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Abstract. Due to the proliferation of the Internet and globalization, distributed 
information system development is becoming popular. In this paper we have 
reviewed some significant management issues like process management, project 
management, requirements management and knowledge management issues 
which have received much attention in distributed development perspective. In 
this literature review we found that areas like quality and risk management 
issues could get only scant attention in distributed information system 
development.  
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1   Introduction 

More and more organizations have distributed their software development projects in 
different sites around the globe. As the software community appreciates, the economy 
of merging diverse development skills and domain expertise, and as communication 
media become more sophisticated, the cost and technology pushes more companies 
toward global software development [45]. With the need of reduced software product 
development cost and time and improved software quality, software products are 
increasingly developed via collaborations across people, organizations, and countries 
[5][56]. The accounts about cheaper work and “follow the sun” approaches are 
fading, while factors like proximity to the markets, access to specific expertise, 
productive friction and innovation capability tend to take the lead in driving the trend 
toward global software development [2]. This change is having a profound impact on 
the way products are conceived, designed, constructed, tested and delivered to 
customers [45][27][13]. Thus, the structure needed to support this kind of 
development is different from the ones used in collocated environments [45]. 
Therefore it is important to take into account this evolving paradigm of distributed 
information system development from different perspectives.    

It is significant to note that although software implementation tasks may be moved 
from countries with high labor costs to countries with low cost relatively easily due to 
the Internet and common programming environments, tasks requiring intensive 
customer interaction , such as requirement analysis and specification, software design, 
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and verification and validation, are hard to migrate [34]. High organizational 
complexity, scheduling, task assignment and cost estimation become more 
problematic in distributed environments as a result of volatile requirements, changing 
specifications, cultural diversity and lack of informal communication [10].       

Due to many conflicts, global software development projects are often more 
complex to manage. Engineers, managers and executives face formidable challenges 
on many levels, from the technical to the social and cultural [22]. Environments and 
processes in typical software development are not fully adapted to the needs of global 
software development [41]. In particular, they do not have all the capabilities 
necessary for cross-site collaboration [41].  

In their recent report, Smite et al. [50] concluded that the state of practice in the 
GSE (Global Software Engineering) area is still unclear and evolving. There are very 
few review studies [50][24] in literature. Although systematic literature reviews 
provide a summary of research and references but still lack in presenting coherent and 
similar views on emerging sub areas. After an extensive literature survey, we found 
that knowledge management, process management, project management and 
requirements management have received much attention among researchers while 
studies on risk management, quality management, strategic management issues are 
very limited in distributed information system development. Jimenez et al. [24] have 
also supported in their recent study that maturity models such as CMMI or ISO 
represent only 17% of all analyzed works. Therefore this paper presents cohesive and 
recent trends in these areas which are getting much attention among researchers and 
also suggest those areas which require further research in software development in 
distributed environment. 

The paper is organized as follows. The next section describes significant 
management issues based on literature review for distributed software development 
(Knowledge Management, Process Management, Project Management and 
Requirements Management). Finally, it concludes with discussions.        

2   Management Issues in Distributed Information System 
Development 

2.1   Knowledge Management 

The knowledge-intensive nature of global software development efforts poses 
interesting challenges for organizations. Knowledge must be managed in all stages of 
software development from the encapsulation of design requirements, to program 
creation and testing, to software’s installation and maintenance-and even extends to the 
improvement of organizational software development processes and practices [14]. 
More often, distributed projects require them to coordinate and integrate multiple 
knowledge sources, often under severe time pressure and resource and budgetary 
constraints. For workers to succeed in these engagements, the organization must have 
a robust knowledge management program [14]. Knowledge management issues 
becomes exponentially salient in the context of distributed and global software 
development efforts  as knowledge is spread across locations and coordinating and 
synthesizing this knowledge is challenging [15]. A recurring theme in distributed 
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software development is that informal communication is critical for rapidly 
disseminating implicit knowledge, in particular, with respect to change and 
unforeseen events [8] which increases dramatically as the size and complexity of the 
software increases [31]. Without effective information and knowledge-sharing 
mechanisms, managers cannot exploit GSDs benefits. For instance, they might fail to 
promptly and uniformly share information from customers and the market among the 
development teams [22]. Common knowledge management problems in global 
software efforts include the inability to seek out relevant knowledge, poor aggregation 
and integration procedures for knowledge synthesis, and delays or blockages of 
knowledge transfer [14]. Unless organizations manage knowledge and leverage it 
appropriately in global software development efforts, the vitality of such efforts is 
compromised, and they become a burden rather than a competitive advantage [14].  
Desouza and Evaristo [15] found three strategies that are currently in use for setting 
up knowledge management programs: 

- In a headquartered-commissioned-and-executed strategy 
- In a headquarters-commissioned-and regionally-executed strategy 
- A regionally-commissioned-and-locally-executed strategy 

Desouza et al. [14] mentioned that once the strategy is adopted it is important to setup 
a knowledge management system (KMSs) which can be from the client-server model, 
the peer-to-peer model, and the hybrid model. In their recent paper, Lopez et al. [35] 
suggested that in the Knowledge Management and Awareness area more research 
should be done, as 100% of its safeguards are proposed. Studies focusing on  global 
software team performance point to the importance of knowledge sharing in building 
trust and improving effectiveness, while recognizing the additional complexity in 
sharing knowledge across geographically dispersed sites, not least because of the tacit 
dimension of so much knowledge [29][43]. Despite the fact that most of the problems 
reported in global software projects are fundamentally to do with information and 
knowledge, past research not focused on the role of knowledge sharing and social 
aspects of global software projects [30]. They found in their studies and suggested 
that managers should consider their organization in terms of knowledge processes, not 
just information flows and must focus on how coordination mechanisms facilitate 
knowledge processes. They argued that coordination mechanisms become knowledge 
management instruments, with a focus on their contribution to the coherence of 
knowledge processes and activities in achieving a coordinated outcome. Kotlarsky et 
al. [30] proposed a research model on coordination for a knowledge-based perspective 
and concluded that technologies are most useful for amplifying knowledge 
management processes to allow knowledge sharing while organization design 
facilitates knowledge flows across organizations and teams. Work-based mechanisms 
make knowledge explicit and accessible, while social mechanisms are needed to build 
social capital and exchange knowledge and ideas. Distributed environments must 
facilitate knowledge sharing by maintaining a product/process repository focused on 
well understood functionality by linking content from sources such as e-mail, and 
online discussions, and sharing metadata information among several tools [24]. To 
overcome drawbacks caused by distribution, Babar [3] proposes the application of an 
electronic workspace paradigm to capture and share metadata information among 
several tools. Zhuge [57] introduced a knowledge repository in which information 
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related to each project is saved by using internet-based communication tools, thus 
enabling a new team member to become quickly experienced by learning the 
knowledge stored. Mohan and Ramesh [36] provided an approach based on a 
traceability framework that identifies the key knowledge elements which are to be 
integrated and a prototype system that supports the acquisition, integration, and use of 
knowledge elements, allowing the knowledge fragements stored in diverse 
environment to be integrated and used by various stakeholders in order to facilitate a 
common understanding. 

2.2   Process Management 

The selection of the right development approach is necessary to address issues such as 
lack of users’ knowledge of application, lack of users’ involvement, missing, 
incorrect and evolving requirements, and risks associated with new technology and 
poor quality [7]. The software development process is considered one of the most 
important success factors for distributed projects [45].  

Unclear requirements and new technologies make the waterfall model unsuitable 
for offshore developing strategic systems [47]. Although the use of a spiral model is 
uncommon in the development of business information systems, the strategic 
importance of a system warrants detailed planning, experimentation, verification, 
validation and risk management provided by the spiral model [47].  

According to Simons [49], an iterative model seems to work well in distributed 
environment and can eliminate some of the problems that distribution brings. 
Moreover, iterative development with frequent deliveries provides increased visibility 
into project status, which makes it easier for project managers and customers to 
follow project progress [49]. Fowler [18] and Simons [49] emphasize that the main 
benefits of using agile development in their projects have been the high 
responsiveness to change and fast delivery of business value and these benefits have 
outweighed the challenges of distributed development. 

Layman et al. [33] conducted an industrial case study to understand how a globally 
distributed team created a successful project in a new problem domain using eXtreme 
Programming (XP) that is dependent on informal face-to-face communication. They 
found that many of the hallmarks of the face-to-face communication advocated in XP 
are adquately approximated through the team’s use of three essential communication 
practices: an email listserv, globally-available project management tool and an 
intermediary development manager who played a strong role in both groups. Nisar 
and Hameed [42] and Xiaohu et al. [54] describe their experiences in using XP in 
offshore teams collaborating with onshore customers. Both papers discuss projects 
where the development work is done in offshore teams only but the onshore customer 
is tightly involved in project communication. They concluded that the reported 
projects have been very successful and XP principles they have followed have proven 
to work [42][54]. Karlsson [26] and Farmer [17] found the XP practices useful but 
hard to implement in distributed projects.  Sangwan and Laplante [48] reported that 
geographically distributed development teams in large projects can realize Test 
Driven Development’s (TDD) considerable advantages. With good communication 
and judicious use of automated testing, they can overcome many problems [48]. The 
transition from unit to system level testing is challenging for TDD, as in general TDD 
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is not intended to address system and integration testing – certainly not for globally 
distributed development teams at any rate [48]. Still developers can realize the 
advantages of TDD through increased informal and formal communication, facilitated 
by appropriate change management and notification tools [48]. Test frameworks like 
the Xunit family are also appropriate at the systems level if developers are sufficiently 
disciplined in developing test cases [48]. Finally, the use of commercial or open 
source test workbenches and bug repositories to track test case dependencies and test 
failures is essential [48]. The maturity of the process becomes a key success factor. 
Passivaara and Lassenius proposed incremental integration and frequent deliveries by 
following informing and monitoring practices [44]. Recently, SoftFab tool 
infrastructure which enables projects to automate the building and test process and 
which manages all the tasks remotely by a control center was given by Spanjers et al. 
[51]. The automation of the process through an adaptable tool is consequently 
necessary in order to manage tasks and  metrics through customizable reports 
managed by a central server and ensuring the application of the development 
processes in compliance with a predefined standard [24].  There is still scope towards 
defining the process framework and maturity level standards like CMMI, SPICE etc. 
for distributed software development towards quality.  

2.3   Project Management 

Global software development literature brings up many challenges related to 
distributed development, e.g., interdependencies among work items to be distributed, 
difficulties of coordination, difficulties of dividing the work into modules that could 
be assigned to different locations, conflicting implicit assumptions that are not noticed 
as fast as in collocated work and communication challenges [40]. Managing a global 
virtual team is more complex than managing a local virtual team [39]. Effort 
estimation in software development is a major problem of project management [25]. 
Currently available tools may not provide an accurate estimation of development 
efforts in virtual environment [47].  

It has been reported that multi-site software development introduces additional 
delay and thus takes much longer than single-site development [21]. However, the 
projects studied do not seem to have utilised the time difference between sites and 
thus have not exploited an ‘around the clock’ work pattern [52]. The global software 
development model opens up the possibility of 24-hour software development by 
effectively utilizing the time zone differences [23]. To harness the potential of the 24-
hour software development model for reducing the overall development time, a key 
issue is the allocation of project tasks to the resources in the distributed teams [23]. 
The project tasks have vaious constraints for its execution: operational constraints, 
skill constraints, resource constraints etc. [23]. In some projects there may be some 
tasks that have collocation requirements i.e. engineering working on these tasks 
should be together [16]. Clearly, to maximize the reduction in completion time 
through the 24 hour model, task assignment needs to be done carefully, so that the 
project can be completed in minimum execution time while satisfying all the 
constraints [23].  

Literature suggests dividing the work into separate modules that then can be 
distributed to different sites to be developed [20]. These modules should be 
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independent in order to minimize communication between sites [20]. Frequent 
deliveries are also recommended as a successful GSD collaboration practice [44].  

The project manager has a greater role to co-ordinate, communicate, facilitate the 
group process and ensure participation of all members [4]. They act as mentors, 
exhibit empathy, are assertive without being overbearing, articulate role relationships, 
build relationships and trust and provide detailed and regular communications with 
the group members [28]. In addition, they define the interaction protocol for guiding 
the group behavior in virtual environment [9] and ensure prompt interactions in 
asynchronous communications [47].  

Layman et al. [33] suggested that high process visibility is important for the 
customers to guide the project effectively while the developers are working on a new 
and unfamiliar problem. A major study of a global virtual group has many 
recommendations for an effective virtual group process [38]. The effectiveness 
depends on a match between the message complexity in the group process and the 
form of interaction medium [47]. Increased task interdependence in a group process 
will increase the interaction frequency, and increased task complexity will increase 
the messge complexity, which in turn, affects the choice of the interaction medium 
[47]. Computer-mediated asynchronous communication is suitable for structured and 
well-defined tasks [37][38] such as coding according to system specifications. Such 
type of global software development tasks still needs early face-to-face 
communication to define team members roles and to enhance the effectiveness of 
later computer-mediated communications [32].  

2.4   Requirement Management 

Most requirements are difficult to identify and identified requirements are unclear and 
not well organized [13]. These problems are exacerbated in global software 
development [13]. A key issue to achieve success in GSD is overcoming the pitfalls 
which GSD poses to RE [35]. Cheng and Atlee [11] recently identified globalization 
as a hot research topic regarding Requirements Engineering (RE). This new paradigm 
implies that many of the RE activities have to undergo changes, as it is no longer 
possible to carry them out as if the participants were collocated.    

Initial studies show that distributed quality assurance of software code is feasible 
[6][19], but distributed quality assurance of requirements definition that need high 
user involvement would have a high task coupling until requirement definitions are 
formalized and made user-friendly [47].  

During software requirement elicitation, lack of fluent communication is one of the 
most important challenges in discussion [55]. Therefore various factors affecting 
communication should be considered when analyzing virtual teams working on 
requirements definition, minimizing communication problems towards ensuring 
quality of the software in construction [1]. 

As requirements management activities are primarily impacted by distance [12], 
GSD projects benefit from requirements specifications well defined at the onset of the 
project [53], thus avoiding the need to reiterate feature understanding. These 
specifications are often used in planning processes, important in the organization and 
managing of distributed projects [46]. Layman et al [33] suggested that an identifiable 
customer authority is necessary to manage and resolve requirements related issues in 
a globally distributed team using XP.  
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3   Discussions and Conclusion 

In this paper, we have reviewed some significant management issues like process and 
project management, requirements management and knowledge management issues 
from a global/distributed software/information system development perspective. 
Distributed software development is an evolving area. It is important to know the 
latest development through rigorous literature review to learn further new knowledge 
in different significant dimensions. As a future work, we would like to extend this 
review on various other attributes, dimensions and comparisons. Further we would 
like to include that area which could get only scant attention in distributed software 
development, for instance quality, and risk management issues. Various case studies 
may be included to enrich these management perspectives related with distributed 
information system development. However it is interesting to note as observed by 
Smite et al. [50] that these studies present results from significantly different contexts 
and backgrounds and may not applicable as a general standard in all contexts. They 
further viewed that unclarities inherited in reported studies may not only burden the 
reader’s understanding, but also drive “lessons learned” applied in to be wrong way. 
Therefore there is a need to build the body of knowledge on how to manage global 
software development projects which will classify experiences and practices that will 
help to achieve positive results, in order to understand circumstances and also 
contexts.   
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