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Abstract—Continuous software process improvement (SPI) practices have been extensively prescribed to improve performance of

software projects. However, SPI implementation mechanisms have received little scholarly attention, especially in the context of

distributed software product development. We took an action research approach to study the SPI journey of a large multinational

enterprise that adopted a distributed product development strategy. We describe the interventions and action research cycles enacted

over a period of five years in collaboration with the firm, which resulted in a custom SPI framework that catered to both the social and

technical needs of the firm’s distributed teams. Institutionalizing the process maturity framework got stalled initially because the SPI

initiatives were perceived by product line managers as a mechanism for exercising wider controls by the firm’s top management. The

implementation mechanism was subsequently altered to co-opt product line managers, which contributed to a wider adoption of the SPI

framework. Insights that emerge from our analysis of the firm’s SPI journey pertain to the integration of the technical and social views of

software development, preserving process diversity through the use of a multi-tiered, non-blueprint approach to SPI, the linkage

between key process areas and project control modes, and the role of SPI in aiding organizational learning.

Index Terms—Software process improvement (SPI), distributed teams, software engineering, process control, action research
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1 INTRODUCTION

SOFTWARE process improvement (SPI) continues to be the
centerpiece of quality management initiatives under-

taken by software firms to develop products with high qual-
ity in a cost effective way. SPI refers to the set of actions
taken to improve the capabilities of a software organization,
and is typically based on normative frameworks such as the
ISO 9001, ISO 15504 [1], Atern [2], CMMI [3], and Bootstrap
[4]. There is a long tradition of SPI research in software
engineering and management information systems disci-
plines [for example, [5], [6], [7], [8], [9], [10], [11], [12], [13],
[14]. This work is motivated by two notable gaps in the SPI
literature. First, a majority of studies investigating SPI deal
with colocated software development. Distributed software
teams operate in an environment where coordination and
administration are more challenging [15], [16], [17], [18],
[19], and the need for managing social aspects of processes
along with the necessary technical aspects is more pro-
nounced [20], [21]. Exploring how the social needs of dis-
tributed product development teams such as coordination
and trust could be catered to along with the traditional
emphasis on software methodologies in SPI initiatives is
important and necessary. Second, past SPI studies have not
considered the role of diversity in software development
practices among individual units of a large software
organization. Investigating how processes of a product
development organization can be continuously improved

by leveraging, not negating, the diversity of the develop-
ment practices will contribute to an improved understand-
ing of how a balance can be achieved between predictability
and flexibility in the context of distributed product
development.

In this paper we fill these gaps in the SPI literature by
investigating the design, implementation, and assessment
of a distributed development process framework at a lead-
ing enterprise software product development firm (labeled
as Supersoft in this paper for confidentiality). Our research
was carried out as action research in collaboration with
Supersoft practitioners. Action research uses intervention
into problematic social situations as a means to advance sci-
entific knowledge and has gained wide acceptance among
research scholars [14], [22], [23], [24]. Following the action
research cycle of diagnosing, action planning, action taking,
evaluating, and specifying learning [24], we helped the
distributed product development teams at Supersoft to
improve their process capabilities and software develop-
ment performance. We explicate the details of two action
research cycles that we employed over a period of five
years, and document the progress we have made towards
developing an improved understanding of the process
improvement mechanisms in globally distributed software
product development.

The rest of the paper is organized as follows. We intro-
duce the problem situation faced by Supersoft in Section 2
and our research methodology in Section 3. Following this
we explain Intervention 1 in Section 4, where the manage-
ment of Supersoft attempted to initiate changes in its soft-
ware development processes, aiming at improving the
capabilities of the units involved in distributed product
development. The attempted change was first met with res-
ervations from key product line managers who had con-
trasting beliefs on the needs for control, flexibility, and
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diversity of processes. Subsequently, a collaborative effort
was undertaken to develop a process maturity framework
that encompassed both the standardization and customiza-
tion aspects of development processes with an increased
participation from Supersoft product line managers and
developers. This resulted in a three-step (multi-tiered) evo-
lutionary process maturity framework that had the buy-in
of key managers and developers. The first action research
cycle was completed with the description of how the newly
developed process maturity framework was implemented
for the projects undertaken by eight development teams
and subsequently evaluated.

Following this a second initiative (Intervention 2) was
undertaken by Supersoft management to institutionalize
the newly developed process maturity framework. In Sec-
tion 5 we describe how this institutionalization effort ini-
tially got stalled when a benchmarking event triggered
product line managers to perceive the management-spon-
sored SPI initiative as a mechanism for exercising wider
control. The implementation of the process framework was
subsequently altered to convey the legitimate intentions of
the management and co-opt product line managers, which
led to a wider adoption of the framework. Finally, in Sec-
tion 6 we discuss the broader implications for research and
practice, and conclude.

This studymakes three key contributions. First, we extend
the line of enquiry in SPI research to address process
improvement in distributed product development
teams. We develop key process areas (KPAs) that
specifically address the fundamental characteristics of
distributed work identified in prior literature, namely,
‘collaboration readiness’, ‘technology readiness’, ‘common
ground’, and ‘coupling in work’ [20]. Second, by explicating
the five-year SPI journey of a large software enterprise that
involved the use of a custom-developed SPI framework in
which the above KPAs were embedded, we add a focus on
SPI implementation mechanisms to the growing body of
empirical software engineering literature. Third, we estab-
lish the interlinkages between project-level process improve-
ments and broader firm-level mechanisms, highlighting the
need to design SPI operations in a way not only to assist
product teams that are improving their software process
capabilities, but also to contribute to broader organizational
processes such as governance and learning.

2 THE PROBLEM SITUATION

Supersoft is a large European enterprise software product
company with total revenues of over 14 billion Euros in
2012, employs more than 10,000 software developers
around the globe, and has an installed base of over 100,000
customers in 120 countries. For over forty years Supersoft
has been in the business of developing enterprise software
application products catering to core corporate functions
such as financials, human resource management, sales and
order management, and customer relationship manage-
ment. Supersoft’s products were traditionally based on a
proprietary programming language and technology frame-
work. However, in the recent years as Supersoft faced
intense competition from rivals to re-architect its products,
it began accommodating the emerging Internet-enabled

technological paradigms and standards. Further, Supersoft
was expanding its product lines to address the needs of
small and medium businesses apart from its traditional
focus on large Fortune 500 corporate customers. Thus, there
was a sudden surge in the need for software development
personnel, which could not be satisfied by recruitment and
expansion at the Europe-based home development center
alone. This led to the adoption of a globally distributed
product development strategy at Supersoft.

Supersoft’s distributed development strategy was moti-
vated by its prior experience in setting up large sales and
distribution units around the globe. The strategy was fur-
ther aided by lower labor costs and the availability of a large
pool of English-educated computer science and engineering
graduates in the emerging economies of Brazil, China,
India, and Eastern Europe. These emerging economies were
also seen by Supersoft executives as lucrative market seg-
ments for the new product lines targeted at small and
medium business enterprises. Supersoft began implement-
ing its globally distributed product development strategy
by establishing 10 new development centers as wholly-
owned subsidiaries around the globe. Over a period of two
years following the establishment of the new development
centers, software development pertaining to eight out of a
total 11 Supersoft product lines were transitioned to the dis-
tributed development model.

At the end of the first product release cycle after the
establishment of the distributed development model at
Supersoft, an internal review was conducted to assess the
distributed product development practices at Supersoft.
The review revealed that there was a dramatic increase
(about 300 percent) in the overall number of man-hours
spent on new application development and the number of
projects executed by individual product lines. Supersoft’s
executive management board was convinced that the dis-
tributed development strategy was heading in the right
direction. However, the board members wanted to assess
the effectiveness of the operational mechanisms through
which distributed development was conducted. Upon the
board’s request an internal audit on the distributed projects
was conducted by a joint committee of the firm’s central
Software Engineering Process Group (SEPG) and a board-
appointed quality assurance team. The audit committee
unearthed several shortcomings in the project performance
and development processes of the distributed product
development teams at Supersoft.

The audit committee findings revealed that the pro-
cesses followed by the distributed teams significantly
deviated from the existing organizational guidelines that
had been derived from the ISO 9001 and ISO 15504 stand-
ards. The committee documented more than 400 non-con-
formance issues that were not properly recorded and
addressed by various software teams, and warned that
there was a very high risk of losing the ISO 9001 certifica-
tion during the next renewal. Furthermore, the cycle time
and defect density of the components developed by the
distributed teams was more than two times the existing
organizational benchmarks. There was a huge backlog of
quality and reliability complaints from customers that
were not resolved by the distributed product teams
(on average about 20 conformance quality complaints per



KLOC). Moreover, an internal employee survey conducted
by the audit committee revealed poor job satisfaction
scores reported by the distributed team members. The
audit committee noted that a chief driver of employee dis-
satisfaction was the lack of proper guidelines for task allo-
cation and project management for distributed teams,
which resulted in huge variation in the productivity and
work load allocation across distributed team members.
Overall, the audit committee recommended that the board
undertake a thorough examination and overhaul of the
distributed development processes at Supersoft.

The audit committee findings spurred the Supersoft
executive management board to convene the SEPG to devise
a solution to improve the firm’s distributed product devel-
opment environment. This marked the beginning of an SPI
journey at Supersoft that is analyzed in this paper.

3 RESEARCH METHODOLOGY

This research study emerged as part of a collaboration proj-
ect between the Center for Global Resource Leverage at the
University of Michigan and Supersoft. We adopted an
action research approach because we wanted to solve the
immediate problem situation at Supersoft and at the same
time wanted to improve our understanding of the tenets of
SPI in distributed product development teams, especially
by linking theory and practice. A clear agreement was
formed between the researchers involved in this study and
the Supersoft team about the individual roles and responsi-
bilities. As part of the agreement, researchers were allowed
to take active part in the SPI effort at Supersoft and could
use the experience and data collected through the effort to
pursue research publications, contingent on an agreed upon
non-disclosure agreement.

The participation of the researchers in the project was
funded by the University of Michigan Center for Global
Resource Leverage. The author was physically present at
the Supersoft development centers for 18 months and main-
tained continuous contact with the project members at
Supersoft during the entire time period of the research proj-
ect. The research infrastructure for the project included a
research group that involved three academic researchers,
the Supersoft SPI team consisting of four key SEPG

managers, eight representatives from the quality manage-
ment group of the individual product lines, and an execu-
tive management steering group that consisted of two
directors and an extended board member. We followed iter-
ative action research cycles with each cycle consisting of
diagnosing, action planning, action taking, evaluating, and
specifying learning phases [24]. The timeline of this action
research project is shown in Table 1.

Mapping action research items with the related research
literature. The action research methodology facilitated con-
stant interaction between Supersoft practitioners and
researchers throughout the active period of the study. As
researchers we were interested in regularly organizing and
mapping the emerging themes in the project to related
research literature. This helped us to prepare a structured
approach for our interviews and discussions. However,
given the multi-year nature of this study, organizing the
discussion insights and mapping the uncovered issues to
the research literature was an iterative and evolving pro-
cess. We initially started with a checklist of items derived
from the distributed teams literature from the software
engineering and management literature. These checklist
items are shown as the row headers in Table 2; similar to
snowball sampling, with every discussion the range of
issues and the corresponding literature references kept
expanding. Table 2 shows the range of issues that we
touched upon in our discussions, organized according to
research themes in the literature.1

4 INTERVENTION 1: AIMING AT PROCESS CONTROL

AND CONSISTENCY

4.1 Intervention 1: Diagnosing

As noted before, an internal audit committee report had
highlighted the key shortcomings of the distributed product
development processes at Supersoft. The first step in our
diagnosing effort was to understand the findings of the
internal audit committee. After independently analyzing
the audit committee report, the entire SPI project group met
to deliberate and perform root-cause analysis. The SPI proj-
ect group interacted with the internal audit committee
members to seek additional explanations and clarifications
on their audit exercise, following which a detailed agenda
for a diagnosis effort was drawn. Based on the initial find-
ings of the audit committee (refer to Section 2), the SPI proj-
ect team agreed that there were three distinct areas that
need to be looked at as problem domains:

1. Performance of distributed product development
teams (doubling of defect density and cycle time and
the high backlog of customer complaints).

2. Process control of distributed development projects
(about 400 undocumented issues related to non-con-
formance to ISO standards).

3. Human resource issues of distributed development
teams (poor employee satisfaction, high task vari-
ability, and poor productivity).

TABLE 1
Time Line of Action Research

Stage Time Period Task 
Project feasibil-
ity discussions   

August-
September 2005 

Get project approval. 

Setting up 
collaboration 

January 2006-
August 2006 

Develop guidelines for collabora-
tion. 
Setting up project goals and 
defining roles and responsibilities. 

Intervention 1 September 2006 – 
September 2008 

Achieving process control, con-
sistency, and capability improve-
ment. 

Intervention 2 October 2008 – 
October 2010 

Institutionalizing the distributed 
process framework. 

Firm-wide 
global adoption 
and evaluation 

November 2010-
November 2011 

Global roll-out of refined process 
framework and implementation 
mechanism. 

Project closure January 2012 Final presentation to the Supersoft 
executive management, signoff of 
SPI project, and hand over to 
global quality management team. 

1. This is not meant to be a systematic literature review, but only a
motivating starting point for the related research literature. Specific
studies that we used to develop key process components are presented
later in the paper (Tables 6, 7, 8, and 9).



The next step in the diagnosing stage was to conduct in-
depth discussions with the key stake holders involved in
distributed product development at Supersoft. We collected
detailed inputs from product line managers, developers,
and quality management personnel of eight product lines
who had adopted the distributed development model. We
conducted a total of 32 interviews that were structured to
get the stakeholder observations on the three problem
domains noted above. A detailed description of our analysis
of the problem domains follows.

Problem Domain 1—Project performance. The audit com-
mittee had documented that the cycle time and defect den-
sity of the Supersoft distributed development projects were
well above prior organizational benchmarks. We sought to
understand the underlying reasons for this in our discus-
sion with the stake holders of the distributed development
projects. Three propositions on underperformance emerged
from our discussions with the project stake holders. First,
the firm’s traditional performance management bench-
marks, their measurement, and metrics such as cycle time
and defect density were perceived as inapplicable to the dis-
tributed development projects. A product development
manager offered this insight:

“. . .these new greenfield projects cannot be pitted
against the existing benchmarks. The benchmarks are a
reflection of the past. We are in a new phase of product
development. We are trying many new things—newer tech-
nologies, newer teams, newer ways of developing software.

The risk-performance scopes of these new projects are
completely different from the projects that originally con-
tributed to the benchmarks. So comparison with the older
benchmarks is neither useful nor fair.”
Second, there was a lack of support structure for project

administration in globally distributed teams. The current
ISO 9001 and 15504 standards-based process infrastructure
at Supersoft was not adequate to handle distributed devel-
opment. The following excerpts from interviews with devel-
opment managers highlight the crucial missing parts in the
process framework:

“. . ..by the time we started planning for the project, the
estimation template could not accommodate two locations
delivering code at different time schedules. There was no
function point or functionality point counting scheme for
the new programming framework we were about to use. We
used the older counting method and later found out that
there is a 56 percent slippage in the size estimation. . .”

“In my previous projects we used to spend a maximum of
5 percent effort in project administration. But now we are
spending more than 20 percent of effort on administrative
issues, especially because we are helping the quality group to
set up the administration infrastructure. From a budgeting
point of view, this should not be accounted in our project.
There is no external customer at this point and every account
is a cost center, so we did not pay attention to that.”
A third proposition that emerged from our discussions to

diagnose the performance issues was related to task

TABLE 2
Organizing and Mapping Problem Issues with Research Literature

S.No.  Problem event related to Literature Reference 

1 Project Administration  
a) Project planning, estimation, scheduling  
b) Roles and responsibilities, who-is-who of project 
c) Task allocation, disparity in work load, etc. 
d) Specification of project goals and deliverables  

[8, 9, 16, 18, 25] 

2 Coordination  
a) Policies and procedures for coordination 
b) Dispute over project milestones, schedules and  deliverables   
c) Ambiguity over who is in-charge of critical tasks 
d) Difficulty in coordinating expertise and garnering support 
e) Difficulty in scheduling meetings and informal communication among distributed team members 

[15, 17, 20, 21, 26, 27, 28] 

3 Software Methodology  
a) Availability of defined and agreed upon development methodology 
b) Consistent processes followed across development centers 
c) Project tracking mechanisms in place 
d) Quality management guidelines defined and adopted 

[6, 7, 8, 9, 13, 17] 

4 Human Resources Management  
a) Availability of resources 
b) Capability of resources to execute project tasks 
c) Attrition 
d) Motivation of resources to perform well and positively contribute to project success 
e) Ambiguity of job description and role played in project 
f) Cultural differences and disparity in working styles 

[18, 28, 29, 30, 31] 

5 Knowledge Integration  
a) Access to knowledge regarding the business function enabled by the developed product 
b) Access to technical knowledge related to the product development platform 
c) Mechanisms to train and exchange knowledge among distributed team members 

[17, 32] 

6 Technology Factors  
a) Unstable, unreliable development platform 
b) New paradigms with insufficient documentation, etc. 
c) Infrastructure to support synchronization of work in distributed product development 
d) Infrastructure to support communication mechanisms in distributed teams 

[18, 20, 33] 



allocation mechanisms and managing the overall division of
labor. Task allocation in Supersoft development projects tra-
ditionally followed a proactive culture wherein developers
signed up for fulfilling tasks enlisted by the development
manager. However, in the distributed development setting
proactive sign-up for project tasks had led to a high propor-
tion of tightly integrated tasks to be split across the develop-
ment centers. This, in turn, seemed to increase the system
integration effort and also the number of integration errors.
A development manager noted:

“I did not want to disrupt the proactive culture in my
project team by pre-assigning tasks. I strongly believe that
even if tightly linked tasks get split across the development
centers, it contributes to the learning across the project team.
This is an organic way to disseminate product knowledge to
everyone. There might be a cost to this decision, but at this
stage of team development I am willing to pay that cost.”
Most developers held the notion that while the proactive

task pickup culture was an asset to the organization, there
was a need to allocate tasks in a better way, and that the
development managers need to interfere to optimize the
tradeoffs between the costs of proactive task selection and

its benefits. A senior developer shared the following opin-
ion in an interview:

“Proactive signup for tasks gives us [a] lot of flexibility
and autonomy in choosing our daily work. When we sign
up for the tasks there is only a 50 percent chance that we are
aware of the cross-site dependencies. There is only so much
that you can figure out from the design documents. Many
integration issues are discovered only as we progress with
the task. People who are in charge of the tasks that have
dependencies often do not have deep knowledge about the
integration of the components that they are working on. As
a result, several people who have not signed up for a task
eventually end up work[ing] on it anyways; one-to-one
mapping of tasks to developers exists only on the roster.
This situation can be improved if there is some interference
in the task planning by development managers who have
the knowledge and experience to suggest a desired [task]
allocation pattern as a recommendation.”
Summarizing the propositions that emerged from our

discussions, the first order reasons that directly limited the
performance of distributed product development teams
were: (1) usage of older and irrelevant measurement and
performance metrics and benchmarks, (2) lack of project
management administration support structure, and (3) non-
optimal task allocation patterns for distributed teams.

Problem Domain 2—Process controls. The next common
theme that emerged during our diagnosis effort was related
to process controls employed on the distributed develop-
ment projects. Recall that the audit committee had noted
about 400 issues related to non-conformance to ISO stand-
ards. The diagnosis effort to uncover the root cause of the
non-conformance problem highlighted the lack of autonomy
for quality engineers and the inadequate participation of
SEPG in the quality assurance processes of distributed
teams. Fig. 1 presents the structure of a typical distributed
development project organization at Supersoft. As the figure
shows the SEPG was not directly in control of development
activity in remote development centers of Supersoft. Product
line managers held direct control of development activity

Fig. 1. Project organization structure.

TABLE 3
Portfolios of Control

(Column 1) 
Control Mode 

(Column 2) 
Mechanisms of control observed 
in literature [34-36] 

(Column 3) 
Encounters of control mecha-
nisms in Supersoft distributed 
development projects 

(Column 4) 
Control Elements encountered in Supersoft distributed 
development projects 

Outcome Control 
Emphasize on results and 
focus on measurement and 
benchmarking. 

Project milestone;  
Budget, Implementation dates;  
Design document; 
Functional Specifications; 
Software testing. 

• Project Plan 
• Specifications document 
• Design document 
• Functionality added in 

product release 

Controller: Product line manager, Development Manager 
Measurement: Observing product functionality releases  
Evaluation: Map release pattern with original vision 
Rewards and Sanctions: Nil 

Behavior Control  
Restrict undesirable behaviors 
through surveillance, and 
develop a link between behav-
iors and formal rewards. 

Development methodology;  
Job description, roles and respon-
sibilities; 
Task allocation; 
Walk-throughs, weekly reports. 

• Monthly Meetings 
• Team performance report  
• Individual performance 

report 

Controller: Product line manager, Development Manager 
Measurement: Progress in terms of % task completed, 
Contributions to project 
Evaluation: Performance assessment exercise 
Rewards and Sanctions: Individual and Team bonus 

Clan Control 
Induce desirable shared val-
ues, beliefs, and culture in a 
team through peer pressure 

Socialization;  
Hiring and training practices.  

• Product release vision 
• Team outings 
• Mentor-Mentee programs 

Controller: Product line manager 
Measurement: Nil 
Evaluation: Nil
Rewards and Sanctions: Nil 

Self  Control  
Focus on autonomy and build 
control through self-
motivation, and self-
regulation of individual team 
members 

Self set goals;  
Self-monitoring through personal 
software process;  
autonomy in task picking and 
work. 

• Proactive signing-up for 
tasks 

• Self learning 

Controller: Team members 
Measurement: Nil 
Evaluation: Nil 
Rewards and Sanctions: Nil 



and quality engineers in the remote centers. Individual prod-
uct line managers sponsored distributed development proj-
ects within their units, and did not engage with centralized
resources such as the SEPG while enacting policies govern-
ing remote development centers.

To further understand the role of SEPG and quality
assurance, we analyzed the structure of controls in
Supersoft’s distributed development projects using the
portfolios of controls framework developed in the infor-
mation systems development literature. Prior research
studies [34], [35], [36] note that organizations tend to
employ a portfolio of controls for software project man-
agement, which have been organized into four control
modes, namely, outcome, behavior, clan, and self-control
modes (see first two columns in Table 3). We mapped
the project mechanisms at Supersoft to these control
modes (column 3 in Table 3), and documented who initi-
ated and owned the control mechanisms (controller), the
metrics involved in the control mechanism (measure-
ment), how the project activity was evaluated (evalua-
tion), and how the teams were rewarded or penalized
for their performance (rewards and sanctions).

As shown in Table 3 (column 4), our analysis indicated
that outcome and behavior controls modes were used more
often than clan and self-control modes in Supersoft distrib-
uted development projects. Although a conspicuous proac-
tive and autonomous working culture existed among
Supersoft distributed development members, it was not lev-
eraged fully in terms of exercising project controls (i.e., no

usage of self or clan control modes). Further, the implemen-
tation of control elements in the outcome and behavior con-
trol modes was not consistent and rigorous across the
global development sites. For example, there were no
specific measurement guidelines to capture project perfor-
mance metrics. The centralized SEPG and quality manage-
ment teams were not involved in ensuring the effectiveness
of measurement and evaluation schemes across different
projects and development sites. The absence of these central
resources in performance assessment meant that the best
practices and learning from individual distributed product
development projects could not be explicitly integrated into
the firm’s organizational memory mechanisms.

The evaluations involved in performance assessment
exercises were largely development manager specific,
and there were no firm-wide agreed upon guidelines or
standards. Furthermore, the project controls were based
on outcomes of prior tasks executed to satisfy other func-
tional processes, rather than on the distributed develop-
ment context of the teams. For example, the controllers
extensively used aggregated information from product
release notes such as functionality releases and product
release patterns and compared it with market competi-
tion. However, they did not use the teams’ project plan
and design documents, which were rich artifacts created
from the software methodology steps, to analyze devia-
tions of actual outcomes from the planned ones. Thus,
we listed ineffective project controls as the next problem
area that needed to be addressed by the SPI team.

TABLE 4
Disparate Value Systems

Contributions highly valued by management in development center 1 Contributions highly valued by management in development center 2 
• Innovative ideas that significantly enhance the product features or perfor-

mance (Product focus). 
• Technical excellence – be on the forefront of new technology paradigms 

and apply them in product development. 
• Developing ties with other product development groups at Supersoft and 

ability to push forward multi-product enhancements. 
• Ability to be a specialist with deep knowledge in a chosen role. 

• Contributions to organizational development – administration, 
setting up processes, training, team building effort, etc. (Or-
ganization focus). 

• Ability to bring more work to the development center. 
• Ability to develop generic skills that can be leveraged in mul-

tiple roles. 
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Problem Domain 3—Human resources issues: There were
several human resources-related issues that we observed
through our discussions with the stake holders and the
examination of the audit committee report. As mentioned
before, although performance assessment was used as a key
outcome control mechanism, there were no consistent
guidelines or established performance assessment criteria
to evaluate individual performance. Instead the develop-
ment managers used their own judgment to assess perfor-
mance, often in a variety of subjective ways. Also, from our
discussions with the managers and developers, we noticed
that the ‘value system’ through which contributions were
assessed varied across the development centers. Table 4
shows the contributions that were highly valued at two
development centers, highlighting the differences in what
were perceived as superior performance across the centers.
The differences in the value systems were especially prob-
lematic to personnel who frequently transitioned between
the development centers. These boundary spanning resour-
ces that played a crucial role in product development
missed out on rewards such as bonuses because of the dif-
ferences in the managerial value systems. The following
excerpts from our interviews with the developers further
illustrate these issues:

“Since last year I have not received any quarterly bonus
and salary rises. My manager thinks travel is a privilege
and is a learning opportunity that my other colleagues do
not enjoy. But when I go back to my home center I am at a
lower growth path. Next time I will think twice before I
agree for business travel.”

“When I was asked to move to <development center>
for a year, there was no clear transition plan for my return.
When I was away, my team back home got restructured and
I was reporting to three development managers. None of
them included me for team bonus considerations and I was
left in the lurch.”
Another key people-related issue that we uncovered was

the impact of task variability on individuals due to work
dispersion across different development centers. Distrib-
uted development teams faced a work environment where

work load patterns varied significantly. An interview quote
from a developer illustrates this:

“I know that this is not a 9-5 job. But there were long
periods in this project where I had to do night shifts and
that was not by my choice. I want to avoid night shifts in
the future and I know that it can be done if we pay closer
attention to the release schedules upfront.”
While the proactive work culture at Supersoft encour-

aged developers to design their own work schedules, there
was a need to choreograph task allocation across different
sites in order to prevent wide fluctuations in work sched-
ules for individual developers. Thus, improving the perfor-
mance-based incentive structure and task scheduling
patterns for distributed teams were identified as the final
important problem area to be addressed by the SPI project.

4.2 Intervention 1: Action Planning

Following the problem diagnosis phase we collaborated
with the various Supersoft groups involved in the SPI
effort to consider remedial measures for the key issues
that were identified. The SEPG collated proposals and
organized workshops to discuss and debate the proposed
solutions. Table 5 summarizes the problem areas (column
1) and the corresponding solutions (column 2) that the
SPI team proposed to remedy the problems. Two major
implementation action items emerged from the proposed
solutions (column 3):

1. Devise a new distributed development process
framework that will expand the current Supersoft
ISO 9001 and 15504 standards-based processes to
address the specific needs of distributed develop-
ment teams. This would address the two problem
domain areas of poor project performance due to
outdated processes and metrics, and human
resource-related issues. An overview of the pro-
posed extensions to the process framework as envi-
sioned by the SPI team is presented in Fig. 2 (more
details in Section 4.3).

2. Implement structural changes to the distributed
development organization to enhance the autonomy
of the quality function, including greater role for cen-
tral resources such as the firm’s SEPG. This relates to
the alteration of the reporting structure of the quality
engineers involved in distributed development. In
the proposed solution, quality engineers would be
associated with distributed development teams as
full time members, but would have a direct reporting
line to the quality assurance and SEPG heads.

The diagnosed problems and the envisioned plans were
presented to a Supersoft management committee consisting
of vice-presidents of three product development divisions,
two development center directors, and the senior vice-presi-
dent of quality management. The committee welcomed the
move to extend the current processes to be adapted to the
needs of the distributed development context, but raised
concerns on how the flexibility of their processes could be
maintained in a regime of centralized process control. The
SEPG and the quality assurance team agreed that the pro-
cesses followed at team levels should be the responsibility
of the development teams, but highlighted the need for the

Fig. 2. Multi-tiered process framework overview.



autonomy of their quality engineers. Autonomy of quality
engineers would ensure reliability of the benchmark data
constructed from individual projects and would help the
flow of best practices and learning to other parts of the orga-
nization. This relates to the concepts advanced by scholars
that that effort spent on operational and conceptual learning
can improve the overall effectiveness of process improve-
ments [17], [37], [38].

To balance the control requirements sought by the
SEPG and the flexibility needs sought by product devel-
opment teams, extensive tailoring of KPAs in the new
framework was allowed. Tailoring provides flexibility to
product development teams to choose the specific process
implementation steps (choices in development methodol-
ogy, templates, process steps, etc.) under the supervision
and guidance of centralized SEPG governance. Following
initial deliberations, an agreement was reached on the
roles, responsibilities, and the process implementation
stages for the distributed product development teams.
Fig. 3 represents the agreed upon SPI installation steps
that would ensure the autonomy of the quality function
without jeopardizing the flexibility of process tailoring by
individual product line teams. The management commit-
tee also approved the next steps to develop the extensions
to current process framework, and to run a pilot program
based on distributed development projects of eight teams.

4.3 Intervention 1: Action Taking—Developing the
Key Process Areas

The first step in the action taking stage was to implement
the structural changes to the quality function in the eight
distributed development teams that participated in the pilot
study. While the quality engineers took part in the develop-
ment projects as before, they now directly reported to the
central quality assurance and SEPG heads. This assured the
autonomy of their operations and at the same time did not
disrupt their commitment to the specific product develop-
ment team that they belonged to.

The next step was to develop the extensions to the pro-
cess framework of Supersoft to address the specific needs
of distributed software development teams. The starting
point for this effort was the consideration of four key con-
cepts synthesized by Olson and Olson [20] and shown as
essential for geographically distributed work: (1) collabo-
ration readiness, (2) common ground, (3) coupling in
work, and (4) technology readiness. We discuss each of
these foundation concepts and describe how the neces-
sary distributed development key process areas of Super-
soft were built on them.

‘Collaboration readiness’ refers to the willingness and abil-
ity of team members to participate effectively in distributed
development. It has been shown in prior research that the
main driver of collaboration readiness comes from the indi-
vidual beliefs and trusts that developers place on their
remote colleagues [39]. In the absence of mutual trust, inter-
dependent tasks cannot be successfully negotiated and
accomplished. Collaboration readiness of distributed
teams could be positively influenced by appropriate organi-
zational governance structures that explicitly specify the
collaboration requirements, administration structure, and
individual participants’ goals, roles, and incentives. In the
absence of a clear governance structure, cross-functional
and cross-locational conflicts, and ambiguous authority
could arise in project management that would eventually
hamper project performance [17]. Also, the role of manage-
ment leadership is important in propagating the needs for
adopting a collaborative strategy and in steering distributed
product development teams towards the acceptance of the
governing principles for collaboration [40]. Thus, the con-
cept of collaboration readiness informs us of the need for
process areas that facilitate trust formation, goal setting,
design administrative, incentive and performance struc-
tures, and top management participation. Table 6 details the

Fig. 3. New key process area implementation steps.

TABLE 6
Key Process Areas for Improving Collaboration Readiness

Key Process Area Supporting Literature 
Trust and belief: Assess and induce belief and willingness of st ]24,14,93[krowdetubirtsidnietapicitrapotredloheka

]44,34[seloryrotapicitrapdnaerutcurtsmaetdetubirtsidrofsenilediugpoleveD:erutcurtsmaeT
]64,54[smaetgnitapicitrapneewtebslaogssenisubderahsetatilicaF:gnitteslaogderahS
]64,54[leveltcejorpdnalanoitarepoehtotslaogssenisubdnalanoitazinagrorehgihroliaT:slaogfogniroliaT

]74[Assess, estimate and allocate budgets for distributed work:pihsrenwotsocdnagnitegduB
Contractual stability: Monitor contractual relation ]94,84[s to nurture long term stabilitypihs
Management communication channel: Create efficient flow of information between top management executives and participating teams 
and organizations 

[40] 

]34[s, and span of influence of managerskrowtenlanoisseforpdnalaicosehtrotinoM:napSlaireganaM
Performance management: Assess and track contributions of individual participants of dist ]25,15,05[krowdetubir
Competency management: Identify core competency of each participating organization and appropriate consideration in organizational 
strategy 

[53, 54] 

Strategic significance: Facilitate mutual participation of remo 5,15,64[ygetartsdnanoisiv,noissims’rehtohcaenismaetet 4] 



KPAs we developed to improve collaboration readiness
along with the references in literature that guided us.

The next foundational concept, ‘common ground’, empha-
sizes the mutual knowledge and awareness that remote par-
ticipants share with each other such as knowledge about the
history and legacy of the software product they are working
on, their company culture, common experiencewith custom-
ers, and basic understanding of their working styles. Prior
research informs us that development of suchmutual knowl-
edge is crucial for effective communication between teams
separated by distance [55]. Thus, the concept of common
ground informs us of the need for process areas necessary to
nurture common understanding and mutual knowledge.
Table 7 details the KPAs related to mutual knowledge and
the associated literature that inspired us.

The third foundational concept, ‘coupling in work’,
reflects the mechanisms for division of labor that control
interdependencies in distributed product development. In
order to minimize interdependencies and integration
costs, we have to pay close attention to the relationship
between the architecture of the system and the organiza-
tion of system development resources [15], [27]. One of
the key system architecture characteristics that could be
exploited to organize software development tasks is mod-
ularity [67], [68], [69]. It is important that the distributed
product development process framework elicits guide-
lines on how product development work could be modu-
larized appropriately, and how work units can be
spanned across distributed teams. Thus, the concept of
coupling in work highlights the need for including pro-
cess areas for managing interdependencies of tasks and
the appropriate division of labor. Table 8 details the key
process areas for managing coupling in work along with
the supporting representative studies in literature.

Finally, ‘technology readiness’ refers to the availability and
usage of collaborative technology infrastructure such as
groupware, video conferencing, multi-authoring tools,

server synchronization, etc., to conduct distributed product
development. Distinguishing mere availability from effi-
cient usage, Orlikowski [80] points out that efficient utiliza-
tion of collaborative technologies depend on two important
factors, the structural properties of the organization (such
as policies and reward structures) and personnel’s cognition
about technology and their work. Thus, to ensure technol-
ogy readiness in distributed teams, there is a need to focus
on process areas that emphasize the availability and accessi-
bility of enabling technologies along with a provision for
monitoring the utilization patterns of the technologies.
Table 9 lists the KPAs we developed to satisfy the
‘technology readiness’ need.

Evolutionary distributed development process framework. The
next step was to arrange the KPAs in an evolutionary frame-
work. An evolutionary framework would help firms iden-
tify and assess their current process situation and plan for
future improvements in an incremental fashion. Also, since
implementation of software process models demand signifi-
cant and sometimes risky organizational changes, an incre-
mental and evolutionary approach might result in a wider
adoption of the proposed practices while simultaneously
improving the capabilities of the firm for further changes.
To arrange the key process areas in an evolutionary frame-
work, we sought expert opinion within Supersoft. We
formed a review committee that consisted of 34 randomly
selected experts from a variety of roles such as certified
quality assurance managers, development managers, pro-
gram directors, and software product development vice-
presidents; these experts had more than ten years of indus-
try experience. We conducted a workshop with the review
committee where we first presented the back ground of our
project and its objectives, and then asked the experts to rank
order the KPAs we developed along an evolutionary matu-
rity path. We provided the experts with a list of the distrib-
uted development KPAs (Tables 6, 7, 8, and 9) in randomly
sorted order, and asked them to group and rank order the

TABLE 7
Key Process for Establishing Common Ground

Key Process Area Supporting Literature 
]26,15,81[ss and train personnel for improved communication skillsessA:slliksnoitacinummoC

Cultural awareness: Nurture and enrich mutual awar ]85,75,65,81[s to counter differencessene
Remote people management: Develop processes to help managers communicate with and manage remote personnel ]06,95[
Project management consistency: Ensure consistent usage of tools, processes, project reporting and tracking among distant teams [6, 61] 
Knowledge management:  Facilitate knowledge transfer and establish policies for knowledge management ]56,46,36,26,55[

]66[g remote teamsnomaetarefilorpdnasecitcarptsebyfitnedI:secitcarptseB

TABLE 8
Key Process Areas for Managing Coupling in Work

Key Process Area Supporting Literature 
Division of Labor: Institute policies to guide managers in task allocation, distribution and coordination of resources 7,07,96,86,81[ 1] 
Functional Ownership: Identify and monitor individual functional ownership and responsibilities among dispersed team members [72, 73, 74] 
Complexity management: Facilitate mapping of product and team modularity, and optimizing it for managing interdependencies [68, 75, 76, 77] 
Innovation management: Institute policies to manage cross-locational and cross-functional innovations ]97,87,94[

TABLE 9
Key Process Areas for Aiding Technology Readiness

Key Process Area Supporting Literature 
Distributed technology infrastructure: Deploy, monitor and upgrade technical infrastructure for cross-site communication [18, 49, 81, 82] 
Integrated tool environment: Deploy, monitor and upgrade infrastructure for participative coding, reviewing, debugging, server syn-
chronization and other programming related work 

[83, 84] 

Infrastructure for social development: Deploy infrastructure to facilitate non-work related communication among remote colleagues [18, 26, 85] 



KPAs on a framework consisting of three levels in an
increasing order of capability. Responses from this exercise
were then analyzed, and the positioning of all the KPAs
was resolved without ambiguity. The interrater reliability
value of the ranking derived by the 34 experts from the
above exercise was 0.8 as calculated by the Kendall’s coeffi-
cient of concordance, which is above the recommended
threshold in the literature [86]. Table 10 shows the final evo-
lutionary process maturity framework that was agreed
upon by the expert review committee.

The quality assurance and SEPG departments at Super-
soft took the responsibility to train development and mana-
gerial personnel of the eight pilot teams in the new
distributed process framework. Individual project teams
and line managers were trained in all the KPAs of the pro-
cess framework. After the training was completed, the pro-
cess framework was released to the pilot teams for
implementation. The quality engineers of each product line
teams took responsibility for the implementation and moni-
toring of the framework in the projects. Monthly internal
audits and training sessions were conducted by the quality
engineers as well.

4.4 Intervention 1: Evaluating

Our evaluation of the actions taken during intervention 1
consisted of two stages. In the first stage, we analyzed if the
problems identified during the diagnosis step were resolved
after the actions of intervention 1. We noticed that after the
restructuring of the quality function in the distributed
development teams, quality engineers and SEPG members
were able to play a greater role in the process control of the
distributed project teams. The roles and responsibilities of
the quality engineers had expanded significantly from a
predominantly reactive testing and verification function
before the restructuring to a proactive project management
support role after empowering them with autonomy. They
conducted monthly review sessions with the distributed
product development teams, and also supported project

administration in terms of providing assistance in project
effort and size estimation, keeping track of project progress,
and enacting process control. The data collected and veri-
fied by the quality engineers were passed on to the central
SEPG repository and contributed to the development of
benchmarks specific to the distributed development proj-
ects. Our assessment of the project control modes used in
the projects after the adoption of the expanded process
maturity framework indicated that the main improvements
were reflected in the increased use of quantitative and

TABLE 10
Evolutionary Distributed Process Maturity Framework

Maturity Level Key Process Areas 
Level 0: No systematic processes level  NA 

Level 1:  
Initial level 

Trust and belief 
Communication skills 
Distributed technology infrastructure 
Team structure 
Cultural awareness 
Remote people management 
Shared goal setting 
Tailoring of goals 
Budgeting and cost ownership 

Level 2 : 
Consolidation level 

Division of labor 
Integrated tool environment 
Project management consistency 
Functional ownership 
Knowledge management 
Management communication channel 

Level 3 :  
High productivity level 

Performance management 
Complexity management 
Managerial span 
Infrastructure for social development 
Competency management 
Innovation management 
Best practices 
Contractual stability 
Strategic significance 

Fig. 4. Sample reports from autonomous quality engineers.



objective data to measure and evaluate outcomes. Project
managers could readily access quantitative data at the task
level activities in the project and could track the trends over
time. Fig. 4 shows a sample quality report, illustrating the
increased use of relevant objective quantitative metrics.
Thus, the need for better control modes and project manage-
ment and administration support, which was identified as a
problem area before, was successfully fulfilled through the
restructuring of the quality function that was enacted in
intervention 1.

The second stage of our evaluation involved a quantita-
tive assessment of the impacts of the process improvement
efforts undertaken by the eight product development
teams. We assessed 62 projects completed by the eight
product line teams using the new process maturity

framework, two years after the teams had adopted the
framework for their operations. Results from this assess-
ment were used to predict the performance measures of
the distributed projects executed by the eight teams using
statistical regression models. This helped us to understand
if process improvement in the distributed teams contrib-
uted to better project performance.

The details of the quantitative study are presented in
Table 11; the summary statistics of the data we collected is
shown in Table 11a and the regression models are described
in Table 11b. The regression models capture the effects of
improvements in process maturity (b1) and work disper-
sion (b2) on two performance measures, namely, SLA fail-
ures and customer satisfaction, controlling for the other
variables shown in Equations (1) and (2).

TABLE 11
Quantitative Assessment of SPI Effort

11a) Summary Statistics of Evaluation Data 

tnemevorpmInaeMtnemerusaeMtcurtsnoC Std 
dev. Min Max 

Customer satis-
faction 

Rating on 1-10 Likert scale  
Online survey of customers 7.36 20% 0.93 4.33 9.5 

Process maturi-
ty2

% KPAs from Levels 1-3 (Table 10) fulfilled 
satisfactorily as assessed by the audit committee 54.16 N/A 27.08 37.5 100 

Dispersion % of effort done at a single development center 
to the total effort spent on the project 0.36 36% 0.18 0.05 0.5 

Personnel capa-
bility 

Rated by development manager on 1-10 Likert 
scale 7.49 N/A 1.37 3 10 

Post-sale support Extent of support given to the product support 
team Rating of 1-10 Likert scale 7.05 3% 1.02 4.5 10 

SLA failure Number of times the project team failed to meet 
the service level agreements (SLA) 33.53 -10% 46.53 0 226 

Solution fill-rate % of solutions delivered by the team to the total 
solutions requested by customers 45.94 15% 11.59 21.95 78.57 

Team size Head count of the product development team 4.90 N/A 3.47 1 18 

Processing time Number of days to resolve a customer message 11.55 -10% 5.26 2.2 33.77 

Complexity Feature points delivered by the team 198.92 N/A 204.08 10 816 

11b) Regression Models 

SLA failure = β0 + β1 * process maturity + β2 * dispersion + β3 * personnel capability + β4* team size +  β5* complexity 
+  β6* processing time +  €     …… Equation 1

Customer satisfaction = β0 + β1 * process maturity + β2 * dispersion + β3 * SLA-failure + β4* personnel capability +  
β5* post-sale support + β6* solution fill-rate +  €    …… Equation 2

11c) Regression Results (N=62)≠

Variable  SLA failure Customer satisfaction 

Process maturity β1 -10.479** (0.018) 0.289** (0.019) 
Dispersion β2 -3.864       (0.768) 1.26*** (0.000) 
SLA failure β3 NA 0.002  (0.842) 
Personnel capability β4 -1.471        (0.391) 0.254 ***    (0.000) 
Post sale support β5 NA 0.462***     (0.000) 
Solution fill-rate β6 NA - 0.015 ***  (0.006)  
Team size β7 -4.725***  (0.000) NA 
Complexity β8 0.267***    (0.000) NA 
Processing time β9 -1.06          (0.018) NA 
Constant β0 46.12***    (0.007) 1.951***     (0.000) 
R-squared  85.29% 73.15 % 
CHI-squared  359 .41*** (0.000) 169.33 ***   (0.000) 

2Process maturity was initially assessed using an ordinal scale (Levels 1-3). As per the recommendation of anonymous reviewers, to avoid using
ordinal variables in the quantitative analysis, we report process maturity as a continuous variable using the % of KPAs fulfilled by a project team.
Results were consistent across the usage of process maturity as an ordinal variable or as a % of KPAs measure in the regressions.
6¼Two tailed P-values in parenthesis; ���P < 0:01, ��P < 0:05, �P < 0:1



The quantitative evaluation results indicated that all the
project teams showed improvement in their project perfor-
mance after the adoption of the new distributed develop-
ment process framework for their operations. As shown in
Table 11a, in the 62 projects that the teams completed, there
was a significant increase in work dispersion (36 percent on
average). On average, teams had adopted 14 out of the total
24 KPAs and moved from level-0 to level-2 in process matu-
rity; there were 14 projects that had achieved level-3 in pro-
cess maturity.3 Through higher process maturity, the teams
were able to improve customer satisfaction and reduce
quality failures and error processing times. Specifically, the
regressions results (Table 11c) show that as the project
teams rise in the process maturity levels b1, for example,
from level-0 (adhoc) to level-2 two (initiation phase), fail-
ures were reduced by as much as ten times and customer
satisfaction scores increased by more than 20 percent (see
b1 in Table 11c). Moreover, in the presence of process matu-
rity improvements, work dispersion resulting from the dis-
tributed development strategy had a significant positive
effect on the performance metrics (see b2 in Table 11c).

Thus, in evaluating the actions of intervention 1,4 we
saw that the SPI initiative in the 62 projects of the eight
distributed development teams had positive impacts on
the performance of the distributed teams. The distributed
development strategy of Supersoft was working effec-
tively in the presence of ongoing improvements in process
maturity.

4.5 Intervention 1: Specifying Learning

Three key lessons emerged from our experience with inter-
vention 1. First, in a distributed development environment,
significant benefits can be reaped if the governing process
framework caters to both the technical and social needs of
teams. On one hand, views of SPI as epitomized by proposi-
tions such as “software processes are software too” [87]
emphasize the technical, rational, and mechanistic design
aspects of software development processes. On the other
hand, a social view of software development emphasizes
that software development involves the production of a
technical artifact that is socially produced and consumed
[88], [89], [90]. In this study we embraced a sociotechnical
approach by developing and implementing an SPI frame-
work that included KPAs pertaining to both the technical
and social needs of distributed teams. Referring to Fig. 2,
we note that most of the technical needs of Supersoft prod-
uct development were satisfied through layer 1 of the SPI
framework. The social needs of distributed development
were met through the layer 2 KPAs, and the firm-level pro-
cess needs were fulfilled through the layer 3 KPAs.

Second, to ensure effective SPI implementation it is
important to strike a balance between the needs for

flexibility and control. Our experience shows that even
when diverse practices exist in a development environment,
one can achieve meaningful process control through a
multi-tiered SPI approach. Extensive tailoring choices in
both the layer-1 ISO 9001, 15504 standards-based KPAs and
the layer-2 KPAs of the new distributed development pro-
cess framework allowed teams to choose diverse develop-
ment methodologies, quality verification procedures, and
project organization structures. By not following a stan-
dardized, one-size-fits-all blueprint approach to SPI [91],
[92], we were able to leverage the existing process diversity
to help teams adhere to a continuous improvement culture.

Our third learning point relates to the need for autonomy
of the quality function at the project level. By ensuring
autonomy for the quality function, managers can ensure
that the experiences of the teams can contribute to organiza-
tional learning. Experience at the project level (operational
learning) can enter the organizational knowledge network,
where other agents such as the central SEPG can help reason
out the experiences to gain conceptual learning, which
eventually assists in the sustenance of the continuous
improvement journey [17].

5 INTERVENTION 2: INSTITUTIONALIZING PROCESS

IMPROVEMENT FRAMEWORK

After intervention 1, Supersoft management had expanded
the distributed process maturity framework to all the dis-
tributed product development projects of the firm. The
framework and process assessments were made an essen-
tial part of the annual audit of the teams. Following an
annual audit in 2010, results of the firm-wide benchmark-
ing exercise were published in an internal newsletter to
the distributed development teams. This was the first time
that the relative positions of individual project teams in
terms of performance indicators was published within
Supersoft. The publication was widely perceived as a sig-
nal that top management was intent on comparing the per-
formance of development teams at a global level through
the SPI initiative. Typically, Supersoft project teams were
organized according to the product lines, and individual
product line teams were rarely compared with each other.
The move to benchmark individual product line teams
globally created a significant debate in staff meetings and
other employee forums within Supersoft. Individual prod-
uct line managers resisted the move to compare their
teams with others. Development managers of distributed
development teams withdrew support to the institutionali-
zation process of the SPI initiative and withheld project
data from being updated in the central SEPG data reposi-
tory. Intervention 2 was introduced at this time to help the
management understand and resolve the challenges in
institutionalizing the SPI framework.

5.1 Intervention 2: Diagnosing

Similar to Intervention 1, the diagnosing step involved a
series of discussions with the development managers, prod-
uct line managers and senior developers. The central argu-
ment of all the development managers and product line
managers who resisted the adoption of the new process
framework and restructuring of quality function was that

3. We thank the anonymous reviewers for pointing out the hetero-
geneity in improving process maturity and performance among the
project teams. This variance in the adoption of KPAs and the corre-
sponding performance outcomes in the 62 projects formed the basis of
the regressions results shown in Table 11 c.

4. Regression robustness tests and diagnostics are omitted due to
page limit considerations. We tested for heteroskedasticity, normality
of residuals, influence of outliers, and multi-collinearity, and did not
find any problems.



the SPI initiative could be used as an intrusive control mech-
anism by the firm’s executive management. While the SPI
program was perceived as improving the capabilities of the
product development teams, it was also seen as an enabler
of behavior observability and outcome measurability at a
fine granular level, which the individual team managers
were anxious about. When the behavior observability and
outcome measurability of tasks improve, the portfolio of
control modes that can be used by the controller expands
significantly [34], [35], [36]. The publication of the global
benchmarking data at Supersoft was perceived by individ-
ual teams as a breach of trust in using self-reported data for
the purposes of implementing top management control.

5.2 Intervention 2: Action Planning

Our discussions with the executive management commit-
tee involving the vice-presidents of product development
and quality assurance revealed that Supersoft top man-
agement had not planned to use data from the SPI proj-
ect in the ways perceived by the middle managers. Even
without the data generated by the SPI initiative, data on
the product line revenues, customer complaints, and
market penetration were widely available to the top
management to assess the performance of individual
product lines. Supersoft top management indicated that
such high-level data were more appropriate for exercis-
ing controls at the product line level than the low-level
data collected through the SPI project such as the num-
ber of errors and number of backlog support messages.
This clarification confirmed that the management was
genuinely interested in improving the capabilities of the
development organization rather than exercising wider
controls using the data from the SPI initiative. Based on
this the SPI committee recommended the following:

1. The reporting procedure of quality engineers need
not be altered from the original situation. The met-
rics compiled by the autonomous quality engineers
need to be jointly vetted and approved by the prod-
uct line managers so that they do not perceive it as
unwarranted spying. While this reporting procedure
compromises the autonomy of the quality function
in the distributed development teams, it aids in
removing the misconceptions that the SPI initiative
is aimed at exercising excessive management control.

2. Product line managers have full ownership of the
processes and software engineering data derived
from their projects. They may disclose it to the cen-
tral SEPG at an aggregate level and on a voluntary
basis for the broader purpose of organization
learning.

3. Process control mechanisms of distributed develop-
ment must be audited through the regular annual
audits conducted by the central SEPG and quality
assurance teams. Any separate benchmarking exer-
cises need approval of the individual product line
managers who have the authority to decline partici-
pation in such exercises.

These proposals were approved by the management
committee for wider implementation.

5.3 Intervention 2: Action Taking

Detailed workshops were conducted for all the product
development teams involved in distributed development
to advertise the changes made to the administration of
the software process improvement framework. The dis-
tributed development teams that had benefited from the
SPI initiative shared their individual experiences with
the other participants in the workshops. The manage-
ment committee members disseminated their position
and the proposed changes to the SPI administration in
staff meetings and through their individual communica-
tion with the stake holders. Following this the central
SEPG started scheduling the formal induction of distrib-
uted product development teams into the newly devel-
oped multi-tier process maturity framework.

5.4 Intervention 2: Evaluating

The evaluation of intervention 2 was fairly straight for-
ward. After six months from the start of the intervention
2, 90 percent of the distributed product development
teams had signed up for the SPI initiative. Also, a major-
ity of the teams that had adopted the new process frame-
work voluntarily completed the SEPG’s formal audit of
their distributed development processes. Subsequently,
the SPI framework was inducted into the training pro-
gram of new hires of the development centers. These
developments indicated that the SPI initiative was begin-
ning to be widely adopted at Supersoft and a culture of
proactive and continuous process improvement was set-
ting in among the distributed teams.

5.5 Intervention 2: Specifying Learning

A key inference from intervention 2 is that implementation
of process frameworks would not succeed without the sup-
port of the entire chain of agents involved in the organiza-
tional change process. A top-down approach to implement
SPI would be resisted unless the goals of the desired organi-
zational change are perceived as legitimate at the grassroots
level. While SPI initiatives have the potential to expand the
portfolios of control of top management, a control-oriented
SPI implementation is likely to fail in the longer run due to
principal-agency related problems. Unlike in the production
of physical goods, agents involved in knowledge work have
more control over the source of process improvement data.
Thus, when SPI is approached as a control mechanism
rather than as a capability improvement and empowerment
mechanism, the costs of implementing the controls become
far higher than the realized benefits.

A second learning from intervention 2 relates to a trade-
off between autonomy of project-level agents and broader
organizational learning requirements. At Supersoft, to
solve the principal-agency problem in institutionalizing
the SPI initiative, the autonomy of the quality function had
to be compromised. This limited the flow of knowledge
from individual project learning experience to the organi-
zational knowledge repository. Thus, other complemen-
tary investments such as rewards for sharing best practices
are necessary to enhance the integration of local project-
level learning experience into the organizational-level
knowledge repositories.



6 DISCUSSION

6.1 Implications for Research

Several studies have associated SPI to improved perfor-
mance outcomes such as cycle time, project effort, pro-
ductivity, and quality [6], [7], [13], [93]. While the
success of SPI initiatives depend on the cooperation and
agreement of the agents involved in software production,
much of the theorized benefits do not directly relate to
the agents who perform the day-to-day steps of SPI pro-
grams. While there could be benefits of the SPI initiatives
to the individual agents such as developers, these bene-
fits have not been predominantly theorized or studied in
SPI research. Our action research indicates that agents do
not readily see the benefits of SPI initiatives and tend to
perceive the move to implement SPI as a control mecha-
nism in the beginning. They agree to adopt SPI practices
only when there are sufficient guarantees to prevent
direct and fine-grained behavior observability and out-
come measurability. Thus, the observations of this study
points to the need for further research to explicate how
the benefits realized through process improvements can
be modeled from the perspectives of both the principal
(management sponsoring SPI initiatives) and the agent
(developers who operationalize the SPI steps).

A second implication that arises for research is regarding
the relationship between process improvements and the
portfolios of controls employed in software development.
In this study we observed that there are strong links
between KPAs of SPI frameworks such as the one used at
Supersoft and the control mechanisms (such as methodol-
ogy, project plans and goals, etc.) employed through the
outcome, behavior, clan and self-control modes. An implica-
tion that arises because of this linkage is that the portfolios
of control modes and their effectiveness can vary as a partic-
ular development team journeys through the SPI evolution.
Thus, there is a need to study the interaction dynamics of
process capabilities of development teams and the effective-
ness of control portfolios employed for them.

Furthermore, this research highlighted the interaction
between the technical and social aspects of task alloca-
tion in distributed development teams. There is an
implicit relationship between the social coordination and
the technical integration costs resulting from the task
allocation patterns in distributed development. Thus,
researchers studying coordination patterns in distributed
software teams need to account for the endogenous rela-
tionships between architectural dependencies in the
underlying systems and the dependencies resulting from
team organization and task allocation.

Finally, the findings of this research related to the rela-
tionship between the autonomy of the quality function
and the flow of knowledge to organizational repositories
highlights a new opportunity for exploring the linkages
between SPI and organizational learning in a software
development context. Understanding how best practices
and learning in a local environment can be shared to a
wider audience at the organizational level, especially
when the actors involved in socializing the best practices
are globally distributed, could be an important first step
in that direction.

6.2 Implications for Practice

We offer three prescriptions for practitioners based on our
experience with the process improvement effort at Super-
soft. First, when software organizations are looking to
improve the process capabilities of distributed develop-
ment teams, they should pay attention to both the social
and technical needs of these teams. The choice of the nor-
mative process framework to be used in the SPI initiative
should be guided by the need to fulfill both the social and
technical aspects of software development. This research
demonstrates how KPAs specific to distributed software
teams can be accommodated on top of the process frame-
works based on popular and widely adopted standards
such as the ISO 9001 and 15504.

Second, to successfully propagate and sustain continu-
ous process improvement efforts in a large organization,
SPI proponents should leverage the diversity of practices
present in the organization by facilitating a multi-tiered pro-
cess framework that mandates adherence to fundamental
principles, but offers customization in the ways to opera-
tionalize team-level implementations.

Finally, proponents of SPI in an organization have to pay
close attention to the potential principal-agent problem that
could arise during institutionalization of process frame-
works. This can be avoided by 1) demonstrating the realiza-
tion of agents-specific benefits of the SPI initiative, and 2) by
establishing transparent procedures and policies governing
the usage of such agent-generated SPI data for wider orga-
nizational usage.
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