analysis?”
In order to be able to answer these questions, it is
necessary to understand the singularities of mobile
systems that will be discussed in the following
section.

4 SINGULARITIES OF MOBILE
SYSTEMS

In an investigation we identified the following
singularities, which are supported by argumentation
as we present them. Note that not only literature
study but also practical experience and observation
have contributed to the identification of the
singularities.



Mobile systems have many different forms and a
multiplicity of characteristics and singularities in
comparison with stationary ICS. These findings
motivate the development of a profitability analysis
that takes into account the singularities of mobile
systems and that takes the human component as
central hub and pivotal point when evaluating such a
system.

The aim of mobile systems is to integrate mobile
processes and workstations with internal, mostly
stationary corporate and enterprise-wide process
chains and thus to overcome their spatial separation
and accompanying information losses. By the
ubiquitous access to relevant information, mobile
technologies promise an increased efficiency of
business processes and enable new ways of working.

At the same time, mobile systems face many
challenges and hurdles stationary ICS are not
confronted with, like security issues or the absence
of data networks. The following paragraphs will
enlighten the most apparent singularities of mobile
systems.

Mobile systems can be easily distinguished by
stationary ICS due to their singularities. Starting
with the technical components of a mobile system, it
becomes clear that in contrast to desktop computers
mobile devices are continuously transported. This in
turn requires a minimum weight and a small size of
the devices with maximum robustness.

According to (Schach et al., 2007, Lonthoff and
Ortner, 2007; Hogler, 2014) mobile devices face
many restrictions despite intensive research and
technological progress of the past years. In contrast
to ICT, mobile devices have — due to the low battery
capacity — only a limited power supply and are
seldom plugged in local area networks. This fact
requires increased energy efficiency of mobile
devices and corresponding applications and stable
wireless Internet connection. With decreasing size of
the devices, also the computing capacity becomes
lower. In conjunction with inefficient main storage
mobile devices have lower information processing
capacities compared to the capacities of stationary
ICT. This fact must be taken into account when
developing mobile applications, which have to cope
with the mentioned restrictions of mobile devices
(see also Kornmeier, 2009). Also the input options
of mobile devices offer only restricted possibilities:
Most keyboards are missing or incomplete and in
many cases unhandy, virtual keyboards still do not
offer the same wusability as standard ones.
Additionally, in many cases the worker has not both
hands free, which imposes additional usability
requirements on the keyboards and the input
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methods respectively. Especially as regards to the
writing speed, this kind of keyboards will not
achieve the comfort and usability of traditional ones.

The output options hinder the usage of mobile
devices due to the relatively small displays, which
have limited facilities for the presentation of
contents. Thus, special applications which take into
account peculiarities of mobile devices are
specifically designed and developed.

The distraction caused by the surroundings
depicts also a singularity of mobile systems. In
contrast to stationary working places, a mobile
worker is distracted by his surroundings, e.g. by
noise, incidents and weather. For example, mobile
devices are hardly usable in rain or dusty areas, also
ambient light is a real challenge: Images and texts
are less visible than in closed rooms and thus
exhaust the eyes of the users, although automatic
recognition of ambient light and adjustment of the
backlight is available for most devices.

Reliable data transmission is an unsolved field,
too. Transmission problems can be caused by
fluctuating “bandwidth or insufficient network
coverage and thus can hinder continuous work with
mobile devices (Gerpott and Kornmeier, 2004;
Princen and Schreurs, 2010). Slow or interrupted
connections represent disruptive factors and may not
only reduce the quality of service, but also affect the
efficiency of work: The accessibility of required data
everywhere and anytime is of key importance in
order to reach the maximum possible efficiency of
mobile systems (Hogler, 2014).

The relatively broad variety and fast
enhancements of operating systems are still regarded
as a challenge for the employment of mobile
devices. Many mobile applications run only under
one operating system and thus can cause
synchronization  problems.  Additionally, the
integration of applications into existing systems and
their interoperability is not resolved satisfactorily in
many cases. With the widespread adoption of cloud-
based solutions these problems should become less
important within the next few years.

Compared to stationary computers, data security
in mobile applications and devices is low — although
a broad variety of security mechanisms already
exists. The main reason for this security problem is
not technology, but the user of mobile devices who
bypass security mechanisms for convenience or
ignorance. As mobile devices are lost or stolen much
more frequently than their stationary counterparts
(Frolick and Chen, 2004; Gluschke, 2001; Day et al.
2000) and as many users log into unsecure wireless
networks without taking into account all the risks
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they are facing, the security issue is not yet solved in
the area of mobile technologies satisfactorily.

The last paragraphs have shown the most evident
singularities of mobile systems. When evaluating
such a system, it is necessary to take into account all
these restrictions and particularities — they may not
only affect the work but also the economic
efficiency of mobile systems. For example, major
security problems can decrease the monetarily
quantifiable advantages of mobile systems. In order
to benefit from the full potentials mobile systems
bear, it is important to take into account not only the
depicted singularities, but also to approve the human
component as the most influencing (success) factor
on the economic efficiency. This finding motivates
the development of a research agenda that covers
evaluation of mobile systems and that is based on
the singularities of mobile systems.

5 A RESEARCH AGENDA FOR
ECONOMIC EVALUATION OF
MOBILE SYSTEMS

In order to plan research steps for mobile systems

evaluation, based on the above considerations, we

are now able to identify a number of research paths.

We believe that once answers to related research

questions are provided mobile systems productivity

can be monitored and improved. Results pave a path
in 1) creating more insight into the productivity of
mobile ICT, 2) identifying possible areas of

improvement for existing mobile systems, 3)

managing running mobile system implementation

projects, and 4) evaluating mobile system
implementations. We identify the following research
areas:

- Generic identification and further validation of
components of mobile systems and their
relations as suggested in our figure 1;

- Further confirmation, detailing and identification
of singularities as touched upon in our section 3;

- Determination of success factors from
singularities, system components behaviour and
interdependencies between components;

- Construction of a model or models for mobile
systems evaluation taking into account success
factors, components and interdependencies of
components, leveraging system theory;

- Validation, case studies and more related to
constructed mobile systems evaluation models.
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These areas can be stepwisely addressed in
further maturing the knowledge base of research on
mobile system evaluation.

6 SUMMARY AND
RECOMMENDATIONS

The present work has shown the motivation for and
necessity of economic evaluation models that
address singularities of mobile systems. The current
state of scientific knowledge has shown that the
productivity paradox does not really exist in praxis.
In fact, it is caused by the lack of appropriate
methodologies for the economic analysis of ICS.
Appropriate evaluation methodologies for ICS are
still missing. None of existing methodologies takes
into account all components, their interdependencies
and singularities of these kinds of systems (section
1). This is even more important for mobile systems
that represent a special "mobile" form of ICS.

The present work takes the systems theory as
starting point for the development of a definition for
mobile systems (section 2). The reason for this
approach lies in the fact, that systems theory focuses
on entities and that postulates that the system itself
comes into existence by the relationships among the
system elements and the resulting interactions — the
basis for the development of an economic evaluation
model that is based on singularities of mobile
systems. Section 3 has presented the single
components of a mobile system and thus rounded off
section 2.

Mobile systems, as seen in section 4, are affected
by challenges stationary systems do not face. Their
singularities result from the fact that mobile
technologies are mostly used when the employee is
working apart from a stationary workplace. It is
these singularities that — in addition to the human
component of a mobile system — decide about the
success and thus about the economic efficiency of a
mobile system. When evaluating such a system, it is
of key importance to take into account all
singularities and to analyse the interdependencies of
the single system components; our section 5
provides a stepwise research agenda for this.
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