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ABSTRACT
It is well known that software products typically fail to achieve their expected quality.
While there are many studies on determining the quality of a software product in the
software engineering literature on process, design complexity, software quality
models, the quality of a software product is basically determined, by the people who
are populated in the software team that developed the software (Richard 2007; Justin
2006; Evans 2004; Krishnan 1998; Boehm 2007). The skills of the software team
determine the quality of the software product (Krishnan 1998).The technical skills of
the software team and the project management skills of the software team determines
the quality of the software developed (Judith 2007; Tschang 2001).
In the past, software development was mostly done in – house; mainly in the
developed countries like United States and now, it has been extended to various
locations. The problem of 2000’s has been globalization of software development in
different locations (Nicholson 2004; Herbsleb 2001). Many of the software projects
are outsourced from the developed countries like the Unites States America who are
already quite well advanced in the software development industry to the developing
countries in the Far East like Singapore and India.
However, the team skills (in the context of software development) available in these
developing countries and the main disparities between the team skills available in the
developing and developed countries have not yet received sufficient research
attention. Hence there is a need to study the impact of critical team skills on quality of
the software product and assess its variation across different countries. Specifically,
the objective of this study is to explore the critical skills on quality of software
product and how these team skills impact software quality in the United States of
America and India. During the course of this study we surveyed software
development teams in India and in the United States and collected data about the
impact of critical team based skills on software quality. The data collected from the
two countries was compared using analysis of variance methodology to establish the
differences between the two countries.
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CHAPTER 1
INTRODUCTION
The major goal of software organizations during the last decade has been achievement
of a high level of software quality especially in global software development
environments. Both the academicians and practitioners in the software engineering
field have contributed to the literature on this subject (for example; Pressmen 2005;
Kan 2002; Evans 2004). Academicians have in particular actively researched the areas
of software quality (for example; Galin 2004; Herbsleb 2001; Hyatt 1996).
The software engineering literature readily acknowledges the importance of people
skills in the attainment of software quality in globalized software development
environments (Carmel 2001; Castels 1994). Many studies agree that there is a
significant relationship between software team skills and software quality (Krishnan
1998; Kekre 1995).
……report provided empirical evidence that development
team skill has a significant effect on the quality of the
software product. (Justin 2006: Page 5).
However, there has been a shortage of work that specifically addresses the variations
of team skills in the countries United States and India (DCosta 2002).
Accordingly, the main objective of this thesis has been to empirically examine and
extend our knowledge of the impact of team skills on software quality. Specifically,
the aim is to consider the skills of the team members that constitute the software
development team. The thesis aim to examine the totality of the skills of team
members that ultimately determines the software team’s skill as a whole. Krishnan
(1998) examines the impact of team factors in software development, such as the
domain and language experience of the team members and the personnel capability of
the team, on the costs and quality of the software products. Hence, a key objective of
this research is to empirically test the effect of these team constructs on software
quality in conjunction with other constructs identified in the literature that may
influence software quality. Timgoles (2008) discussed on the critical skill sets for
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quality software in the developing countries like Europe and United States who
outsource the software projects and in developing countries like Singapore and India
where the projects are outsourced. Thus the research also identifies the disparity
among these team skills in software development projects in the United States and
India.
Specifically, the independent variables of interest in this research study include the
technical experience of the team as language experience, programming experience,
application experience, hardware experience and project management skills as
motivation, leadership and communication (see Figure 1-1, Initial conceptual
model).The research context is set within the software developers in the United States
and Indian project teams.
The aim of this chapter is first, to establish both the academic and managerial
importance of the topic area. Second, the context in which the study will be
undertaken is discussed. Third, the study objectives and key research questions are
stated. Fourth, the definitions of the constructs under investigation are presented and
finally, the remainder of this thesis will be outlined.
1.1 Academic Importance of the Topic Area
It is well acknowledged that due to the unique characteristics of software development
environments, software teams play a key role in shaping the expectations of the
software product, managing and controlling software specifications, and ultimately in
shaping the conformance to design requirements (Pressman 2005, Crosby 1979,
Stevens 1994). In essence they represent a significant component in exploring the
internal and external characteristics of the software product (Stevens 1994).
While software engineering has traditionally been concerned with making promises
and building expectations of software quality, organizational behavior has often had
the task of delivering these promises. More and more there is a realization that the two
disciplines need to be integrated for optimal software quality to eventuate (for
example, Pressman 2005). The organizational behavior literature has generally paid
little attention to the quality of the product, where as software engineering literature
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has largely ignored the team factors that affect quality (Justin 2006, Barry 2007, Diaz
1997, Haley 1996).
In recognition, this software engineering thesis focus on the software team as well as
the skills essential for software developers in a software organization and attempts to
delineate the team factors influencing the software quality. It thereby adds to the body
of literature that discusses the importance and management of the software project
teams in India and United States.
Pressman (2005) considers that in software quality management there were four
factors for discourse: people, problem, and process…. manager who forgets that
software engineering work is a human endeavor will never have success in project
management (Pressman 2005: 58). People /software developers constitute a software
team. It is the area that this thesis addresses, using a testing/development approach
(Krishnan 1998), which aims to understand conceptual relationships and derive
insights related to the team skills on software quality.
Judith and Kate (2007) perceived that the body of research that addresses these issues
had three perspectives: business development skills, product development skills and
people management skills of a team that effect software quality. This thesis is
concerned with the perspectives, product development skills and people management
skills:
Despite the intuitive relationship between development team skill and software
product quality in the software development, the body of software engineering
research is surprisingly sparse in its coverage of the topic. While very small number
of studies in the software engineering literature (Richard 2007; Robert 2006; Justin
2006; Evans, 2004; Krishnan 1998; Boehm 2007) have attempted to capture
development team skill as a driving cause of the success of software projects, the
primary focus of most software quality determining models is the analysis of design
complexity measures as indicators of software quality (Beaver 2005; Marc 2007;
Humphrey 2005; Basili 1996; Kan 2002; Kaner 2002; Stephen 2002; Khoshgoftaar
1992; Subramanyam 2003; Futrell 2001). In practice, the software development
industry has focused on well defined and followed software processes as the key to
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software quality and project success (Michael 2007; Baddoo 2003; Diaz 1997; Haley
1996). While it is difficult to argue that complexity and process are factors in the
quality of a developed software product, there is a general failure to address what
every software project manager knows all too well: the skills of the software
development team is a driving factor in software product quality (Justin 2006).
The team factors such as personnel capability and experience, personal motivation,
coordination and communication among team members are believed to be critical for
project success in software development (Faraj 2000; Carmel 1998; Curtis 1988). The
cultivation of motivated highly skilled software people has been discussed since the
1960’s (Lethbridge 2002; Cougar 1980; Demacro 1987; Whitaker 1994).
Organizations that achieve high levels of maturity in the people management area
have a higher likelihood of implementing effective software engineering (Pressmen
2005). The major categories of potential improvements in quality of software are
focused around technology, software development team, process, and product factors
(Pressmen 2005). Specifically, the importance of the team factor in software projects
has been identified in few studies on software projects (Boehm 1981; Carmel 2001,
1997). The size of the team itself is often argued to be an important factor (Brooks
1993; Carmel 2001). A recent survey of leading software organizations in Europe
identified that the quality of people in software teams is one of the most important
factors in improving productivity and quality in software projects (Blackburn 1996;
Kemerer 1992) reports:
……………”If you were to give an experienced software project manager a
proposal and schedule for a software development project, but allow her to
dictate one other factor, what would she choose? The answer is most project
managers would want to select the staff members to be included in the project
team” (Justin 2006: Page 1)
………“The most important ingredient that was successful on this project was
having smart people…. very little else matters in my opinion…The most
important thing you do for a project is selecting staff…The success of the
software development organization is very much associated with the ability to
recruit good people”(Curtis, 1988: Page 59)
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James Bach (1995) insists that the quality of the people is the primary driver for
software quality, and that too much industry focus has been on the process (Bach
1995). Bach argues that personal performance; the experience and abilities of an
individual play an important part in the ultimate quality of their developed software.
However, there is little empirical evidence to support this logical assumption. This
research is aimed in this direction. The research first attempts to capture these factors
determining the team’s quality in a considerably larger group of new respondents,
software developers, and to analyses the disparity of effectiveness of team skills in the
globally located locations US and India.
1.1.1 Globalization of software development
Software development is a globally sourced commodity (Hayes 2002). This has led to
the migration of software development and maintenance operations to geographically
distributed locations. Catherine (2005) examines that geographically dispersed teams
have been prevailing in many service-based organizations and significantly effects
team effectiveness (Bitner 1994). Today a large percentage of software outsourcing is
now centered in the Far East and Asian countries like India and Malaysia. The
number of organizations globalizing their software development continues to rise
(McCabe 2006). Ultimately, this means that globally distributed software
development will continue to have a significant impact on the software industry and
world economy as a whole (Kettinger 1995). Bateman’s (1990) study on the US teams
in Microsoft and IBM, says, “no matter the size of an enterprise, or whether its goals
are market leadership or the pursuit of pure knowledge, the enterprise will come to be
defined by the quality and character of its many teams”. The Indian firms mainly
concentrate on early stages of development namely low-level design, coding in
software development. The Indian software industry mainly specializes in the export
of low-end software development services, competing primarily on cost and
availability of software talent (Arora 1999, 2001; Murali 2002).
However, while many studies on relationships of team skills and software quality
(Krishnan 1998) has been referred to by a considerable number of academics over the
past decade (Broy 2002, Whitaker 2005), it would appear that there has been no
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confirmatory empirical study of the proposed relationships; the product development
and project management team skills on software quality in the countries US and India.
The key challenge facing IT software and service providers is identifying critical skill
sets (Timgoles 2008).The software service providers place more emphasis on business
domain and project management skills than on technical skills. Judith (2007)
examined the Indian software industry team skills as: basic technical skills as coding
and programming and language skills, soft management skills as leadership,
motivation and communication capability (Bitner 1990).
Cost, timeless and quality are primary drivers that will lead to intense competition for
software work over the next few decades. The developed countries like United States
and Western Europe have well established software industries. But developing
countries in the Far East (e.g. Korea, Singapore) in Asia (India, china) and in eastern
Europe, all offer a large pool of highly motivated, competently educated and
relatively low cost professional (Pressmen 2005).
Feigenbaum and McCorduck (Feigenbaum 1983) authored an article on the impact of
software information services on the United States and the world, state the following:
The American computer industry has been innovative, vital, and successful. It creates
value by transforming the brainpower of knowledge workers, with little consumption
of energy and raw materials.
The intent of this study is to cover the gaps in the existing literature. In doing so, the
research model addresses the team variables that affect the software quality in a team
on countries US and India. Further, it addresses the product development skill of the
software team and the project management skills. The next section gives you the
managerial importance of the “team skills on software quality in the countries United
States and India.
1.2

Managerial Importance of the Topic Area

Software people are considered the highest cost element of software development
organizations as well as the greatest asset. The average company spends about 4 to 5
percent of revenue on Information technology with those that are highly IT dependent
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such as financial and telecommunications companies spending more than 10% on it
(Robert 2006). In other words IT is now one of the largest corporate expenses. Past
research has identified the importance of people who will populate the team and their
skill levels (Bill 2001).
Examples of the possible areas of use for the research in this thesis include:
·

Selection and recruitment of software employees, since the constructs
investigated can be measured by Human Resources divisions among
potential personnel. For example, given a better understanding of people
factors that impact on the quality of the software product among
candidates could be incorporated in to screening procedures.

·

Development and enhancement of training program will give the
management / software developers, given a better understanding of the
effect of team skills on software quality

·

Manpower optimization in various department teams of the software
organization for the manager.

·

Future formula for reengineering of organization’s team processes, by
better understanding the influence of critical skill sets for a team.

In summary, the skill of software development team is addressed (Timgoles 2008).
Similarly a more detailed understanding of influence of team factors on software
quality in India and in United States would assist the management in the better
develop their organization processes in a global software development environment.
Further, forthcoming section will explain the research context, objective of the study,
the research problems and the research questions to be addressed
1.3 The Research context
Since the conceptual model of the thesis is concerned with the team skills associated
with the software quality in software development teams, it was necessary to conduct
the research among the software development teams that were appropriate to this
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characterization. Many research studies in this area considered the significance team
skills in determining software quality of which Krishnan’s (1998) “role of team
factors on software quality and cost” involved domain skills and language skill of a
team member that were considered to be higher for a higher quality software product.
Higher personality skill of the team member showed a higher quality of the software
product. Notably, Krishnan (1998) described the respondents of software developers
in packaged software teams, and Arora (2006) extensively discussed the software
development market globally located in the United States and service projects
outsourced to Far East countries mainly in India.
Therefore, following the direction of Krishnan (1998) and Arora (2006), this research
chose the setting of the software project organizations and the population of software
developers in the teams to investigate the proposition’s raised by the research inquiry.
Software developers in India and United States were considered to be most
appropriate survey respondents due to the considerable role they occupy.
Over the years software developers have been the subject of various forms of research
investigation (Judith 2007, Justin 2006) .The research in this thesis was conducted
with a cross-section of software organizations undergoing projects in India and United
States both domestic and exports. Due to an historical employment policy, a
considerable number of software employees are male, rather than the oftenstereotypical female complement. The focus of this study will thus be build on the
existing literature related to software development project teams in general, and
particular software developers.
1.4 Objective of the study
The preceding discussion has sought to demonstrate the importance of understanding
the nature of the relationships between team factors that influence software quality in
software project teams in general. Further, it has been argued that the critical team
skills on quality of software product on software quality and how these team skills
impact software quality in countries India and United States warrant further
investigation, both to academic researchers and practitioners. More specifically the
study attempts to address the following research problem and research questions.
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1.4.1 General research problem
The goal of this research is to empirically examine and extend our knowledge of the
determinants of team factors on software quality in a software development team;
specifically, those who work in software organizations where the team status is
generally considered significant. Importantly, this research has undertaken the team
skills and their impact on quality from the perspective of software in different
countries globally located like Europe and Unites States who are already achieved in
the software development industry to the developing countries in the Far East like
Singapore and India. A key aspect of the thesis is to find the critical team skills on
quality of software product and the extent of the relationship of team’s skill in India
and United States.
1.4.2

Research questions to be addressed

1.

Whether the strength and the direction of the relationship between the domain
experience/skills of team on quality of the software product the same in India
as well as in U.S. software teams?

2.

Whether the strength and the direction of relationship between the language
skills of team on quality of software product the same in India and United
States?

3.

Whether the strength and the direction of relationship between the
programming skills of team member on quality of software product the same
in Indian and U.S teams?

4.

Whether the strength and the direction of relationship between the hardware
skills of team member on quality of software product the same in Indian as
well as U.S teams?

5.

Whether the strength and the direction of relationship between the
motivational skills of team member on quality same in Indian and U.S
software teams?

6.
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Whether the direction of relationship between the leadership skills of team
member on quality the same in Indian as well as U.S teams?

7.

Whether the degree of relationship between the communication skills of team
member and quality of software product the same in India as in United States?

8.

What is the degree of relationship between the size of a team and quality of
software product stronger in India than in U.S teams?

1.5

Definitions

The following definitions have been used for the variables under investigation in the
conceptual model. A more detailed explanation of these variables is reported in the
literature review Chapters 2 and 3.
Software quality is defined as: “Conformance to requirements or program
specification “, the extent to which a product can be used by specified users to achieve
specified goals with effectiveness, efficiency and satisfaction in a specified context of
use; (Nielsen 1993).
Product development skills are defined as: The technical skills of a team member
on software product development.
Project Management skills are defined as: The managerial skills leadership,
motivation and communication of a team member on software development
Team Size is defined as the number of members in the team. Team size and
composition affect the team processes and outcomes. The optimal size (and
composition) of teams is debated and will vary depending on the task at hand. At least
one study of problem solving in groups showed an optimal size of groups at four
members Ken (2005). Other works estimate the optimal size between 5-12 members.
Less than 5 members results in decreased perspectives and diminished creativity.
Membership in excess of 12 results in increased conflict and greater potential of subgroups forming.
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1.6

Conclusions and outline of the Thesis

This chapter has sought to establish the academics and managerial importance of the
topic area as well as the outline the fundamental research problem and eight specific
research questions, which are the focus of the study. Following this chapter, chapters
2 and 3 will provide a review of the literature germane to this research and those
empirical and theoretical works relevant to this study. The purpose of these chapters is
to provide the background and historical support for this study. Chapter 2 will discuss
the body of research that this study is located within and the pertinent literature
concerning the variable, software quality team. Further the various team skills that
determine the quality of software are discussed.
Chapter 3 will review the relevant literature pertaining to the discussion globalization
of Software development and how the teams in Indian
The reasons for varying team skills in the software projects developed are dealt in this
chapter.
Following the literature review, Chapter 4 will develop the specific propositions to be
tested. Chapter 5 will discuss the methodology to be used, including the research
description of the organizations. Also, the research design is outlined, which
encompasses data collection, pre testing and scale development and the research
instrument. Finally the operational definitions of the constructs are described.
Chapters 6 will then present the research findings. First, the descriptive statistics of
the study and details of the construct validation, which includes factor analysis.
Further, the report of the results of the proposition testing by way of data analysis
using Analysis of variance is discussed in this chapter.
Chapter 7 presents a summary and discussion of the research results along with
the managerial implications of the research. The contributions of the research
will be outlined and limitations of the research addressed. Finally, the possible
future research directions will be considered.

Figure 1 - 1

Initial Conceptual Model
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CHAPTER 2
LITERATURE REVIEW
SOFTWARE QUALITY DETERMING FACTORS
2.1

Introduction

The overall organization of literature review is as follows: Taking into consideration
the two main domains in which the research falls, the entire literature review is
divided into two sections: (i) Software quality determining factors and (ii)
Globalization of Organizations. Chapter 2 discusses on the first section and Chapter 3
discusses on the second section.
In order to bring order and logic to the review, the first section is subdivided into the
following sections:
a)

Need of achieving higher quality for software development organizations

b)

Definitions of software quality

c)

Models and frameworks for assessing quality.

d)

Team skills determining software quality – the present study.

The section c is again subdivided in to a) Existing models and frame works for
determining software quality b) Existing frameworks for quality assessment c)
Models and frameworks which incorporated software team in assessing quality. The
section d is further divided in to a) Technical skills of the software team and b)
Project management skills of the software team. The organization of this literature
review is shown in Fig.2.1

14
Figure 2 - 1

Organization of the Literature review.

Software Engineering and Achieving Quality

Need of achieving higher quality for software development organizations
Definitions of software quality
Models and frameworks for assessing quality assessment
Existing models for determining software quality
Existing frameworks for quality assessment
Models and frameworks, which incorporated software, team in
assessing quality
Team skills determining software quality–The present study
Globalization of Organizations and its impact on software development
(Chapter-II)
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2.2

Software engineering and achieving software quality

Software engineering is the application of a systematic, disciplined, quantifiable
approach to the development, operation, and maintenance of software, and the study
of these approaches; that is, the application of engineering to software (Alian 2004). It
is a field of study dedicated for creating software that is of higher quality, more
affordable, maintainable, and quicker to build (Naur 2008).
Software development, a much used and more generic term, does not necessarily
subsume the engineering paradigm, but it is also the set of activities that results in
software products. Software development may include research, new development,
modification, reuse, reengineering, maintenance or any other activities that results in
software products (McCarthy 1995). Especially the first phase in the software
development may include marketing, research, engineering and general management
(Conde 2002). The field's future looks bright according to Money Magazine and
Salary.com who rated "software engineering" as the best job in the United States in
2006 (Kalwarski 2006).
The major category of potential improvements in quality of software is focused
around technology, process and product factors (Pressmen 2005; Banker 1998). The
primary focuses on studies in these areas are the analysis of design complexity
measures as indicators of software quality. (Beaver 2005; Marc 2007; Humphrey
2005; Basili 1996; Kan 2002; Kaner 2002; Stephen 2002; Khoshgoftaar 1992;
Subramanyam 2003; Futrell 2001). The software development industry has focused
on well-defined software processes as the key to software quality and project success
(Michael 2007; Baddoo 2003; Diaz 1997; Haley 1996). Bach (1999) insists that too
much industry focus has been on the process and very limited studies are on the
quality of the people.
The research area of the thesis lies within the field of software development, which
highlights the importance of people team skills on quality of the software product.
Software engineering also draws on concepts from organizational behavior in order to
better understand the engineering strategies that incorporate the utilization of software
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team as the quality criteria of software product that can be developed and auctioned
(Evans 2004).
The following section discusses on the need of quality software’s developed in
software development organizations. Further, the section deals with the definitions of
quality and the existing models and frameworks developed and used based on these
definitions. Ultimately, various team skills determining software quality which is the
topic of our thesis is discussed.
2.2.1

Software Development in Organizations: The need of high quality

The cost of failed IT projects in the United States was recently estimated at $84
billion in just 1 year (Smith 2001). So the software quality matters more now than it
ever has, and it matters to you and me because we use that software for more tasks
than ever before in Information technology, Information systems for businesses and
embedded systems in consumer goods such as phones and of course across the
internet (Sol 2001). The risks associated with software failure have increased with the
use of software; these include greater exposure of organizations when software fails
or is not satisfactory, and greater disappointment or loss for individuals when they are
let down by software.
Meanwhile modern organizations are facing increasing pressures on various
fronts. For instance, the importance of time to market, cost reduction, value for
money, increased expectation and knowledge of customers, global
communication, constant change, and the need to find new markets-becomes
pressures on software teams to produce more software, more quickly worth
increased expectation of what that software can deliver as benefits (Brooks
1993).
Software organizations fail to achieve higher quality in software development due to
the reason that the software is build by people, and people make mistakes (Evans
2004; Deming 1988). This is true for any human activity, but in software development
we have a number of exacerbating circumstances:

·
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Software is often developed by teams of people other than those who will
use them. In these circumstances any poor skills of people in software
teams increases the chances poor quality.

·

Software development is challenging and it needs skills that are innovative
and changing, and so are working on continuous learning curve. Both the
suppliers and users of software rarely have time to consolidate knowledge
before they face yet more change.

·

Software development organizations are notorious for their failure to align
the software they produce with the culture, processes, or objectives of the
business for which the software is intended.

·

Software development systems are complex, and are becoming
increasingly so in themselves and in their intercommunications with other
systems.

Only one of these is a technical problem (last), yet most of the emphases for
software quality in organizations are seeking improvement in technical
processes. All the other points are to do with the people, their ability to learn
from each other and from experience. Hence we need a study in software
engineering and development that addresses the issues of software quality
through an emphasis on team’s skills, their organizations on team’s technical
skills and project management skills. This thesis is intended to achieve this goal.
To develop this study of achieving software quality, the literature review begins
with the various definitions of authors on software quality.
2.2.2

Definitions of Software Quality

To progress further, it is important to define software quality. However software
quality is a multi-faceted construct and we therefore look at the important ways
in which software quality has been defined. The software engineering literature
has five definitions for quality (Garvin 1984). These definitions can be arranged
based on the core-area they address: Typically they can be considered as: The
definitions will use one of the forms, explained in Table 2 – 1.
(1) Product based
(2) Manufacturing based
(3) User based
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(4) Value based
(5) Transcendent definitions (Evans 2002; Garvin 1984; Trienekens 1997)

Table 2 – 1
Quality view

Garvin’s views of quality (adapted from Garvin 1984)
Quality criteria

Quality definition

Product based

Characteristics of subparts

Quality of delivered product

Manufacturing
based

Ability to manufacture a
product

Conformance to original
requirements

User based

User and purchaser

Fitness to use

Value based

Budget, time and cost

Value for money

Transcendent

Non quantifiable

Customer expectations

In the product based definition, quality is based on a well-developed set of
software quality attributes that must be measured in an objective and
quantitative way and derive acceptance criteria to objectively assess the quality
of the delivered product. Product view on quality usually specifies that the
characteristics of product be defined by the characteristics of its subparts, e.g.
size, complexity, and test coverage. Module complexity measures, Design & code
measures etc.
The manufacturing based definition focuses on the manufacture of software products
that is their specification and construction. Quality depends on the extent to which
requirements have been implemented in conformance with the original requirements.
We measure faults and failures in products. Success is measured by the ability to
follow a process and deliver products against agreed specifications. Manufacturing
view on quality focuses on conformance to specification and the organizations
capacity to produce software according to the software process. Here product quality
is achieved through process quality. Waste reduction, Zero defect (defect count and
fault rates, staff effort rework costs) are concepts usually found within this view.
The user based and value based definition of quality reflects the views of software
user and purchaser. These perspectives are about supporting the needs of the
organization and its stakeholders within the organizations constraints. Because the
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pressures on an organization change over time, what constitutes quality may change
over time to match.
The user-based definition says that quality is fitness for use. User view on quality or
“fitness for purpose” takes the starting point in software that meets the users’ needs;
Reliability (failure rate, MTBF), Performance/Efficiency (time to perform a task),
Maintainability and Usability are issues within this view. Software quality should be
determined by the users of a product in a specific business situation. Different
business characteristics require different types of software products; not only to do
different things but also to cater to how different people want to carry out their tasks.
This can be subjective and cannot be determined only on the basis of quantitative
metrics. It is the user based definition that encourages us to validate as well as to
verify the system. Example: fit for purpose.
Value based view on quality measures and produces value for money by balancing
requirements, budget and time, cost & price, deliver dates (lead time, calendar time),
productivity etc. The value-based definition is focused on things that impact on the
running of the business as a whole. Software quality should always be determined by
means of a division process on trade offs between time, effort, and cost aspects. This
is done by communications with all parties involved –customers, developers and
producers.
In transcendental view, where quality is recognized but not defined. The
transcendental view is a subjective and non quantifiable of defining software quality.
It often results in software that transcends customer expectations. According to the
transcendental view quality is synonymous with “innate excellence” (Tuchman 1980).
It is both absolute and recognizable a mark of uncompromising standards and high
achievement. Nevertheless, proponents of this view claim that quality cannot be
defined precisely; rather it is simple, un-analyzable property that we learn to
recognize only through experience.
A software product is developed in higher quality, is accomplished with the support of
various software development methodologies and process models in-order to attain
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higher quality software product (Prahalad 1999). The next section deals with the
various methodologies /frameworks and software development process models.
2.2.3 Models and frameworks for assessing quality.
A software engineering process model is a strategy or a software engineering
paradigm, which helps to solve the actual problems in an industry setting (Humphrey
1989). A software engineer or a team of engineers must incorporate a development
strategy that encompasses the process methods and tools layers described in
Figure 2 -2.
Figure 2–2

Software engineering development strategy (adapted from
Pressmen 2005).

Tools
Methods
Process
A quality focus

The term “software engineering tool” can refer to the software used for the automatic
development of systems software, i.e., computer code. The functions include analysis,
design, and programming. These automated tools automate methods for designing,
documenting, and producing structured computer code in the desired programming
language (Telecom Glossary 2000).
Several mmethods and mathematical approaches are used to solve software (and
hardware) problems at the requirements, specification and design levels. Examples of
formal methods include the B-Method, Petri nets, Automated theorem proving,
RAISE and VDM. Various formal specification notations are available, such as the Z
notation.
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A software process is the roadmap to building high quality software product. Software
processes are adapted to meet the needs of the software engineers and managers as
they undertake the software development of a software product. It provides a
framework for managing activities that can very easily get out of control. Different
projects need different software processes. The software engineers work products are
produced as consequences of activities defined by the software process. The best
indicators of how well a software process has worked are the quality, timeless and
long term viability of the resulting software product (Pressmen 2005; Richard 2005).
In the context of software engineering, a software quality measures how well software
is designed (quality of design), and how well the software conforms to that design
(quality of conformance) (Pressmen 2005).
In our study, we need to conceptualize a model, which can achieve high quality of
software. In order to achieve this, the next section of the literature review will give an
overview of the existing models, which are currently used by the software
organizations for achieving higher quality of software product.
2.2.3.1 Existing models for determining software quality
One of the purposes of a software process model is to determine software quality.
Software process model if defined as a strategy or a software engineering paradigm,
which helps to solve the actual problems in an industry setting. We have dealt here
with four software process models (Table 2 – 2).
a)

McCall’s

b)

Boehm’s

c)

Grady Booch’s.

d)

Dormey’s - Furps

Table 2 – 2

Existing models for determining software quality

Quality models

McCall’s

Boehm’s

Grady
Booch

Dormey’s –
Furps

Year

1977

1977

1992

1996
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Quality
perspective

Product
revision,
transition,
operation

Higher level,
lower level

Human
factors,
aesthetics,
consistency,
Reliability

Concrete
relationships,
setup
attributes

Involvement of
the variable
team’s technical
skill

No

No

No

No

Involvement of
variable -team’s
project
management skill

No

No

Yes

Yes

McCall’s quality model (1977) has three major perspectives for defining and
identifying the quality of a software product: product revision (ability to undergo
changes), product transition (adaptability to new environments) and product
operations (its operation characteristics). Quality of product operations depends on
correctness (the extent to which a program fulfils its specification), reliability (the
system’s ability not to fail), efficiency (further categorized into execution efficiency
and storage efficiency and generally meaning the use of resources, e.g. processor
time, storage), integrity (the protection of the program from unauthorized access) and
usability (the ease of the software). McCall’s Quality Model has a hierarchy of 11
quality factors and related to 23 quality criteria. This is explained in McCall’s triangle
of quality (Figure 2 – 3).
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Figure 2 – 3 McCall’s triangle of quality (adapted from McCall 1977).

Maintainability
Flexibility
Testability

Product
revision

Product
operation
Correctness Reliability
Efficiency Integrity
Usability

Product
transition
Portability
Reusability
Interoperability

Boehm (1977) addresses the contemporary shortcomings of models that automatically
and quantitatively evaluate the quality of software. In essence his models attempts to
qualitatively define software quality by a given set of attributes and metrics. The highlevel characteristics represent basic high-level requirements of actual use to which
evaluation of software quality could be put – the general utility of software. The
lowest level structure of the characteristics hierarchy in Boehm’s model is the
primitive characteristics metrics hierarchy. The primitive characteristics provide the
foundation for defining qualities metrics – which was one of the goals when Boehm
constructed his quality model. Figure 2 – 4 explain Boehm’s model.
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Figure 2 – 4 Boehm’s software quality characteristics (adapted from Boehm
1978)

Device Independence
Portability
SelfContainedness
Consistency
Accuracy

Reliability

Completeness
Robustness
Efficiency
Consistency

As-Is Utility

Accountability

Human Engineering
General Utility

Device efficiency
Maintainability

Accessibility

Testability

Communicativeness
Self-Descriptiveness
Structuredness

Understandability

A comparison of Boehm’s and McCall’s model is depicted in
Table 2 – 3.
Conciseness
Though Boehm’s and McCall’s models might appear very similar, the difference
is that McCall’s model primarily focuses on the precise measurement
of the highLegibility
level characteristics “As-is utility”
whereas
Boehm’s
quality
mode
model
is based
Modifiability
on a wider range of characteristics with an extended and detailed focus on
Augment ability
primarily maintainability.

Table 2 – 3

Comparing quality models Boehm and

McCall’s (adapted from

Criteria goals
Correctness

Garvin 1984).

McCall’s 1977
*

Boehm 1978
*

ISO 9126
Maintainability
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Reliability

*

*

*

Integrity

*

*

Usability

*

*

*

Efficiency

*

*

*

Maintainability

*

*

*

Testability

*

Interoperability

*

Flexibility

*

*

Reusability

*

*

Portability

*

*

Maintainability

*

Clarity

*

Modifiability

*

Maintainability

Documentation

*

*

Resilience

*

*

Understandability

*

*

Validity

*

*

Functionality

*

Generality

*

*

Economy

*

*

Grady (1992) FURPS model originally presented by Robert Grady defines the
quality characteristics Functionality – which may include feature sets,
capabilities and security, Usability - which may include human factors,
aesthetics, consistency in the user interface, online and context sensitive help,
wizards and agents, user documentation, and training materials, Reliability which may include frequency and severity of failure, recoverability,
predictability, accuracy, and mean time between failure (MTBF), Performance imposes conditions on functional requirements such as speed, efficiency,
availability, accuracy, throughput, response time, recovery time, and resource
usage , Supportability - which may include testability, extensibility, adaptability,
maintainability, compatibility, configurability, serviceability, installability,
localizability (internationalization) Functionality, Usability, Reliability,
Performance, Supportability, configurability, serviceability, instability,
localizability Jacobson(1999) and Krutcehn (2000) extended the FURPS model in
to rational software. IBM website (2003) has extended the model again in to Furp
3+.
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An even more recent model similar to the McCall’s, Boehm’s and the FURPS (+)
quality model is the quality model presented by Dromey (1995). Dromey (1996)
proposes a product based quality model that recognizes that quality evaluation differs
for each product and that a more dynamic idea for modeling the process is needed to
be wide enough to apply for different systems. Dromey is focusing on the relationship
between the quality attributes and the sub-attributes, as well as attempting to connect
software product properties with software quality attributes. The dormey’s quality
model is explained in Figure 2 – 5.
Figure 2 – 5 Dormeys quality model (adapted from Dormey 1996).

Software product
Product properties

Correctness

Functionality
Reliability

Implementation

Internal

Contextual

Descriptiv
e

Maintainability
Efficiency
Reliability

Maintainability
Reusability
Portability
Reliability

Maintainability
Reusability
Portability
usability

Based on these quality models, various frameworks are developed for assessing
quality in software organizations. A framework explains the methodology used for
software development. The next section is a review of software process frameworks
in the existing literature.
2.2.3.2 Existing frameworks for quality assessment.
A software development framework is used to structure, plan, and control the process
of developing information systems. A wide variety of such frameworks have evolved
over the years, each with its own recognized strengths and weaknesses. One system
development methodology is not necessarily suitable for use by all projects. Each of
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the available methodologies is best suited to specific kinds of projects, based on
various technical, organizational, project and team considerations.
The next section looks at the various process frame works presently being used for
software development in organizations to achieve higher quality of resultant software
product. The various frameworks are
1. ISO 9001
2. ISO 9126
3. ISO/IEC 15504
The Table 2 - 4 gives a description of these process frameworks.

Table 2 – 4 Comparison of existing software process frameworks
Quality
frameworks

ISO 9000

ISO 9126

ISO IEC
15504

IEEE

CMMI

Approach

Process
oriented

Process
oriented

Process
oriented

Process
oriented

Process

Quality
perspective

Design,
Document,
Implement
Support
Monitor
Control
Improve

Functionality

Process
reference,
model,
Qualification,
Supplier,
process
capability

Primary,
Supporting,
Problem
resolution

Optimistic
quantitative
defined,
Managed,
Incomplete
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Involvement
of the
variable
team’s
technical
skill

No

No

No

No

No

Involvement
of the
variable
team’s
project
management
skill

No

No

No

Yes

Yes

ISO 9001 is an international quality management system standard applicable to
organizations within all type of businesses. ISO 9001 internally addresses an
organization’s processes and methods and externally at managing (controlling,
assuring etc.) the quality of delivered products and services. ISO 9001 is a processoriented approach towards quality management. That is, it proposes designing,
documenting, implementing, supporting, monitoring, controlling and improving
(more or less) each of the following processes:
Besides the famous ISO 9000, ISO has also release the ISO 9126: Software Product
Evaluation: Quality Characteristics and Guidelines for their Use standard (2000). This
standard was based on the McCall and Boehm models. Besides being structured in
basically the same manner as these models, ISO 9126 also includes functionality as a
parameter, as well as identifying both internal and external quality characteristics of
software products. ISO 9126 proposes a standard which species six areas of
importance, i.e. quality factors, for software evaluation. Figure 2 – 6 explains the ISO
9126 Quality Model.
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Figure 2 - 6

ISO 9126 Quality Model (adapted from ISO 9126 – 1:2001,
software engineering product quality 2001)

Functionality

Portability

Reliability
Functionality

Maintainability

Usability
Efficiency

The ISO/IEC 15504: Information Technology - Software Process Assessment is a
large international standard framework for process assessment that intends to address
all processes involved in Software acquisition, Development, Operation, Supply,
Maintenance and Support. ISO/IEC 15504 consists of 9 component parts covering
concepts, process reference model and improvement guide, assessment model and
guides, qualifications of assessors, and guide for determining supplier process
capability Given the structure and contents of the ISO/IEC 15504 documentation it is
more closely related to ISO 9000, ISO/IEC 12207 and CMM, rather than the initially
discussed quality models (McCall, Boehm and ISO 9126).
IEEE has also released several standards (Humphrey, 2000). To name a few: it is
probably the implementation of ISO/IEC 12207: 1995 that most resembles previously
discussed models in that it describes the processes for the following life-cycle:
Primary Processes: Acquisition, Supply, Development, Operation, and Maintenance,
Supporting

Processes:

Documentation,

Configuration

Management,

Quality

Assurance, Verification, Validation, Joint Review, Audit, and Problem Resolution,
Organization Processes: Management, Infrastructure, Improvement, and Training
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In fact, IEEE/EIA 12207.0-1996 is so similar to the ISO 9000 standard that it could
actually been seen as a potential replacement for ISO within software engineering
organizations. The IEEE Standard 1061-1998 is another standard that is relevant as
the standard provides a methodology for establishing quality requirements and
identifying, implementing, analyzing and validating the process and product of
software quality metrics.
The Carnegie Mellon Software Engineering Institute (SEI), non-profit group work at
getting US software more reliable. Examples of relevant material produces from SEI
are the PSP and TSPi. SEI has also produced a number of more extensive Capability
Maturity Models that is very similar to ISO 9000 that addresses the topic of software
quality (Paulk 1993). They are CMM / SW-CMM, P-CMM and CMMI (Curtis 2001,
2007; CMM website 2004)
CMMI Integrates systems and software disciplines into one process improvement
framework and is structured around the following process areas: Process
management, Project management Engineering, Support
Similar to the SW-CMM, CMMI discusses the following maturity levels,
Maturity level 5: Optimizing - Focus on process improvement
Maturity level 4: Quantitatively managed - Process measured and controlled.
Maturity level 3: Defined - Process characterized for the organization and is
proactive.
Maturity level 2: Managed - Process characterized for projects and is often reactive.
Maturity level 1: Initial - Process unpredictable, poorly controlled and reactive.
Maturity level 0: Incomplete
The figure 2 – 7 explains the different levels of CMM and the areas of software
development it is used.
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Figure 2 – 7 Maturity levels of CMM (adapted from Paulk 1993).
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Process
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2.2.3.3

Level 4
Managed
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Change
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Quantitative
management

Engineering
management
Project
management

Critique of quality models

Most of the quality models presented till now probably could be fitted within the user
view, manufacturing view or product view – though this is a futile exercise with little
meaning. The models presented herein are focused around either processes or
capability level (ISO, CMM etc.) where quality is measured in terms of adherence to
the process or capability level, or a set of attributed/metrics used to distinctively
assess quality (McCall, Boehm etc.) by making quality a quantifiable concept.
Though having some advantages (in terms of objective measurability), quality models
actually reduce the notion of quality to a few relatively simple and static attributes.
All these models and frameworks have focus on software process, which have little
significance on the technical and personal capabilities of the software people in a
team.
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The benefit of quality models is that they are simpler to use. The benefit of the quality
management philosophies is that they probably more to the point capture the idea of
quality. Now we will review the frameworks, which measure the software people
skills and are used to improve the organizations quality goals.
2.2.3.4

Models and frameworks which incorporated
software team in assessing quality

A team-based framework is a process framework that is designed for software quality
assessment especially in the perspective of a software team. The topic of our study is
the impact of team skills assessing quality in software teams so it is necessary to
understand the various frameworks existing and used in organizations that has quality
criteria’s to assess software in terms of a software team. The three main frameworks
which incorporated software team in the processes (Table 2 – 5) are:
1.

People CMM

2.

EFQM

3.

TSP

The People CMM (Curtis 2001) provides a roadmap for transforming an organization
by steadily improving its workforce practices. As do all Capability Maturity Models,
the People CMM consists of five maturity levels, or evolutionary stages, through
which an organization's workforce practices and processes evolve. At each maturity
level, a new system of practices is added to those implemented at earlier levels. Each
overlay of practices raises the level of sophistication through which the organization
develops its workforce. Within this environment individuals experience greater
opportunity to develop their career potential and are more motivated to align their
performance with the objectives of the organization PCMMM
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Table 2 – 5

Overview of frameworks developed for a

team‘s quality
Quality
frameworks

assessment

People CMM

EFQM

TSP

Year

2001

2004

2002

Used country

USA

Europe

India and US

Quality criteria

Capability
maturity levels

Results
Cost and time
Approach Development
Assessment Review

Author

SEI

EVANS

HUMPHREYIEE

Use of variable
technical skill of
the team

Yes

Yes

Yes

Use of variable
Project
management skill
of the team

Yes

Yes

Yes

Evans (2004) model dealt with the European Foundation for Quality Management
(EFQM) Excellence model (6) is a n organizational excellence model using a non
prescriptive framework under nine criteria; five of these are ‘Enables’ for a
continuous improvement feedback loop known as RADAR (results, approach,
development, assessment and review). It is closely related to Malcolm bridge model.
It may be used with organizations of any size and type and is intended for
corporations, companies, or non-profit organizations.
Humphrey’s (2000) Team Software Process (TSP) provides a defined operational
process framework that is designed to help teams of managers and engineers organize
and produce large-scale software projects of sizes beyond several thousand lines of
code (KLOC). The TSP is intended to improve the levels of quality and productivity

34
of a team's software development project, in order to help them better meet the cost
and schedule commitments of developing a software system. Cost and time are treated
as criteria for achieving higher quality.
The existing models for process and people improvement have proved to deliver their
promises in large and medium size companies. However, to get the education and
training in these models and further to get the certificate is costly both in nominal
terms, but also in terms of the effort required, and lost income during the training and
introduction time. Certainly, the large companies can take the costs and time needed
to systematically implement all the actions needed to gradually climb on the
improvement ladder, whether it will be CMM, P-CMM, and PSP for TSP. In small
enterprises, however, with 5-15 employees, the situation is different: it may be
difficult to motivate the time and costs; the manager may be a member of the
development team, thereby having a double role. The organization structures
proposed in CMM and also in other improvement programs, are impossible to
implement without modification in small companies. For example, senior
management, QA, SEPG, PAT, are roles requiring a possession by a person. One and
the same person might need to accept the role of SEPG member, QA, and a PAT.
Naturally, the basic idea of the roles will then diminish.
A company starting with a couple of software developers may function very well: all
the developers have oversight and natural communication. If the company is
successful, it will usually grow, with new employees hired. At some point in time, the
oversight and natural communication will be lost. The company, especially if
successful, will have increasing number of contracts, with the consequence of
increasing profit, increasing staff, and also with the existing staff working overtime to
rescue projects that are late.
Usually, it is well understood that something must be done in terms of people
management, but in a chaotic process, it is difficult to take the time to do the
improvements, just to get the current job done. Especially, for the small companies,
the improvement efforts should become a way of life and organization culture before
the oversight is lost and there is chaos. To this end, quality management support is
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needed which will enhance their personal relations and team building capability,
before they grow.
Yet another analysis on the existing studies is that they evaluate the team’s skill on
the design complexity and process complexity of the software developed by the team.
That is, they conclude that if the design of the software developed by the team is
complex; the quality of the resultant product will be lower and vice versa. Or if the
criteria implemented for the software process is inefficient, the software application
developed works less productively and the resultant software product will be lower in
quality. Whereas the technical and project management capability of a team member
is the personal capability or experiences of the team member in evaluating the quality
of the software’s are not considered.
There have been few studies that have specially addressed the different software
quality models, which concentrate on team skills of the software development team
and their effect on software quality. The review of existing software development
models based on process and team processes has given a motivation for the topic of
our thesis, i.e. the importance of team skills in development products quality. Thus it
provides justification for the central theme of the thesis. Further, the literature studies
on the importance of team skills by various authors are dealt.
2.3

Team skills determining software quality – The present study.

The section above addressed the importance of process and complexity factors in
quality of a software product. While it is difficult to argue that complexity and
process are factors in the quality of a developed software product, there is a general
failure to address what every software project manager knows all too well: the skills
of the software development team is a driving factor in software product quality
(Leornardi 2007; Krishnan 1998).
In this section we discuss on the different team skills that determine software quality.
The quality of the software team is determined by the skills of the team members. The
two major skills types are the team’s technical skills and project management skills.
The forthcoming section introduces the various technical and project management
skills that determine the teams quality and thus the quality of the software product
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A team skill is defined as the cumulative skills of the team members working on a
software development team in order to build a higher quality software product
(Krishnan 1998). The team member skills in software development is found to be very
significant in the stage of design and implementation of the software product (Justin
2006; Samer 2000; Sarkar 2003). There are very few researchers have attempted to
capture development team skill as a driving cause of the success of software projects
(Boehm 1976, 2007 ; Richard 2007; Robert 2007, 2007). The importance of the team
factor in software projects has been identified in several studies of software projects
(Boehm 1981; Carmel 2001, 1997). The cultivation of motivated highly skilled
software people has been discussed since the 1960’s (Cougar 1980; DeMacro 1987;
Whitaker 1994).

A recent survey of leading software organizations in Europe identified that the quality
of people in software teams is one of the most important factors in improving
productivity and quality in software projects (Ann 2006)... Blackburn 1996; Kemerer
1992 reported in this way

If you were to give an experienced software project manager a
proposal and schedule for a software development project, but
allow her to dictate one other factor, what would she choose?
The answer is most project managers would want to select the
staff members to be included in the project team

The following are the studies of the researchers on the area of team skills and quality.
Various factors are taken as a measure of quality .One would be cost, other would be
the time to completion .The team skills that are researched upon in existing studies are
technical experience of the team members and project management skills. The next
section gives the studies of other researchers. We present the major studies reviewed
in the literature in Table 2- 6

37

38
Table 2 - 6
Author

Team skills determining Quality
Focus of the study

Main team skills considered in the
study

Krishnan (1998)

Role of team factors on Application
Domain
cost and quality
Programming skill

skill,

Justin (2006)

Measurement framework Team’s technical skills: Programming
for software quality
skill, Language skill, Application
/domain skill

Carmel(2001)

Focus on time to
completion of software
as quality factor

Application domain skill,
Programming skill

Bach (1999)

Team member capability
on performance ranking

Motivation, Communication

Kartz (2001)

Technical and
interpersonal efficiency
on quality

Application domain skill,
programming skill, Leadership skill,
Motivation

Pressmen(2006)

Quality of people

Motivation

Krishnan(1999)

Package software
product in system
software domain

Application Domain skill

Zachary (1998)

Quality factor as field Language skill, hardware skill,
defects
application domain skill

Blackburn(1996)

Focused on small firms

Motivation

Justin (2006) provided empirical evidence that development team skill has a
significant effect on the quality of a software product. A measurement framework for
assessing software development skill and experience was used to quantify the
capabilities of the software development team. These measures were correlated to
measures of software product quality taken from the ISO/IEC 9126 standard. As
expected, higher proportions of skilled and experienced staff in the requirements,
design, and implementation life cycle phases increased the adequacy of the design
modules and source code units, and had a similar but more muted effect on the
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functional implementation completeness and correctness, and on the volatility of the
software specification. The proposed framework for measuring development team
skill and experience provided an adequate representation of the distribution of
individual skills on a given development team to better understand the strengths and
weaknesses of their staff that could prevent the assignment of tasks that are not well
suited to less skilled and experiences engineers, and thus prevent the negative impact
on product quality.
Carmel’s (2001) study focuses on the factors that reduce the development time for
completion of software. A statistical model is used to assess these factors. A diskettebased survey was used to collect data from development efforts at a sample of North
American packaged software firms. The data are used in a regression model that
reveals three factors explaining 38% of variation in time-to-completion. Out of the
three factors, team cross-functionality (representation of different functional
experiences in the team reduces tune-to-completion); team independence (a higher
degree of independence from top management turns out to increase time-tocompletion); and product complexity (which increases time-to-completion), team
factors were found to have substantial relevance.
Krishnan (1998) studied the role of team factors on software cost and quality. As per
his study, the domain experience, personal capabilities and size are the team factors
that affect software quality. Again in Krishnan’s (2000) study the domain experience
and personal capabilities showed a positive impact on the quality of the software
product. The team sizes were not seen to impact on the software quality.
Bach (1995) examined through his empirical study argues in favor of software
heroism .All software managers are faced with three P's when software is to be built:
people, problem, and process. His results conclude that out of the 3 p’s of project
management, more weightage should be given for the people roles. A recent survey of
leading software organizations in Europe identified that the quality of people in
software teams is one of the most important factors in improving productivity and
quality in software projects (Blackburn 1996). Banker (1991) modeled the capability
of each team member based on their performance ranking within the organization
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Kartz (2001) has identified three essential management skills: (1) technical, (2)
human. Technical skills encompass the ability to apply specified knowledge or
expertise. The ability to work with, understand and motivate other people, both
individually and in groups, describes human skills. Managers that are technically and
interpersonally competent can only be high performing.
Pressmen (2005) and James Bach insists that the quality of the people is the primary
driver for software quality, and that too much industry focus has been on the process.
He argues that personal performance is "guided by higher level process models
embedded within experience, education, and insight."
Krishnan’s (1999) empirical analysis indicates that experience of the software team in
the specific software domain significantly affects product quality. One reason for this
finding is that the packaged software products in this study belong to systems
software domain (such as compilers and network utilities). In systems software
development, the team needs to have at least a few key members who are very
experienced in the specific domain since these products may need to be made
compatible with other utilities. It may be noted that all the three empirical models in
this study identify overall personnel capability of the team as an important variable
for project success.
Carmel and Sawyer (1998) and Zachary (1998) confirm the findings that the total
experience, the language experience, the hardware experience, and the application
experience of the team determine software quality. In addition, measures of
programmer, manager and analyst capabilities have also been proposed. The analysis
in this study is based on the data collected on 37 package software projects from a
leading firm in the packaged software industry. The results indicate that higher levels
of personnel capability on the software development team are significantly associated
with both improved productivity and quality of software products. Also higher levels
of domain experience of the software team are associated with a reduction in the
number of field defects in the product.
Blackburn (1996) researched focused on small firms and widened to quality
management strategies. Insights in to the project management skills motivation and
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influence are constraints of manager quality strategies. Software firms research in
small business. The research was done in Kingston university small business research
centre. Questionnaires, telephone samples were taken. Quality strategies are related to
functionality.
The next section discusses on the skills of the team establishing the software quality,
which is taken from the early literature and utilized in the current study. A team
requires two types of skills to perform effectively. First it needs people with technical
expertise. Second, it needs people with higher project management skills (Stevens
1994). The next two sections deal with 1) The technical skills needed for product
development and 2) The project management skills required to manage the project.
2.3.1 Technical skills for product development
A technical skill of a software team is the totality of team member skills in a team
(Krishnan 1998). The assessment of the capability of the software development team
requires insight into the team's collective experience (Justin 2006; Fahmi 2008; Samer
2000).
Literature shows that there are four major team skills that determining quality. They
are
(a)

Programming skill

(b)

Language skill

(c)

Application domain skill

(d)

Hardware skill

Carmel (1998) and Curtis (1988) study indicates that team factors such as
personnel capability and experience, personnel motivation, coordination and
communication among team members are believed to be critical for project
success in packaged software development

Kemerer (1993) argues that the quality of the software team (i.e. capability of
programmers and analysts) is the second most significant factor in determining either
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cost or quality in software products. Kemerer (1992) noted that experienced software
project manager consider a proposal and schedule for a software development project
as the most important inputs for successful projects, but allow her to dictate one other
factor, what would she choose? The answer is most project managers would want to
select the staff members to be included in the project team. The importance of the
team factor in software projects has been identified in several studies of custom
software projects (Boehm, 1981; Brooks, 1993).
Kemerer (1993) findings indicate that the effect of team experience on costs and
quality is not linear. However, a serious limitation in these experimental studies is the
sample population. That is, the samples for these experimental studies are typically
not drawn from professional software projects and the programmers are often
students. Thus, these findings need to be validated on professional software projects.
2.3.1.1 Programming skill
Within software engineering, programming (the implementation) is regarded as one
phase in a software development process (Marciniak 2002). Programming is the
process of writing, testing, debugging/troubleshooting, and maintaining the source
code of computer programs. Programming skill is the skill / experience of the team
member in programming software. The next section gives you the early literature
findings on the programming skills of the software developer and its impact on the
quality of the software. Reagans (2005) investigated a large number of productivity
and quality related studies have attempted to identify the effect of individual
differences in software programmers.
Curtis (1981) studied the effect of individual differences between programmers, it was
noted that three programmers took 39 minutes to find a planted bug whereas another
programmer took only three minutes to debug the same problem, an order of 13:1
difference. The major difference between these programmers was their years of
experience in the specific software domain (Kemerer 1993). The study attempts to
prove that the programming skill of the software developer /team member has a
significant importance in determining the quality of the software product as it is
known that the completion time and cost are a major determinant of quality.
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2.3.1.2

Language skill

In the previous section, we explained the software development as the process of
writing, testing, debugging/troubleshooting, and maintaining the source code of
computer programs. This source code is written in a programming language. The
code may be a modification of an existing source or something completely new. Some
languages are very popular for particular kinds of applications (e.g., COBOL is still
strong in the corporate data center, often on large mainframes, FORTRAN in
engineering applications, scripting languages in web development, and C in
embedded applications), while some languages are regularly used to write many
different kinds of applications.
The expertise of the team member or a software developer in the programming
language syntax is termed as “language skill”. The thesis is dealt on the “impact of
team member skills on software development “and thus the language skill is taken as
an independent variable in the study. Various studies on language skills are dealt in
the next section
Rose (2002) in his experimentation showed significant correlation between the
performance of the software developers in software tasks and the domain and
language experience of the developers in number of years. However, in the same
study, the significance of this correlation was not found for developers with more than
three years of experience. Similar experimental studies have been conducted to
compare the defects in software developed by individuals with different levels of
programming language (Humphrey 1989; Kemerer 1993; Sheppard 1979).
2.3.1.3

Hardware skill

Hardware is a term given to the machinery and the various individual pieces of
equipment. It refers to the physical devices of a computer system like input, storage,
output, control and processing devices are hardware. In order for a computer to
produce a useful job, hardware and software must work together. Nothing can be done
with the computer hardware of its own, and software cannot be utilized without
supporting hardware (Pradeep 2003). The same hardware can be loaded with different
software to make a computer perform different type of jobs.
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The skill or experience of an individual on the physical devices of a computer system
on which the software development activity is performed is termed as “hardware
skill”. For a software development team to work effectively in development of
software projects, it needs the support of a hardware skilled team member.
Banker (1991) developed an approach on evaluation of managerial impact of each of
the factors influencing software productivity (Humphrey 1989). A number of
environmental factors affects the labour hours required to complete a project and
hence the productivity of the software maintenance effort. These factors include the
ability and previous experience of the software personnel (Sackman 1968; Chrysler
1978), hardware and software tools (Thandhani 1984; Lambert 1984; Boehm 1981;
Jones 1986) and the attention spent on systems quality (Kriebel 1979; Case 1985).
2.3.1.4

Application Domain skill

Application domain skills are the skills or experience of a software developer on the
particular business domain of the application they are developing on (Krishnan 1998).
Adelson (1985) noted that a designer’s expertise rests on the knowledge and skills,
which develop, with experience in a domain. As a result, when a designer is designing
an object in an unfamiliar domain he will not have the same knowledge and skills
available to him as when he is designing an object in a familiar domain. In this paper
we look at the software designer's underlying constellation of knowledge and skills,
and at the way in which this constellation is dependent upon experience in a domain.
What skills drop out, what skills, or interactions of skills come forward as experience
with the domain changes? To answer the above question, a study expert designers in
experimentally created design contexts with which they were differentially familiar.
In the study, a description the knowledge and skills were found central to each of the
above contexts and discuss the functional utility of each. In addition to discussing the
knowledge and skills it was observed in expert designers and also compared novice
and expert behavior.
Barstow (1985) investigated the extent to which domain knowledge is crucial to an
automatic programming system and the interaction between domain knowledge and
programming at the current time. His project at Schlumberger-Doll Research has been
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investigating this issue in the context of two application domains related to oil well
logging. Based on these experiments we have developed a framework for domainspecific automatic programming. Within the framework, programming is modeled in
terms of two activities, formalization and implementation, each of which transforms
descriptions of the program as it proceeds through intermediate states of development.
The activities and transformations may be used to characterize the interaction of
programming knowledge and domain knowledge in an automatic programming
system.
2.3.2 Project management skills
Project management skills are the skills of the managers in a software team to
efficiently manage a project (Ramasubbu 2008). Project management skills are very
important in a team to work effectively. In order to achieve higher outcome from a
software development, the team has to be motivated and focused toward the goal
(Ferratt 2005). It is an ongoing process that requires project management skills and an
understanding of many organizational factors. For most software projects teams are
not effective, they fail primarily because people, particularly highly talented software
developer’s lacks project management skills (Hasan 2008).
James (1999) examines the impact of the spectrum of risks on different aspects of
system development. The results of a survey of 86 project managers that indicate
common aspects of project effectiveness are generally under control, but are most
affected by lack of expertise on the project team. Significant relationships also show
that lack of clear role definition and conflicts on the team are also elevated risks.
Other items are not as critical or limited to a much smaller aspect of effectiveness
than overall success. This focusing in on the more important risk aspects will allow
for more effective management of the project and a narrowing of techniques to
mitigate the significant risks.
The key challenge facing IT software and service providers is identifying critical skill
sets (Timgoles 2008). The team factors such as personnel capability and experience,
personal motivation, coordination and communication among team members are
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believed to be critical for project success in software development (Javed 2004; Faraj
2000; Carmel 1998; Curtis 1988).
Lorange (1986) studied the effective project management skills as: Team building,
Communication, Motivation,

Leadership. Having a certain level of technical

competence is helpful, but managerial and interpersonal skills are the most important
for project managers (Hargie 1999). Broad background is more important than
expertise in any technical area. Successful project managers are generalists, not
technical specialists. They can come from various parts of the organization, not
necessarily from the IS organization. This thesis deals with the project management
skills Leadership, motivation and communication.
2.3.2.1 Leadership
Leadership is the ability to influence others in order to work towards the achievement
of shared goals. It is too well known that leadership is the critical factor determining
the success or failure of an organization (Bruce 2007).
Project leadership starts with the selection of the project manager and the key
members of his or her management team. Effective leadership is needed to keep the
team focused and motivated throughout the project. Judy (2002) through his study has
shown that leadership and communications are the project management skills that
lead the team towards success.
2.3.2.2 Communication
Many project failures can be traced to a breakdown of communications (Downs
1988). It is the responsibility of the project manger to create an environment for
effective communications within the team and manage the communication process
with external stakeholders, particularly with the client’s organization (Dutoit 1988).
Effective project managers keep all involved parties informed. They never surprise
the client. They also do not depend on formal reporting structures alone. Body
language at a status meeting can often provide more information than a carefully
worded written status report. Good communications among project team members
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and all affected parties are required. Many project failures can be traced to a
breakdown of communications
Javed (2004) and Durani (2004) investigated the factors (related to team
communication) that have a significant influence on software quality. For this study,
23 factors that could possibly affect job satisfaction are taken into consideration.
These factors were grouped into categories like communication, working
environment, and duration of service.
Cohen (2001), Clampitt (1993) and Downs (1988) have investigated the impact of
effective communication practices on software quality at the organizational level.
Kortner (2002) has shown through various experiments that organizational
communication is a strong predictor of team effectiveness (Myers 1982)
2.3.2.3 Motivation
One of the significant factors of determining software quality in the context of teams
is motivation of the team members. Team member motivation and its positive impact
are dealt in many areas of organization behavior. Motivation is the process that
accounts for an individual’s intensity, direction and persistence of effort toward
attaining a goal (Mithas 2007).
When we think about motivation in teams, the impact of the national culture is
striking. For an Indian, work is not just a means of living but it is worship. For a US
citizen, work is only a means of living. National culture and social institutions also
influence the levels of satisfaction workers expect to receive from an organization and
how committed workers are to their organization and its social goals (Elashmavi
2001)
2.3.3 Team Size
Another important team-related factor is the team size. The software engineering
literature indicates significant benefits from using small teams. Carmel and Bird
(1997) find that the common justification is not because a small team is so
advantageous, but that a large team is disadvantageous.
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The most effective teams are neither very small (under four or five members) nor very
large (over a dozen). Very small teams are likely to lack diversity of views. But when
teams have more than about 10 -12 members, it becomes difficult interacting
constructively and agreeing, and develops cohesiveness, commitment and high
performance (Nieva 1985).
Ioannis (2003) investigated whether those projects of similar size exhibit similar
productivity. This is due to the software team size and organization characteristics
(e.g. large teams have lower productivity because of the higher interaction needed
between the team members
Jefferya (2000) examined team size as a criterion of quality. The variables suggestion
for software projects was team size; language type, and development platform that are
recommended as important criteria for excellent quality software. As productivity is
taken as criteria of quality, a higher team size indicates that more working hours were
needed and, therefore, shows a lower productivity and thus quality and vice versa.
The relationship between team size and Productivity is not linear.
2.4

Summary

In this chapter we looked at the different definitions of software as well as the major
models used in defining and assessing software quality. However as most of these
models don’t consider the people aspect of software quality, the need for
incorporating the team skills in assessing software quality is argued. In summary, the
literature study highlights the importance of team factors on determination of software
quality. The quality of the software team is determined by the skills of the team
members. The two major skills are product technical skills and project management
skills. The product technical skills are specified as (1) Programming skills (2)
Language skills (3) Hardware skills and (4) Application domain skills. The project
management skills are (1) Leadership (2) Motivation (3) Communication. Apart from
these, team size is also an important factor. In forthcoming chapter we firs assess the
impact of globalization on software projects and the software development process.
We also frame our hypotheses by considering how globalization could alter the
impact of team skills on software quality.

49

CHAPTER 3 - LITERATURE SURVEY
GLOBALIZATION OF ORGANIZATIONS AND ITS IMPACT ON
SOFTWARE DEVELOPMENT

3.1

Introduction

The previous chapter sought to demarcate the broad domain within which the area of
research of this study is located. Further, a review of the pertinent literature was
presented that concerns the dependent variable of the conceptual model -- software
team quality. This chapter aims to complete the review of the germane literature
concerning the antecedents depicted in the conceptual model that are proposed
directly or indirectly to influence the software quality and the reasons for disparity of
these variables in a globalised scenario by focusing on software development issues in
two different countries -- India and the United States of America.

This chapter proceeds as follows. First, it gives a review of literature on globalization
and the related effects. Second, it discusses the literature concerning the reasons for
disparity in team skills between India and United States as an outcome of
globalization. Third, review of technical skills and project management skills and
their differences between India and United States are discussed. The organization of
this literature review is shown in Fig.3.1
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Figure 3 – 1 Organization of Literature review

Globalization of Organization

Effects of Globalization
Outcomes of Globalization: Disparity on team skills in India
and United States
Differences in the type of projects developed in
India and United States
Migration of Experienced professionals to US
Cultural differences in India and United States

51
Globalization is the process of integration of economies across the world through
cross border flow of factors, products and information. Globalization may be
considered at two levels (Ducker 1995), at the macro level (i.e. globalization of the
world economy) and at the micro level (i.e. globalization of the business and the
firm), which are very much interdependent. Globalization of the world economy is
achieved, quite obviously, by globalizing the national economies. In our study, our
concern is the second level - the corporate level.
At the corporate level globalization in its true sense is a way of corporate life –
necessitated, facilitated and nourished by the trans-nationalization of the world
economy and developed by corporate strategies (Philip 1994). Globalization is an
attitude of mind it is a mindset which views the entire world as a single market so that
the corporate strategy is based on the dynamics of the global business environment
(Mitchell 2000).
Normally, a firm passes through different stages of development before it becomes a
truly global corporation. Typically, a domestic firm starts its international business by
exporting. Later it may establish joint ventures or subsidiaries abroad. From an
international firm it may develop in to a multinational firm and finally into a
global/transnational one (Suvillivan 2000).
Ohmae (1990) identifies five different stages in the development of a firm into a
global corporation. The first stage is the arms length service activity of essentially
domestic company, which moves into new markets overseas by linking up with local
dealers and distributors. In stage two the company takes over these activities on its
own. In the next stage, the domestic based company begins to carry out its own
manufacturing, marketing and sales in the key foreign markets. In stage four, the
company moves to a full insider position in these markets, supported by a complete
business system including R and D and engineering. In the fifth stage the company
moves towards a genuinely global mode of operation.
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Although the globalization trend has been very pronounced in the last two decades or
so, it is not a new phenomenon. The period 1870 to 1913 experienced a growing trend
towards globalization (Konicki 2002). The new phase of globalization which started
around the mid-20th century became widespread, more pronounced and overcharging
since the late 1980’s by gathering more momentum from the political and economic
changes that swept across the communist countries, the economic reforms in other
countries, the latest multilateral trade agreement which seeks to substantially
liberalize

international

trade

and

investment,

and

the

technological

and

communication revolutions (Francis 2009).
There are several similarities and differences between the two phases of globalization.
However, the current phase of globalization is characterized by several new features:
new markets, new technologies, new actors and rules and norms (Crowston 2006).
3.2

Effects of Globalization

The effects of globalization are varied, ranging from cultural degradation to the
fear of loss of sovereignty. The next section discusses on the beneficial and
harmful effects of globalism in different countries. We focus on the effects of
internationalization on management practices, wages, and jobs and lastly on the
Indian experience of globalization, providing a multifaceted flavor of how
globalization has touched the lives of Indians. See Figure 3 -2.
Globalization has both beneficial and harmful effects (Elashmawi 2001). It differently
affects different countries sectors, industries, firms and sections of people. It is
interesting to note that developing countries like USA are angry against globalization
because of deindustrialization, job cuts etc.
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Figure 3 – 2 Effects of Globalization (adapted from Elashmawi 2001)

Management
Jobs
US
experience

Globalization

Indian
experience

Wages

Although globalization can benefit the developing countries in several ways,
unregulated globalization will cause serious problems for developing countries. The
almost universal acceptance of the market economy and the globalization driven by
private enterprise tend to aggravate, in the absence of proper regulation, most of the
harmful effects traditionally attributed to neo-colonialism. Several approaches at the
national and international level s are required to mitigate the harmful effects and to
reap the benefits of globalization. A significant yet subtle shift has occurred in the
area of management practice (Suvillian 2000).
While the domain of management is well studied and documented in the western,
developed countries, it is not the same with the countries in Asia. The skills that drive
globalization efforts also impact the way people are managed in the corporate
(Aswathappa 2007). The older personnel management approach has given way to the
“human resource management” approach. The autocratic style that was fed by
hierarchical position conscious systems is being swiftly replaced by flat
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organizational hierarchies. The individual in a position of power, driving policies and
processes have swiftly evolved in to team based collaborative management methods.
Another landmark change in management method is initiated by globalization that has
happened in the area of organizational leadership. A new generation of leadership
skills, styles and methods have evolved. The straightjacketed approach to certain
defined good and bad leadership skills, styles and methods has been replaced with
multiple theories supporting a variety of leadership styles. Leadership today is
associated with the particular phase in the life cycle of an organization and is
considered to be industry specific (Ducker 1995).
Globalization adds to the employment especially in developing countries, as Table 3-1
shows. With the increased free trade, more than 500, 000 jobs moved out of the US by
2005 and the figure will go up to 3300, 000 by 2015 (Aswathappa 2007). See
Table 3 – 1.
Table 3 - 1

Employment in manufacturing sector (adapted from economic and
political weekly, January 3 2004, p.106).
1978 – 79

14.903

1983-84

10,198

1989-90

7,252

1991 – 92

4,234

1996-97

2,881

3.2.1 Indian experience of globalization.
India’s economic integration with the rest of the world had been very limited because
of the restrictive economic policies followed until 1991. Till then Indian firms
confined themselves, by and large to the home market. Foreign investments by Indian
firms were found to be very insignificant. With the new economic policy ushered in
1991, there has however been a change. Globalization has in fact become a buzzword
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with Indian firms now and many are expanding their overseas business by different
strategies (Mitchell 2000).
The Indian business however suffers from a number of disadvantages in respect of
globalization of business. Not only that government policy lacks a positive orientation
in some respects, but also the government policy and procedures in India are among
the most complex, confusing and cumbersome in the world (Suvillivan 2000).
Another problem is that the high cost /inadequacy of many vital inputs and other
factors such as raw materials and intermediates, power, finance, infrastructural
facilities like port etc. tend to reduce the international competitiveness of the Indian
business. There are also problems related to technology, small size and lack of
experience of firms, poor quality, lack of R&D efforts etc.
Although, India has several handicaps, there are also a number of favorable factors for
globalization of Indian business (Ebert 2001). These include the human resources,
growing

entrepreneurship, growing market, the growing foreign market that is

opening up more, niche markets and large number of non-resident Indians who are
resourceful (Konicki 2002). If the Indian firms have the facility to obtain the latest
technology in the world, to raise finance from the cheapest source and procure
materials from the best source in the world, they are on equal footing with the foreign
firms in many respects. Further, if the Indian firms can muster some edge ever the
foreign firms in respect of labour cost, productivity, product quality/features that
could be a competitive advantage.

3.3

Outcomes of Globalization: Disparity of team skills in India and United
States software development projects.

In this study we focus on an interesting outcome of globalization: the globalization of
software development activities and the attendant problems faced by firms especially
in the context of managing software development teams. With India emerging as an
important center of software development, several firms have located some of their
software development activities to India. However the team skills those are easily
available in India and in a western country (like the U.S), are quite different. There is
a wide range of disparity in team skills found in countries India and United States. Of
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course one of the main reasons behind this disparity in skills is due to the past legacy
of the nature of globalization of the software development projects (Arora 2006).
Software development is globally outsourced in an extensive manner (Pozzebon 2005;
Gambardella 2004; Herbsleb 2001; Hayes 2002). This has led to the migration of
software development and maintenance operations to geographically distributed
locations. The number of US jobs moving offshore is depicted in the Table 3-2. From
the nineties, the trend is outsourcing the software projects to centers in India.
Catherine (2005) explains that geographically dispersed teams have been prevailing in
many service based organizations and significantly effects team effectiveness.
Globalization adds to the employment, particularly in developing countries, as Table
3 - 2 shows. With increased free trade, more than five hundred thousand jobs moved
out of the US by 2005, and the figure will go up to 330 thousand by 2015. This does
not necessary imply that the US economy suffers as a result of this loss of job.
Globalization argues that Free trade will result in countries specializing in the
production of those goods and services that they can produce most effectively, while
importing goods that they cannot produce as efficiently. If, for example, US are
outsourcing 14,000 legal jobs, the country is saving enormously on the cost o
performing those jobs with the country.
Table 3 - 2

Number of US jobs moving offshore To Low wage countries such
as India, China, Mexico and the Philippines (Source: the Economic
Times, February 2, 2003).
2005

Life Sciences
Legal
Art Design
Business Operation
Computer
Architecture
Sales
Office Support
Total

3700
14,000
6,000
61,000
109,000
32,000
29,000
295,000
588,000

2010
14,000
35,000
14,000
162,000
277,000
83,000
97,000
791,000
1,475,010

2015
37,000
75,000
30,000
348,000
473,000
184,000
227,000
1, 7000,000
3,300,000
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The phenomenon of global outsourcing of software has lead to severe skill shortages
(Watson 1990). This is compounded by the need for a multitude of skills in software
development and the business domains. Several authors have looked at these issues in
detail. We present some of the important studies that considered issues related to the
shortage of software development and allied skills in the context of the global
outsourcing of software development.
Judith (2007) studied the key challenges facing IT software and service providers in
identifying critical skill sets. The challenge is compounded as a result of the
continuing growth of outsourcing and the increasing demand for technology solutions.
Through a survey of IT software and service providers, a comparison of skills sought
by those firms which are in IT services and software providers were done. Results
indicate that, surprisingly, software and services providers place more emphasis on
business domain and project management skills than on technical skills.
Tschang’s (2001) investigations showed that the skills most in demand in India will
be areas as business application of software development, project management and
specific technical skills. Judith (2007) examined the Indian software industry skills as:
product development skills: basic technical skills such as coding and programming
languages, application skill gained by experience and project management skills
(Zollo 2002). Every task from software or services to software products involves not
only technical conceptualization skills, but also project management skills. Various
types of project management skills are needed, particularly for developing and
managing software development projects, particularly soft communication ability,
interpersonal skills that are leadership, motivation for dealing with people
management. The study explored the Indian software industry team skills as: basic
technical skills as coding and programming and language skills and project
management skills as leadership, motivation and communication capability (Hertel
2003; Gopal 2002; Jones 1986). Similarly (Catherine 2005) found that software
development is globally sourced and it affects team effectiveness. (Judith 2007) found
that the team member skills that affect quality most in demand in different countries
are the technical skills and project management skills of the team member. The
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Product technical skills are programming skills and language skills and project
management skills are leadership, motivation and communication
Outsourcing of software development encounters various difficulties by cultural and
language differences, lack of communication, technical ability and experience (Ebert
2001). One such difficulty is the skills of software developers that vary in different
countries at different locations. The next section reveals the various reasons for the
disparity in skills of software team development in the countries India and United
States that are relevant to this study.
The three major factors that contribute towards the disparity in team skill between
India and the United States are:
(a)

Differences in the type of projects developed in India and United States.

(b)

Migration of experienced professional to United States.

(c)

Cultural differences in India and United States

3.3.1

Differences in the type of projects developed in India and United States.

The section discusses on the disparity in team skills in countries United States
and India. The section explains the variables of the study that are the technical
skills/experience of the software developers that are (1) Programming skill (2)
Language skill (3) Application domain skill and (4) Hardware skill differ in India
and United States due to the following grounds:
(1) Types of projects developed differ in India and United States.
(2) Migration of experienced professional to United States.
The first one is discussed in this section 3.3.1 and the second one is discussed in
section 3.3.2.
The software development activity comprises of six stages: (1) requirements analysis
(2) high level design (3) low level design (4) coding (5) testing and (6) postproduction
support (Royce 1970, Raccon 1995). Each stage has feedback loops to the previous
stage: meaning that a particular stage does not necessarily lead to a succeeding stage,
but could lead back to a preceding stage. The software development industry in the
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developing countries like United States mainly concentrated on the first 3 stages of
software development and the later stages were done in the developing countries that
were outsourced to Asian countries like India (Arora 1999).
While thinking about the Indian software development industry in India where the
survey was undergone, it has nearly 65% of the revenues from exports that are
predominantly low-end software development services (Shah 1995; Arora 1999;
DCosta 1998, 2002). Out of the revenue from exports, 80% are from are from service
oriented projects including custom software development, consultancy and
professional services. Table 3 – 3 shows the explanation to this observation.
Table 3 - 3

Composition of Indian software development and services
(Nasscom 1999)

Software activity

Domestic software (%)

Export software (%)

Professional services

52.0

8.4

Custom development services

28.6

31.5

Products and packages

4.1.4

8.8

Training

6.1

1.5

Support and maintenance

3.2

3.0

Given the tight labor market conditions in the U.S., especially for software
development employees, the availability of software development services from
India has been of substantial value to many large and medium-sized U.S. firms
that have been able to free up their in-house IT staff for more valuable and
creative projects (Bassellier 2004; Mithas 2007). The growth of Indian software
development industry over the years from 1991 to 2001 is given in the Table 3 –
4.
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Table 3 – 4

software Industry Growth (Nasscom 2005)
Average growth in 1990’s

Export % of sales (2002 or
latest available year)

Brazil

20

1–2

China

30-35

11

India

40

80

Ireland

20

85

Israil

20

70

Countries

Samer (2000) describe the Indian software industry value chain in terms of the
following activities: (1) data entry, (2) body shopping, (3) offshore development, (4)
customized solutions, (5) premium services, (6) niche technologies, and (7) products.
The activities are ranked according to increasing value added as well as increasing
risk. While these activities actually describe discrete lines of business, elements of
these are present in the classifications of software development activities by Arora
(1999) and Heeks (1996).
A third category of work involved companies in the Indian software industry is
examined by Arora (1999) in his empirical survey that is performing a mixture of
offshore and onsite work. Whereas onsite services dominated in 1991-1992 with
about 95 percent of total software exports (with offshore services at 5 percent), by
1999-2000, offshore services in India had increased to 42 percent, and overseas onsite
accounted for the residual 58 percent (NASSCOM, 2005).
The domestic as well as export sectors in Indian firms usually provide low level
design, coding and some types of testing services (Ashish 2001; DCosta 2002). The
software service providers place more emphasis on business domain, technical skills
and project management skills (Timgoles 2008).
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Indian firms provide essential maintenance and development services, enabling US
firms to use their scarce in-house IT staff for higher value added work, such as design
and develop new types of applications (Ashish 2001). Managers at most of the U.S.
firms agreed that the type of work outsourced was neither technologically very
sophisticated nor critical to their business. Requirement analysis and high-level design
is typically done either in-house or by U.S. based consultants (Arora 1999, 2001;
DCosta 2002).
A number of areas of dissatisfaction that the Indian firms had no domain knowledge
and poor management skills were investigated by Arora (1999) and, DCosta (1998).
Even a highly rated Indian subsidiary of a leading electronics and communication
firm was considered 4-5 years behind the latest communication technologies. Most of
the managers believed that those Indian firms could not work on high level
specifications or project definition stages of a project, although for the most part, this
belief was untested. Designer’s expertise rests on knowledge and skills, which
develop, with experience in domain (Adelson and Soloway 1985; Boehm 2007)

Tschang’s (2001) study conducted in the organizations in Asia found that the product
and business development skills are lacking in India. The skills most in demand over
the next three years will be in areas such as business applications of software
development (23 percent), Web-based applications (34 percent) and Application
Service Providers (ASPs); systems skills such as software engineering (18 percent)
and project management; and specific technical skills such as Java and OOPS, etc.
(NASSCOM, 2000). In addition, advanced technical skills and knowledge appear to
be lacking. Business skills were generally lacking, and the absence of experienced
people may be due to constant migration. One perspective holds that an engineer
could learn business expertise, but not the other way around. The most important
factor is that the Indian experience was not based on manufacturing, but, rather, more
on “service” and intellectual work. India’s capability for manufacturing computer
hardware and other electronics has been and still is relatively poor. The Empirical
evidence shows these observations on skills:
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1. Skills and organizational capabilities played a vital role in the growth of
software development

industry. In particular technical and project

management skills contributed to the development of IT industry.
2. The current skills sets are a limiting factor on further growth, being narrowly
focused on technical skills and too limited in broader in middle level
experience.
3. Higher project management and technical skills are needed for further
development.
3.3.2 Migration of Experienced professionals to United States.
Experienced engineers with software development or (IT) training are now in short
supply in India (Gibbons 2004, 2006) as well, impeding the ability of Indian software
firms to offer high-end services (Arora 1999, 2001; Heeks 1996). The Indian software
industry experiences shortage of experienced software professionals. India has an
abundant supply of entrepreneurs who recognized and responded to the opportunity
that the IT revolution in the West represented. Though, India graduates about 155,000
engineers of various sorts, and another 200,000 diploma holders per year, about
60,000 of these enter the IT sector. Despite the apparently large stock of human
capital in India, NASSCOM claims that by year 2010, demand will outstrip supply.
This is due to the constant migration of these professionals to the United States (Table
3 – 4). Hence, advanced technical skills and domain skills were lacking and absence
of experienced people may be due to constant navigation (Gibbons 2004).
Table 3 - 5

Indian software firms: descriptions for migration (adapted from
Simon Commander, 2004.)
Share of
workers
who left in
last year
2002 1999

Managers
Conceptualizes

3.9
3.5

11.3
8.4

Share of worker who have
worked on site and offsite
2002
Onsite Offsite
20.9
60.7
25.8
59.3

1999
Onsite Offsite
22.8
56.3
27.2
58.2

Relevant
experience
2002
54.3
54.1
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Developers
Modifiers
Supporter

10.8
5.6
2.6

16.2
9.3
9.4

23.0
33.2
19.3

45.4
43.7
46.8

25.6
37.2
21.9

47.2
39.2
46.9

44.7
17.4
6.4

It is widely believed that the key to the success of the Indian software exports is the
supply of trained, low cost software professionals (Arora 2001). The estimated wage
costs in India were about 20% to 30% of the corresponding U.S. levels for
comparable work. India not only has the largest number of people working in the
software industry but also apparently the highest rate of growth of revenue, while
having the lowest revenues per employee. Whereas the Irish and Israeli firms appear
to earn as much as $100,000 per employee or more, firms in the Indian software
industry earn only about $15,000-$20,000. However, revenue per employee is
probably a far better indicator of productivity in the software services industry. In this
industry, equipment is not very expensive compared to the other service industries in
India and firms do not differ very significantly in terms of the capital employed per
employee (DCosta 2002). Thus, revenue per employee provides a reasonable
motivational measure of productivity.
This section explains the reasons for disparity of team’s technical skills in software
development teams in countries United States and India. The difference in the
technical skills that are programming skill, Language skill, application domain skill
and hardware skills in these countries are due two reasons: (1) The type of projects
developed in these countries and (2) Migration of skilled professionals to United
States. Further, the literature review showed these findings
(1)

The type of projects in developing countries in Asian countries, like in India

outsourced is mainly software services, where they need expertise in the low level
programming and language skills
(2)

The developing countries like the United States concentrate on the high level

design, which involves application domain experiences for the team members.
(3)

Experienced professionals are migrating and more in United States due to the

high income as a motivation in these countries.

(4)
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A team member with excellent hardware skills in the team impact the success

of the team’s development of software product.
The next section reviews the reasons for the differences in the project management
skills in countries United States and India. The reason is the cultural differences in
these nations. National culture impacts the work culture in organizations.
3.3.3 Cultural differences in India and United States
This section explains the cultural differences of the employees in the countries United
States and India. Organizational culture differences in turn impact the personal
capabilities and project management skills of the employees/software developers in
organizations (Jorge 2009). The various project management skills concentrated in
this study are the (1) Leadership (2) Motivation (3) communication.

Globalization of software development shapes the organization culture by
technologies and markets and cultural preferences of a manager/leader or employees
(Juran 1988). National culture influences the extent to which leadership; teams and
employee activities are socially valued and supported.
In 1870, anthropologist Edward Taylor, defined culture as that complex whole which
includes knowledge belief, art, morals, law, custom and other capabilities acquired by
a man as a member of society. Hofstede (1991), an expert on cross cultural
differences and management, defined culture as,’ the collective programming of the
mind which distinguishes the members of one human group from another…
Culture, in this sense, includes systems of values; and values are among the building
blocks of culture .Values are basic convictions that people have regarding what is
right and wrong, good and bad, important and unimportant. The values are learned
from the culture in which individual is reared and they direct the persons behavior.
Our study focuses on cultural differences in the work place of software development
organizations, especially in United States and India. Hofstede (1991) in his book
‘cultures and organizations: software of the mind focuses on IBM studies involving 1,
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16,000 employees in 70 countries and 3 regions, tried to analyze the influence of
different national cultures. The findings demonstrate that: work related values are not
universal.
Kluckholm and Strodtbeck’s (1961) theory based on the ‘patterns of behavior’ in
different cultures is showed in Table 3 - 5. The researchers distinguish and compare
cultures on various dimensions and the findings are (1) America is a nation with
mixed orientations. They are optimistic about other people’s motivations and
capacities. Here conflict is not disapproved of and differences in views are
encouraged. (2) Indians have an orientation to work in harmony, believe tat there
should be peace between man and nature. There is a desire to avoid conflicts. They
believe that destiny and god control everything. Indians are more philosophical and
spend more time in abstract thinking. Life is derived from birth, age, sex, family and
social connections more than through one’s achievement. Regarding the case of
temporal focus of human activity, it is believed in the United States that better fate
can be planned and controlled. In India, people base their decisions on lesson learned
from the past.
Table 3 – 6

Kluckholm F and Strodthbeck (1961) theories based on the
‘patterns of behavior

Sl.
No.

Orientation of people

Pattern of
behavior

India

US

1

Nature of people

Good, evil, mixed

Mixed

Mixed

2

Relationship to nature

Dominant,
harmony

Harmony

Dominant

3

Relationship to
individual

Hierarchical,
collectivist

Hierarchical

Collectivist

4

Modality of human
activity

Doing,
being, Being
containing

Doing

5

Temporal focus to
human activity

Future, past,
present

Future

Past

6

Conception of space

Private, public
mixed

Public

Private
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Strodthbeck’s formulations of cultural differences are regard for rules or relations
individualism, emotions, and societies, where as Trompenaar’s (1993) work considers
attitudes to time, relations to nature as formulations of cultural differences. His study
proved that in cultures, which are more particularistic in countries like India, people
see relationships as more important than applying rules according to friendship and
kinship relations. This has implications for recruitment and promotion policies in
organizations in some Asian countries, which are different from practices in countries
such as the United States.
A study of the personal value systems of over 2500 managers in India, United States,
Australia and Japan supported the assumptions that despite the value differences
among managers in these countries and value diversity within each county, there is a
common pattern of translation of values into behaviors across countries. While
pragmatists have economic and organizational competence orientation, moralists
exhibit a humanistic orientation (England 1975). The implications of such values to
the management of people in Indian organizations appear be that
(a)

Indian managers are more responsive to human consequences of their actions

(b)

They are more influenced by positions and approaches, which utilize
philosophical and moral justifications

(c)

They are more responsive to internal reward and controls

(d)

Change in moralistic managers in India is likely to be slower and more
difficult.

Another study undertaken in 1970’s (Smith and Thomas 1972) of cross-cultural
attitudinal differences between American and Indian managers identified the flowing
differences in area of authority and influence:
a.

Indian managers at both middle and senior levels in organizations, profess
a belief in group based participative decision making, but have little faith
in the capacity of workers for taking initiative and responsibility.
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American managers on the other hand place a relatively higher faith in the
capacity of individuals to take responsibility and a lower faith in-group
oriented decision-making.
b.

In contrast, to American managers, Indian managers favor labor and
government interventions in the affairs of the organization.

c.

Middle level managers in India espouse a greater belief in change and are
less conservative than their American counterparts at this level.

Richard (2000) in his book cross culture business behavior has put in to workable
categories in four cultural categories showed in Table 3 – 6.
Table 3 – 7
Serial
Number

Cultural dimensions in India and United States

Cultural Dimensions

Team behavior
in India

Team behavior
United States

1

Dealers/relationship

Dealers

Relationships

2

Formal, informal

Informal

Formal

3

Rigid time, Fluid time

Fluid

Rigid time

4

Expressive, Reserved

Reserved

Expressive

Laurent (1986) divides the employee team in workplace of an organization in to
various societies, which are shown in Table 3 – 7. He divided the culture in to four
dimensions. Societies are individualist, collective and masculine. In individualist
societies tasks are more important than relation, in the collective societies relations
more important than task and the masculine societies, values are based on material
success.
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Table 3 – 8

Laurent division of cultural dimensions in

to societies: US verses
Serial
Number

Cultural Dimensions

India
Team
behavior in
India

Team
behavior
US

1

Individualist societies, Tasks are more
important than relationships

No

Yes

2

Collective societies, relationships are
important than task

Yes

No

3

Masculine society, values are based on
material success

No

Yes

Allison and Hayes (1988) undertook cross-cultural differences between the United
States and Indian managers in two broad learning styles: an analysis orientation and
an action orientation. Results show that the US managers were action oriented and the
Indian managers were analysis oriented.
Sahay’s (2001) study noted that the Indian software analysts were trained in the
rigorous International Standards Organization accredited methodology. The effect of
globalization involved the disembedding of Western-derived methodology into the
Indian context where it was embodied by the Indian developers. Project management
expertise is scarce, because the industry is still young in India and large-scale projects
where project managers are trained are still relatively rare. Effective project managers
should have the following skills: communication, organization, team building and the
leadership skills (Mithas 2007).
Sahay & Brian (2001) studied the bi-directional effects of globalization. This was
demonstrated in their case study of software outsourcing to India by US firms. In this
case, the Indian programmers are seen to bring in structured software development
methodologies like the “waterfall methodology”. The US approaches to software
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development typically do not involve extensive documentation but rely more on
discussions and personal face-to face contact.
Walsham (2002) point out that Indian managers and developers tend to be members
of different social systems arising from both work- and non-work related systems
such as intellectual groups, local community and family. These systems have various
rules and resources embedded within them which managers and developers draw
upon in their process of creating agency and making action mutually intelligible,
which in turn can potentially either reinforce or change social structure. Often these
rules and resources drawn upon to form these systems are conflicting, for example the
work norm of efficiency would clash with the family norm of helping a relative.
There is thus constant tension and contradiction in the creation and articulation of
agency.
Norms of hierarchy often seen in Indian family relations and the caste system are
structural conditions that can be interpreted as being drawn upon by Indians both
implicitly and explicitly in developing agency. The caste system has contributed to
value systems relating to status, power and relationships. Partly as a result, social
relations are often seen to be hierarchical amongst Indians and people show status
consciousness. In India, social relations tend to exist between groups of a particular
social standing which tends not to be as rigid in Europe or US.
According to Nicholson and Sahay (2004) the effects of globalization are often
discussed in terms of the western culture and management methods have in other
cultures. The “traditional skilling” of Indians, reflects the emphasis on discipline in
Indian schools with traditional rote learning approaches and mathematical skills
forming a large proportion of the curriculum. As a result, generally Indians tend to be
mathematically adept and disciplined in their thinking.
Nicholson (2001) noted that hierarchical structuring is so ingrained in India that it is
often easier to work in a superior subordinate role than as equals on contractual terms.
The Hindu virtues of contentment, absence of desire and stability tend to oppose the
dynamic striving for success and unlimited consumption.
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Nidumolu (1993) states that, in Indian work relations, the superior is seen to be “kind”
and the subordinates “submissive”. This perception of the Indians feeling a desire to
please may be related to the need for accommodation but also a sense of duty to the
family and one’s superiors. The study also says that a cultural difference in India and
United states in the point of education of the skills trained in Indian and US schools
differ in organizational skills and management skills.
Elashmavi (2001) findings show that certain traits - both positive and negative are
common to all cultures. Other behaviors are culture specific. Positive behaviors such
as trust worthy, encouraging, effective communication, and team-building capabilities
are universally acceptable. Negative traits that have universal application are
egocentricism, non-cooperation and authorization. Table 3 – 8 shows the universally
acceptable traits and behaviors that are culture specific.
Table 3 – 9

Leadership behaviors and their acceptability from 60 countries

Universally acceptable traits and behaviors

Culture specific
behaviors

Positive

Negative

Trustworthy

Loner

Group orientation

Just

Asocial

Self protectiveness

Honest

Not cooperative

Participative skills

Plans ahead

Non explicit

Humaneness

Encouraging

Egocentric

Autonomy

Positive

Ruthless

Charisma

Good bargaining

Dictatorial

Humility

Dynamic
Motivator
Confidence builder
Dependable
Intelligent
Decisive
Win win problem
Skilled administrator
Communicator
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Informed
Team builder
The studies so far in the literature discussed on the various cultural differences in
countries India and US .The cultural differences in turn affect the values of the
employees at the work place and ultimately the behaviors of developers that work in
teams in software organizations in these countries. The various cultural dimensions,
the way it affects the team effectiveness in software organizations in India and US are
also discussed.
The next section reviews the variables in this study (1) Leadership (2) Motivation (3)
Communication that are the skills of the software development team which are
depicted from the chapter 2 that determine the software quality in organizations.
3.3.3.1

Leadership

Members of different cultures in India and United States would respond to different
leadership traits in their intellectual interactions. Narendra (2003) explores the lack of
leadership and motivational managerial skills in Indian software industry
Zigurs (2003) showed a significant observation upon the leadership skills of the
managers in India. The managers in Indian software development organizations are
members of different social systems which are work and non work related members
of different social systems such as intellectual groups, local community and family
whose rules are conflicting-- clash with the family norm of helping. Their leadership
abilities have a clash with the managers in the /United States where the family norms
are never indulged in the work culture here.
3.3.3.2

Motivation

Effective and appropriate management involves motivating people to go in to a work
usually in medium to large goal directed organizations that often separate from their
family, leisure and community life. In the organization motivating people to work
hard and employ skills knowledge and attitudes varies from culture to culture
(Jackson 2004)
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Managers in India were critical of the Indian system of promoting software
programmers to managers based on seniority rather than on proven managerial ability
which weakened their project management skills (Sahay 2001; Walsham 2002; Tracy
2007; Thomson 2007). In the same study it was noted that the work culture of the US
managers differ in their motivational ability.
In the United States, the enjoyment-based intrinsic motivation, namely how creative a
person feels when working on the project, is the strongest and most pervasive driver
of motivation (Karim 2003) .The findings indicated that a majority of software teams
in the United States are skilled and experienced professionals working in IT-related
jobs, with approximately 70 percent being motivationally satisfied (Lakhani 2006).
3.3.3.3

Communication

Cultural factors have a major impact on the communications skills of the people in
India and United States. As the national culture differs in these countries, the
communication skills too differ.
The Indians lack the skills to operate in multicultural environments (Gopal 2002). The
dimensions of multicultural environment is shown in Figure 3 - 3 .The study of
dimensions of values in different countries is depicted in Table 3 - 9. There were a
number of cultural and political issues that US managers perceive as irritants or
barriers in the communication skills of Indians (Arora, 1999; Arunachalam 1999).
One such issue is the apparent unwillingness of Indian software professionals to point
out potential problems up-front, and in general, an unwillingness to say no for fear of
offending the clients (Arora 2001). Another related weakness is the lack of familiarity
of many Indian firms and professionals with the work culture and work norms in the
West, and especially in the United States. Other cultural differences included the
unwillingness of Indians to speak out in meetings, necessitating “offline”
conversations to convey the needed information.
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Figure 3 - 3

Dimensions of Multicultural environment

Leadership

Motivation

Multicultural
Management

Workvalues

Teamwork
building

Communication

HR practices

The success of an organization in terms of its productivity, employee satisfaction and
minimal turnover rate depends primarily on the effective communication practices
(Downs 1977; Galin 2004). The need for effective coordination, visibility,
communication and cooperation are key variables for success (Carmel 2001; Karolak
1999).
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Table 3 – 10 Dimensions of multicultural environment in different countries
(adapted from Farid Elashmawi, p.144)
American

India

Management styles Leadership,
Motivation,
Communication

Persuasion, Communication,
Functional group activities

Control

Independence
Decision making
Space, Time

Group harmony, Money

Emotional appeal

Opportunity

Group participation, company
success

Recognition

Individual contribution Group identity, Belonging to
group

Material Awards

Annual bonus,
Commission, profit
sharing

Salary, Social services, Fringe
benefits, Promotion through
seniority

Threats

Loss of job

Out of family, caste groups

Cultural Values

Competition, Risk
taking, Material
possession, Freedom

Group harmony, Achievement,
Belonging

3.3.4

Team Size

Many studies have shown the importance of team size in determining the quality of
the software. Researchers have found that a team size of four is the one which gives
maximum productivity and quality. Team sizes that are lesser and greater than four
give less efficient.
Team size is also important factor affecting productivity on short, one person projects
are likely to be overwhelmed by individual skill differences across project staff
members (Curtis 1981; Dickey 1981; DeMacro 1982). The projects of similar size
exhibit similar productivity due to team size (Brooks 1993). Larger teams showed
lower productivity due to higher interaction in the study. The size of the team itself is
often argued to be an important factor (Carmel 2002).
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3.4

Summary of Literature Review (Chapters 2 and 3)

The preceding chapter (2) and chapter (3) have aimed to review the pertinent
literature that supports the relationships proposed in the conceptual model of this
research. The tenet of this thesis is that further research that looks at the disparity of
impact of team skills on software quality in Indian and United States needs to be
undertaken due to:
A. The critical position of technical and project management skills hold on a
team’s performance.
B. The bearing it has on the evaluation of software quality
C. The limited studies that have been undertaken in this area.
The chapter 2 summarizes the importance of team skills on software quality. With the
support of the literature review (Judith 2007), the team skill that impact software
quality is divided in to
(1) The technical skills of the team members
(2) The project management skills of the team members.
(3) Team size
The importance of technical skills in determining quality is dealt in chapter 2.
Further, the technical skills are subdivided in to (a) Programming skill (b)
Language skill (c) Application domain skill and (d) Hardware skill. The
supporting literature discussions on these skills and its importance in
determining the quality of the software are dealt (Krishnan 1998; Srikanth
1991). The project management skills of the team are characterized in to (a)
Leadership skills (b) Motivation and (c) communication (Judith, 2007). The skills
required in India and United States has been summarized in the Table 3 – 10.
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Table 3 – 11 Summary of skills required in India and United States
US

India
Technical experience
Language

High

Low

Programming

High

Low

Domain

Low

High

Hardware

Low

High

Leadership

Low

High

Communication

Low

High

Motivation

Low

High

Project management skills

Size

-

-

Software development is globalized in to various locations (Hayes 2002).
Globalization of software development effects team effectiveness (Catherine 2005).
Globalization has led the disparity in team skills in various countries. The reason for
the differences in team skills is due to three reasons.

(1) Type of projects developed in various locations.
(2) Migration of experienced professionals to US
(3) Cultural differences in various nations.

The disparity in team’s technical skills is due to the type of projects developed in
various nations. This further is extended for the reason of migration of experienced
professionals to developing countries like United States. The reason shows the
differences in project management skills of the software team member is due to the
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cultural differences of the software developers working on the team. These are the
conclusions drawn from the literature.
Due to the limited empirical work in this research area, a considerable portion of the
literature review has aimed to support the study’s propositions by reference to
research that has investigated relationships with comparable constructs.
Finally, the objective of this literature review has been to present evidence for further
research in line with the relationships depicted by the conceptual model. These
relationships and the ensuing propositions are further developed in the next chapter.
Essentially, it is considered that additional research for relationships depicted in the
conceptual model is warranted since:
A. There is essentially no empirical work in the quality literature that investigates
the antecedents and consequences of team skills on quality of the software
product in software development organizations. This includes the influence of
technical and project management skills of software development team.
B. Existing research in to the relationships that may exist between role of team
member and software quality reports equivocal findings.
C. Limited studies exist within the germane literatures that pertain to research
concerning the relationship between team’s quality and software quality.
D. There are no studies that investigate the relationships between the noted
variables in one model.
E.

Limited research exists within the literatures that pertain to research
concerning the impact of disparity in team skills in countries India and United
states.
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CHAPTER 4
PROPOSITION DEVELOPMENT
4.1

Introduction

The purpose of this chapter is twofold. First, it further develops the initial conceptual
model of the thesis. Second, from this refined model a series of research propositions
are developed that form the basis of this study.
The need for an examination of the antecedents of software quality in organizations
appears necessary for the reason that team behaviors influence quality of the software
product in software development organizations. Further, there is limited empirical
research that addresses the role of teams in software development and a comparative
study of these factors in countries US and India. The variables under investigation in
the conceptual model as antecedents of software product quality were selected on the
basis of:
1. The existing literature that discusses, by way of conceptual argument or general
discussion, various aspects of our model
2. Empirical data that has found comparable variables to hold significant relationships
(e.g. Krishnan 1998; Ramasubbu 2007)
Therefore, the primary purpose of this thesis is to empirically test and extend our
knowledge of the determinants of software quality and comparing the impact of team
skills on software quality for Indian and US teams. A key aspect of this thesis is the
extension and empirical testing of the relationships of team factors on software quality
proposed in the early literature (e.g. Krishnan 1998), concerning the relationship
between software team skills and quality of the software developed. A further goal of
the thesis is the development of prepositions as a result of empirical analysis of the
disparity of the team skills in the countries India and United States.

4.2
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Refinement of conceptual model incorporating multiple skills for team
personnel.

Refinement of conceptual model incorporating multiple skills of the team personnel
constructs as two notions of skills i.e., technical skills and project management skills
of the software developers in the software development organizations. While
Krishnan did not specifically indicate whether the propositions related to technical or
project management skills, his propositions referred to the skills of the team had focus
on the quality of the software team. Therefore, it is considered that Krishnan’s (1998)
propositions generally depicted the relationship between team personnel’s technical
skills and software product quality. Hence, considering this literature, the propositions
are used as the basis for the development of the relationship between the thesis
variables, perceived technical skills and together with project management skills of
the team personnel.
The higher the team skills of the personnel, the higher would be both the software
product quality. i.e.; team’s quality leads to increased software product quality
(Krishnan 1998; Justin 2006).
The preceding literature review found support for the influence of team skills relative
to software development inside the organization. However, few studies discussed the
disparity in team skills relative to software development. , save Arora’s (2001)
characterization of relative skills of the team on software quality .This study attempts
to extend the notion of software development team skills by investigating relative
team skills from two perspectives. These are identified as perceived technical skills
(Skills of the team personnel relative to product development) and perceived project
management skills (i.e., skills of team personnel relative to project management).
These constructs have replaced the team skill variable in the initial conceptual model
and are depicted in figure 4 - 1, conceptual model – proposition development.
However, team’s software quality is defined as a composite measure in the conceptual
model as it is considered that there is more support for relationships between the
general software team quality, and software product quality (Krishnan 1998).
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Figure 4–1

Conceptual model – proposition development
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Support for the approach of separating team’s quality in to two perspectives can be
also found in the literature. Krishnan (2004) argued that the team skills in congruency
of the individual should be interpreted across several team skills hierarchies rather
than only one. While the ascribed team skills of the personnel incorporates the
individual characteristics, the team personnel brings to the software quality encounter,
the achieved team skills of the personnel can be seen to incorporate two levels: first
the skill or experience attained by the individual for the product development, and
second ,the skill or experience of the team member to manage a software project i.e.
the project management skill of the team personnel .The former is considered to
portray perceived technical skills of the team and latter, perceived project
management skills of the team ..
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Additionally, the conceptual model describes relationships proposed to exist between
other variables that have been noted and supported in the literature review,
specifically, variables on team’s project management skills - communication,
leadership and motivation. Communication has been selected for inclusion in the
thesis due to the logical association with the software quality and the literature that
supports this relationships (e.g. Javed 2004). The variable leadership and motivation
has been selected for inclusion in the thesis due to the literature within the service
field of study that highlights the influence leadership and motivation skills has on
team’s quality (Liteky 2004).
Support for the inclusion of perceived project management skill of the team personnel
and teams quality in a model were found in Ramasubbu and Mithas (2007).They
considered that the investigation of team’s skills on quality required the assessment of
a number of other variables among which included the communication skill,
leadership and motivational skills of the team personnel. The conceptual model of the
thesis addresses these issues as it includes the team personnel skills which reflect
communication, leadership and motivation.
Further to the extension of propositions concerning software team skill initially
suggested by Krishnan (1998), the conceptual model depicts the formalization of
propositions concerning the technical skills of the team and software quality of the
team personnel in a globally located environment (Catherine 2005). Finally, as a
result of these propositions and the support of existing literature, the model describes
disparity in the impact of technical team skills and the software quality of team
personnel in United States and India.
4.3

Proposed relationships/disparity between the determinants of software
quality in United States and India

The remainder of this chapter will now present support for the propositions of this
thesis. First, support is presented for the propositions concerning the project
management skills and technical skills of the team personnel as an antecedent to
team’s quality and software product quality in United States and India. Second,
support is presented for the proposition concerning the disparity of impact of team
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skills on software team’s quality and software products quality in United States and
India. Finally support is presented for the propositions concerning the differences on
the effect between software team project management skills, software team’s
technical skill and software product quality in these countries. (Refer Conceptual
Model –Proposition development, for a graphic depiction of the directionality of each
of the propositions within the conceptual model.
4.3.1 Skills of the team personnel on software team’s quality differ in India and
United States
Krishnan‘s (1998) primary discussion revolved around the relationship between the
technical skills of the team member and quality of the software project. In each of his
propositions, team’s quality was considered a single construct with technical skills
defined as two constructs. However, his characterization of team personnel skills
incorporated two notions of team skills, domain skills and personnel capability. While
Krishnan did not specifically indicate whether the propositions related to technical or
project management skills, it is considered that Krishnan’s (1998) propositions
generally depicted the relationship between team personnel‘s technical skills and
team’s quality as a whole. But there is a gap in the literature extending the findings of
Krishnan (1998) concerning the team member’s project management skills and its
influence on software quality among the various countries which are globally located
especially in developed countries US that outsource their software development
activities to developing in India. Our thesis is a direction towards this.
Software development is a globally sourced commodity (Pozzebon 2005;
Gambardella 2004; Herbsleb 2001; Hayes 2002; Hoffmann 2001; Ebert 2001).
Catherine (2005) examines that geographically dispersed teams have been prevailing
in many service-based organizations and significantly effects team effectiveness.
Tschang (2001) investigated that the skills most in demand in India will be areas as
business application of software development, project management and specific
technical skills. Judith (2007) examined the Indian software industry team skills as:
basic technical skills as coding and programming and language skills, project
management skills as leadership, motivation and communication capability (Hertel
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2003; Gopal 2002; Jones 1986). The key challenge facing the software development
industry is identifying critical skill sets (Ethiraj 2005; Lee 1995). The next section
reveals the various reasons for the disparity in skills of software team development in
the countries India and United States
4.3.1.1

Technical experiences of team members on software quality varies in
India and US

There are a variety of reasons cited in the literature that experiences of team members
for achieving software quality in India and the United states differ substantially
(Demacro 1999; DCosta 2002; Sinclair 2000). A major reason for the differences in
quality of software between the two countries are the types of software projects done
in the US and Indian teams. As we discussed, Indian software firms largely provide
services such as maintenance, porting & enhancement rather than products neither
technologically very sophisticated nor critical to their business.

Software

development consists largely of low-level design, coding, and maintenance services
(Arora 2001; DCosta 2002). As a result, software development teams in India are
bound to work on testing of the existing software and to some extent maintenance of
old UNIX based software. These software project teams which tasked with
maintenance services, the developers need a larger knowledge of programming skill
and language syntax. Hence, quality of the software project teams could be achieved
only through the team members with good experiences in programming skill and
language skill.
Proposition: 1.
The extent to which team member language experience impacts software
quality is higher in India than in US.
“This would mean that a highly language experienced developer could enhance the
quality of the software to a much greater degree while working in a project in the
India, than if the same programmer were to be working in a software project in the
United States”
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Proposition: 2
The relationship between programming experience of team members and the
quality of the software produced is stronger in India compared to that of the
United States
The firms in United states do not want to invest in-house capability in areas outside
their core-competence (such as developing applications for old computing platforms)
and do want to free their in-house IT staff from mundane maintenance tasks for more
creative projects (Arora 1999).

Further, projects done are mainly design and

development of new applications .The US firms use there scarce in-house IT staff for
higher value added work, such as design and to develop new types of applications.
Requirement analysis and high-level design is typically done either in-house or by US
based consultants. Indian software project teams lack business development skills and
product skills (Tschang, 2001).
The Indian software industry experiences shortage of experienced software
professionals. India has an abundant supply of entrepreneurs who recognized and
responded to the opportunity that the IT revolution in the West represented. Though,
India graduates about 155,000 engineers of various sorts, and another 200,000
diploma holders per year, about 60,000 of these enter the IT sector. Despite the
apparently large stock of human capital in India, NASSCOM claims that by year
2010, demand will outstrip supply. Hence, advanced technical skills and domain skills
were lacking and absence of experienced people may be due to constant navigation
(Gibbons 2004).
Hence we form the hypothesis
Proposition: 3
H3: The degree to which the domain experience of team member’s impact
software quality is higher in the United States than in India.
Many lacking entrepreneur ability (Tschang 2001). The Indian software experience
does not fit the East Asian model of growth. The most important factor is that the
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Indian experience was not based on manufacturing, but rather more on services and
intellectual work (Udell 1993). India’s capability for manufacturing computer
hardware and other electronics has been and still relatively poor (Tschang 2001).
Large teams can be assembled at much shorter notice and projects can be terminated
with much greater flexibility. A number of environmental factors affects the labour
hours required to complete a project and hence the productivity of the software
maintenance effort which includes the hardware tools (Thandhani 1984; Lambert
1984; Boehm 1981; Jones 1986). So forth, a varied deal of hardware skills needed to
attain software quality which will fulfill the different project based behaviors in the
United States and Indian teams.
Proposition: 4
The relationship between team member hardware experience and quality of
the software produced is stronger in the US compared to India
4.3.1.2 Project management skills of team members on software quality varies in
India and US
Various project management skills of team members like motivation and leadership,
communication, coordination is found to be an important factor in assessing software
quality (Sackman 1968; Chrysler 1978 and Larman 2003). Judith (2007) defines
project management skills as leadership, motivation and communication. Since the
software companies face severe market pressure from their competitors, this
environment demands entrepreneurial spirits, long work hours and determination from
the team members. As a result, software companies often attract some specific
personality types that are risk seeking and exhibit individualism, innovation and
creativity (Futrell 2001; Carmel 1998; Castels 1994).
4.3.1.2.1 Leadership skills of the team members on software quality varies in Indian
software teams
Effective project managers should have the following skills: communication,
organization, team building and the leadership skills (Zigurs 2003). Edgemon (1995)
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explores the lack of leadership and motivational managerial skills in Indian software
industry. The Indian project managers were generally lacking the ability to lead a
team, and one reason may be due to constant migration. Walsham (2002) point out
that Indian managers and developers tend to be members of different social systems
arising from both work and non work related members of different social systems
such as intellectual groups, local community and family. These systems have various
rules and resources embedded within them which managers and developers draw
upon in their process of creating agency and potentially either reinforce or change
social structure. Often the rules and resources drawn upon to form these systems are
conflicting, for example the work norm of efficiency would clash with the family
norm of helping.
Western culture often exhibit high intelligence, dominance, self confidence, integrity,
energy levels and task relevant knowledge (Charles 2000). Some of the traits thought
to be important to leadership are culturally determined like authorization and
dominance seem to be more acceptable in the developing countries like India
(Walsham 2002; Mithas 2007) than in developed countries like the United States.
Western explanations of leadership and motivation (e.g. equity theory, Adams 1965;
Weinberg 1986) depend on the assumption that people will act in their own selfinterest and there is no superior – subordinate relationship and rather they treat the
subordinates as friends. There fore we should expect that members of different
cultures in India and United States would respond to different leadership traits in their
intellectual interactions.
Proposition: 5
H5: The Extent to which the leadership skill of the team member impacts
software quality is higher in India than in US.
4.3.1.2.2 Lack of motivational skills in Indian software teams
Various reasons behind the lack of project management skills in Indian teams were
seen in the literature (Feller 2005; Arora 2001; Shah 1995). Most of the managers
were critical of the Indian system of promoting software programmers to managers
based on seniority rather than on proven managerial ability, which weakened their
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project management skills (Sahay 2001; Walsham 2002; Tracy 2007; Thomson 2007).
Indian firms, on the other hand, cited this practice as a way of providing a career path
to their professionals and a major part of their attempts to hold down employee
attrition (Arora 2001). Additional dissatisfaction is about the low productivity. For
instance, managers at the electronics and telecom firms also mentioned that they
found that they needed to assign more engineers to the same task in their Indian
subsidiary than would be assigned in the U.S. A very large fraction of the managers
considered employee attrition a big problem and wanted their Indian suppliers to
tackle it quickly. The revenue per employee is probably a far better indicator of
productivity in the software services industry (Dyke 1997; DCosta 1998). In this
industry, equipment is not very expensive compared to the other service industries in
India and firms do not differ very significantly in terms of the capital employed per
employee. Thus, revenue per employee provides a reasonable motivational measure of
productivity (Green 1989) .In the United States, the enjoyment-based intrinsic
motivation, namely how creative a person feels when working on the project, is the
strongest and most pervasive driver of motivation (Lakhani 2006) .The findings
indicated that a majority of software teams in the United States are skilled and
experienced professionals working in IT-related jobs, with approximately 70 percent
being motivationally satisfied (Lakhani 2006)
Proposition: 6
H6: The degree to which the motivational skill of the team member impacts
software quality is higher in India than in US.
4.3.1.2.3 Lack of Communication skills in Indian software teams
The Indians lack the skills to operate in multicultural environments (Gopal 2002).
There were a number of cultural and political issues that US managers perceive as
irritants or barriers in the communication skills of Indians (Arora 1999; Tod 1995).
One such issue is the apparent unwillingness of Indian software professionals to point
out potential problems up-front, and in general, an unwillingness to say no for fear of
offending the clients (Arora 2001) Another related weakness is the lack of familiarity
of many Indian firms and professionals with the work culture and work norms in the
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West, and especially in the United States. Other cultural differences included the
unwillingness of Indians to speak out in meetings, necessitating “offline”
conversations to convey the needed information.
Proposition: 7
H7: The relationship between communicational skill of the team members
and quality of the

software produced is stronger in the US compared to

India.
4.3.1.3 Team Size
Another important team related factor is team size. The software engineering
literature indicates significant benefits from small teams (Carmel and Bird
1997).Project size is also important in that the factors affecting productivity on short,
one person projects are likely to be overwhelmed by individual skill differences
across project staff members (Curtis 1981; Dickey 1981; DeMacro 1982).The projects
of similar size exhibit similar productivity due to team size(Brooks 1993).Larger
teams showed lower productivity due to higher interaction in the study.
Proposition: 8
H8: The relationship between the effect of size of the team and quality of the
software produced is stronger in the US compared to India.
4.4 Summary
This chapter has aimed to provide the argument for the development of the conceptual
model as depicted in Figure 4 - 1, which proposes a number of interrelated
relationships between variables that have as yet not been empirically tested as a
whole. In doing so the discussion has sought to demonstrate support for direct and
indirect relationships between the antecedents of language skills, programming skill,
hardware skill, domain skill, communication skill, motivation and leadership skills,
with the dependent variable of software quality and a comparison of these variables in
the countries United States and India.
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The prepositions presented in this chapter will now be empirically tested. The
following chapter (5) will outline the questionnaire design and data collection process
for the study.
Chapter 6 and 7 will then present the research findings and chapter 8 will offer a
discussion of the findings and managerial implications.
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CHAPTER 5
RESEARCH METHODOLOGY
5.1

Introduction

The previous chapters reviewed the relevant literature and outlined the conceptual
model for this study. The research propositions to be tested and their development
were so presented. This chapter will now discuss the research methodology applicable
to this study. First, the research setting and the choice of data collections
organizations as respondents are discussed. Second, the research design is outlined.
This encompasses data collection, pre-testing, scale development and the research
instrument. Third, the operational constructs of the design are described.
5. 2

Research design

Research design provides the answers to research questions while controlling for
variance and gives us the framework for our study by suggesting the types of
observations to make, how to analyze them and possible conclusions that can be
drawn from the analysis (Kerlinger 1973; Belsley 1980). Survey research, specifically
a mail questionnaire, was chosen to assess the propositions raised by this study
(Berdie 1989). The survey research method is the most commonly used method for
assessing employee role perceptions (Jackson 1985). The advantages of the survey
research method include normality of surroundings for the sample respondents,
thereby limiting responses from the artificial environments, easy replicability to verify
results; generalisability of results from the sample to population; and relative accuracy
of data, regardless of sampling error (Robson 2002). Disadvantageous of the method
include time and cost issues; sources of sampling error and that respondents may
answer in terms of preferred rather than actual behaviors (Kerlinger 1973).
This thesis used a three-stage approach in its research design, which included two
pilot studies and the main survey (see Table 5.1 – Research design). Following wellaccepted practice (Dillman 1978), the research instrument was comprehensively
tested prior to its distribution. The pilot studies were undertaken prior to the main
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study, both comprising a qualitative and quantitative phase (Holiday 2002). The
qualitative component focus groups with the respondents and the qualitative
component were an email survey. The focus groups had two purposes (Calder 1977).
First, they allowed further item generation over and above the findings from the
literature. Second; they allowed a pilot test of potential items in the scale. The focus
group respondents were all from the same software development company. The final
stage of the research was a questionnaire mailed to a large sample of the population.
Demographics and the background information were collected in all mail surveys.
Table 5 - 1
Stage
1

2

3

5. 3

Research Design
Study
Pilot A

Pilot B

Main survey

Component

Dates

Qualitative

July 2005

Quantitative

September 2005

Qualitative

February 2006

Quantitative

May 2006

Quantitative

July 2006

Data Collection

5. 3. 1 Pilot A
Pilot A was directed at the scale development of the technical skills of the team
members and a pretest of the perceived language, programming, hardware, domain
measures (see Table 5.2 – measures tested in pilot studies). Development of the team
skill perceptions measure followed Churchill’s (1979) recommended procedure. This
involved the generation of the items from the existing software quality literature and
from focus groups held in the software organizations. A total of 500 self-completed
questionnaires were placed in the personnel mailboxes of software developers, using a
random skip procedure. It was requested that on completion, the survey should be
mailed directly to the researcher in the postage paid envelope, which was supplied
with each survey. A final sample size of 202 was used for the analysis. The team
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members were predominantly male’s .The mean age of software developers was 33
years, within a range of 22 years to 53 years. The mean number of years software
developers has been working in software development had been was 7.7 years, within
a range of 1 month to 15 years.
Table 5 - 2

Measures Tested in Pilot Studies
Pilot study
Pilot A

Constructs pretested
Language experience
Programming experience
Hardware experience
Domain experience

Pilot B

Communication
Leadership
Motivation

5. 3. 2 Pilot B
Pilot B was directed at several issues. The key issue was a pre-test of the project
management skills of the team members in determining software quality (Ramasubbu
2007). This involved the application of Boehm 1987 scale.
The quantitative data was collected by way of a self-completed questionnaire, using a
convenience sample of 100 software companies from the software organizations. A
university researcher administrated the questionnaire in the team prior to software
team members .In total, 15 respondents were removed from the data set as they scored
15 out of more out of a possible 20 on the test. The demographics of the final 85
respondents approximated the company population data.
5.4

Main survey

The questionnaires were distributed to 500 software developers in various countries in
India and United States. The questionnaire was sent to each of the software
developers in teams as email attachments, using a random skip procedure generated
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from the company’s human resources database. The survey questionnaire is given in
Appendix 3. The list of organizations responded to the survey is given in Appendix 1.
Description of respondents participated in the survey is given in Appendix 2.
Following Dillman’s (1978) recommendations, a comprehensive promotional
approach was used in an endeavor to ensure a high response rate, given the variability
of previous survey work. First, each questionnaire that was distributed included a
covering letter from the researcher ensuring responses would be kept confidential (see
Appendix 5 – covering letter).
Second, approximately two weeks after the survey was initially distributed the first
follow - up email was distributed to the same personal mailboxes as had been the
surveys, (Appendix 5 - A). This thanked those who had returned questionnaires and
reminded those who hadn’t that their cooperation would be greatly appreciated.
Information was also given for obtaining additional questionnaires in lieu of
misplaced ones.
Third, a further two weeks later on, a final reminder was once more posted to the
same personal mailboxes, this time in a different form so as to be recognized as a
different (see Appendix 5 – B Second follow up email). This thanked the team
members for returning the survey and reminded them that they had contributed to a
worthwhile fund. It also extended the closing date by two weeks to enable those who
had not completed the survey to do so. Information concerning misplaced surveys was
again given.
In total, the team members had approximately took six months to complete and return
the surveys. An analysis of response bias was not undertaken due to the inability to
accurately assess when respondents received their surveys and therefore how long
they took to return their surveys. This is due to the fact that it is not possible to
ascertain at which point during the six month a period and individual team member
may have received the survey.
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5.5

Scale Development of construct Measures

5.5.1

Application/ Domain experience

This variable measures the level of experience of the software team members in the
specific application domain of the product. The numbers of years of domain
experience is drawn from the personnel records. For missing data, the respective
product managers provided estimates. The domain experience score for each team
was the average of the level of experience of individual team members, measured in
number of years.
5.5.2

Language experience

This variable measures the level of experience of the software team in the specific
programming language used in developing the product. Since most of the products in
this analysis were developed in the same language, this data was relatively easier to
collect from the personnel records. The level of experience for each team was
measured by using the average of the level of experience of individual team members
in years. When full personnel records were not available, inputs from the respective
product managers were used to compute the scores.
5.5.3

Hardware experience

This variable measures the level of experience of the software team in the hardware
used in developing the product. The construct was operational zed using seven
statements that mirror certain context specific issues related to hardware used for
software development. The respondents were requested to express their degree of
agreement with these statements on a five point scale anchored between strongly
agree and strongly disagree. The items used in the scale were developed from the
insights gained through pre-study interviews conducted among the software engineers
and project leaders in the software organizations. The arithmetic mean of the
responses obtained against the items was used for further analysis.
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5.5.4 Leadership
The variable measures the project management skill, leadership on the team
productivity. This is a measure of the team factor base on software quality. The team
leaders were requested to express their degree of agreement with these statements on
a five-point scale anchored between strongly agrees and strongly disagrees. The items
used in the scale were developed from the insights gained through pre-study
interviews conducted among team leaders and team members. The arithmetic mean of
the responses obtained against the items was used for further analysis.
5.5.5 Motivation
The variable measures the effect of motivational skills of the team leader on quality.
This is a measure of the team factor based on software quality. The team leaders were
requested to express their degree of agreement with these statements on a five-point
scale anchored between strongly agrees and strongly disagrees. The items used in the
scale were developed from the insights gained through pre-study interviews
conducted among team leaders and team members. The arithmetic mean of the
responses obtained against the items was used for further analysis.
5.5.6 Programming capability
This variable measures the level of programming capability of the software team in
developing the product. The measure was computed from the responses obtained from
the team lead and software engineers. The respondents were requested to express their
degree of agreement with these statements on a five point scale anchored between
strongly agree and strongly disagree. The arithmetic mean of the responses obtained
against the items was used for further analysis.
Other team related dependent variables such as the effect of communication on
quality, team size was computed based on inputs from product manager and members
of the software team.
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5.6

Summary

This chapter has described the research and questionnaire design and data collection
for this thesis. Two pilot studies and a main survey were undertaken to affect this
research. Respondents in the main survey were randomly selected and assured total
anonymity.
Most of the construct measures required initial development or further development
of scales for this study to proceed. Specifically, Leadership skill was a completely
new scale developed for this study, reported in Section 5.4.4 - development of
constructs measures. The further development of the team skills on software’s quality
was also reported in this section. The two software quality scales, perceived technical
skills and perceived project management skills, were also designed specifically for
this study and were accordingly pretested in the pilot studies. Validity and reliability
was discussed for each measure. The next chapter (6) will now present the
preliminary results of the data from the main survey.
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CHAPTER 6
DATA ANALYISIS AND RESULTS
6.1

Introduction

The previous chapter outlined the research methodology for this study. This
comprised a review of the research context and the suitability of the study’s
respondents, from countries United States and India. An overview of the research
design was presented. This included data collection, scale development, the pretesting of the survey instrument over two pilot studies encompassing qualitative and
quantitative stages, a description of the research instrument and the operational
definitions of the research variables.
The aim of the current chapter is to present the preliminary analysis of the data and
testing of the propositions developed in Chapter 4.This chapter commences with a
discussion of the sample, the comparison of the sample data to the population data
and the descriptive statistics of the sample data. Following this, the results of
construct validation are presented, which include exploratory factor analysis,
reliability analysis, and analysis for discriminant. The next analysis addresses the
results of the proposition testing by way of ANOVA analysis.
6.2

Sample Profile

6.2.1 Final Profile
From the 1000 surveys that were distributed to software team members in both Indian
teams, and US 205 Indian and 158 US were returned. Of the 205 and 158 surveys that
were returned, 47 and 33 deleted from the sample since they had missed sections in
the questionnaire. This reduced to the final sample to 158 Indian and 125 US samples.
6.2.2 Descriptive statistics
The discussion in Section 5.6, operational definitions of research variables
outlined the rationale for the utilization of the various scales used in this
research. Following is a brief overview of the descriptive statistics for the
variables investigated in this (see – Table 6-3 – Descriptive statistics).
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Table 6 -1

Descriptive statistics for the sample in United States
Mean

Standard Deviation

Variable name

US

US

Language experience on quality

3.917

1.0048

Hardware experience on quality

3.696

.9773

Application experience on quality

3.728

1.1871

Programming experience on quality

3.920

1.1681

Leadership on quality

4.112

1.1014

Motivation on quality

4.240

.8926

Communication on quality

4.400

.7071

Team size on quality

3.976

1.1177

The above table shows the descriptive statistics for the sample variables in the United
States. From Table 6 - 1, the mean value of showed highest for the variable
communication, which shows that maximum respondents in the United States chose
communication as a team variable that significantly affects the software quality. The
variable motivation was the next that the respondents chose a determinant of software
quality. Leadership was the sample variable that had the highest respondents in the
third place. These results show that there is a major significance for the project
management skills in the United States.
Many of the respondents choose team size as a variable that determine software’s
quality in the project teams of United States. This support the literature that more
higher or the more larger the team size have a negative effect on the quality of the
software teams.

The next sample variable that showed prominent value for the mean was the
programming experience of the software developers. Language skills of the software
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developers had almost the same place of respondents’ .The skill of the software
developers in their application domain too had an outstanding group of respondents.
The respondents choose the hardware skill of the US teams as the factor least
determine the software quality of the team.
In the case of standard deviation of these variables, application experience had higher
respondents showed .The next team factor, which the respondents choose was
programming skill of the team members on software development. Thirdly, Team size
was the factor of team that respondents agreed to have a highest deviation. The
variable Leadership skills of the software project managers had a standard deviation
in the fourth place. The opinions of the software developer respondents had the
standard deviation 1.0101 for Language skill. The standard deviation of Hardware
skill had the next place of respondents. Motivation and communication had the least
value of standard deviation as 0.8926 and 0.7071.
Table 6 – 2

Descriptive statistics for the Indian sample
Variable name

Mean

Standard deviation

Language experience on quality

3.634

1.0101

Hardware experience on quality

3.189

1.2474

Application experience on quality

3.879

1.0117

Programming experience on quality

3.987

.8886

Leadership on quality

4.278

.7890

Motivation on quality

4.291

.7341

Communication on quality

4.113

.8444

Team size on quality

3.911

1.3132

The above table shows the descriptive statistics for the sample variables in the United
States. From Table 6 - 2, the mean value of showed highest for the variable
leadership, which shows that maximum respondents in India chose communication as
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a team variable that significantly affects the software quality. The variable motivation
was the next that the respondents chose a determinant of software quality.
Communication was the sample variable that had the highest respondents in the third
place. Here too the results showed very similar to the US sample that there is a major
significance for the project management skills in Indian sample.
Many of the respondents choose team size as a variable that determine software’s
quality in the project teams of India. This support the literature that more higher or the
larger the team size have a negative effect on the quality of the software teams.
The next sample variable that showed prominent value for the mean was the
programming experience of the software developers. This is also similar to the case of
US sample. Domain application skills of the software developers had almost the same
place of respondent’s .The skill of the software developers in their language domain
too had an outstanding group of respondents. The respondents choose the hardware
skill of the US teams as the factor least determine the software quality of the team.
In the case of standard deviation of these variables, hardware skills had higher
respondents showed .The next team factor, which the respondents choose was team
size of the software development project team. Thirdly, application skill of the team
members was the factor of team that respondents agreed to have a highest deviation.
The variable language skills of the software project technical team had a standard
deviation in the fourth place. The opinions of the software developer respondents had
the standard deviation 0.886 for programming skill. The standard deviation of
communication skill had the next place of respondents. Leadership and motivation of
the project team members had the least value of standard deviation as 0.7890 and
0.7341. Table 6 - 3 presents summary statistics of these variables in the United States
and India.

Table 6 - 3 Summary statistics of these variables in the United States and India
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Mean

Variable name

India

Standard deviation
US

India

US

Language experience on
quality

3.634

3.917

1.0101

1.0048

Hardware experience on
quality

3.189

3.696

1.2474

.9773

Application experience
on quality

3.879

3.728

1.0117

1.1871

Programming experience
on quality

3.987

3.920

.8886

1.1681

Leadership on quality

4.278

4.112

.7890

1.1014

Motivation on quality

4.291

4.240

.7341

.8926

4.113

4.400

.8444

.7071

3.911

3.976

1.3132

1.1177

Communication
quality
Team size on quality

on

The descriptive statistics of each of the dimensions of software quality are outlined in
Table 6 - 3. This shows that leadership is undertaken far more frequently than any of
the other team behavior dimensions in India and communication is undertaken far
more frequently than any of the other team factor dimensions in United States.
The respondents showed a highest mean for language experience in the United States
than in India .The results showed 3.917 for US and 3.917 for India. The hardware
skills were the variable that the respondents showed higher in the United States than
in India. Considering the value of application skills, the Indian sample respondents
choose more than the United States team members. This was the same in the case of
programming skill, leadership and motivation. All the three variables mean were
higher for India and lower for the sample population United States for role of these
factors in determining software quality. The variable communication and had a fewer
respondents in the Indian sample.
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The project management skills of the Indian sample that respondents chose were
lower as the mean were lower. This was similar to the case of Team size the
respondents showed the impact of team ‘s size on determining software quality as
higher for the US sample and lower in the Indian sample.
6.3

Construct validation

As the constructs in this study, have had minimal if any prior measurement
undertaken, the recommendations of Gerbing and Anderson (1988) were followed in
the assessment of the unidimensionality of the measurement constructs. Traditionally,
the development of measurement scales had relied on one or more of coefficient
alpha, item total correlations and exploratory factor analysis.
Therefore, following Gerbing and Anderson (1988) and in preparation for the analysis
of the data the testing of the study’s propositions, the following procedures have been
undertaken. First, the expected dimensionality of the constructs is discussed. Second,
exploratory factor analysis is undertaken on each of the constructs to investigate
proposed dimensionality. Third, reliability of scales is assessed through Cronbach
alpha (Cronbach, 1951). Fourth, discriminant validity is assessed through factor
analysis.
6.3.1 Dimensionality of constructs
Most of the constructs in this study have had minimal research undertaken to
determine their dimensionality. While role conflict has previously been extensively
researched, the reported dimensionality of the other constructs has been very limited.
The expected dimensionality of the measured constructs follows:
6.3.1.1

Software quality

Krishnan and Justin (2006) found 4 dimensions in their work. However, since Pilot B
(Ramasubbu, 2007) reported 8 dimensions in their study of team factors on software
quality, an 8-dimension result is expected.
6.3.1.2

Language experience
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DCosta (2002) measured language experience they did not report dimensionality. In
the absence of further evidence, a unidimensional construct is expected.
6.3.1.3

Programming experience (4 items)

Programming experience was conceptualized as a distinct construct (). While there
has been debate over the dimensionality of the two scales, there appears to be support
for their convergent and discriminant validity (Sinclair 2000). Since, multiple
dimensions within programming experience are not reported in the literature; a
uniform dimensional result is expected.
6.3.1.4

Application experience (4 items)

Since Pilot study A reported 4 dimensions for this construct, the same result is
expected in this study.
6.3.1.5

Hardware experience (4 items)

It would appear that measurement of this construct has previously not been reported
in the literature. Since both pilot studies of this research found hardware experience to
be a unidimensional construct, the same result is expected in the main study.
6.3.1.6

Leadership (4 items),

Since pilot B (Walsham 2002) reported 4 dimensions for this construct, the same
result is expected in this study.
6.3.1.7

Motivation (4 items),

Since pilot B (Feller 2005) reported 4 dimensions for this construct, the same result is
expected in this study.
6.3.1.8

Communication (4 items)

Since pilot B (Judith 2007) reported 4 dimensions for this construct, the same result is
expected in this study.
6.3.1.9

Team size (4 items).
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It would appear that measurement of this construct has previously not been reported
in the literature. Since both pilot studies of this research found hardware experience to
be a multidimensional construct, the same result is expected in the main study.
Table 6- 4

Exploratory Factor Analysis –Summary

Construct

Number of
factors
extracted

Proposed
Dimensionality

Variance
explained

Language experience

5 factors

Expected

63.9%

Programming
experience

4 factors

Expected

50.1%

Application
experience

4 factors

Expected

75.2%

Hardware experience

4 factors

Expected

58.9%

Leadership

4 factors

Expected

59.6%

Motivation

4 factors

Expected

55.3%

Communication

4 factors

Expected

54.4%

6.4

Validity

The scales used in the analysis required initial development, further development, or
modification to the research context. Hence, it was deemed necessary to assess the
construct validity of the scales...the extent to which an operationalization measures
the concept it is supposed to measure…. (Bagozzi, 1994:20). This assessment can
only be inferred; it cannot be assessed directly (Peter, 1981). In order to assess the
construct validity for this research the following analyses were undertaken:
1. A factor analysis of each of the construct measures to assess if the expected
dimensionality of each construct is achieved. This was obtained with each of
the constructs of the study, as described in Table 6- 4 - Exploratory Factor
Analysis –Summary, thereby providing supportive evidence of construct
validity (Peter, 1981).
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2. A factor analysis of all the items representing constructs in the model in order
to evaluate discriminant validity (Sweeney 1995)
6.5

Factor Analysis

Factor analysis essentially tells us the extent to which measures relate to the same
thing (Nunnally 1967). Therefore, a factor analysis of all the items that load on multi
item constructs will demonstrate the amount of overlapping items that may exist
between constructs. The factor analysis undertaken utilized principal components
analysis with oblique rotation constrained to eight factors.
The factors extracted represented the following constructs: Factor 1,Language skill
explaining 14.4% of the variance; Factor 2,Programming skill explaining 9.2% of the
variance; Factor 3,application skill explaining 4.6% of the variance; and Factor
4,Hardware skill explaining 2.2% variance; Factor 5,Leadership explaining 4.3%
variance; Factor 6,Motivation explaining 4.6% variance; Communication explaining
4.5% variance.
The unidimensionality, convergent validity and discriminant validity of the scales
were `assessed through exploratory Factor analysis. The varimax rotated factor
solution gave adequate support for the unidimensionality and validity of the scales.
Results of the varimax rotated analysis indicated the existence of eight significant
factors with eigenvalues greater than one. The eight factors together explained about
60% of the total variance. The KMO measure of sampling adequacy value was 0.84
indicating sufficient level of intercorrelations. The Barlett’s test of spehericity was
also found to be significant (Chi-square= 482.046, p<0.001). All the items loaded to
their predicted factors indicating the existence of unidimensionlaity. The factor
loadings for the items were also quite high (above 0.5) indicating the existence of
convergent and discriminant validity. The factor structure therefore effectively
established the validity of the scales. Based on a review of the scale-items that loaded
the most on each factor, factor labels were developed. The eight factors were labeled
as: (i) Language experience (5 items), (ii) Programming experience (4 items), (iii)
Application experience (4 items), (iv) Hardware experience (4 items), (v) leadership
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(4 items), (vi) motivation (4 items), (vii) communication (4 items) and (viii) team size
(4 items).
Table 6.5

Factor analysis and scale reliabilities

No. of
Items

Factor loading
(range)

Coefficient of
reliability

Language experience
on quality

5

0.512-0.758

0.80

Programming
experience on quality

4

0.545-0.916

0.72

Application
experience on quality

4

0.714-0.990

0.80

Hardware experience
on quality

4

0.532-0.745

0.78

Factor Label

6.6

Reliability Analysis

A high internal consistency estimate provides support for the construct validity of a
measure of a unidimensional construct (or for separate subscales of a measure of a
multidimensional construct) ……. (Peter 1981:136).
Reliability was undertaken on each of the dimensions identified in the exploratory
analysis using Cronbach’s coefficient alphas (Cronbach 1951). With the exception of
role conflict, measurement of the constructs is still in the early stages of research.
Hence, Nunnaly’s recommendation of accepting modest alpha reliabilities of .60 and
.50 was taken.
In the early stages of research on predictor tests or hypothesized
measures of a construct, one spends time and energy by working with
instruments that have only modest reliability, for which purpose reliabilities of
.60 or .50 will suffice (Nunnally 1967: 226).
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Table 6 – 5, Reliability Analysis of construct Dimensions, describes the coefficient
alphas that were obtained fro each of the factors of the constructs. All the alphas fell
above the acceptable lower limit of .50 for research in the early stages. All the alphas
were generally lower than the previous reliability analysis of construct measures.
The reliability of the constructs was established through Cronbach alpha
measurements. The reliability coefficient (alpha) of each element are as follows:
Language experience (80 percent), programming experience (72 percent), application
experience (80 percent), hardware experience (78 percent), leadership (81 percent),
motivation (74 percent), communication (76 percent), team size (75 percent). This
effectively establishes the internal consistency reliability of the scales.
6.7

Analysis of variance

ANOVA gives a statistical test of whether the means of several groups are all equal,
and therefore generalizes Student's two-sample t-test to more than two groups. In
practice, there are several types of ANOVA depending on the number of treatments
and the way they are applied to the subjects in the experiment.
In this analysis, a One-way ANOVA is used. A one-way ANOVA is to test for
differences among two or more independent groups. Typically, however, the one-way
ANOVA is used to test for differences among at least three groups, since the twogroup case can be covered by a T-test (Gossett, 1908). When there are only two
means to compare, the T-test and the F-test are equivalent; the relation between
ANOVA and t is given by F = t2.
The data for analysis were 125 samples from Indian and 158 samples from United
States. In the first instance, the Indian and the US samples were compared using the
Analysis of Variance technique. It is a useful technique, which allows us to compare
means for two or more groups (Zar 1999). ANOVA test were conducted to compare
the variations on the “impact of team factors on quality across the two groups – Indian
sample and US sample with the grouping variable as country name. The summary of
the results is depicted in Table 6 - 6. Table 6 - 7 shows the means and standard
deviations of the variables considered.
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As can be seen from Table 6 - 6, the extent to which language experience of team
members’ impact software quality is found to be varying across the Indian and US
sample. The F value 5.63 is found to be significant at p< 0.02. This provides support
to the hypotheses that the influence of team members’ language experience on
software quality varies between India and U.S. From Table IV, it is seen that the mean
of the importance of language experience for the U.S. sample is 3.91 while the mean
for this variable in the case of the Indian sample is 3.63, along with results from the
ANOVA, it is therefore concluded that the language experience of team members is a
stronger determinant of software quality in U.S than in India.
In the case of the impact of hardware experience of team members on determining
software quality, again the ANOVA results point to a significant difference between
the Indian and U.S. sample. From Table 6 - 6, the F value for this variable is 13.848,
which is significant at p<0.0005. From Table 6 - 7, it is seen that the mean of this
variable for the U.S. sample (3.69) is much higher than in the case of the Indian
sample (3.19). This again shows that the hardware experience of a team member is a
stronger determinant of software quality in U.S. software development teams than in
Indian software development teams.
The importance of application experience on software quality however gives a
different result. While the F value (7.656) is significant at p<0.001, and hence a
difference can be inferred between the two countries, the mean value for the Indian
sample is seen to be higher than the U.S. sample from Table. 6 - 7. This goes to
indicate that there is a stronger relationship between application experience of team
members and quality of the software produced in India when compared to the U.S.
This is definitely an interesting result. A similar result is seen about the impact of
programming experience of team members on software quality. Here too the ANOVA
result indicate a distinct difference between Indian and U.S. software development
teams and a higher value for the mean in the case of the Indian sample. This shows
that the impact of team member’s program experience on software quality is higher in
India than in U.S.
In the case of the impact of team member motivation on software quality, the
ANOVA doesn’t point to a statistically significant result, as the F value is significant
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only at p <0.1 A similar result is seen in the case of the impact of team size on
software quality. Thus, it can be concluded that in terms of the impact of team
member motivation and team size on software quality, there is very little difference
between Indian and U.S. software teams. However, there is a significant difference for
the impact of leadership on software quality as well as for the level of communication
on software quality between the Indian and U.S. software development teams. In both
the cases the F value is shown to be significant at p<0.001. An examination of the
mean values, show that in the case of leadership’s impact on quality, the Indian
sample has a higher mean thereby pointing to a greater importance in India than in the
U.S. At the same time in the of the importance of communication on software quality,
it is the U.S. sample which has a higher mean than the Indian sample which goes to
show that in the U.S. it is definitely more important as a determinant of software
quality than in India.

Table 6 - 6

ANOVA of the relative effect of team

factors on software quality in

terms of India

and United States
Sum of
Squares
Language
experience on
quality

Hardware
experience on
quality

Between
Groups

Mean
Square

df

5.448

1

5.448

Within
Groups

279.347

275

1.016

Total

284.794

276

17.877

1

17.877

362.752

281

1.291

Between
Groups
Within
Groups

F

Sig.

5.363

.021

13.848

.000
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Total

380.629

282
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Application
experience on
quality

Programming
experience on
quality

Motivation on
quality

Leadership on
quality

Communication
on quality

Team size on
quality

Between
Groups

13.943

1

13.943

Within
Groups

511.795

281

1.821

Total

525.739

282

3.599

1

3.599

Within
Groups

227.009

281

.808

Total

230.608

282

3.299

1

3.299

Within
Groups

335.676

281

1.195

Total

338.975

282

18.173

1

18.173

Within
Groups

327.791

279

1.175

Total

345.964

280

5.711

1

5.711

Within
Groups

173.949

281

.619

Total

179.661

282

.291

1

.291

Within
Groups

425.687

281

1.515

Total

425.979

282

Between
Groups

Between
Groups

Between
Groups

Between
Groups

Between
Groups

7.656

.006

4.455

.036

2.762

.098

15.468

.000

9.226

.003

.192

.661
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Table 6 - 7

Summary statistics of these variables.
Mean

Variable name

India

Standard deviation
US

India

US

Language experience on quality

3.634

3.917

1.0101

1.0048

Hardware experience on quality

3.189

3.696

1.2474

.9773

Application experience on
quality

3.879

3.728

1.0117

1.1871

Programming experience on
quality

3.987

3.920

.8886

1.1681

Leadership on quality

4.278

4.112

.7890

1.1014

Motivation on quality

4.291

4.240

.7341

.8926

Communication on quality

4.113

4.400

.8444

.7071

Team size on quality

3.911

3.976

1.3132

1.1177

6.8

Summary

This chapter first described the sample profile. Though a multi stage approach in the
administration of the main survey as outlined in the previous chapter, a final ‘clean
‘response rate of 36% was achieved, which represented

respondents. Evidence

presented suggests that the characteristics of the sample data are similar to the
population data.
Exploratory factor analysis found the expected dimensionality of the construct
measures. Construct validation found modest coefficient alphas, which were
considered acceptable given Nunnally’s (1967) recommendations. Discriminant
validity was considered modest but acceptable given the results of three analyses of
the scale items.
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Analysis of variance was undertaken to compare the variations on the “impact of team
factors on quality across the two groups – Indian sample and US sample with the
grouping variable as country name.
This is not surprising as each of these items represent positive behaviors closely
aligned to a superior quality of the software. Given the small amount of overlapping
of factors, it is considered that this analysis provides support for an acceptable level of
discriminant validity between measures.
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CHAPTER 7
DISCUSSION AND CONCLUSIONS
7.1

Introduction

The objective of this chapter is first, to present a summary, together with a brief
discussion, of the research results presented in chapter 6. Second, discuss the
marketing applications of this research. Third, outline the contributions of this study.
Fourth, address the limitations of this research. Finally, the possible future research
directions will be considered.
7.2

Primary research purpose

The primary research purpose of this study was to empirically examine and extend
our knowledge of the determinants of software quality in software development
organizations. Specifically, the focus was on those who work in software teams
working in India and United States. Importantly, this research was to be undertaken
from the perspective of software development team members on software quality.
The research purpose was achieved using both qualitative and quantitative approaches
among software development teams. The survey instrument measured the constructs
of software quality, language skills, programming skills, application skills, hardware
skills, leadership, motivation and communication, as depicted in the empirical model.
Testing of the propositions proposed by the empirical model utilized “Analysis of
variance”.
7.3

Discussion of Research Results

The empirical results that have been detailed in chapters 6 will now be discussed in
the context of the research questions that were outlined in Chapter 1 and which
broadened the research purpose of this study.
The overall objective of this study was to investigate the differences in impact of
team factors on quality in software development teams in India and United States.
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The impacts of team factors were found to be higher in the US than in India. The next
section explores on the research questions and discussions on it.
7.3.1 What is the extent of relationship between the Domain skills of the team
members on quality of software product in India and United States?
Krishnan (1998) referred to domain skills of team members on quality as one concept
in his discussion of role of team factors on software quality; where as the current
research specified domain skills as one of the factor among technical skills of the
software team members determining software quality.
The application experience of team members was found to differ extensively in these
countries. The impacts of application experience were higher in India. This confirms
the findings that the Indian software and service industry must place more emphasis
on domain and project management skills (Timgoles 2008).
7.3.2 what is the extent of relationship between the Language skills of the team
members on quality of software product stronger in India and United
States?
The language experience and programming experience showed a huge significance on
the effect of team factors on quality. This supports the argument that the service
projects in India need an extensive skill set of low technical skills like language
(Judith, 2007). This further confirms the findings that the project teams with different
types of projects in different countries possess different skills in experience (Tim
2008). The software development teams in India were on services and maintenance
which needed low level programming and language skills for low level coding and
testing .The results indicate that the language skills of the team members on quality is
higher in the US teams. This is a contradictory to the hypothesis that extent of
language skills in Indian teams is higher in India than in US teams.
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7.3.3 What is the degree of relationship between the Program skills of the team
members on quality of software product on teams in India and United
States?
The programming experience of the team members showed huge variations projects
types done in India and United States. The results substantiate the differences in
programmer capability between the performances of programmers (Sheppard, 1979).
The hypothesis of this study, examines the programming skills of the Indian teams
necessitate to be higher for the reason that the service industry in Indian projects
require higher skills in programming. The results show a contradiction to this
assumption and stated that the US teams showed the extent of variations higher in US
teams.
7.3.4

What is the extent of relationship between the hardware skills of the
team members on quality of software product on India and United
States?

The next research question was the extent of relationship between the hardware skills
of the team members and the quality of the software product. However, the findings
indicate that the impact of hardware experience varies substantially in India and US.
The Indian software development teams was not based on manufacturing hardware,
but rather more on service and intellectual works (Tschang 2001, Jorge 2008). The
result indicates that the disparity of hardware skills impact on software quality has a
substantial importance and was higher in US than in India. The next section discusses
on the project management skills of the software team and the extent of relationship
of the project management skills in India and United States.
The Indian managers were critical of the Indian system of promoting software
programmers to managers based on seniority rather than on proven managerial ability,
which weakened their project management skills (Sahay 2001; Walsham 2002; Tracy
2007; Thomson 2007). Indian firms, on the other hand, cited this practice as a way of
providing a career path to their professionals and a major part of their attempts to hold
down employee attrition (Arora 2001).
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7.3.5 What is the extent of relationship between the Leadership skills of the
team members on quality of software product in India and United States?
The results of this study revealed that the impact of leadership on software quality is
the most dominant team factor that varies in India and United States. This emphasizes
the concentration of service providers on business domain and project management
skills (Timgoles 2008). Walsham (2002) point out that Indian managers and
developers tend to be members of different social systems arising from both work and
non work related members of different social systems such as intellectual groups,
local community and family. Often these rules and resources drawn upon to form
these systems are conflicting, for example the work norm of efficiency would clash
with the family norm of helping.
Where as the western culture often exhibit high intelligence, dominance, selfconfidence, integrity, energy levels and task relevant knowledge (Smith 1972). The
results stated that the hypothesis that the impact of leadership diverges in Indian and
US teams are true.
7.3.6

What is the extent of relationship between the motivation skills of the
team

members on quality of software product stronger in India than in

United States?
The revenue per employee is probably a far better indicator of productivity in the
software services industry (Arunachalam 1999; DCosta 1998). In this industry,
equipment is not very expensive compared to the other service industries in India and
firms do not differ very significantly in terms of the capital employed per employee.
Thus, revenue per employee provides a reasonable motivational measure of
productivity (Sahay 2001; Roland 2000). The results substantiate this hypothesis that
the effect of motivation on the team members had a greater impact on US teams .The
effect may be because of well-structured career prospects in the US job culture.
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7.3.7 What is the extent between the communication skills of the team members
on quality of software product differ in India and United States?
The findings from the research indicate that there has been a consistent variation in
the team skills between the US and Indian communication skills. The results of this
study also revealed that the impact of communication on software quality is the most
dominant team factor that varies in India and United States. Another related weakness
is the lack of familiarity of many Indian firms and professionals with the work culture
and work norms in the West, and especially in the United States. Other cultural
differences included the unwillingness of Indians to speak out in meetings,
necessitating “offline” conversations to convey the needed information. The results
indicate lack of skills of Indian teams to work in multicultural environments and the
irritants of communication skills of Indians (Arora 2001), which substantiate the
hypothesis of the study.
7.3.8 What is the extent of relationship between the team size on quality of
software product stronger in India than in United States?
The impact of team size of the software team was found to have insignificant
contributions towards software quality in US and India. This indicated that whether
the team size is small or the team size are big the quality of the software developed is
not affected in the countries India and United States. The result is contradictory to the
assumptions that the impact of team size on the quality of the software product is
stronger in India than in United States.
7.4

Managerial Implications

Important implications flow from the results of the research. The study’s greatest
insight for management is that it highlights team variables that influence the software
quality. This provides management with greater insight for policy implementation to
ensure excellent quality for the software produced.
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To further understand the nature of software quality, the summary statistics of each of
the dimensions of software quality were assessed. Reference to the descriptive
statistics of the dimensions of software quality reflect that on average, respondents
participated in the positive behavior of leadership far more frequently than any other
behavior dimensions. Since so many of the team factors measured can have disastrous
results in the software quality arena, it is comforting to note that software quality
engage in technical skills and project management skills of the team members are
significantly more often than other factors. This supports Pressmen (2005)
observation that team factors to be considered by the software quality personnel to
endeavor the task done, prior to other factors.
7.5

Summary

In summary, the findings of this study focus on the variability of impact of team skills
software quality, where the team members to have a optimum skill on language and
programming, high level of domain skills and hardware skills and a positive
managements recognition of them within the organization, to ensure the delivery of
superior quality. Also, the study confirms the influence the project management skills
in an organization to initiate positive software quality.
The study highlights the need to make a concerted effort to implement strategic policy
that will enable management to first, recruit the most suitable members in a team and
second, exert influence over the software quality of their existing team. Key areas for
consideration by management include:
1.

The introduction of personality instruments for screening potential software
employees for a software development team.

2.

Assessment of the technical skills perspective of potential employees.

3.

Conveyance to employees of management’s appreciation and recognition of
the work of software developer.

4.
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Improvement of project management skills experienced by team member that
is driven internally by the service organization.

5.

The implementation of software quality culture and philosophy that represents
the team member role in the software quality encounter, so as to ensure a
harmonious team behavior.

6.

The importance of ongoing training, seminars and support structures to
address key issues that impact software quality

This research highlights the impact of language skills, programming skills, hardware
skills and application skills on the quality of the final software delivered. Of particular
interest were the influence of different team project management perspectives and the
managerial implications ensuing from this. The company’s service philosophy and
leadership, including human resources policy influence on the project management
perspective are considered essential inputs to the management of the perceived
perspective. Additionally, training is considered essential for the maintenance of
software team members with management modeling the software quality they require.
A task of management will be to ensure the team skills of the software developer
suitable in countries United States and India. A US team member is generally tasked
with software design of the software development phases and so their skills in the
domain

of the software project is thought to be higher. The project management

skills also need to be higher in the case of software development teams in United
States. In India the software development is mainly the service and maintenance
oriented and the individuals are to be taught with skills on programming and language
and the project management skills. Achieving this may require a combination of
management approaches including recruitment and selection, training, empowerment
and provision of resources, team building and support and reorganization of work
groups, coupled with clear policies and procedures supported by integral marketing
a\campaign.
Because managing an organization‘s human resources equates with managing
its customer services (Smith, 1989:16).
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7. 6

Contributions of the study

The major contribution of this research is the development of determinants of
software quality of the software team. Importantly the research addressees the
technical skills of the software team member together with the project management
skills of the team member. The research offers initial findings concerning constructs
that have been found theoretically and empirically to influence the software quality
.This is important area for the research given we know that the software quality
impacts the overall productivity of the software in software development
organization.
The focus of this study has been on software quality, where research into antecedents
is in its infancy. Therefore, the empirical research offers new research findings in an
area where the proposed relationships between construct have had minimal discussion
on research in the software quality literature. These areas include:
Software quality, which has only been measured once previously (Krishnan, 1998)
among software developers in the United States. Additionally, one of the antecedents
of this study‘s model i.e. domain experience was measured in the previous study.
·

Language skills and programming skills have been rarely studied.

·

Hardware skills which have been not been studied in the service
organizations.

·

The investigation of project management skills has been rarely specifically
measured

·

Variable team size which have not been studied

Importantly, the research draws attention to the role of team skills in software quality
and offer findings concerning the management of software quality in order to ensure
superior quality of software. This is critical to the objective of software quality
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7.7

Conclusion

As discussed earlier, the focus of this analysis is to study the variations in the effect of
team factors on software quality based on organizations in India and the United
States. Perceptions of the software development employees on the model were
collected from 34 companies in India and 16 companies in the United States. To
check for differences in perception among the US teams and Indian teams, the
responses were analyzed using an ANOVA with respondent country as the grouping
variable. The results were analyzed by taking the characteristics of the team and its
members in each dimension and comparing them with the responses they gave in the
form of questionnaire.
Experiences of the developers showed an improvement in the quality of the software
product in United States when compared to the developers in India. But in the case of
language experience or programming experience, hardware experience, and the effect
of variations were highly significant. The skill requirements for the success of Indian
projects were in programming skills, which varied the requirement of skills in US
projects which were experience in the application domain (Arora 2001; Judith 2007).
The experience in the application domain were an essential part in the software
development in the United states, since they carried out more of high end software
development .The Indian software teams developed mainly service oriented projects
,of which the success demanded higher knowledge in the language experience and
programming capability
Effects of the project management skills communication and leadership skill on
Indian software development teams and US were highly significant. The extensive
variability on the effect of communication skills on quality were due to the cultural
issues of India team members i.e., reluctant to speak on meetings. The impact of
leadership skill on quality showed very significant variation in the teams in India and
US. The software developments in the United States were more disciplined and
followed a very good structural organizational hierarchy from the manager to team
members. Thus the leadership and the communication skills improved the team
dynamics in the teams in United States .So the Indian teams had greater impact on
leadership and communication skills.
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A very low variation among effect of application experience and motivation on
quality were noticed. Effect of the motivational factor was seen higher in Indian teams
as the software development industries were still young in India and large-scale
projects where project managers are trained are still relatively rare. Team members
were motivated paying them higher, and with higher family benefits given by the
organization in the software industry compared to other industries. The motivation
reduced the problem of large number of experienced professional emigrating to the
U.S
The effect of the team size of the team on quality showed no variations in the United
States and Indian teams.
7. 8

Limitations and directions for future research.

Even though the software quality determining variables in the study have been
extensively analyzed in the past the degree of variations in the quality determining
team related variables in countries like India and United states have not received
much attention. The present study is an attempt to this direction.
The validity of the study is only a comparison of software development in United
States and India. Further research is to extend the study to other Asian countries like
china and the Far East countries like Korea and Singapore were software development
services to Unites States is extensive.
Second, other team related variables such as education level of the team members and
the performance evaluation ratings of the team members are not included. At the
research sites, performance evaluations were kept confidential. The third limitation of
the study concerns the sources of responses.
In addition, it should be noted that the main focus of the study is on the effect of team
factors on software product. Other factors, such as the use of tools and technology and
adopting various disciplined software practices, may also impact quality of the
software product and are issues of future research.
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APPENDICES
APPENDIX

1

LIST OF ORGANIZATIONS RESPONDED TO THE
SURVEY

Names of firms responded to the surey
INDIA
UNITED STATES
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.

Ramcosystems
Tata consultancy serices
Wipro Technologies Ltd
IBM
Hex aware technologies
HCL Corporation
Ifex Solutions
Inautix
Sacksoft Ltd.
Polarasis
EDS
Sathyamcomputers
seimens
Tech Lead
Sri Jain Technologies
Bell
Sophla
SSI
Infomix
Extech
Cosmosot Technologies
LieourdreamsInd pt ltd
RBI
Excellent Automations
Sophia technologies
Omniscent global solutions
Alcatelelluent
RSA
Cap gemini
Smsteels
KGM Sotwares
DMisss
Micro objects
syntel

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

IBM
Tmobile
Oracle Corporation Inautix
Best cross mark
Texas instruments
AT & T
Idearc media corporation
Quorum Business Solutions
GS
Signiti Ink
Amerigroup
Logica CMG
Texas department o agriculture
Wiquest
Epics systems corporation
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DESCRIPTION OF RESPONDENTS PARTICIPATED IN
THE SURVEY

Data collected from
organizations under study

United States

India

Total number of organizations

16 (123 samples)

34(158 samples)

Average organization size

32 employees

43 employees

Organization maturity level

CMM certified = 16

CMM certified = 24
ISO Certified= 5

Average project duration

9 – 15 months

10-15 months

Average project team size

4

4

Number of teams under study

32

34

Respondents data

Total respondent:128
Male:77
Female:51

Total respondent:158
Male:92
Female:56

Duration of service in current
organization

Less than 1 year - 26
Between 1-3 years-59
Between 3-5 years-23
5 years and above-10

Less than 1 year-32
Between 1-3 years-68
Between 3-5 years-44
5 years and above-14

Project domains of teams under
study

Insurance
Banking
Telecommunication
Ecommerce
Finance

Telecommunication
Finance
Insurance
Banking
ERP
SCM
Ecommerce
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3

QUESTIONAIRE USED FOR THE SURVEY

Benchmarking Study to identify the role of team factors on cost and quality in the Software
Engineering Industry
The purpose of the study is to collect the range of factors which impact the cost and quality of the
software product
Questionnaire
Please complete all applicable sections of the questionnaire. Please mail or fax the
completed questionnaire to Viji Vinod – vijivino@gmail.com. All data is confidential.
Name of person completing this questionnaire:
__________________________________
Position title: ___________________________________
Company name:
Company address: ________________________________________________________

Does your organization provide or make software product development ?
yes ___, no, organization-sponsored training is not available to employees ___,

A. Introduction
1. Has a team software development been conducted in your organization?
yes ____, no ____, don’t know ____
2. If yes, are you engaged in working with a team ____ ?
yes ____, no ____

3. In your opinion, what kind of improvement’ does team related factors impact on the software
quality of the product in your organization?
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None

some

Quiet a bit

Extreme
amount

all

significant
improvement

1

2

3

4

5

moderate
improvement

1

2

3

4

5

some
improvement

1

2

3

4

5

no improvement

1

2

3

4

5

B. Personnel capability of the team members Questions:
4. Is personality development training provided for all software engineering related job classification
levels
Management

None

some

Quiet a bit

Extreme
amount

all

High level

1

2

3

4

5

Middle

1

2

3

4

5

Low level

1

2

3

4

5

Support staff:

1

2

3

4

5

5. How do you rate the management’s promotion towards employees for attending training?
Strongly
encourage

encourage

Neutral

discourage

Strongly discourage
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6. Do you feel that management supports team software development?

Never

Occasionally

Fairly
many times

Very often

Always

Executive management

1

2

3

4

5

Middle management

1

2

3

4

5

Supervisory (project)
management

1

2

3

4

5

7. Are project delivery times achieved by the team?
None

Some

Quiet a bit

An extreme
amount

All

8. How do you rate the effect of personnel capability to software development?
Best

Above average

Average

Below average

Worst

C. Leadership:
9. Have you lead a team?
None

Some

Quiet a bit

An extreme
amount

All

10. How do you rate the leadership skill of your team members?
Very good

good

fair

poor

Very poor

11.Do you feel that leadership has effect on the quality of the product?
Far too much

Too much

About right

Too little

Far too little
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D. Size of the team:
12. What is the extent to which you believe that the size of the team has an effect on quality of the
product ?
To large
extent

Moderate extent

Some extent

Very minimal
extent

Not at all

13. For software engineering and related disciplines, as size is decreasing, product quality is

Never

Occasionally

Fairly many
times

Very often

Always

Increasing

1

2

3

4

5

Decreasing

1

2

3

4

5

Same as last year

1

2

3

4
5

No difference

1

2

3

4

5

14. How do you rate the effect of team size to the cost of software development?

Never

Occasionally

Fairly many
times

Very often

Always

High

1

2

3

4

5

Medium

1

2

3

4

5

No difference

1

2

3

4

5

E. Cost
15.Do you have a separate group for providing software engineering and related budget?
Never

Occasionally

Fairly many times

Very often

Always
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16. Is this group knowledgeable about software engineering and related functions?
Very knowledgeable

Knowledgeable

Neutral

Not knowledgeable

Worst

17. In general, is the quality procedures budget?

Never

Occasionally

Fairly many
times

Very often

Always

Increasing

1

2

3

4

5

Decreasing

1

2

3

4

5

Same as last year

1

2

3

4

5

No separate
budget

1

2

3

4

5

18. How do you rate the effect of size to the cost of software development?
No effect

Some

Quite a bit

Extreme amount

all

F. Quality
19. Are Quality procedures documented?

Always

To large
extent

About 50% of
time

Very
rarely

Never

Analysis

1

2

3

4

5

Design

1

2

3

4

5

Testing

1

2

3

4

5

Evaluation

1

2

3

4

5

Maintenance

1

2

3

4

5
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20. Is the quality process subject to continuous improvement?
Never

Occasionally

Fairly many times

Very often

Always

21.Is quality (check all that apply)

Never

Occasionally

Fairly many
times

Very
often

Always

Manually
evaluated

1

2

3

4

5

Computer based

1

2

3

4

5

22. How effective is your quality process?
Very effective

Effective

Neither

Ineffective

Very ineffective

Fairly many times

Very often

Always

About right

Too little

Far too little

G. Communication and coordination
23. Do the team members help each other?
Never

Occasionally

24. If yes, to what level?
Far too much

Too much
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25. Is there hierarchy in co-coordinating and communication between team members?
Management hierarchy
level

None

Some

Quiet a bit

An extreme
amount

All

Top to bottom

1

2

3

4

5

Bottom to top

1

2

3

4

5

Middle to top /bottom

1

2

3

4

5

No hierarchy

1

2

3

4

5

26. Do you feel that co-ordination of work has an impact on the quality of software?
Much higher

Higher

Almost same

Lower

Much lower

27. Are there corporate communication training available in your organization?
Never

Occasionally

Fairly many times

Very often

Always

28. Are communication done through circulars or you receive gossips before the circulars

Never

Occasionally

Fairly many
times

Very often

Always

Circulars

1

2

3

4

5

Gossips

1

2

3

4

5

29

.If circulars ,(check all apply)

Never

Occasionally

Fairly many
times

Very often

Always

Computer based

1

2

3

4

5

Manual

1

2

3

4

5
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30. Do you have a proper communication channel?
None

Some

Quite a bit

Extreme amount

All

31. Do you feel that communication has an effect on quality of software?
Very effective

Effective

Neutral

Ineffective

Very ineffective

Very often

Always

H. Motivation
32.

Are the team members self motivated?

Never

33.

Occasionally

Fairly many times

Are the team members motivated by the management?

Nev
er

Occasionally

Fairly many
times

Very often

Always

Executive management

1

2

3

4

5

Middle management

1

2

3

4

5

Supervisory (project)
management

1

2

3

4

5

34.

Do you feel that the motivation among members has an impact on the quality of the product
developed ?

Never

Occasionally

Fairly many times

Very often

Always
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I. Experience
35.

How do you rate each of the following factors in terms of its importance in determining the
quality of the product?
Low

high

Total experience of members

1

2

3

4

Language experience

1

2

3

4

Hardware experience

1

2

3

4

Application experience

1

2

3

4

Programming capability

1

2

3

4

36.

How do you rate each of the following factors in terms of its importance in determining the
cost of the product?
low

high

Total experience of
members

1

2

3

4

Language experience

1

2

3

4

Hardware experience

1

2

3

4

Application experience

1

2

3

4

Programming capability

1

2

3

4

37.

How do you rate each of the following factors in terms of its importance in determining the
quality of the product?
low

high

Personnel capability

1

2

3

4

Leadership

1

2

3

4

Motivation

1

2

3

4

Communication

1

2

3

4

Coordination

1

2

3

4

Size

1

2

3

4
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39. How do you rate each of the following factors in terms of its importance in determining the cost of
the product?
low

high

Personnel capability

1

2

3

4

Leadership

1

2

3

4

Motivation

1

2

3

4

Communication

1

2

3

4

Coordination

1

2

3

4

Size

1

2

3

4
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APPENDIX 4

COVERING LETTER

To the Employees of Software Organizations
This is a study based on the “Role of Team Skills on Cost and

Quality” of the software product. The respondents to the
questionnaire are software employers working in IT
organizations in India and United States.
Please fill in the questionnaire with your responses on your
opinions on the role of team skills on cost and quality of the
software developed.

Your responses are to be returned to
Ms. Viji Vinod
vijivino@gmail.com

Thank You for your time and effort in completing
this survey. Your help in this research is appreciated.

APPENDIX 5

REMINDER FOR THE RESPONDENTS
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APPENDIX 5 - A

Reminder 1
Dear software developers,
You may recall receiving a questionnaire on the “Impact of team skills on
cost and quality of the software product”. If you have had not a chance to
complete it as yet, it would be greatly appreciated if you could as soon as
possible as your opinions and comments are essential to the success of
the study. If you have already completed and returned the questionnaire,
please note this as a note of thanks for your participation.
If you have misplaced your questionnaire and require another copy,
please email me in the address vijivino@gmail.com.
Yours sincerely,

Viji Vinod

APPENDIX 5 – B
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Reminder 2
Dear software developers,
Please accept this as a note of thanks for participating in the survey on
the “Impact of team skills on software cost and quality “.If you have had
not have a chance to complete the survey,” THERE IS STILL TIME
“.The closing date for replies has been extended to 11th December.
Surveys should be returned to vijivino@gmail.com
If you have misplaced your questionnaire and require another
copy, please email me in the address vijivino@gmail.com.
Yours sincerely,

Viji Vinod
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