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Abstract: The contention of the present paper is that information systems proper forin a
significant application area of mobile technology. For that purpose the paper
analyses the concept of mobility in the context of information systems using a
sound metamodel for information systems. The anlysis makes it possible to
make sense of different examples of mobile information systems and possibly
to innovate new ones.
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1. INTRODUCTION

After the boom of mobile computing started in the early 1990’s, the word
“mobile” is easily used just as a selling argument without much attention to
its meaning. It has served as a shorthand to mean that some service or prod-
uct is accessed using a mobile device, a cellular phone for example. The
term “mobile Internet” is an example of this. However, if we wish to have a
more scientific understanding of mobility, we should be more careful with
the terms.

Many experts claim that this first decade of the 21% century will be the
decade of mobile computing (Urbaczewski et al., 2003), even though the
expectations tend to be unrealistically high as in the case of every technol-
ogy boom. In fact, the mobile field still waits for a second “killer applica-
tion”, if short messages are considered the first. It may be that it is not real-
istic to expect new universal or horizontal killer applications anymore. In-
stead the applications of mobile computing may be more vertical targeted to
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specific application domains. This paper considers information systems one
possible application area of mobile computing.

Accordingly, the present paper focuses on mobility in the context of in-
formation systems. It analyses different aspects of spatial mobility in the IS
context. To ensure systematic analysis and to integrate the aspects of mobil-
ity, the paper applies a sound metamodel for an information system (livari,
1989; Tivari 1990) as a structuring framework. The analysis provides a
framework for understanding mobility, to innovate new mobile applications,
and to develop them.

2. THE METAMODEL FOR AN INFORMATION
SYSTEM

An information system (IS) is a computer-supported system with the pur-
pose “to supply its groups of users (...) with information about a set of topics
to support their activities” (Gustafsson et al., 1982). In addition to conven-
tional information systems the above definition covers all digital content that
aims at informing about some topic (such as company web pages).

In consistence with Gustafsson et al. (1992), Iivari (1989, 1990) proposes
a metamodel for an information system consisting of three major levels of
modeling or abstraction for an information system:

1. The organizational level (the users and their activities).
2. The conceptual/infological level (information and the topics).
3. The datalogical/technical level (the technical implementation)

The three levels of modeling are abstractions from thre= different, even
though interdependent domains: the host organization, in which the informa-
tion system is to be "embedded", the universe of discourse, about which the
information system is to communicate information, and the technology to be
used in the technical implementation of the system.

The organizational level consists of two sublevels: the (re)designed orga-
nizational context and the application concept. The (re)designed organiza-
tional context describes organizational actors/units, organizational functions
(“business processes”) affected and/or redesigned by the information system
in question. The application concept summarizes the IS services - organiza-
tional information types, information processing functions and communica-
tion relationships - delegated to the information system.

The metamodel for the conceptual/infological level identifies three sub-
levels: the Universe of Discourse (UoD), IS specifications and the user inter-
face. The idea of the UoD level is to formalize the model of the “real” world
underlying the information system. The level of IS specifications describes
the information content and functionality of the system, ignoring the external
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representation of the system to the users. The external representation is the
topic to be addressed at the level of user interface. The user interface defines
how the content abstractions are made accessible and visible to the user.

Information systems are information specific, they inform about specific
topics. An essential part of the systems development is to specify their infor-
mation content and structure. The above metamodel provides and integrates
three perspectives into the analysis and design of the information content of
system: the “ontological-conceptual/” perspective, the “information-docu-
ment perspective” and the “user interface” perspective.

The above metamodel has successfully been applied to identify and cate-
gorize objects in the object-orientation analysis (Iivari, 1990) and to analyse
object-oriented methods (livari, 1994) as well as to structure IS security is-
sues (Siponen, 2001). In the following it will be applied to analyse mobility
in the context of information systems.

3. MOBILITY IN THE CONTEXT OF INFORMATION
SYSTEMS

The metamodel for an information system allows to integrate a number
of aspects of mobility into a systematic framework. At the organizational
level, and more specifically at the sublevel of (re)designed organizational (or
interorganizational) context, one can distinguish business models for mobile
services (especially for mobile commerce) and models of mobile work.
Business models discussed in Tsalgatidou and Pitoura (2001) and Varshney
{(2003), for example, describe business actors, their roles and the product,
service and information flows between them in providing the services: This
paper will choose more a customer focus on the mobile activities/work to be
supported by the mobile services. If a customer or a user is not specially in-
terested in the underlying business model of a mobile service, the business
model should be as invisible as possible to her.

Mobility of work means that the work may be performed at different
places either locally (e.g. within a building) or more remotely. This mobility
easily implies that the context of work may change. Gorlenko and Merrick
(2003) distinguish mobile office context and mobile fieldwork context in the
case mobile work. In the former case they assume that the computer is the
primary task for the user and walking and manipulating other objects secon-
dary. In the mobile field context moving and working with other objects
other than the computer is primary, and the use of computer only secondary.
Referring to Kristoffersen and Ljungberg (1999) they suggest that in the mo-
bile field context visual attention of users is mainly directed to events out-
side the computer, users hands are commonly engaged with a variety of
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physical objects unrelated with the computer device, and users often must be
move all the time. Following again Kristoffersen and Ljungberg (1999) they
propose that there are two ways of operating the computer in the mobile field
context: the user may “make place” for interacting with the device, that is
interrupt the main task in order to interact with the computer device, or “take
place”, i.e. to interact with the device while executing the main task (e.g.
repair work on the field).

The study of Perry et al. (2001) mainly concerns mobile office context.
They followed closely business trips of 17 mobile workers who mainly
worked in multiple, but stationary locations. They summarize their findings
in four points: planning opportunistic access to information (e.g. carrying
particular technologies and documents just in case), working in dead time,
use of the mobile phone as a device proxy (accessing remote technological
and informational resources using a mobile phone), and use of technologies
for remote awareness monitoring (of activities of remote colleagues).

Table 1 suggests that changing context is not mobility as such, but a
natural consequence of mobility. Spatial mobility implies that the location of
the user and the device may change, and consequently the physical
environment (e.g. temperature and light), artifacts in the environment (espe-
cially ICT artifacts capable to communicate with the focal information sys-
tem in question), users activities may also change while moving, and partici-
pants involved.

The distinction between wandering, traveling and visiting (Dahlbom and
Ljungberg, 1998) clearly concerns potential users of the system. Wandering
users rather than traveling or visiting ones may be more interesting in the
case of mobility, since the latter can easily be supported by portable devices
such as laptops. One should note, however, these are not mutually exclusive
categories. A traveling or visiting user may be wandering at the same time
and even in the same situation (e.g. wandering in a train while traveling).
Then a crucial question often is if one device can satisfactorily support wan-
dering, traveling and visiting.

The distinction between on-site movers, yo-yos, pendulums, nomads, car-
riers (Lilischkis, 2003) can be interpreted as a hybrid one that tells some-
thing about the mobile work and about potential users of the systems devel-
oped to support the mobile work in question.

Table 1. Dimensions of mobility of mobile information systems

Level | Dimension of mobility

Organizational level

(Re)designed | (Business models for mobile services)

organizatio- | Mobile work/activity

nal or inter- - local mobility, remote mobility (Luff and Heath, 1998)

organizatio- - mobile office context (Gorlenko and Merrick, 2003; Perrv et al., 2001)
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nal context

vs. mobile field context (Gorlenko and Merrick, 2003; Pascoe et al., 2000)
- on-site movers, yo-yos, pendulums, nomads, carriers (Lilischkis, (2003)
=>

Changing context (= Gorlenko and Merrick, 2003; Krogstie et al., 2003;
Tarasewich, 2003):

- location, environmental context, artifact context, activity context, parti-
cipant context

- activity “mobility”, social “mobility” (Lyytinen and Yoo, 2002)

Application
concept

Mobile user

- wandering, traveling, visiting (Dahlbom and Ljungberg, 1998)

- on-site movers, yo-yos, pendulums, nomads, carriers (Lilischkis, (2003)
Wireless interaction

- stationary interaction (Perry et al., 2001) — mobile interaction (Gorlenko
and Merrick, 2003; Pascoe et al., 2000)

Context-aware IS services — non-context-aware IS services

- location-aware, environment-aware, artifact-aware, activity-aware, par-
ticipant- aware, user-aware (= Gorlenko and Merrick, 2003, Krogstie et al.,
2003; Tarasewich, 2003)

Conceptual/infological level

Universe of

Fixed, portable and mobile entities (Varshney, 2003)

Discourse

IS specifica- | Location-dependent information about mobile entities
tions => Context-aware functionality

User inter- Mobile terminal

face Micro mobility (Luff and Heath, 1998)

=> Context-aware user interface
=> Display mobility

Datalogical/technical level

Hardware Mobile devices

and Wired — wireless

network

Data Mobile data (data migration)
Programs Mobile programs (program migration)

When considering the application concept for a mobile information sys-

tem, one should decide whether stationary of mobile wireless interaction
(Gorlenko and Merrick, 2003) with the system is needed. In the stationary
wireless interaction the interaction session is assumed to take place in one
place while in mobile interaction both the user and the device may change
the location while interacting.

Another aspect of the application concept concerns whether the system is
context aware or not. Mobility almost by definition implies that that the lo-
cation of the user changes. It is not necessary to restrict context-awareness to
location only (Schmidt et al., 1999).

When looking at mobility at the conceptual/infological level, the first as-
pect is that the entities of interest are mobile. The users may also be entities
of interest in the system. If their location is of interest, it may be followed by
GPS, for example. Because of the changing location of users location-sensi-
tive services form a natural option in the case of mobile systems.
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At the level of IS specifications one specifies the functionality of the
system in detail. If it was decided at the level of the application concept that
the application will be context-aware proving context-aware IS services, one
must specify in detail how the provided functionality is made context-aware.

Mobile devices include user interface problems of their own that have
been discussed, for example, by Pascoe et al. (2000) and York and Pend-
harkar (2004). In addition to the micro-mobility of the mobile devices one
can imagine display mobility, i.e. the depending on the alternative display
devices available in the user’s current location, the system selects the most
appropriate display device available (e.g. PDA, TV set) possibly depending
on the user’s current attention (Banavar and Bernstein, 2002).

The datalogical/technical level includes implementation issues such as
software on mobile terminals, capabilities of mobile devices, middleware for
mobile applications and wired and wireless networks (Varshney and Vetter,
2002). The capacity of the handheld devices is limited and the network con-
nectivity may vary. From the viewpoint of the user the mobile device to-
gether with the connected network forms a distributed information/database
system. The data required for the service may reside in different nodes of the
network. Even though necessary and useful, the wireless access to World
Wide Web is a limited solution, since it assumes that the processing takes
place in predetermined nodes. In the mobile environment there is a natural
need to have mobile data and mobile programs, which are able to migrate in
the network depending on the access and availability of capacity (Pitoura et
al., 2001). It is beyond the scope of the present paper to discuss these im-
plementation details.

4. TOWARDS MOBILE INFORMATION SYSTEMS

The proposed framework can be applied in classifying mobile applica-
tions and potentially in innovating new ones. One can start with mobile user,
noting that even traveling, visiting and/or wandering users (Kristoffersen and
Ljungberg, 1999) do not form homogenous categories. Traveling in a train
obviously differs from traveling in a car, if one also drives the car. Also from
the point of use, traveling in a train with a seat is quite different from trav-
eling without a seat. Also visiting differs depending on whether one has a
convenient wired access to computers or not.

Fieldwork is an example of mobile users doing mobile activity. It has
received considerable attention in the context of mobile computing. As York
and Pendharkar (2004) point out field workers form a very diversified group.
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Mobile entities form one natural application area for mobile information
systems, if their location is of interest. The entities may be human beings,
animals, vehicles or parcels.

One can identify more specific applications combining different aspects
of mobility such as mobile users with mobile entities. Proxy Lady (Dahlberg
et al., 2002) is an example of a mobile application supporting opportunistic
communication of mobile users mainly in the work context. One can imag-
ine an analogous mobile dating service in the context of big festivals, for
example. Based on the user profile and preferences concerning the partner,
the system might signal, if a suitable partner is in the vicinity.

The final case is mobile users doing mobile activity/work involving mo-
bile entities of interest. One could speculate that this is the optimal context
for mobile technology. However, this market niche may be quite restricted,
since there is evidence that walking and working do not necessarily fit well
together (Barnard et al, 2005). Walking tends to reduce the performance of
work, since walking requires more attention than sitting or standing. There-
fore it may be that mobile interaction is reasonable only when the nature of
work is so inherently mobile that the user cannot interrupt its execution and
make place and take time for the stationary interaction.

5.  FINAL COMMENTS

This paper has attempted to analyse systematically the nature of and oppor-
tunities for mobile services and information systems. It has deliberately
omitted various reasons to adopt mobile applications such as their impact on
efficiency and effectiveness, customer and employee satisfaction, cost, and
security (Nah et al., 2005). These are, of course pragmatically significant
issues to be considered. Limited security and privacy of mobile computing
and the danger of unwanted surveillance (Veijalainen and Visa, 2003) natu-
rally lower customer trust in mobile applications (Siau and Shen, 2003) and
slow down their adoption. The paper has also omitted the issue of how the
development and delivery of mobile services can be organized in terms of
content providers, application developers, service provides and network op-
erators (Alahuhta, 2005; Varshney and Vetter 2002), with the idea that it is
most important to consider first the system providing the services as a totality
from the viewpoint of customers and users. It is the belief of the paper that
the systematic understanding of the object of work, the mobile information
system as the target of development, provides a useful starting point to con-
sider of how to develop mobile applications and services.

The implications of the proposed metamodel for development can be
summarized in the following seven points:
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e Analyse the mobility of work and/or activities to be supported by the
system.

Analyse the nature of mobility of the intended users of the system.
Consider whether mobile interaction with the system is required or
whether wireless stationary interaction is sufficient.

e Consider whether context-awareness of the application is required or
adds sufficiently value to users.

e Consider what are the entities of interest to the users. Are any of them
mobile and is the location information about them required?

o Specify the functionality of the system. If the application is to be context-
aware, specify the context-awareness of the system in detail.

e Design the user interfaces of the system. If the system includes mobile
entities, consider how their location and movement information is cap-
tured (automatically or as human inputting). In the case of output (serv-
ice) users, consider how to represent the functionality of the system to the
user, design the user interfaces and the user interaction, taking into
account the nature of work, the interaction mode (stationary vs. mobile),
possible context-awareness (possibly requiring special sensors), the at-
tention required by the work outside the mobile device, and the restric-
tions and capacity imposed by the mobile devices available for the imple-
mentation.
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