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Abstract—In this paper, we present the Global Teaming Model
(GTM), which is empirically grounded, and outlines practices
that managers need to consider when managing virtual teams.
We explain how the model can be adapted to specific areas of
software development, and use architectural knowledge
management (AKM) as our exemplar. We focus on specific
practices relating to how teams collaborate and share essential
architectural knowledge across multiple sites. Through a
review of the literature, we develop an in-depth view of
recommended practices associated with AKM in a global
environment. We then consider how we can incorporate these
AKM practices into our Global Teaming model to ensure
managers are given the necessary support. Our contribution
to research therefore is to present AKM practices within the
context of all other Global Software Development processes.

Keywords-Global software development, Distributed Software
Development, Global software engineering, Architectural
Knowledge Management, Software Processes; Virtual Teams;
Software Process Improvement; Global Teaming Model

1. INTRODUCTION

It is becoming more commonplace for software
engineers to work in a globally distributed environment
[20] — which we call Global Software Development (GSD)'.
GSD has complexities over and above those experienced in
local software development [7, 10, 17, 22] and we can
discuss  ‘global distance’ from four viewpoints:
geographical, temporal, cultural and linguistic, with each
causing specific issues for software engineers working in
this environment. Geographical distance introduces physical
separation between team members and management [6].
Temporal distance hinders and limits opportunities for direct
contact and cooperation [1]. Cultural distance negatively
impacts on the level of understanding and appreciating
activities of colleagues and teams [9, 31]. Linguistic
distance, usually identified through the lack of a common
native language, causes communication problems [8, 20,
25].

! A variety of terms exist: Distributed Software
Development (DSD), Global Software Engineering (GSE),
and Global Software Development (GSD). We will use the
term GSD in this paper.
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In global software development (GSD), increased
dependence on the architecture goes hand in hand with
increased complexities inherent in a virtual working
environment, where time zones, culture and languages may
differ, and geography may prevent teams from meeting
face to face. It is important to have processes in place to
manage the architectural knowledge, especially since it is
likely that there will be increased communication
difficulties when operating in a global environment.

To achieve improvements in an organization’s
architectural capabilities, the architecture knowledge needs
to be managed [2]. In this paper, we consider how this
architectural knowledge can be captured and managed
through an implementation of an established ‘Global
Teaming’ model (GTM) developed for virtual teams [28,
29]. We do this in two steps; first we take a systematic
approach  to  selecting  Architectural Knowledge
Management (AKM) practices (with a view to integrating
them into our GTM); and secondly by examining how the
defined processes in our GTM facilitate AKM. The Global
Teaming Model is derived from empirical work and aims to
cover all the specific needs of the virtual global team [28,
29]. We now demonstrate how the model can be
implemented in order to support those practices associated
with AKM in a global environment.

We take a process view of how architectural knowledge
is managed, since “Architectures, plans, and processes are
all vital coordination mechanisms in software projects”
[21]. Global distance can interfere in a variety of ways with
the effectiveness of a project team’s communication [8, 20,
21, 25].

To summarise, in this paper, we discuss the importance
of managing AKM in a distributed environment through an
identification of key practices sourced from the literature,
and then consider how these AKM practices can be
implemented through an augmentation of the GTM. The
purpose of the paper is to validate the GTM, and we use
AKM specific practices to do this, as AKM is recognized as
an important process in Global Software Development. Our
research question therefore is, “Can the Global Teaming
Model be used to underpin specific practices associated with
AKM?”

The paper is organized as follows: We first introduce
the Global Teaming Model in Section II; in Section III, we
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give a brief background to Architectural knowledge
management. Section IV explains our method relating to
the literature review. In Section V, we present our results
by listing practices identified in the review of the literature.
We then combine the Global Teaming Model with the
AKM practices in Section VI and discuss some limitations
to the study. We conclude our study with a summary of our
contributions in Section 0.

II.

Lero—the Irish Software Engineering Research Centre,
has been carrying out research into GSD for a number of
years. During various studies, we have observed that the
management of global teams in process models such as the
CMMI® is not explicitly defined. Given the substantial
growth of GSD, we addressed this gap through the
development of an additional process area called Global
Teaming (GT) [29]. GT establishes goals and sub-practices
specific to GSD, that are not addressed in the CMMI®
model. While we have structured this process area to be
similar to those in the CMMI® model, the Global Teaming
process area does not require CMMI® implementation for
its use. The process area is relevant to the continuous
model for CMMI® as opposed to the staged representation
as the continuous model allows the organisation to select
those process areas that provide most benefit to them. The
Global Teaming process area can therefore be used with

Overview of the Global Teaming Model
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other CMMI® process areas, or as a stand-alone process
model which organisations can implement when
establishing global software teams; hence, we refer to it as
the Global Teaming Model (GTM) to emphasize its stand-
alone capability.

Lero researchers, including two of this paper’s authors,
developed practices for the Global Teaming Model by
identifying issues that can affect the management of global
teams as presented in the literature and our empirical
research. In defining the Global Teaming Model, we are
only interested in sub-practices which relate specifically to
the global situation. For example, the CMMI® views
Project Management in terms of sub-processes such as
Project Planning; Project Monitoring and Control; Supplier
Agreement Management; Integrated Project Management;
Risk Management; Integrated Teaming; Integrated Supplier
Management and Quantitative Project Management [15].
As such, when defining the Specific Practice SP1.3 “Global
Project Management”, we only note sub-practices over and
above the project management sub-practices aimed at
collocated teams already present in the CMMI®.

The GTM contains two Specific Goals — Define Global
Project Management (Figure 1) and Define Management
between Locations (Figure 2). Each practice in our Global
Teaming Model was developed directly through an analysis
of our primary and secondary research findings [28, 29].

Identify GSE project
management tasks
Assign tasks to

appropriate team
members

Ensure awareness of

cultural profiles by
project managers

business

Establish cooperation
and coordination

Identify cultural
requirements of each
local sub-team

procedures between
locations

Identify communication
skills for GSE

Establish reporting
procedures between
locations

Establish relevant criteria
for training

Establish a risk
management strategy

Figure 1: Specific Practices relating to Goal 1 in the Global Teaming Process.
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Define how conflicts & differences of opinion
between locations are addressed & resolved

Implement a communication strategy for the
team

Establish communication interface points
between the team members

Implement strategy for conducting meetings
between locations

SPECIFIC GOAL 2:

Define Management

Between Locations

Identify common goals, objectives and rewards

Collaboratively establish and maintain work
product ownership boundaries

Collaboratively establish and maintain interfaces
and processes

Collaboratively develop, communicate and
distribute work plans

Figure 2: Specific Practices relating to Goal 2 in the Global Teaming Process.

The research in this current paper is interested in defining
practices within the GTM Specific Practice SP 2.2
“Collaboration Between Locations” (Figure 2) in connection
with AKM, which ensures that team members can
collaborate across global boundaries. Therefore, in this
section we discuss the sub-practices in more detail and
demonstrate how the practices in the GTM underpin the
more detailed and prescriptive practices associated with
AKM.

A. Collaboration between Locations

The Global Teaming Model defines Specific Practice
2.2 “Collaboration Between Locations” comprising four
sub-practices, as follows:

(1) Identify common goals, objectives and rewards
for the global team.

It is important when setting up global teams that
particular factors are taken into account. While global
teams require goals and objectives to be agreed and
understood by all the team members, regardless of location,
the achievement of these goals should be measured jointly
across locations by their accomplishment [23].

(2) Collaboratively establish and maintain the work
product ownership boundaries among interfacing
locations within the project or organisation.

Although the global team should be regarded as a single
team, when defining the work to be carried out in each
location, it is important to establish the work product
ownership boundaries. This includes explicitly identifying
who is responsible for specific tasks within a single work
product. It is important to establish a method for the
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partitioning and the allocation of work across the global
team. For example, when requirements changes are
identified, they should be distributed to those responsible
for interfaces so that interfacing requirements are also
identified and modified.

(3) Collaboratively establish and maintain interfaces
and processes among interfacing locations for the
exchange of inputs, outputs, or work products

One of the requirements of implementing used and
useful processes is to ensure that those using the processes
have ownership of the processes. Team members can be
alienated where processes have been set up or modified
without the involvement of those at all sites [13], and this
becomes particularly important in the global situation.
Oftentimes, project managers at (normally) the parent site,
implement this process in distributed sites. This does not
give ownership to everyone on the team, and can cause
problems when everyone does not follow the implemented
process. Therefore, the global team should be involved in
the development of the interfaces and the processes required
for efficient software development.

(4) Collaboratively develop, communicate and
distribute among interfacing teams the commitment lists
and work plans that are related to the work product or
team interfaces.

In GSE, not only do distributed software teams need to
agree achievable milestones, there is a requirement that
ongoing progress with reference to costs, time, productivity,
quality and risk are overseen. Contingency plans to monitor
risks should be implemented. These should include
procedures for implementation if they are ever required.



Due to the importance of synchronous and asynchronous
communication  tools for GSE communication,
communication plans should be explicitly included.

Richardson et al. state that global organizations face a
real challenge in managing their knowledge [30]. Managing
Architectural Knowledge is no exception and we note the
importance of explicitly defined processes to support the
required communication [5]. While the GTM presents
specific goals, specific practices and sub-practices for
organizations implementing GSD, a more in-depth definition
of the practices is required for process implementation.

III.  ARCHITECTURAL KNOWLEDGE MANAGEMENT AND

GSD

Software architecture is a discipline that focuses on the
design and specification of overall system structure. Not
only does the architecture guide the structure of a system to
be developed, but also the structure of a project and of an
organization [4]. Architectural Knowledge Management
involves managing, capturing and sharing the information
produced and consumed during the software architecture
process. This knowledge involves the skills and expertise
of teams, design decisions, the business drivers, the

functional and non-functional requirements. This
knowledge is specific to the domain, project and
organization.

Architectural knowledge spans knowledge of the
problem domain (e.g., architectural requirements, drivers,
constraints), the solution domain (e.g., architectural tactics,
patterns, styles), and knowledge entities used in architecting
itself, including:

e  The architectural design;

e Assumptions made during the architectural design

and underpinning design decisions;

e Linkage to the environment; design decisions;
interdependencies between the design decisions;

e  Mapping of design decisions to functional and non-
functional requirements, needs, constraints, design
and implementation; the domain analysis;

e Architectural patterns used,;

e Design alternatives evaluated;

e Rationale [11].

Thus, Architectural Knowledge Management (AKM)
supports  creation, storage, and dissemination of
architectural specifications, decisions, and rationale. This
support becomes even more essential in a distributed
context where architecture decisions among different sites
need to be taken and architectural knowledge needs to be
shared among distributed teams. Architectural rules can
help to overcome some of the challenges of GSD where
“Architectural rules are principles and statements about the
software architecture that must be complied with
throughout the organization” [12].

In Global Software Development, the role that software
architecture plays in bridging the gap between requirements
and implementation becomes even more important for
achieving quality systems [19]. Previous research has
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indicated that there 1is inter-dependence between the
architectural structure and the organizational structure [16,
32] where communication takes on an essential role. It is
therefore clear that when software organizations off-shore or
outsource parts of their development, the architecture can
help to define the organizational structure and consequently
the channels of communication. Also, “an architecture-
approach can bring about systematic management and
productivity for conventional processes”[19]. Faria suggests
that a common architecture that orientates all software life-
cycle processes, can favorably influence GSD business [19].
Such recommendations can be widely found in the literature.
This provides a rationale for our study, as it is essential to
support the practices needed to communicate and exchange
architecture knowledge, coordinate the groups, the activities
and artifacts involving the distributed architecture process,
and manage architectural dependencies among tasks.

IV. METHOD

This section explains briefly how, through a systematic
investigation of the literature, we identified key practices
associated with AKM in a global environment. Through a
review of the literature, we seek to answer the following
research question:

What are the recommended AKM practices for Global
Software Development?

This question is formed specifically for the literature
review and underpins our key research question which is to
use the identified AKM practices to validate the Global
Teaming model.

For this study, we have taken a focused yet systematic
approach to identifying research publications relevant to our
research question. We do not aim to uncover all the
recorded practices, but to select a sufficient collection of
studies that allow us to identify recurring themes in a cross
section of studies. This methodology is very similar to that
used in [27].

The following steps are recommended from systematic
review guidelines [24]:

1) Identify the need for a systematic literature review.

2) Formulate review research question(s).

3) Carry out a search for relevant studies.

4) Assess and record the quality of included studies.

5) Classify data needed to answer the research
question(s).

6) Extract data from each included study.

7) Summarise and synthesise study results (meta-
analysis).

8) Interpret results to determine their applicability.

9) Write-up study as a report.

This study conformed largely to these guidelines, with
some modifications as discussed below.



Need for a review.

We have previously undertaken an extensive empirical
study that focused on problems encountered in GSD [29].
One of the outputs of this in-depth study was a Global
Teaming model (introduced in Section II), where we define
what is required to collaborate in a virtual environment.
Subsequently, we have examined the software engineering
literature and have not found a comprehensive survey that
addresses our research question; hence, the need for this
review.

Search.

We used the following Boolean search string to ensure
we captured a wide variety of papers that related to
practices in AKM in global software development:

"Global Software” AND "Architect*”

We used this string to search the J[EEEXplore
(http://ieeexplore.ieee.org) bibliographic database, where
using such general terms ensured that we captured studies
using terms such as “Global Software Development” and
“Global Software Engineering”, and “architecture” and
“architectural knowledge”. The search was performed in
January, 2010 and resulted in 30 papers. We then
conducted a secondary search based on papers that are cited
in our thirty references and key GSD and AK conferences
and workshops to include:

e SHARK http://www.cs.rug.nl/~paris/SHARK?2010;

e ICGSE http://www.icgse.org/;

e KNOWING http://www.lero.ie/knowingworkshop/

Document selection.

Inclusion and exclusion criteria were used to select the
subset of papers from those identified by the initial search,
that should be included in the analysis of the research
question:

We include texts that:

e directly answer our research question

e present lists of practices that capture everything

required to manage AKM in GSD (not just one or
two practices, or a validation of a specific tool).
represent empirical observations

are full research papers, peer reviewed, published in
a journal or conference proceedings (e.g. not an
editorial or introduction to a workshop, or book
chapter).

Before accepting a paper into the final set for review, we
checked for repeated studies to ensure there is no
duplication; for example if the same study is published in
two different journals with different first authors, only one
study would be included in the review; usually the most
comprehensive study or the most recent study.

This process resulted in a selection of six studies [3, 11,
18, 20, 26, 32] that we used to identify practices in AKM.

Kitchenham recommends wusing a study quality
assessment checklist to assess the quality of studies for
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inclusion in a systematic review, including the quality of
the research method [24]. Since the current study is an
attempt to identify themes, rather than establish statistically
valid conclusions, the quality criteria for inclusion in the
current study are straightforward, so we did not create such
a checklist.

Data extraction, meta-analysis, and interpretation.

We examined each selected study to extract identified
lists of practices relating to AKM in GSD (see Section V);

Then, we synthesized the data by first identifying major
categories of AKM practices in each selected paper.

Subsequently, a summary was created showing the theme
and the paper(s) that identified the theme (see Table 1).

We give each occurrence the same weight, so the
frequencies merely reflect how many times a given practice
is identified in different papers, not how important it might
be.

V. RESULTS: AKM PRACTICES FOR GLOBAL TEAMS

Architectural knowledge management practices employed

by global teams need to address the challenges of GSD

[13]. Our review of the literature demonstrated that

challenges for achieving architectural knowledge

management fall into three areas:

1. Alignment of architecture and organization ("Conway's
Law");

2. Knowledge management practices for creating and
disseminating architectural knowledge;

3. Infrastructure for managing architectural knowledge.

As such, in the following sections, architectural
knowledge management practices for global teams are
grouped according to how they address the three broad
challenge areas listed above.

A.  Conway's Law

In 1968, Melvin Conway observed that "...
organizations which design systems ... are constrained to
produce designs which are copies of the communication
structures of these organizations” [16]. This observation
has implications for architectural knowledge management
practices.

Herbsleb [20] has identified three challenges that have
to be tackled for architectural knowledge management in
global software development; these challenges follow
directly from Conway's law:

1. To understand the knowledge about the relation-ship
between software architecture dependencies and task
dependencies;

2. To assess how an organization is prepared to carry out
the design and implementation of an architecture;

3. To provide tactics that adjust the organization to the
architecture and vice versa.

Laredo and Ranjan [26] suggest that the architecture
should be decomposed into components according to



geographic distribution of teams, to provide "vertical"
allocation of functionality. Salger [32] echoes this view; in
addition to an architecture that matches the organizational
structure, Salger advocates fine-grained modularity so a
given module can be developed at a single site.

Avritzer et al. [3] also suggest that “components are
allocated to individual teams, and the components interact
with each other through well-defined interfaces”. They note
that a system's architecture should be consistent with the
organization's  coordination  structure, to facilitate
collaboration. To achieve this, they recommend an
organizational approach where architects have cross-team
communication responsibilities, while developers have
intra-team responsibilities. This reduces overhead and
delay by concentrating communication with local peers
rather than remote personnel. This also means that each site
should have an architecture lead, so that developers have a
local resource to consult regarding architectural issues.

B.  Knowledge Management Practices

Alignment between the architecture and the
organizational structure is a necessary, but not sufficient,
condition for effective dissemination of architectural
knowledge. Based on a review of the literature related to
architectural knowledge management, Clerc identifies
practices considered essential to effective architectural
knowledge management [11]:

1)

2)

Frequent interaction across sites, preferably
via on-site visits.

Cross-site ""delegation", where a site allocates
personnel to relocate temporarily to remote sites,
to establish shared understanding of the system
architecture, and to create personal relationships
between the local and remove sites.

Face-to-face kickoff meetings, to establish
personal relationships across sites and ensure all
sites have the same expectations.

Provide a “network of volunteers" who can
answer questions about architectural alternatives,
design designs, etc. However, there must be
sufficient information about the roles and expertise
of the members of the network in order for the
architects to trust their responses.

Develop the high-level architecture via an
initial co-located design session, to achieve a
“sound high-level architecture”.

Implement clear organizational structure to
provide clear lines of communication among
stakeholders at local and remote sites. This
requires clear identification of stakeholder roles
and their responsibilities, as well as technology to
support communication.

Create a repository for artifacts, to store
decisions, rationale, and the actual architectural
designs.

3)

4)

5)

6)

7)
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C. Knowledge Management Infrastructure

In a global software development environment where
geographic and temporal distance impede face-to-face
interaction, adequate communication infrastructure must be
deployed to support architectural knowledge management
practices, as well as to capture design decisions, artifacts,
and rationale. Of particular importance is a record of how
architectural decisions are consistent with requirements
[26, 32]. Toward this end, a Wiki can be used to capture
documentation of how the architecture meets requirements,
as well as both facilitate and record discussion of design
alternatives [26].

In addition, Farenhorst et al. [18] determined that
architects need a single portal for accessing architectural
knowledge that is related to both a given project, and to the
organization as a whole. This portal should provide search
capabilities, and event notifications to keep stakeholders
up-to-date on changes to particular artifacts as well as the
organization as a whole [18, 26].

VL

This section combines the AKM practices identified in
Section V together with the defined processes in the Global
Teaming Model (GTM) (see Figure 2). Whereas all
practices listed in the GTM are likely to be of relevance to
the management of GSD, for AKM we focus on the
practices relating to Specific Practice 2.2 “Collaboration
between Locations”. Table 1 summarises our results. It
shows that all practices listed in the six AKM studies relate
to the more general practises listed in the GTM. Table 1
also indicates that each of the six studies has something
new to say about how to manage AKM in GSD when
examined at this more detailed level. Yet there are many
overlapping themes, and the most relevant practice appears
to be “Collaboratively establish and maintain work product
ownership boundaries” where we identified several sub-
themes such as AKM and Organisational Structure; Task
allocation, and Roles and Responsibilities

IMPLEMENTING AKM PRACTICES

A. Limitations of the Study

Internal validity: We cannot be certain that we have
covered all AKM practices, only those that have been listed
in the key papers have been included. However, the
practices we identify allow us to meet our aim which is to
provide an example of how the GTM can be used to frame
and think about practices at a level that can be
implemented. Our representative sample gives us
confidence in the practices recommended. For example,
those recommended by Clerc [11] stem from a review of
the literature and an empirical study that is further validated
in [13]. We use this as a main input to our model. All the
practices we list are extracted from empirical studies.



Table 1: AKM practices in context with the Global Teaming Model

Collaboration sub-practice 1: Collaboratively establish and maintain interfaces and processes [For AKM]

Understand the relationship between software architecture dependencies and task dependencies [20]

Architecture-Implementation interface: Assess how organization will carry out design and implementation of the architecture
[20]

Requirements-Architecture interface: Ensure significant architecture decisions satisfy ‘architecturally significant’ requirements
[32]

Collaboration sub-practice 2: Identify common goals, objectives and rewards [for AKM]

Hold face-to-face kickoff meetings to establish personal relationships across sites and ensure all sites have same
expectations [11]

Collaboration sub-practice 3. Collaboratively establish and maintain work product ownership boundaries [for AKM]

AKM and Organisational Structure

Implement clear organizational structure for clear lines of communication among stakeholders at local and remote sites [11].

Ensure system's architecture is consistent with the organization's coordination structure, to facilitate collaboration [3]

Decompose architecture into components according to geographic distribution of teams, to provide "vertical" allocation of
functionality [26, 32]

Task allocation

Allocate components to individual teams [3]

Consider fine-grained modularity so a given module can be developed at a single site [32]

Understand the relationship between software architecture dependencies and task dependencies [20]

Roles and responsibilities:

Cross-site ““delegation”, where a site allocates personnel to relocate temporarily to remote sites, to establish shared
understanding of the system architecture, and to create personal relationships between the local and remove sites [11]

Provide a “network of volunteers" who can answer questions about architectural alternatives, design designs, etc. However,
there must be sufficient information about the roles and expertise of the members of the network in order for the architects to
trust their responses [11]

Identify stakeholder roles and their responsibilities [11]

Take an organizational approach where architects are responsible for cross-team communication [11]

Take an organizational approach where developers are responsible for intra-feam communication [11]

Each site should have an architecture lead [11]

Collaboration sub-practice 4: Collaboratively develop, communicate and distribute work plans [for AKM]

Develop the high-level architecture via an initial co-located design session, to achieve a ““sound high-level architecture" [11].

Identify technology to support communication [11].

Encourage frequent interaction across sites, preferably via on-site visits [11].

Create a repository for artifacts, to store decisions, rationale, and the actual architectural designs [11]. Architects need a single
portal for access to architectural knowledge related to both a given project, and to the organization as a whole [18].

Ensure that the architectural lead is available for consultation with local developers [11].

Record discussion of design alternatives and documentation on how architecture meets requirements. Wiki recommended to
facilitate this form of communication [26].

Create a central repository with search capabilities, and event notification to keep stakeholders up-to-date on changes to
particular artifacts as well as the organization as a whole [18, 26].
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External validity: We cannot tell if all the listed AKM
practices will be effective for all global teams. As noted by
Herbsleb [20], many authors propose plausible rules of
thumb but we need future research to validate whether
these views apply to all situations. We have tried to keep
the practices generic, but it is possible that they don’t all
apply; for example, some organisations may prefer to use a
purpose-built system as opposed to a WIKI [18]

VIL

In this paper, we presented a summary of the Global
Teaming Model (GTM) — a model that represents the key
practices that software organizations should consider when
operating in a geographically distributed environment. The
GTM is derived from both direct empirical evidence and an
extensive review of the literature. The GTM is a descriptive
process model, so to implement the practices would require
organizations to tailor them to their own specific needs.

In order to show how this can be achieved, we have
taken a specific area of project management, Architectural
Knowledge Management (AKM) and have applied the
practices to the GTM. Many organizations neglect their
systems software architecture due to the fact that AKM is
difficult and costly to maintain. Since software architecture
is not only used to bridge requirements and implementation
but also can be a coordination tool in a global context, we
believe that it is important to be applied using our GTM. We
believe that mapping AKM practices to our GTM will
motivate practitioners to use our model and will provide
them with specific recommended AKM practices.

This study therefore contributes to the more general
research in GSD, as practitioners and researchers can now
view the key AKM practices in context with all other
processes required when working with teams across
multiple sites. We take a critical look at the practices
associated with AKM in a Global Software Development
context. We have therefore shown that the Global Teaming
Model has the flexibility to be used as a framework for more
specific and prescriptive practices. Future work includes
applying the model to solve problems associated with the
Requirements Process in GSD, and how to manage the
Testing function in a global environment. We are currently
validating the Global Teaming Model in industry and plan
to publish the results in due course.

CONCLUDING REMARKS
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