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ABSTRACT

There has been growing interest in virtual teams, and more specifically in virtual software devel opment. Requirements engi-
neering, which is seen as a crucial phase in software development provides another dimension when software devel opment
occursin avirtual setting. While formal software development methods are the obvious first choice for project managers to
ensure a virtual information system project team remains on track, the social aspects of regquirements engineering cannot be
ignored. These social aspects are especially important across different cultures, and have been shown to affect the success of
an information system. This paper proposes a framework indicating that project managers need to encourage a balance
between formal methods and social aspects in requirements engineering to suit the virtual team members.

INTRODUCTION

Within contemporary organisationsit is usual to find an ar-
ray of computer-based information systems which support their
business processes and assist the organisations to achieve their
business goals. Businesses have changed as predicted by Drucker
in 1988. Organisations have aflatter structure with “ decentralized
and autonomous units” including the extensive use of “task forces’
(Drucker 1988). Given the new organisational structure in busi-
ness, and the more recent emergence of the global economy and
global markets (Karolak 1998), there is a change in both the type
of work being performed and the way work is devel oped. For ex-
ample, many companies operate entirely using the Internet capa-
bilities (Laudon and Laudon 2000).

As businesses have changed, so have their information sys-
tems. Information systems (1S) till support organisations as they
achieve their business goals, however both the type of systems
being developed and the nature of software development have
changed. Thereisevidence of changefrom locally devel oped soft-
wareto virtual (or global) software development (Carmel 1999).
As the technology now exists to enable collaborative team work
over distance and time, virtua teams, in which virtual software
development occurs, are becoming more recognised as the rule
rather than the exception (Kimball 1997). There is no doubt that
virtual software development teams present some challenges to
organisations. However, with improved understanding of the in-
fluences during virtual software devel opment, organisations have
the opportunity to develop strategies and techniques to manage
this type of development. Thisin turn can help reduce the risk of
failure of the systems being devel oped.

As Kuiper (1998) states, one of the greatest challenges for
businessisdefining its needsfor anew information system. Kuiper
(1998) continues that the complexity and factors to be considered
in developing anew information system is often overwhelming to
business. Added to thisisthe realisation that the success or failure
of the new information system, often determineswhether the busi-
ness succeeds or fails. Therefore ensuring the needs of business
are clearly determined and communicated isimportant in the pro-
cess of developing an information system.

One particularly crucial phasein software development that
requires clear communication is the requirements definition (en-
gineering) phase (Darke and Shanks 1997). This phase has been
said to impact directly on the success or failure of new IS in
organisations (Byrd et al 1982; Davis 1990). Requirements engi-
neering occurs early in the software development process, where

the requirements for an information system are defined and ex-
pressed in the form of a systems requirements specification
(Greenspan et al 1994).

The main purpose of this paper is to explore some of the
influences associated with the requirements engineering phase of
the software development process asit occursin avirtual setting.
The paper first reviews the concept of virtual teams and virtual
software development, then the requirements engineering phase
of software development is reviewed, followed by a discussion of
reguirements engineering in virtual software development. This
paper is offered as a starting point for debate concerning two op-
posing forces perceived in the IS literature within requirements
engineering and virtual software devel opment

VIRTUAL TEAMSAND VIRTUAL
SOFTWARE DEVELOPMENT

Jarvenpaaand |ves (1994) describe successful organisations
as those that are moving towards a dynamic network structure.
They suggest that “dynamic network organisations are spun from
small, globally dispersed, ad hoc teams or independent
organisational entities performing knowledge or service
activities’ (Jarvenpaaand |ves 1994:26). | n thisway organisations
can respond quickly and efficiently to customer demands or changes
in the external environment. Hacker and Kleiner (1996) support
the notion that the extent to which an organisation is dynamic in
an agile, competitive environment will affect its success.

Many organisations are aready planning to operationalise
the necessary human and information technol ogy resourcesto cul-
tivate the growth of the virtual environment (Greenbaum, 1998).
Grenier and Metes (1995) state that some of the factorsdriving the
trend towards virtual teams include mergers, corporate acquisi-
tions, downsizing and increased use of new technology. Asare-
sult of downsizing on a global scale by the organisation, much of
their expertise becomes spread throughout the organi sation across
anumber of countries or regions, so virtual teams may form. Sig-
nificantly many of the mergers and acquisitions involve interna-
tional offices, and thisalso spawnsthe devel opment of virtua teams
with members potentially from many different cultures. When
business requires certain projects to be undertaken in the
organisation, virtual teams are established utilising expertise from
any area of the organisation without the necessity for re-location
of staff (Melymuka 1997, Hacker and Kleiner 1996).

Hacker and Kleiner (1996:196) believe that virtual teams
have progressed from the status of a “good idea’ to “a critical
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strategy for many organisations’. From these authors, it appears
that virtual teams are now being considered as a natural option to
address business problems when team members are geographi-
cally separated. Melymuka (1997) supports the idea that virtual
teams have been touted as one way to circumvent problems asso-
ciated with re-location of team membersto acentral businesssite.
This has been particularly evident with software development as
there has been a dearth of skilled IS specialists globally over the
past five years (Carmel 1999).

What are virtual teams and why are they important to man-
agement? “Virtual teams are groups of people working closely
together even though they may be separated by many miles, even
continents’ (Beger 1995:36). Hartman and Guss (1996:185) more
fully definevirtual teamsas* a temporary network of independent
professionals, separated by geographic, temporal and psychol ogi-
cal distance, whose use of tel ecommunications tools for business
communication is interdependent, to satisfy the business require-
ment of sharing skills and working to meet a common goal” .

Virtual teams are characterised by members who are physi-
caly isolated, who interact mainly through the use of computer-
mediated communication technologies and who rarely or never
meet face-to-face (Jarvenpaaand Leidner 1997). Virtual teamsare
said to be functional units of an organisation which are flexible,
and which both quickly and professionally “execute multiple
projects, anywhere and anytime” (Hartman and Guss 1996:185).
They are characterised by short-term (i.e., 6 months) project based
work and by their nature virtual teams lend themselves to ad hoc
teams or “task-force” work groups which come together for spe-
cific project objectives and disband once these have been fulfilled
(Jarvenpaa and Leidner 1997).

There is recognition of barriers to virtua teams, such as,
information overload and its associated stress, decreased informal
communication capabilities, resistance to new work methods, un-
certainty with requirements, and uncertainty with security, con-
trol, power and information when working with external
organisations (Grenier and Metes 1995).

While there are barriers to virtual team work, there are ad-
vantages such asthe decreasein time and cost of travel, the ability
to select expertise from the whole organisation regardless of em-
ployees' locations and the speed and flexibility at which project
teams can be formed and disbanded (Lipnack and Stamps 1997).

Virtual (or global) software devel opment teams are but one
type of an array of possible virtual teams. Knowledge in the area
of virtual software development is increasing, however this is
recognised as an emerging field of research (Carmel, 1999). Is-
sues which appear most frequently in the limited literature con-
cerning virtual software development include loss of communica
tion richness (Jarvenpaa and Leidner 1997; Carmel 1999), cul-
tural differences (Carmel 1999), loss of identity with the team
(Karolak 1998; Carmel 1999) and lack of management support
(Karolak 1998).

There are more questions and issues than answers at this
stage, and many more questions will no doubt present themselves
over the next decade, particularly when implementation and main-
tenance of the software newly developed by virtual teams stands
thetest of time. At this point many organisationsare still question-
ing whether this type of development is suitable for them, or
whether they should wait to determine the success of the software
developed by virtual teams.

Studies concerning the management of virtual software de-
velopment (Carmel 1999; Karolak 1998) indicate that formalising
the software development methodsis essential in virtual software
development. Other researchers (Jones 1994; Meadows 1996;

Grenier and Metes 1995) concur that virtual work requiresamore
formalised regime of work plans, deliverable progress reports and
mandatory meeting schedulesto assi st the team to remain on track
and focused for the delivery of the product. Researchers in the
areaof computer-based communication media(Damian et al 2000;
Prabhakar 1999; Jarvenpaa and Leidner 1997) aso consider that
formalised procedures aid in the success of communication be-
tween virtual team members and in the ultimate success of the
project.

Given the research concerning the management of virtual
teams and that of computer-based communication technologies, it
appears that formal software development methods are not only
essential, but of utmost priority, in ensuring the successful deliv-
ery of anew information system in an organisation. However, be-
fore stating the proposition that formal techniques are the ultimate
project management tools for virtual software development and
that project managers should be rigorous in their applications of
formal methods, theinfluencing factors during requirements engi-
neering (as part of software development) need to be considered.

REQUIREMENTSENGINEERING

Requirements engineering has been defined as “the disci-
plined application of scientific principles and techniques for de-
veloping, communicating, and managing requirements’ (Christel
and Kang 1992:3). This definition of requirements engineering is
supported by the well known definition from Loucopoulos and
Karakostas (1995), which is defined as:

“ ...the systematic process of developing requirements
through an iterative co-operative process of analysing the prob-
lem, documenting the resulting observationsin a variety of repre-
sentation formats, and checking the accuracy of the understand-
ing gained.” Loucopoulos and Karakostas (1995:13)

Requirements engineering therefore covers “al the activities
of discovering, documenting, and maintai ning a set of requirements
for building a computer-based information system” (Thanasankit
and Corbitt 1999; Sommerville and Sawyer 1997). During require-
ments engineering, the requirements engineer (or systems analyst)
needs to be mindful of the objectives/outcomes of the requirements
engineering phase and implement appropriate processes or tech-
niques which will help to avoid failure of the IS (Macauley 1996).
But the failure of many of these IS development projectsis due not
just to the inadequate requirements (Boehm 1981) in genera, but
more specifically to the social, political and cultural factors associ-
ated with the project (Goguen and Linde 1993).

The development of an “effective | Srequiresthorough analy-
ses of user information needs prior to IS design” (Byrd et al
1992:117). Requirements engineering, which is concerned with
understanding the needs of the client (user) and determining the
systems requirements which satisfy these needs, given any identi-
fied constraints and exclusions (Carroll and Swatman 1997), isa
crucial phase in the software devel opment process (Greenspan et
a 1994).

So why is the requirement engineering phase so important
to IS specialistsand users? As Carroll and Swatman (1997:2) state,
any “inconsistencies, omissions and errors in the requirements
specification have significant impact upon the ability of the devel-
oped systems to meet customers’ needs.” The implication is that
the client isless likely to accept and use the system that has been
developed (Hocking 1996) when there are problems with either
the communication or agreement of the requirements (Urquhart
1997). In project management terms of delivery of the system on
time, within budget and meeting the users' requirements (McL eod
and Smith 1996), the systemissaid to havefailed to deliver. Laudon



and Laudon (2000) attribute this to failure of the organisation to
meet its goals. Further, most errors found later in the systems de-
velopment process can be retraced to the requirements specifica-
tion, which either contains errorsin the requirements or misinter-
pretation of the requirements (Liou and Chen 1994).

Thesignificanceisthat early detection of errorsor misinter-
pretations decreases the cost of their rectification later in the pro-
cess (Boehm 1981; Park, Kim and Ko 2000) and improves the
quality of the system being developed (Darke and Shanks 1997a).
As Thanasankit (1999) has shown, these costs can be substantial
to an organisation. According to Park et a (2000:429), 5% of the
total cost of a major system is spent on its design and develop-
ment, while “70% of the ability to influence the quality comes
from this meager amount”. They state that errors in the require-
ments which are left uncorrected early in the software develop-
ment cycle, ultimately end up as maintenance problemsin the de-
livered software. It transpires that 5% of the total effort expended
on requirements analysis leverages 50% of the total influence on
improved quality of the system (Park et al 2000).

Within the social context, it isnecessary for IS specialiststo
understand communication and cooperation, aswell associa com-
plexity during requirements engineering (Thanasankit 1999). Re-
quirements engineering research has traditionally been positivist
in its approach, largely focusing on the methods and tools used in
the gathering elicitation and validation of requirements. Many re-
searchers conclude that the more formal the techniques used, the
more likely that the requirements will be clearly defined and un-
derstood. However, as Thanasankit (1999) states, organisations
need to consider the emotions and culture of usersand IS special-
ists. It has been shown that different cultures will perform tasks
not only because they are responsible for the task, but because
they wish to maintain surface harmony and trust between the group
(Thanasankit 1999) and this often inhibits formal sign offs of re-
quirements specifications, which in turn causes delays and poten-
tial failure of the project. In these cases, theimposition of formal,
often western philosophies and methods, have a negative impact
on the requirements gathering process (Thanasankit 1999).

REQUIREMENTSENGINEERING IN VIRTUAL
SOFTWARE DEVELOPMENT

There may occur a dilemma for project managers who are
responsible for the requirements engineering phase during virtual
software development. When systems analysts use moreformalised
tools and techniquesfor gathering requirements, asthesetoolsare
deemed to assist in the process of virtual communications, there
may occur a negative impact on the social process of gathering of
the requirements.

There may arise tension between the two forces and therein
lies the interest and motivation for this discussion. Virtual work
and virtual teams have been shown by previous research (Carmel
1999; Karolak 1998; Jones 1994; Meadows 1996; Grenier and
Metes 1995) to benefit from a more structured approach to the
working environment. Thereforeit would belogical to deducethat
the requirements engineering phase of systems development in a
virtual environment would also benefit from a more structured
approach.

However, western ideol ogies created requirements engineer-
ing foundations (Odedra 1993) and many of these processes were
formalised and structured to suit western philosophies. Jirotkaand
Goguen (1994) argue that requirements engineering should be
developed in an environment which suits both the social and tech-
nical concerns of the requirements. These structured methods may
not be suitable for members of avirtual team who are likely to be
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situated in regions and cultureswhere social processes are deemed
more significant in the requirements gathering process, rather than
utilising structured tools and techniques (Thanasankit 1999).

From the reviews above, many virtual teams include mem-
berswho are from different cultural and social backgrounds. They
will come into the team with different experiences in the formal
techniques of software development and the way they have been
used in their region previously. Thiswill affect the way they com-
muni cate the requirements of the system and the extent to which
formal method are used. Requirements engineering in western
cultures will be different from eastern cultures.

Figure 1 below shows aframework representing the tension
which may occur between the two forces of social aspects of re-
quirements engineering and formal software development tools
used in requirements engineering.

Figure 1: A Framework of Requirements Engineering in irtual
Software Devel opment (adapted from McLeod and Smith
1996:6)

Project

Requirements Environment

Formal SD
Methods

Social
Aspects

The diagram indicates that the project manager who con-
trolsthe project environment will always be balancing these vari-
ables to produce the requirements for the information system be-
ing developed. Therefore it is impossible to move either of the
sides of the triangle without impacting on the requirements. For
example, if highly formal software development methods are cho-
sen at the expense of social considerations the requirements will
be affected, and vice versa. The onus will be on the project man-
ager of the virtua team to create a balance between social pro-
cesses and structured methods in order to gather adequately the
needs of the users and keep the project on track.

CONCLUSION

Requirements engineering isacrucial stage in software de-
velopment regardless of whether the development islocal or glo-
bal. During virtual software development previous research has
recommended that moreformal and structured methods of require-
ments gathering be employed to decrease the risk of misunder-
standing or misinterpretation of the requirements. However, re-
quirements engineering is a social process and formal, structured
methods may impact on the social and cultural differences between
virtual teams members.

Project managerstherefore facethetask of creating aproject
environment that is conducive to communication through el ectronic
means and which takesinto account the differencesin cultural and
social aspects of virtual team members asthey communicate their
requirements. A balance is required to satisfy the formal struc-
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tured methods of requirements engineering which have been shown
in the past to improve software development in project manage-
ment terms of quality, cost and time, and the need to provide a
project environment which encourages open communication and
supportscultural differencesin virtual software development. Then
not only will the system be built right but the right system will be
built. Further research isrequired to determinewhich requirements
engineering processes and which project environment character-
istics are more appropriate in helping to achieve this balance.
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