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ABSTRACT
This paper describes eight requirement indicators derived
from a mobile work characterisation framework (MWCF).
The MWCF is a framework for analysing mobile scenar-
ios (mobile tasks) in order to implement a system to sup-
port such scenarios. The requirement indicators are com-
puted from the score of the MWCF. These are used to reveal
the complexity of the different parts of a final mobile sup-
port system (software and hardware). Further, these indica-
tors can be a help to prioritise the non-functional and func-
tional requirements of the end-system. We have identified
the following indicators: General Task Indicator, Informa-
tion Complexity Indicator, Location Complexity Indicator,
Time Complexity Indicator, Network Connectivity Indica-
tor, Network Speed Indicator, Energy Consumption Indica-
tor, Transactional Support Indicator and Mobility Indicator.
In this paper, we apply these indicators on four different
scenarios and discuss how they can be used in practice.

KEY WORDS
Requirement engineering, mobile requirements, mobile
process system.

1 INTRODUCTION
The proliferation of network and wireless technology has

increasingly influenced our way of performing work. Peo-
ple carry out their work while they are on move - e.g., on
their way to work, on a trip or even while they are on va-
cation. Also, several companies have started to work as
virtual organisations, where people collaborate over sev-
eral locations and time zones. This means that these peo-
ple are distributed, collaborative, mobile and require asyn-
chronous technology that enables sharing of documents and
work plans. However, the infrastructure and tools for carry-
ing out projects in virtual organisations are still immature.
We must deal with a heterogeneity of tools, equipment (lap-
tops, PDAs, mobile phones) and work models. In addition,
the mobility of devices and the partial lack of connectivity
require regular synchronisation of such devices against sta-
tionary PCs (including servers). Hence, there are several
challenges that must be faced.

Our MOWAHS framework[13] is aimed at revealing
these challenges. It presents relevant characteristic ele-
ments of mobile work. From such characteristics, there is

a gap between characteristics and requirements that must
be bridged in order to provide appropriate technology that
supports a specific type of mobile work, and defining the
actual requirements. To deal with this, we have identified
several indicators that are useful in defining the require-
ments working as a guideline for designating the needed
technology. This paper presents these indicators and dis-
cusses their usefulness.

The rest of this paper is organised as follows. To put
work in perspective, Section 2 discusses the relation of our
work to existing frameworks and approaches. Section 3
summarises our mobile work characterisation framework
based on [13]. Section 4 describes the requirement indi-
cators that we have identified based on the mobile work
characteristics. The use of these indicators are illustrated
in more detail in Section 5. Finally, in Section 6 we discuss
and conclude our paper.

2 RELATED WORK
Some research papers on mobile work (see below) have

proposed systems to support specific mobile work scenar-
ios, which has resulted in the development of tailor-made
systems. In addition, there are papers that give an overview
of characteristics of mobile computing focusing on state-
of-the-art technology, and there are a few research papers
that treat requirement engineering related to the develop-
ment of applications for mobile environments. However,
it has been difficult to find other work that can directly be
compared to ours. Hence, to our knowledge, the approach
presented in this paper is unique in that it is based on indica-
tors derived from a specialised characterisation framework
for mobile work.

Mead [8] and Leite [2] pointed out that there is a gap be-
tween research and practice in requirement engineering. In
particular, they point out the lack of tools for new methods
and technical support in requirement engineering. Further,
Mead stresses the necessity of improving the management
of visibility and control. However, although most of the
ideas of the above papers are useful and can be applied to
problems such as ours, none of them directly deals with
mobile environments.

Maccari [7] presents an example of requirement engi-
neering challenges in the mobile telephones industry due



to the complexity of mobile phone architecture and perfor-
mance. In addition, requirement engineering in terms of
mobile telephones, has to cope with many different factors
such as protocols and technology standards. Also, the lim-
itation of wireless devices, such as network connectivity
and network speed, yields important challenges that devel-
opers have to deal with. The author argues that requirement
engineering is a collaborative task.

Hammond et al. [5] presents interesting scenarios such as
air and railway traffic control, which reveal risks in require-
ment engineering. The authors argue that understanding the
operating environment and application domain is important
especially in system integration. Although, many of these
arguments are valid, the authors only focus on the relation-
ship and traceability among subsystem properties, regard-
less of the mobility properties of these subsystems. Note
that, in mobile environments, mobility properties have a
crucial impact on the system development.

Zimmerman [16] suggests the ”MOBILE” framework to
determine when mobile computing technology should be
used to solve challenges related to mobility. This frame-
work focuses on the current technology and software de-
velopment trends in mobile computing. Further, common
related scenarios are discussed, including news reporting
and hotel operations. The framework provides a useful
overview of necessary support needed for specific mobile
environments. However, the framework does not provide
any guidelines for how to develop or design systems for
mobile support.

Satyanarayanan [12] identifies four constraints of mo-
bile computing which mainly are concerned with limited
resources, physical security (e.g. hazards), and communi-
cation and durability issues. Another approach is proposed
by Forman and Zahorjan [4] who examine three basic fea-
tures of mobile computing including wireless communica-
tion, mobility and portability. These two approaches pro-
vide different ways of addressing mobility issues. The for-
mer focuses on connectivity issues, while the latter deals
with Quality of Service (QoS), such as network bandwidth
and device durability.

Rakotonirainy [10] discusses current and future tech-
nologies (e.g. CORBA and mobile IP), adaptable to mo-
bile computing environments. For this, he presents a sce-
nario revealing the limitations of the current technology.
Although characteristics of mobile work can be derived
from this approach, he does not provide a comprehensive
framework for characterising mobile work environments.

The related work mentioned above mainly focuses on the
technical parts of mobility including mobile hardware, lim-
itations, and benefits. Our framework focuses on the mo-
bile work itself and tries to derive the functionality, archi-
tecture and hardware required to support specific mobile
scenarios. In a real mobile work situation there are more
factors than mobile technology to consider. Examples are
co-operative work and time and location constraints of the
tasks themselves. In addition, our framework can be used

to divide mobile scenarios into groups with similar charac-
teristics.

The MOWAHS characterisation framework has not a for-
mal basis to describe mobility. In [14], the notation UNITY
is extended to formally describe mobility. The goal of
the extension is to establish a formal specification and de-
sign technique that can accommodate the concepts of place,
time, and action in a manner consistent with the design re-
quirements for mobile systems.

3 THE MOWAHS CHARACTERISATION
FRAMEWORK FOR MOBILE WORK

The MOWAHS characterisation framework is aimed at
helping to specify requirements for an end-system support-
ing mobile computing. Such an end-system can be a pro-
cess support system for mobile work consisting of a server
or a set of servers, some mobile clients (laptops, PDAs,
mobile-phones etc.), and human resources required to carry
out a work process. We believe the characteristics ele-
ments of our framework are comprehensive enough to in-
dicate the requirements that are relevant in terms of neces-
sary and/or appropriate architecture (topology, connectiv-
ity, network, type of client(s), type of server(s), reliability,
security, performance, etc.), services needed, and require-
ments for hardware to be used.

The task characteristics are divided into four main cate-
gories: general –install used to describe task structures and
attributes that are indirectly related to mobility, information
– used to specify the information requirements that must be
fulfilled to support a task, location – used to specify if a
task or back-end system support depends on geographical
locations, and time – used to investigate the temporal prop-
erties of a task, and the system support for these properties.
Table 1 summarises our characteristics for mobile work.
From the framework, we can derive both non-functional
and functional requirements for mobile work. We believe
that the usage of such a framework enables us to explore
typical classes of mobile work with different processes and
transactional support.

In [13], we have outlined the steps necessary to effec-
tively apply our characterisation framework. These steps
are as follows:

1. Select the mobile scenario

2. Identify the different roles in the scenario

3. For each role; identify tasks

4. For each task:

a) Write a task description using the task
description template

b) Assign task weight
c) Characterise the task using the characterisation

framework

5. Apply the process characteristics:

a) Calculate weighted mean values for each
characteristic

b) Calculate an overall scenario complexity
indicator

6. Derive system requirements and priorities from the
process characteristics
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Characteristic Possible values Description

G1 Decomposable (1 No, 3 Uncertain, 5 Yes) Decides whether the task is composed of sub-
tasks or not.

G2 Part of sequence (1 No, 3 Partial, 5 Yes) Specifies if a task has order dependencies with
respect to other tasks.

G3 Pre-planned (1 Planned, 3 Partial, 5 Ad-
hoc)

Describes to what degree a task is planned in
beforehand.

G4 Data synchronisation (1 No, 3 After task, 5 Within
task)

Specifies when a task has to synchro-
nise/merge updated data with other tasks.

G5 Data exchange rate (1 None, 3 Once, 5 Many) Specifies the rate of data exchange between
the current task and other tasks (during its life-
time).

I1 Information contents (1 NA, 2 Text, 3 Graphics, 4
Audio, 5 Video)

Describes the complexity of the information
required or produced by the task.

I2 Information streaming (1 NA, 3 Discrete, 5 Contin-
uous)

Describes whether the task requires streaming
of data or not.

I3 Information required related to time (1 NA, 2 Low, 3 Medium, 4
High, 5 Real-time)

Describes how important the information re-
quired to execute the task is related to time.

I4 Information produced related to time (1 NA, 2 Low, 3 Medium, 4
High, 5 Real-time)

Describes how important the information pro-
duced by the task is related to time.

I5 Information transmission speed (1 NA, 2 Slow, 3 Medium, 4
Fast, 5 Very fast)

Describing the expected transmission speed of
information used or produced by the task.

L1 Location dependent (1 No, 3 Partial, 5 Yes) Describes to what degree a task must be exe-
cuted at a specific location (e.g. that a lecturer
must be in a classroom to teach students).

L2 Require services at location (1 No, 3 Partial, 5 Yes) Specifies if a task needs electronic services
available at the location such as printers, net-
work connections, video projectors, fax ma-
chines, etc.

L3 Produce services at location (1 No, 3 Partial, 5 Yes) Specifies if a task produces electronic services
at the location that can be used by others at this
location, such as information queries, beaming
of information, network connectivity etc.

L4 Location report (1 No, 3 Partial, 5 Yes) Specifies if a task must report its location to
the system.

L5 Route constraints (1 No, 3 Partial, 5 Yes) Specifies if a mobile task must follow a spe-
cific route or not when moving around.

T1 Event-triggered (1 No, 3 Partial, 5 Yes) Decides whether a task is triggered by an event
or not.

T2 Time constraint (1 No, 3 Partial, 5 Yes) Describes if a task must be executed at a spe-
cific time or within a specific time-span (e.g.
a task must be performed between 10:15 and
12:00).

T3 Temporal coordination (1 No, 3 Partial, 5 Yes) Describes if a task must be coordinated with
other tasks (e.g. different military units must
strike a the same time).

T4 Task resumption (1 No, 3 Partial, 5 Yes) Describes if a task can halt, and then later re-
sume from where it left off (not requiring a
complete restart of task).

T5 Task lifetime (1 Seconds, 2 Minutes, 3
Hours, 4 Days, 5 Weeks)

Describes the expected lifetime of a task.

Table 1. The MOWAHS characteristics for mobile work
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To measure the different characteristics in the frame-
work, we use an ordinal scale (1-5). High values indicate
more complexity in terms of system requirements, while
low values indicate low complexity. Some of the character-
istics do not use the full scale, but only the values 1, 3 and
5 to get a uniform representation of extreme values.

The framework should be applied to a mobile scenario
focusing on one role and one task at a time. The importance
of a specific task will usually vary depending on the user.
This means that a task may be important for a specific user,
while it is less important for another.

To define this importance, in our framework, each task is
assigned a weight on a scale 1-5 (very low, low, medium,
high, very high). After analysing several tasks, the mo-
bile process characteristics can be determined based on the
weights of each task. The mobile process characteristics
are established by calculating the mean value of each char-
acteristic for every task.

4 REQUIREMENT INDICATORS
From the scores of our framework we can compute differ-

ent indicators that can help us analysing the mobile scenar-
ios and help us to prioritise and extract non-functional and
functional requirements. The four first indicators are char-
acteristics computed from the four groups in our framework
(see Section 4.1: General, information, location, and time.
The other five indicators are computed by combining char-
acteristics from different groups of the framework (see Sec-
tion 4.2. These indicators are computed based on some key
and additional characteristics. The additional characteris-
tics are not relevant, if the average of the key characteristics
have a score more than 3. A summary of all the indicators
can be found in Table 2.

To be able to see the complexity of a whole scenario,
we can compute the Overall scenario complexity indicator.
This indicator is the average of all characteristics of our
framework.

4.1 DIRECTLY COMPUTED INDICATORS
The following are indicators that are computed from

how the mobile work characteristics are grouped in the
MOWAHS framework (see Table 1):

• General Task Indicator (GTI) is an average of all gen-
eral characteristics (G1-G5), constituting its key charac-
teristics. A GTI score indicates the complexity of the
analysed task. A high score may, for instance, mean
that an underlying process and transaction system must
be able to support complex – i.e., flexible and advanced –
tasks. Further, this indicator specifies the basic function-
ality required to handle the process (tasks) and data ex-
change. It also determines correspondingly the complex-
ity of the required tools (general support) – e.g., workflow
tools.

• Information Complexity Indicator (ICI) is an average
of all information characteristics (I1-I5), which consti-
tute its key characteristics. A high ICI score indicates

that the end-system must cope with complex information
presentation, management, and transmission. It thus de-
termines the complexity of information management and
information exchange mechanisms, including the quality
of service. The ICI can also be used to select the suit-
able mobile host device (software and hardware) and the
appropriate server (software and hardware).

• Location Complexity Indicator (LCI) is an average of
all location characteristics (L1-L5), constituting its key
characteristics. A high LCI score indicates that the end-
system should possibly include GIS-support and should
put high requirements on the type of equipment that can
be used as mobile clients. In addition, it tells how the
location affects the actual task performance. It also de-
termines the required portability of the relevant mobile
devices – i.e., the weight, the size, etc. A high score also
indicates that some GIS-support should be supported to
define the location of the task and the need for represent-
ing location in the process modelling language. Finally,
it can determine the need for the system to be aware of
location. This means that some data may be relevant at a
specific location, other data may not, etc.

• Time Complexity Indicator (TCI) is an average of
all time characteristics (T1-T5), which constitute its key
characteristics. A high TCI score means that manage-
ment of tasks must be timed, and that it may require more
advanced transactional support. It also determines how
time affects the actual task performance. Further, the
TCI score indicates the (non-functional) system perfor-
mance and system availability. Moreover, it specifies the
required (functional) task scheduling mechanism and task
synchronisation or coordination.

4.2 DERIVED INDICATORS
We have identified some indicators that we find useful

in order to specify the requirements (both functional and
non-functional) for mobile work support. The following
are indicators that are derived by combining some specific
characteristics from different groups. They are useful in
identifying the degree of complexity of both the mobile
clients and the service providers, including hardware and
software issues.

• Network Connectivity Indicator (NCI) indicates the
need for being online. The key characteristics for this
indicator are G3, G4, G5, L4 and T1. In addition, T4 may
be used to derive NCI. A high NCI score means that the
mobile client must be online most of the time. It thus
determines the required networking capabilities for the
actual mobile host. Also it specifies non-functional re-
quirements for the system such as reliability and latency.

• Network Speed Indicator (NSI) specifies the needed
transmission speed between a mobile client and the end
system. In other words, a high NSI score means that
the transmission speed must be high, while a low score
tells that even low transmission speed may work. The
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Indicator Key Characteristics Additional Characteristics
General Task Indicator (GTI) G1 – G5 NONE
Information Complexity Indicator (ICI) I1 – I5 NONE
Location Complexity Indicator (LCI) L1 – L5 NONE
Time Complexity Indicator (TCI) T1 – T5 NONE
Network Connectivity Indicator (NCI) G3 – G5, L4, T1 T4
Network Speed Indicator (NSI) I3 – I5 G5, I2
Energy Consumption Indicator (ECI) L1 – L3, T5 G5, I1, I2, L4
Transactional Support Indicator (TSI) G3 – G5, T1, T4, T5 NONE
Mobility Indicator (MI) L4, L5 L1, L3, T3

Table 2. Summary of the indicators

key characteristics for this indicator is I3, I4 and I5, while
G5 and I2 may be needed as supplements. From above,
we may conclude that the NSI would be useful to set some
non-functional requirements that are relevant, such as per-
formance, quality of service and latency. It also indicates
the kind of network technology that must be available for
use.

• Energy Consumption Indicator (ECI) describes the
expected required battery lifetime on mobile device. Its
key characteristics are L1, L2, L3 and T5. In addition,
G5, I1, I2 and L4 can be used to derive this indicator.

A high ECI score means that the mobile device requires
supplies that are able to deliver high energy, while a
low score signifies low energy consumption. Based on
this, the ECI indicates the energy technology needed that
should be provided or selected, considering portability
versus energy cost. In other words, this indicator helps
designating appropriate energy supplies in accordance
with the actual energy consumption. It also indicates the
required and suitable mobile device hardware. In addi-
tion, this indicator implicitly shows how long the task
should be executed – i.e., task lifetime, which often cor-
responds to the actual energy consumption.

High-speed networks and high performance multimedia
applications or hardware often has high energy consump-
tion. Therefore, tasks requiring such types of equipment
may have to consider the necessity to provide long-lasting
energy supplies. In our framework, this can be specified
in I1, I2 and I5. Moreover, the available energy supplies
may affect task executions. Sometimes, it may be neces-
sary to reschedule a task if the power supplied is lower
than that required. For example, delegation or postponing
of tasks may be useful to deal with this.

• Transactional Support Indicator (TSI) describes the
need for flexible/advanced transactional support, and is
primarily an average of the following characteristics: G3,
G4, G5, T1, T4 and T5. A high TSI score indicates that
the transactional support must be flexible and advanced;
while a low score may indicate that traditional transac-
tional support (ACID transactions) is sufficient.

Hence, the TSI is useful in determining the suitable trans-
actional support to be provided. It mainly indicates how
advanced the transactional support should be in perform-

ing tasks. In effect, the TSI will help us identify the suit-
able transaction models or transactional frameworks, in-
cluding transactional tools and applications that have to
be provided. High TSI scores require advanced transac-
tional models [3, 9, 6] or even customisable transaction
models [11]. This means that we may have to relax the
ACID properties to allow the execution of a specific task
or preserve these properties to ensure correct executions
and consistent results. Note that in some cases we may be
forced to allow temporal inconsistencies to be able to exe-
cute a task. Thus, we have to allow the transactional sup-
port to be non-ACID. How this can be achieved, has been
shown in [11]. Further, as cooperation between tasks may
be necessary, transactions must be able to cooperate, and
the necessary flexibility may require customisable trans-
action models.

• Mobility Indicator (MI) describes how much mobility
is involved in task execution. Its key characteristics are
L4 and L5, but in addition, it may be derived from L1,
L3 and T3. A mobility indicator can thus be found by
computing the average of the characteristics L1, L3, L4,
L5 and T3. Here, L1, L3, L4 and L5 are directly related
to location and mobility of a task, while T3 implicitly af-
fects the mobility of tasks. For example, if the value of T3
is 3 or 5 – i.e., tasks have temporally to be coordinated;
and this may require changing the involved task locations.
This means that a task may have to be executed at a spe-
cific location in order for it to be coordinated with another
task.

A high average score of the above characteristics indi-
cates that a task is highly mobile, while a low score tells
us that a task may not be mobile or has low mobility. It
is important to note that the value of this indicator will
perhaps be affected by the value of other characteristics.
More specifically, location dependency (L1) may be trig-
gered by the available transmission speed (I5). Further,
information produced at a specific location (L3) may re-
late to the information required related to time (I3) or the
information produced related to time (I4). In this respect,
MI is indirectly affected by I3, I4, and I5.

Intuitively, this indicator is useful in determining the com-
plexity of a task based. It thus affects the type of equip-
ments (devices) and tools that are necessary to accom-
plish a task. From this perspective, the MI may indicate
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that some specific mobile devices are necessary to per-
form a task. In addition it may specify appropriate tools
(e.g., WAP, Lightweight Java, etc.). In this view, it may
also be used to determine relevant technology that is ap-
plicable, such as network, mobile device and mobile com-
puter technology.

5 INDICATORS APPLIED TO VARIOUS
SCENARIOS

In this section we will show the results from analysing
various mobile scenarios using the indicators described in
section 4.

Here is a short description of the four scenarios we have
analysed:

1. IT support scenario: IT support people handles in-
quiries from users about hardware and software, and in-
stall new of software and hardware. To perform their
work they have to move around to specific locations
(like offices and computer labs) where the computers and
equipment are located. The tasks for the IT support peo-
ple that we have considered in this scenario, are: Set-
ting up new computers, computer upgrades, and assist
employees to deal with software/hardware problems. A
more detailed description of this scenario can be found in
[15] based on interviews with the IT-support department
at our university.

2. Mobile researcher scenario: This scenario describes a
researcher travelling to a conference and working abroad.
The tasks that we have considered for the travelling re-
searcher, are: Prepare presentation, perform presenta-
tion, write on scientific papers, and miscellaneous admin-
istrative tasks (email, coordination with colleagues, etc.).
This scenario is further described in [13] and is based on
our own experiences from travelling and working.

3. News production scenario: This scenario describes the
work in a newspaper with the purpose of reporting the
latest events happening in a city, involving the roles re-
porter and photographer. The reporter will collect data
from the site of event (like interviews and notes), write
a report, and then review the report. The photographer
will take pictures from the site of event, and edit pictures.
This scenario was produced based on an interview with a
journalist in the biggest newspaper in Norway.

4. Mobile learning scenario: Mobile learning (mLearn-
ing) is an extension of eLearning making learning avail-
able anywhere at anytime. In our scenario we describe
typical tasks for students and teachers performed in a
mobile setting in a biology course at a university. Stu-
dents perform the following tasks (using mobile devices):
Watch video lessons, read course material, do exercises,
work with a group on a project, and check course sta-
tus. Teachers are involved in the following mobile tasks:
interactive field excursion reporting (using audio/video

recording), and record live video/audio lessons. This sce-
nario describes typical tasks for a course at our university
put in a mobile setting.

After analysing the four scenarios, we found that the
news production and the mobile learning scenarios had
the highest Overall scenario complexity indicator, with the
scores 3.35 and 3.32 respectively. The IT support scenario
scored 2.31, and the mobile researcher scenario scored only
1.90 on the same indicator. This result confirms our suspi-
cion that a system to support a mobile researcher would
be the least complex system, and the mobile learning and
news production scenarios involving real-time video trans-
mission would be the most complex ones. Also note that
the mobile researcher scenario represents nomadic work,
which normally can be supported by a standard distributed
system. We can analyse these results further by looking at
the more specific indicators as shown in Figure 1. Look-
ing at the General Task Indicators, we can see that scenar-
ios 3 and 4 demand a more advanced (flexible) task sup-
port/infrastructure (e.g. workflow system). Advanced task
support often means that you need advanced transactional
support in order to allow such a flexibility. If we look at
the Transactional Support Indicator, we can see that the
scenarios 3 and 4 also score high here.

The Information Complexity Indicator (ICI) is used to
indicate how the end-system must cope with presentation,
management, and transmission of information. Also here,
we can see that scenarios 3 and 4 have high scores for the
ICI. This is probably because both scenario 3 and scenario
4 involve real-time video, while the scenarios 1 and 2 in-
volve text or possibly graphics that are not transmitted fre-
quently.

Looking at the Location Complexity Indicator (LCI), we
can see that here scenario 1 is the most complex in this
respect. This is because the IT-support scenario involves
several tasks that are locked to specific locations and it is
important to be able to locate the IT-support people.

The Time Complexity Indicator (TCI) indicates how
complex the time management of tasks need to be in the
end-system. Here, the news production scenario is the most
complex, due to strict time constraints and coordination of
tasks. The next two indicators are the Network Connectiv-
ity Indicator (NCI) and the Network Speed Indicator (NSI).
Also here scenarios 3 and 4 have the highest scores due
to a need to transfer big amounts of data real-time. The
IT-support scenario also has a high NCI score because the
need to the report location of IT-support people.

The scores of the Energy Consumption Indicator (ECI)
shows that mobile clients required in scenario 1 consume
most energy, followed by scenario 4. The IT-support sce-
nario has a high ECI because the IT-support people needs
to go to specific locations over a long period of time us-
ing a mobile client. In the mobile learning scenario, a lot
of energy is consumed when watching a video on a mobile
device or making video recording at a field excursion over
several minutes or possibly hours. The last indicator is the
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Figure 1. The results of applying the indicators to the scenarios

Mobility Indicator, which describes how much mobility is
involved in the execution of tasks. Also here the IT-support
scenario has the highest score followed by news produc-
tion and mobile learning. The mobility indicator does not
indicate the mobility measured in distance, but rather how
much of the work involves moving around or to specific lo-
cations. The tasks of the IT-support scenario must be per-
formed at a specific location to be completed, thus a high
mobility indicator. The mobile researcher is not so much
bound to specific locations, giving a low mobility indicator
score.

From these examples, we can show that our indicators
are valid for several different situations. This also means
that for future development of mobile systems, we can use
them to set up relevant priorities and requirements.

6 DISCUSSION AND CONCLUSION
The indicators presented in this paper are oriented to-

wards different implementation aspects of a system. It is
therefore interesting to discuss what the indicators mean in
terms of the development of a system. We have found that
the indicators represent tools to find which parts of a sys-
tem are the most challenging (and uncertain) in terms of
complexity, and therefore also solvability.

In agile methodologies, like eXtreme Programming (XP)
[1], architectural prototypes are used to delimit the uncer-
tainties of the estimates to implement certain requirements
(user story). To illustrate, a high ICI indicates that the sys-
tem should be able to handle rather complex information.
To make it certain that the forthcoming system is able to

provide the necessary capability to handle the data, a pro-
totype can be built to ensure that the different parts of the
system is able to handle the required data, e.g., in a timely
manner, on a specific equipment or a wireless network. In
some cases, the hardware or network has limitations that
must be taken into account. Then it might be of interest to
build a prototype system that adapts to the capabilities of
different devices. Here, it may be argued that the limita-
tions are known. However, due to the constant evolution of
all components of the mobile infrastructure, software solu-
tions not only have to adapt to the current (state-of-the-art)
technology, but also have to deal with future developments.
An example is the availability of components – e.g., com-
ponent of the shelf (COTS) – to integrate into the system to
solve particular issues such as an uncertainty with respect
to applicability, functionality etc.

Both the characteristics and the indicators can be used as
inputs to harvest components for the system architecture.
However, it may be hard to have a precise opinion of what
is really needed, even if all the major requirements are cap-
tured. The indicators can be used as a means to find out
whether components could be developed in-house (in the
case of low indicators), or should be bought and integrated
into the system (in the case of high indicators), and even
investigate if similar systems are already available.

In many cases, however, it is the use of the framework
on several scenarios that will be of the highest value. Cer-
tain characteristics of systems are often recurrent, and it
may exist design patterns to formulate and solve similar
problems. In the case of, e.g., the information complexity,
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it is possible to find certain kind of architectures that can
provide the required level of quality of service, such as in
database technology and server proxies.

This paper has presented eight complexity indicators that
we believe are useful to set up and prioritise requirements
for a mobile work environment. We have also shown that
these indicators can be applied to real-world scenarios.
This has provided us the possibility to assess the complex-
ity of such mobile scenarios. Our indicators can also be
used to group scenarios with common characteristics. This
means, in turn, that scenarios of the same group may reuse
similar technology and architecture.

Currently, we are using our framework and indicators to
develop a mobile IT-support system. This will help us to
evaluate the strengths and weaknesses of our approach in a
practical setting. For example, this may reveal what indi-
cators are important and what are less important.
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