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Abstract Software product line engineering is an inter-disciplinary concept. It spans the

dimensions of business, architecture, process, and the organization. Some of the potential

benefits of this approach include cost reduction, improvements in product quality and a

decrease in product development time. The increasing popularity of software product line

engineering in the software industry necessitates a process maturity evaluation method-

ology. Accordingly, this paper presents an organizational maturity model of software

product line engineering for evaluating the maturity of organizational dimension. The

model assumes that organizational theories, behavior, and management play a critical role

in the institutionalization of software product line engineering within an organization.

Assessment questionnaires and a rating methodology comprise the framework of this

model. The objective and design of the questionnaires are to collect information about the

software product line engineering process from the dual perspectives of organizational

behavior and management. Furthermore, we conducted two case studies and reported the

assessment results using the organizational maturity model presented in this paper.

Keywords Software process assessment � Software engineering �
Software process maturity � Software � Product Line � Software process improvement

1 Introduction

Many organizations that deal in broad areas of operation including consumer electronics,

telecommunications, avionics, and information technology are using software product lines
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because they effectively utilize their software assets. Clements et al. (2005) report that

software product line engineering is a growing software engineering subdiscipline, and that

organizations such as Philips�, Hewlett-Packard�, Nokia�, Raytheon�, and Cummins� are

using it to achieve extraordinary gains in productivity, marketing time efficiency, and

product quality. Clements (2001) defines the term, ‘‘software product line’’, as a set of

software-intensive systems sharing a common and managed set of features that satisfy the

specific needs of a particular market segment or mission, and that are developed from a

common set of core assets in a prescribed way. Some other terms for ‘‘software product

line’’ that have been widely used in Europe include: ‘‘product families,’’ ‘‘product popu-

lation,’’ and ‘‘system families’’. The acronym BAPO (van der Linden 2002) (Business-

Architecture-Process-Organization) defines process concerns associated with software

product lines. The term, ‘‘Organization’’, in BAPO is considered critical because it deals

with the way an organization responds, adopts, and institutionalizes this concept.

The institutionalization of software product line engineering involves integrating or

improving the business processes that are associated with the software product line

infrastructure from the dual perspectives of organizational behavior and management.

The entire institutionalization process involves an organizational level culture and a

strong commitment to acquiring knowledge, skills and motivations to effectively initiate,

launch and maintain a particular software product line. Furthermore, it requires that the

concept becomes entrenched at all levels of the organization and is supported by the

necessary infrastructure of organization-wide guidelines, required training, and necessary

resources. Software product line engineering is considered to be institutionalized when it

is widely accepted and integrated into the foundation of an organization. The successful

institutionalization of a software product line within an organization has a profound

impact on the product development behavior of that organization. It changes the mindset

of the organization from single system development to multi-system software production.

Organizational theory focuses on the design and structure of the organization dealing

with software product line engineering. On the other hand, organizational behavior

strives to understand the attitudes and performance of the employees. Finally, organi-

zational management plays a vital role in institutionalizing the software product line

within an organization because it creates and coordinates the infrastructure required.

Thus, the adoption and implementation of organizational theory, behavior, and man-

agement are all required in the process of institutionalizing a software product line

within an organization.

Research has been performed (Bosch 2000; Clements and Northrop 2002; Jazayeri et al.

2000; Weiss and Lai 1999) on software product line engineering processes that include

software product line architecture, commonality and variability management, core asset

management, and business case engineering as well as application and domain engineering

etc. However, the organizational aspects of software product line engineering such as

organizational structure, roles and responsibilities, organizational learning, change man-

agement, conflict management, organizational culture, organizational communication, and

organizational commitment have not as yet been fully explored. The objective of this

paper, then, is twofold: first, to provide an understanding of some of the key organizational

factors affecting the process of institutionalizing software product line engineering within

an organization; second, to suggest a comprehensive methodology for performing a

maturity assessment of the organizational dimension of software product line engineering.

Thus, the paper addresses a topic of immense importance from the perspective of software

product line engineering.
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1.1 Maturity models of software product line engineering process: the big picture

Software process maturity evaluation has been a key research area in the software engi-

neering community because of its impact on the efficiency of the software product

development process. Information about the level of maturity helps an organization

understand its position in terms of process management and execution. Similarly, this

information also helps organizations to introduce changes in the current process to make

improvements, because a well-established and measureable process contributes markedly

to the success of an organization. Software product lines are a relatively new concept in the

history of software development and business. A lot of effort has been directed toward

process methodology and the industrialization of this paradigm. The organizations dealing

with software product lines also require a methodology to evaluate the maturity of the

software product line process. Van der Linden et al. (2004) propose a four-dimensional

software product line maturity evaluation framework based on the BAPO concept of

operations that incorporates the business, architecture, process, and organizational aspects.

This framework provides a preliminary foundation for a systematic and comprehensive

strategy for a process maturity evaluation of software product line engineering. Figure 1

illustrates the conceptual layout of maturity evaluation approach proposed by van der

Linden et al. (2004). The four dimensions of the framework include Business, Architecture,

Process, and Organization. Furthermore, the proposed approach suggests the development

of four separate maturity models corresponding to the four dimensions of BAPO. These

theorists identify a maturity scale, which is comprised of five levels given in ascending

order for each dimension of BAPO (See ‘‘Maturity Scales’’ column in Fig. 1). This clas-

sification method produces separate values for each of the four dimensions. However,

Fig. 1 van der Linden’s et al. software product line engineering maturity model
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because of its relative novelty, the maturity models for each dimension have not yet been

afforded much attention within the software engineering community.

This work presents an organizational maturity model for software product line engi-

neering, and thus addresses one of the critical dimensions of the software product line

process. The model provides a methodology for evaluating the current maturity of the

organizational dimension of the software product line engineering process. To the best of

our knowledge, this is the first study of its kind within the area of software product line

engineering. As indicated by the highlighted rectangle in Fig. 1, this work concentrates

solely on the organizational dimension, and thus, the other three dimensions of BAPO

(business, architecture, and process) are beyond the scope of this study. The main objective

of this research is to contribute toward a unified strategy for a process evaluation of

software product line engineering.

1.2 Organizational dimension of software product line engineering: related work

Software engineering, in conjunction with the business management and organizational

sciences, provides the foundation for the concept of software product line engineering.

Thus, it has become an inter-disciplinary concept. Of these, the organizational dimension is

the least addressed area in software product line engineering research due to its being a

relatively new concept within software engineering paradigms. Instead, most of the

research has been focused on the process, architecture, and business aspects of product line

engineering. Nevertheless, some studies have presented new scenarios of organizational

structure for software product lines. The researchers generally highlight the fact that a

single domain engineering unit as well as several application engineering units is required

from an organizational structure standpoint. Bosch (2001) presents four organizational

models for software product lines: a development department in addition to business units,

domain engineering units, and hierarchical domain engineering units. Bosch (2001) also

illustrates a number of factors that influence the organizational model such as geographic

distribution, project management maturity, organizational culture, and system types.

Macala et al. (1996) report that a software product line demands careful strategic planning,

a mature development process, and the ability to overcome organizational resistance. Dikel

et al. (1997) share their experiences about initiating and maintaining software product lines

at Nortel� and discuss organizational management and staffing issues. These issues are

grouped into a set of six organizational principles, which Dikel et al. (1997) believe to be

critical to the long-term success of a software product line. Jacobsen et al. (1997) focus on

the roles and responsibilities of employees who deal with software product lines within an

organization. Furthermore, Mannion (2002) elaborates on the management issues, orga-

nizational structure and culture, and learning patterns within the context of successfully

adopting the concept of software product line engineering. Koh and Kim (2004) conclude

that all members of an organization experience and share their own success stories about

existing processes and organizational structures in order to successfully adopt the software

product line approach. Clements and Northrop (2002) discuss organizational issues related

to the software product line and identify four functional groups: the architecture group, the

component-engineering group, the product line support group, and the product develop-

ment group.

The organizational dimension of software product lines deals with the way an organi-

zation is able to handle complex relationships and multiple responsibilities (van der Linden

et al. 2004). Toft et al. (2000) propose the ‘‘Owen Molecule Model,’’ which consists of

three dimensions: organization, technology, and business. The organizational dimension of
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this model deals with team hierarchy, individual roles, and operational models as well as

with individual interaction and communication. Introducing software product line practice

to an organization significantly affects the entire firm by fundamentally changing devel-

opment practices, organizational structures, and the nature of task assignments (Birk et al.

2003). Bayer et al. (1999) have developed a methodology called PuLSE (Product Line

Software Engineering) to enable the conception and deployment of software product lines

within a large variety of enterprise contexts. PuLSE-BC is a technical component of the

PuLSE methodology that provides ways to customize the PuLSE methodology to the

specific needs of a particular organization. One of the support components of PuLSE

entails an organizational aspect, which provides guidelines for developing and maintaining

an organizational structure that is suitable for managing different product lines. According

to Birk et al. (2003), introducing product line development to an organization can fun-

damentally change its development practices, its organizational structures, and its task

assignments. These changes can, in turn, affect team collaboration and work satisfaction.

Verlage and Kiesgen (2005) report a case study documenting the successful adoption of a

particular software product line, and they conclude that organizational structure and

management of change are significant issues.

An examination of related work reveals some key organizational factors. These include

organizational structure, organizational culture, conflict management, change manage-

ment, organizational commitment, communication, and organizational learning. In order to

establish a foundation for the organizational maturity model of software product line

engineering presented in this work, Ahmed et al. (2007) conducted and reported on an

empirical investigation examining the effect of these key organizational factors on the

performance of software product line engineering. This study covers a wide range of

organizations actively involved in the process of software product line engineering. One of

the objectives of this empirical experiment was to support the theoretical foundations of the

organizational maturity model presented in this paper. We applied the key organizational

factors derived from our literature review of software product line engineering and orga-

nizational theories as well as organizational management, and behavior in order to evaluate

the maturity level of the organizational dimension of software product line engineering.

2 An organizational maturity model of software product line engineering

Organizational theories facilitate an understanding of how to successfully integrate per-

sonnel into several types of engineering systems. Researchers from various fields such as

anthropology, economics, management, political science, psychology, scientific manage-

ment, sociology, and engineering have contributed toward the development of organiza-

tional theories. Because software engineering in conjunction with the business

management and organizational sciences provides a suitable foundation for the concept of

software product line engineering, it has become an inter-disciplinary concept. The

organizational maturity model of software product line engineering aims to establish a

comprehensive strategy for evaluating the organizational dimension. It describes an

assessment methodology for determining the degree to which software product line

engineering has become institutionalized. Furthermore, the model evaluates the organi-

zational dimension’s maturity in terms of how the various organizational factors dealing

with software product line engineering are applied within the organization. The functional

composition of the model consists of questionnaires purposely designed for evaluating

maturity at each of the five levels proposed in this paper. Questionnaires have been
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designed on the basis of related work performed in the organizational dimension of soft-

ware product lines as well as organizational and management theories.

2.1 General scope of the organizational maturity model

A thorough assessment of the organizational dimension of software product line engi-

neering is essential for improving the overall software product line engineering process

within an organization. The overall objective of a maturity assessment model in software

engineering is twofold. First, it provides a mechanism to perform assessments, and second,

it provides guidelines to introduce further changes to the current process to make

improvements. Like so many others, the software product line engineering process requires

continual improvements over time. However, it is very difficult to develop an efficient and

effective improvement plan unless it is based on the results of a prior comprehensive

assessment exercise. Figure 2 illustrates the framework of such a comprehensive organi-

zational assessment exercise for those organizations dealing with software product line

development. The overall software product line engineering process involves the identi-

fication of many organizational factors that arise from organizational and management

theories. These are blended into the software product line engineering process and can be

used as indicators in the process assessment of the organizational dimension of software

product line engineering. Hence, the product line engineering process either directly or

indirectly applies these organizational theories. For example, if we examine a particular

product line engineering process such as variability management, we see that this task

requires communication between an established team and numerous others. The team thus

Fig. 2 Framework of organizational maturity model of software product line engineering
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formed requires a high degree of commitment and learning ability because there may be

conceptual conflicts. Consequently, these organizational factors help to facilitate the

product line engineering process. Similarly, a suitable organizational behavior and man-

agement activities plan will facilitate the execution of the product line engineering process.

The organizational maturity model presented in this paper incorporates such factors in

developing a comprehensive framework consisting of questionnaires and maturity level

benchmarks to conduct the assessment. Furthermore, an organizational maturity assess-

ment will determine the current status of the organizational dimension of the software

product line engineering process within an organization. The assessment process will yield

a number of recommendations for improvement based on the identification of weaknesses

in the current process. Ideally, after the assessment process, the improvement guidelines

will highlight the required changes in the current software product line engineering process

to facilitate making improvements based on the assessment results. However, the maturity

model presented in this work does not provide any guidelines for the improvement process,

which we consider to be a future project arising from this study.

2.2 Configuration of the organizational maturity model

The functional configuration of the organizational maturity model consists of a set of two

organizational dimensions: organizational behavior and organizational management. More

specifically, these two dimensions are subdivided into seven organizational factors.

Table 1 defines the hierarchy and domains of the organizational maturity model for soft-

ware product line engineering. The organizational behavior dimension includes the factors

of organizational culture, organizational commitment, and organizational learning. On the

other hand, organizational management focuses on such issues as organizational structure,

change management, conflict management, and organizational communication. In this

paper, we use the term ‘‘organizational factor’’ to refer to a practice that facilitates a higher

level of overall organizational performance and subsequently facilitates the process of

institutionalizing software product line engineering within an organization. The term

‘‘organizational dimension’’ refers to a set of inter-related organizational factors that

comprise the organizational dimension of software product line engineering. These orga-

nizational factors form the basis for the wording of the questionnaires that consist of

several statements, which gauge the effectiveness of these factors in institutionalizing

software product line engineering to evaluate the organizational dimension of the software

product line engineering process. The following subsections elaborate on the theoretical

aspects of these organizational factors.

Table 1 Configuration of
organizational maturity
model

Organizational dimensions Organizational factors

Organizational behavior Organizational culture

Organizational commitment

Organizational learning

Organizational management Organizational structure

Change management

Conflict management

Organizational communication
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2.2.1 Organizational behavior: literature review

Organizational culture has been characterized by many authors as comprising a set of

shared values, beliefs, assumptions, and practices that shape and guide the attitudes and

behaviors of individuals within the organization (Kotter and Heskett 1992; O’Reilly and

Chatman 1996; Wilson 2001). And it has been largely associated with the people and the

unique quality and style of the organization (Kilmann et al. 1985). Rosen (1995)

acknowledges that the internal orientation of employees is based primarily on the culture,

beliefs, ethics, and assumptions of that organization’s staff, and, therefore, has the potential

to be one of the most powerful influencing factors in strategic management. Moreover,

organizational commitment is a work attitude that is directly related to the level of

employee participation and to the intention to remain with the organization, and is,

therefore, clearly linked to job performance (Mathieu and Zajac 1990). Crewson (1997)

summarizes organizational commitment as being a combination of three distinct factors

involving employee participation: first, a strong belief in and acceptance of the organi-

zation’s goals and values; second, eagerness to work hard for the organization and third,

desire to remain with the company. Argyris (1977) defines organizational learning as the

process whereby the members of an organization respond to changes in the internal and

external environment by detecting errors, which they subsequently correct in order to

maintain the central features of the organization. Similarly, Marquardt and Reynolds

(1994) define learning as a process by which individuals gain new knowledge and insights

that change their behavior and actions. More specifically, Hames (1994) states that learning

encompasses the acquisition and practice of new methodologies, skills, attitudes, and

values necessary to thrive in a changing world. Lyles (1994) observes that organizations

learn from their experiences and build on past experience that may influence future actions.

Overall, organizational learning involves both the employees and the organization itself.

Software product line engineering and organizational behavior Some of the key process

activities of software product line engineering, including domain engineering, software

product line requirements engineering, commonality and variability management, and

business case engineering etc., require a considerable amount of team effort, group dis-

cussion, and innovation. Software product line engineering requires a culture of openness

where employees have the opportunity to participate in discussions and have the ability to

express their views. For example, variability management is one of the critical process

elements that require the active involvement of various parts of the organization, such as

the business unit and the development unit, to identify specific areas for expansion in the

product line architecture and introduce product-specific functionalities. Organizational

commitment concerns the willingness of individuals and groups to achieve the long-term

strategic objectives of an organization. The payback period of software product line

engineering is relatively long compared to that of the single product development

approach. Consequently, this transitional period requires a strong commitment from

individuals, groups, and management to adopt the software product line engineering

concept and to exercise patience with its development process. In software product line

engineering, organizational learning can be classified into two domains: external and

internal. External learning involves the necessary knowledge about customers, competi-

tors, external environments, and market segments. This knowledge is necessary in order to

effectively utilize the product line by exploiting product characteristics. In domain engi-

neering, product line requirements and business case engineering etc., require that the

organization have both established procedures and a means to acquire additional external

learning. Overall, this type of learning helps an organization capture a major market share.
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Internal learning, on the other hand, requires acquiring, transferring, and sharing a software

product line methodology as well as ideas for process improvement and an understanding

of the cross-functional requirements of product lines for individuals, groups, and the

organization.

2.2.2 Organizational management literature review

An organization is comprised of the planned coordination of activities of a number of

individuals for the achievement of some common, explicit purpose or goal, through a

division of labor and function, and through a hierarchy of authority and responsibility

(Schein 1988). Wilson and Rosenfeld (1990) define organizational structure as the estab-

lished pattern of relationships between the parts of an organization, outlining communi-

cation as well as control and authority. According to Gordon (2002), organizational

structure refers to the delineation of jobs and reporting relationships in an organization and

coordinates the work behavior of employees in accomplishing the organization’s goals.

Beckhard and Harris (1987) consider organizational change to be an organization’s

movement from its present state to some future or target state. Furthermore, Todd (1999)

defines change management as a structured and systematic approach, which provides a

conceptual framework that encompasses strategy, politics, people, and process. Cao et al.

(2000) observe that organizational change shows the diversity of an organization and

illustrates the integration of technical and human activities that have inter-related functions

within the organization. Walls and Callister (1995) maintain that conflict is a process in

which one party perceives that its interests are being opposed or negatively affected by

another party. Conflict management consists of diagnostic processes, inter-personal styles,

negotiating strategies, and other interventions that are designed to avoid unnecessary

conflict and reduce or resolve excessive conflict (Kottler 1994). Hellriegel et al. (1998)

introduce four basic forms of conflict in an organization: goal-oriented, cognitive, affec-

tive, and procedural. Moreover, Jehn (1995) distinguishes between two kinds of intra-

group conflict: task conflict and relationship conflict. Task conflict involves differences in

viewpoints, ideas, and opinions, whereas relationship conflict is a perception of inter-

personal incompatibility and includes annoyance and animosity among individuals

(Medina et al. 2005). Communication is a central mechanism of interacting entities within

the organization. White (1982) observes that communication is one of the vital processes

that ensure that an organization has a healthy life span. The day to day operation of the

company requires proper channels of communication. Communication is regarded as a

powerful factor in organizational performance, because it also transmits the vision and

objectives of the management. Witherspoon (1997) observes that communication is not

only an essential aspect of these recent organizational changes, but effective communi-

cation can be seen as the foundation of modern organizations.

Software product line engineering and organizational management The theoretical

foundations of software product line engineering divide the overall engineering process

into two broad areas, application and domain engineering, and require stronger coordi-

nation and communication links between them. Verlage and Kiesgen (2005) present a case

study documenting the successful implementation of software product lines in their

organization. As a result, they report that the roles and the mapping of the roles related to

the processes are not fixed; rather, they are interchangeable, or more precisely, dynamic.

The organizations that have well-defined structures, which incorporate clearly identified

roles for individuals and have strong coordination and communication links, are more

likely to institutionalize a software product line than organizations that lack the supporting
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coordination and communication. The process of evolving from single product develop-

ment to a line of products necessitates a significant change within an organization. For

example, in the case of requirements engineering, an organization must deal with product-

specific requirements engineering as well as product line specific requirements engineer-

ing. The product-specific requirements engineering involves identifying the variability

among products, whereas product line requirements engineering entails detecting the

commonalities among different products. Furthermore, there is a need to introduce trade-

off analyses for commonality and variability management. Introducing a new practice such

as the development of a particular product line is relatively difficult within the existing

setup of an organization, especially if it is not accompanied by appropriate modifications to

the management plan. The successful implementation of any policy, particularly one

involving a software product line, depends on how organizations manage their personal

and organizational conflicts. All conflicts should be resolved in a professional environment

that has a minimal impact on morale and productivity. At the same time, purposeful, task-

related conflicts are very important for the growth of the organization. Any company that

stifles healthy debate and professional conflict may find itself becoming stagnant and

unproductive.

2.3 Framework of the organizational maturity model

Software process assessment models such as the CMM (Paulk et al. 1993) and BOOT-

STRAP (Kuvaja et al. 1994) utilize the concept of staging in defining maturity levels,

which illustrate qualitatively the maturity of the software engineering process. Similarly,

the framework for the organizational maturity model presented in this paper also uses the

approach of staging. In their work, van der Linden et al. (2004) define five maturity scales

for assessing the organizational dimension of a software product line. These scales, in

ascending order, are ‘‘unit oriented’’, ‘‘business lines orientated’’, ‘‘business group/divi-

sion’’, ‘‘inter-division/companies’’, and ‘‘open business’’. However, these scales linguis-

tically describe the maturity of a company only in terms of its organizational structure.

Expanding on their research, this paper proposes to develop a scale that reflects the

maturity of a software product line in terms of an organizational dimension. Therefore, this

proposed maturity scale will also include other organizational factors such as corporate

culture, employee commitment, learning capacity, change management, conflict manage-

ment, and communication level. The five levels in this maturity scale, in ascending order,

are ‘‘Preliminary’’, ‘‘Consistent’’, ‘‘Streamlined’’, ‘‘Matured’’, and ‘‘Institutionalized’’.

Consequently, this maturity scale serves as a framework consisting of a set of question-

naires for each level of the scale. The set of statements in the questionnaires are divided

into seven organizational factors and covers the two organizational dimensions. An

organization’s maturity level is determined from the extent of agreement with each

statement in the questionnaires.

Table 2 illustrates the framework of the organizational maturity model. Each maturity

level consists of a set of statements and incorporates all seven organizational factors used

in this study to shape the design of the questionnaires. The number of statements varies for

each maturity level as well as for each organizational factor. For the remainder of this

paper, the following set of abbreviations will be used: Organizational Culture (OC),

Organizational Commitment (OCT), Organizational Learning (OL), Organizational

Structure (OS), Change Management (CM), Conflict Management (CTM), and Organi-

zational Communication (OCN). The following subsections describe the characteristics of

an organization dealing with software product line engineering at a particular maturity
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level of organizational dimension. In the questionnaires used with this maturity model, the

following symbols and abbreviations are used.

OF Organizational factor

X Maturity level (an integer)

Y Organizational factor number (an integer)

S Statement

I Maturity level (an integer)

J Organizational factor number (an integer)

K Statement number (an integer)

2.3.1 Preliminary (Level-1)

The preliminary stage of organizational maturity refers to an organization that does not as

yet have a stable and organized environment for software product line engineering. In this

case, there is no evidence that the organization performs software product line engineering

activities in a coordinated way. The organization tends to carry out multiple product

development only as a reaction to market demands, and the reusability of software assets is

random and/or on an as-needed basis. There are currently no defined procedures to switch

from a single product to a line of products. In regard to a software product line, there is a

lack of strategic planning and an absence of business vision. Also, unnecessary task-related

and personal conflicts are caused by a lack of understanding of the software product line

engineering methodology. Similarly, communication among departments and its subunits

is poor. Although organizations have a growing interest in developing a suitable infra-

structure for software product line engineering, they lack the technical resources and skills

to do so. The following measuring instrument uses seven organizational factors to illustrate

the software product line organizational maturity of a company when it is at the ‘‘Pre-

liminary’’ level.

OF.1.1 Organizational Culture

S.1.1.1 The organization does not support the reusability of software assets and does not

maintain them for any possible future use.

S.1.1.2 The employees are not encouraged to generate new ideas and innovations for the

software development methodology.

S.1.1.3 New employees generally have difficulties adapting to the working environment

of the organization.

Table 2 Framework of organizational maturity model

Maturity level Organizational factors and number of statements in assessment questionnaires

OC OCT OL OS CM CTM OCN Total

Preliminary 3 2 2 2 2 3 2 16

Consistent 4 2 2 3 4 2 2 19

Streamlined 3 3 4 3 4 3 3 23

Matured 5 3 3 3 4 3 3 24

Institutionalized 3 3 3 4 3 2 1 19
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OF.1.2 Organizational Commitments

S.1.2.1 Software product line engineering is not part of a strategic plan for the

organization.

S.1.2.2 Employees generally do not stay with the organization for long periods of time.

OF.1.3 Organizational Learning

S.1.3.1 The organization has not yet acquired sufficient knowledge about software

product line engineering.

S.1.3.2 The organization has not yet scheduled formal training sessions for the

employees to learn about software product line engineering.

OF.1.4 Organizational Structure

S.1.4.1 The organization lacks a structure to support the software product line

engineering process.

S.1.4.2 Most of the departments in the organization work independently.

OF.1.5 Change Management

S.1.5.1 The organization has not yet defined policies regarding the introduction of

software product line engineering.

S.1.5.2 There is continual resistance against the adoption of a software product line

engineering concept.

OF.1.6 Conflict Management

S.1.6.1 The organization has no specific protocol to deal with conflicts.

S.1.6.2 Most of the conflicts in the organization are dealt with at a personal level.

S.1.6.3 Personal conflicts are a major obstacle to the progress of the organization.

OF.1.7 Organizational Communication

S.1.7.1 Employees do not generally share their ideas or their work.

S.1.7.2 There is a lack of communication among employees and individual departments

as well.

2.3.2 Consistent (Level-2)

The next organizational maturity level for the establishment of software product lines is

Level-2 and is defined as ‘‘Consistent’’. The organizations at this level are generally aware

of the potential benefits of software product line engineering and encourage employees to

acquire and share knowledge and skills. At the early stage of Level-2, the organization

introduces changes in the structure of the company to support software product line

engineering. The organization demonstrates actions and commitments to incorporate

software product lines into its strategic plans and future directions. It has a defined policy

to handle task conflicts, which mainly occur due to a misunderstanding of the software
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process methodology. Organizational learning reveals an interest in the software product

line engineering concept. Consequently, management supports employees in reusing

software assets. A defined communication protocol among various entities within the

organization is present and assists in the decision making. Overall, the organization

understands the importance of software product line engineering in achieving business

goals and is currently engaged in establishing an infrastructure to support software product

lines. The following measuring instrument illustrates the set of statements that must be

satisfied for an organization to achieve this level.

OF.2.1 Organizational Culture

S.2.1.1 The organization promotes new ideas and innovations in the software

development methodology and takes the initiative to experiment with new

concepts.

S.2.1.2 Management and developers pay close attention to the reusability of software

assets, and these assets are maintained and updated.

S.2.1.3 Employees perceive themselves as participating in the decision-making process

of the organization.

S.2.1.4 The organization views its employees as a valued resource and an important

contributor to its success.

OF.2.2 Organizational Commitments

S.2.2.1 Software product line engineering is considered as an option in the strategic

plans of the organization.

S.2.2.2 On average, employees remain in the organization for more than 3 years.

OF.2.3 Organizational Learning

S.2.3.1 Employees share knowledge and experience by having discussions with each

other.

S.2.3.2 Formal training periods are scheduled for the acquisition of knowledge about

software product line engineering.

OF.2.4 Organizational Structure

S.2.4.1 The organization has established domain and application engineering units for

the software product line engineering process.

S.2.4.2 The various units within the organization work in a collaborative way and

provide feedback to each other on the software product line engineering process.

S.2.4.3 Software product line core assets are maintained at departmental levels, and the

information is shared on a need-to-know basis.

OF.2.5 Change Management

S.2.5.1 Most of the software product line changes introduced to the organization are ad

hoc and on an as-needed basis.

S.2.5.2 Business plans are reviewed regularly and updated based on market and

customer orientation.
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S.2.5.3 Management introduces changes in their strategies in response to the changing

business environment.

S.2.5.4 The changes in individual product functionalities are documented.

OF.2.6 Conflict Management

S.2.6.1 The organization has established a policy to address internal conflicts.

S.2.6.2 Task-related conflicts concerning software product line engineering are handled

by open discussion and the sharing of each other’s viewpoints.

OF.2.7 Organizational Communication

S.2.7.1 The organization has established a defined communication protocol among its

various entities.

S.2.7.2 Information related to the software core assets is communicated to the personnel

involved in product development.

2.3.3 Streamlined (Level-3)

An organization at Level-3, which is also referred to as ‘‘Streamlined,’’ is able to establish

an infrastructure of software product lines by incorporating defined policies and proce-

dures. The company’s strategic plans show the organization’s commitment to a long-term

investment in software product line engineering. The employees are equipped with the

required knowledge of the software product line methodology, and they, along with

management, are continually learning to improve the process. Also, the employees

understand the significance of the software product line in achieving the business goals of

the organization. Moreover, the organizational structure completely defines the roles and

responsibilities of individuals and groups in carrying out software product line tasks. Their

experience in establishing a particular software product line allows them to introduce

improvements to the organizational structure. Also, the changes in process methodology

and product functionality are well documented and traceable. The organization’s com-

munication framework is based on sharing information and providing feedback across

departments. Software assets are maintained, used, and updated, which depicts a strong

organizational culture toward the reusability of software assets. Management supports

positive conflicts and encourages open discussions and the exchange of opinions to resolve

task-related conflicts. Overall, the organization understands the process methodology of

software product lines and is able to streamline activities of software product line engi-

neering from the organizational perspective. The following measuring instrument illus-

trates the set of statements designed for Level-3.

OF.3.1 Organizational Culture

S.3.1.1 The workforce understands and is committed to the vision, values, and goals of

the organization.

S.3.1.2 The organizational culture supports the reusability of software assets and

considers software product line engineering to be an important tool to achieve

the strategic objectives of the organization.
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S.3.1.3 Employees are empowered to make appropriate decisions regarding their job

execution.

OF.3.2 Organizational Commitments

S.3.2.1 Over the past 3 years, the organization as an entity has been steadily moving

toward a software product line engineering approach in order to achieve its

strategic objectives.

S.3.2.2 The strategic plans define how an organization will achieve the technological

capability to successfully adopt the concept of software product line engineering.

S.3.2.3 Strategic planning allocates resources for software product line development.

OF.3.3 Organizational Learning

S.3.3.1 Necessary training for software product line engineering is provided to

employees.

S.3.3.2 The employees have opportunities to participate in problem solving and idea

generation activities for software product line engineering.

S.3.3.3 Employees have access to information from external resources, and management

encourages experimenting with such knowledge to improve the software product

line engineering process.

S.3.3.4 The organization encourages employees to join formal and informal discussion

forums for software product line engineering outside the organization.

OF.3.4 Organizational Structure

S.3.4.1 The roles and responsibilities of individuals and groups in such aspects as

domain and application engineering are well defined and documented within the

organization.

S.3.4.2 A well-defined organizational unit with a clear set of guidelines handles the

management of core assets with respect to the software product line.

S.3.4.3 The organization tends to make changes in structure based on its experience in

initiating and maintaining the software product line, and the organizational

structure is in an evolutionary phase.

OF.3.5 Change Management

S.3.5.1 The organization has a well-defined change management plan to switch from

single product development to a product line.

S.3.5.2 A multi-dimensional management system tracks changes introduced at the

software product line level and at the individual product level.

S.3.5.3 The resistance to change in the organization is gradually decreasing.

S.3.5.4 The change management plan is well communicated to all employees of the

organization.

Software Qual J

123



OF.3.6 Conflict Management

S.3.6.1 Management supports positive and constructive conflicts.

S.3.6.2 Task conflicts do not affect the performance of individuals or departments.

Rather, they facilitate the understanding of software product line implementation

issues.

S.3.6.3 Software product line variability and commonality management issues are

discussed across departmental boundaries.

OF.3.7 Organizational Communication

S.3.7.1 Information about the core asset repository of the software product line is shared

across departmental boundaries.

S.3.7.2 The scope of the software product line is well communicated to developers and

business analysts.

S.3.7.3 The information and decisions related to business planning, product

development, and marketing strategy as well as to customer and market

orientation are shared and distributed across departmental boundaries.

2.3.4 Matured (Level-4)

The organizational maturity of software product line engineering at Level-4 is referred to

as ‘‘Matured’’. The organization at this level is able to coordinate organizational strategies

with software product line engineering. Here, software product line engineering decisions

are influenced by the shared visions of employees. Innovative measures are also introduced

in software product line engineering, which depict the richness of the organizational

culture in adopting product line engineering. Employees consider the software product line

to be a vital strategic objective in achieving long-term organizational business goals. The

organization keeps track of its mistakes and learns from experience to avoid repeating

those mistakes. Personal conflicts are rare, and the number of task conflicts is minimal.

Employees have access to required information to assist with their job performance. Open

communication channels are present within the organization, and employees feel com-

fortable with expressing their points of view. Also, the process activities among various

departments and subunits are synchronized. The following measuring instrument illustrates

the set of statements designed for Level-4.

OF.4.1 Organizational Culture

S.4.1.1 Management supports both reactive and proactive innovations in the software

product line process.

S.4.1.2 Employees understand the importance of the software product line to the

business vision and feel that the organization can realistically achieve its

objectives.

S.4.1.3 Employees generally perceive that the higher levels of management are helpful

and supportive.

S.4.1.4 Employees are encouraged to work in inter-disciplinary teams across

departmental boundaries to share, disseminate, and acquire knowledge about

software product line methodology.
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S.4.1.5 Employees understand the significance of the software product line in achieving

the organization’s business objectives, and they are encouraged to work together

in teams and to care about the quantity and quality of the organization’s outputs.

OF.4.2 Organizational Commitments

S.4.2.1 Employees feel a sense of ownership for this organization.

S.4.2.2 Employees consider the software product line to be a vital entity to achieve its

long-term goals.

S.4.2.3 The software product line is aligned with the strategic plans of the organization.

OF.4.3 Organizational Learning

S.4.3.1 Formal and informal mechanisms are used to disseminate learning and

knowledge within the organization.

S.4.3.2 The organization learns from its experience and avoids repeating its mistakes.

S.4.3.3 The innovations to the software product line are aligned with the existing

business goals of the organization.

OF.4.4 Organizational Structure

S.4.4.1 The organizational structure supports the software product line concept and the

roles, and the mapping of the roles with respect to the processes are not fixed.

Rather, they are dynamically interchangeable, strongly coordinated, and well

documented.

S.4.4.2 A well-established business unit oversees its marketing plans and strategies in

coordination with its domain and application engineering units.

S.4.4.3 A joint team from the domain and application engineering units oversees the

synchronization of activities in both departments.

OF.4.5 Change Management

S.4.5.1 The changes to institutionalize the software product line are well accepted by the

employees.

S.4.5.2 The organizational change management plans define how an organization will

achieve the technological capability to successfully adopt the concept of the

software product line.

S.4.5.3 The employees understand the importance and impact of change with respect to

the business of the organization.

S.4.5.4 Any changes made to product functionalities and to the product line are well

communicated to developers and are approved by a defined chain of command.

OF.4.6 Conflict Management

S.4.6.1 The number of personal conflicts is gradually declining.

S.4.6.2 The organization is experiencing a reduced number of task conflicts every year.

S.4.6.3 Employees believe that task conflicts help to improve the software product line

methodology, and they participate actively in discussions.
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OF.4.7 Organizational Communication

S.4.7.1 A strong and open communication channel among various entities of the

organization is present.

S.4.7.2 The organization has an established inter-communication protocol among

external and internal entities for the dissemination of market intelligence.

S.4.7.3 Employees feel that they have the information they need to successfully perform

their duties.

2.3.5 Institutionalized (Level-5)

The highest organizational maturity level is referred to as ‘‘Institutionalized’’. An orga-

nization at Level-5 considers the software product line to be a strategic asset that can be

mobilized to achieve the desired business objectives. The software product line plays an

important role in the business vision of the organization. Research and development in the

product line process methodology is a continuing process. The organization learns from its

previous experience and mistakes, and they use those lessons to improve the process

methodology. Employees prefer to work in teams, and intra-team trust plays a significant

role in minimizing task conflicts. Information flows within the organization are free and

smooth. Management listens closely to the employees and believes that quality perfor-

mance and productivity can only be achieved by openly introducing the recommended

improvement plans to employees. Also, the management allows employees to experiment

with their ideas and innovative concepts. All of the organizational units work collectively,

and everyone believes that the organization can realistically achieve its objectives. The

following measuring instrument illustrates the set of statements designed for Level-5.

OF.5.1 Organizational Culture

S.5.1.1 The organizational culture supports innovations in the software product line and

has successfully introduced improvements in its process methodology.

S.5.1.2 Employees perceive that everyone within the organization places a strong

emphasis on the quality, service, and reliability of its products.

S.5.1.3 Employees are seen as being a key source of ideas for improvements in quality

and productivity.

OF.5.2 Organizational Commitments

S.5.2.1 The organizational strategic planning includes consideration of the software

product lines as being important and even strategic assets.

S.5.2.2 The software product line is an integral part of the organization’s business vision.

S.5.2.3 Employees share a high degree of commitment to make the organization’s

strategic vision a reality.

OF.5.3 Organizational Learning

S.5.3.1 Research and development in the software product line is a continuous process

within the organization.

S.5.3.2 The organization is committed to learning and improving the level of knowledge

in the area of software product lines.
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S.5.3.3 The organization has successfully employed innovations in the software product

line development.

OF.5.4 Organizational Structure

S.5.4.1 The organizational structure supports the strategic plans of the company.

S.5.4.2 Various subunits within the organization are actively encouraged to operate in a

coordinated way by cooperating effectively to achieve the overall organizational

objectives.

S.5.4.3 Cross-functional teams are established to oversee the whole software product

line process and to support management decision making.

S.5.4.4 The cross-functional activities in various departments are synchronized.

OF.5.5 Change Management

S.5.5.1 The organization regularly conducts reviews of the changes made in the software

product line process methodology.

S.5.5.2 The organization learns from the changes and understands their impact on the

performance of the organization in managing the software product line.

S.5.5.3 Organizational changes are within the scope of the software product line and

cover the requirements of the targeted market segment.

OF.5.6 Conflict Management

S.5.6.1 Task conflicts help to create improvement plans for the software product line

methodology.

S.5.6.2 Intra-group trust plays a critical role in managing conflicts within the

organization.

OF.5.7 Organizational Communication

S.5.7.1 Communication is perceived as flowing freely and accurately throughout the

organization.

2.4 Performance scale

The maturity level of an organization defines its ability to institutionalize software product

line engineering. The ratings described in Table 3: ‘‘Completely Agree (4)’’, ‘‘Largely

Agree (3)’’, ‘‘Partially Agree (2)’’, and ‘‘Do Not Agree (1)’’ are used to measure each

organizational factor. This rating threshold provides a set of quantitative measurements

that reflect the organization’s agreement with each statement in the questionnaire. The

scale point of 0, expressed as ‘‘Doesn’t Apply,’’ is designed to increase the flexibility of the

model, and consequently, it is equivalent to a 4 in the rating algorithm. Our performance

scales and our threshold values are very similar to those used in the BOOTSTRAP (Wang

and King 2000) methodology, as illustrated in Table 3. We intentionally based our scale on

a previously existing approach in order to maintain consistency between our assessment

and existing rating scales, which were already in use and which have been validated and

well accepted by the software industry. However, despite these similarities, we have
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introduced some changes in the linguistic expressions of the performance scales. The major

reason for these changes relates to the current design of the questionnaires. Specifically,

our questionnaires take the self-assessment approach into account where an organization is

able to evaluate the maturity of their organizational dimension by expressing their own

level of agreement with the statements.

2.5 Rating method

The rating method adopted in this organizational maturity model derives its foundations

partially from the BOOTSTRAP algorithm (Wang and King 2000) of software process

assessment. However, the structure of the rating method uses different terminologies, such

as Performance Rating (PROF), Number of Agreed Statements (NAOF), Pass Threshold

(PTOF), and Organizational Maturity Level (OML). The following section describes each

terminology in detail.

Let PROF [I, J] be a rating of the Ith organizational factor of the Jth maturity level.

Then, using the performance scale defined in Table 3, PROF [I, J] can be rated as

PROF½I; J� ¼ 4; if the extent of agreement with the statement is at least 80% :

¼ 3; if the extent of agreement with the statement is between 66:7� 79:9% :

¼ 2; if the extent of agreement with the statement is between 33:3� 66:6% :

¼ 1; if the extent of agreement with the statement is less than or equal to 33:2% :

¼ 0; if the statement does not applyto this assessment:

An Ith statement at the Jth maturity level is considered to agree if PROF [I, J] C 3 or PROF

[I, J] is equal to 0. If the number of statements to which people agree at maturity level ‘‘J’’

is NAOF [J], then it is defined by the expression

NAOF J½ � ¼Number of PROF I; J½ � j Agreedf g
¼Number of PROF I; J½ �jPRBP I; J½ � � 3 or PROF I; J½ � ¼ 0f g:

Table 4 illustrates the pass threshold of 80% at each maturity level. The values are cal-

culated to the nearest hundred. The maturity level is considered as a pass if people agree to

80% of the statements in the questionnaire. If NOF [J] is the total number of statements at

the Jth maturity level, then the pass threshold (PTOF) at the Jth maturity level is defined as

PTOF J½ � ¼ NOF J½ � � 80%:

The Organizational Maturity Level (OML) is defined as the highest maturity level at which

the number of statements agreed upon is more than or equal to the pass threshold (PTOF

[J]), given by

Table 3 Performance scale
Scale Linguistic expression

of performance scale
Linguistic expression
of BOOTSTRAP

Rating
threshold (%)

4 Completely agree Completely satisfied C80

3 Largely agree Largely satisfied 66.7–79.9

2 Partially agree Partially satisfied 33.3–66.6

1 Does not agree Absent/poor B33.2

0 Does not apply Does not apply –
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OML ¼ max JjNAOF J½ � �PTOF J½ �f g:

3 Reliability and validity analysis of questionnaires

The two most important aspects of precision in questionnaire-based assessments are reli-

ability and validity. Reliability refers to the reproducibility of a measurement, whereas

validity refers to the agreement between the measured value and the true value. The

potential threats to the external validity of questionnaire-based assessments are the reli-

ability and validity of the measuring instrument. In order to test these two concepts, we

conducted a pilot study that required organizations to show the extent of their agreement

with each statement in the questionnaires. Nine organizations participated in this pilot

study. The reliability of the questionnaires was evaluated by using the internal-consistency

analysis method. Internal-consistency analysis was performed using the coefficient alpha

(Cronbach 1951). Table 5 illustrates the results of the reliability analysis, in which the

coefficient alpha ranges from 0.56 to 0.91. Nunnally and Bernste (1994) found that a

reliability coefficient of 0.70 or higher was satisfactory. However, other reliability litera-

ture, such as (van de Ven and Ferry 1980), suggests that a reliability coefficient of 0.55 or

higher was satisfactory, and (Osterhof 2001) concluded that 0.60 or higher was satisfac-

tory. Accordingly, our analysis shows that most of the questionnaire items developed for

this organizational maturity model satisfy the criteria stipulated in (Nunnally and Bernste

1994), whereas some of the items have an alpha coefficient of less than 0.70 but still fall

within the acceptable ranges stated in (van de Ven and Ferry 1980) and (Osterhof 2001).

Overall, our analysis shows that all of the questionnaire items are considered reliable, since

each construct has an alpha of at least 0.55 or higher, therefore falling within the

acceptable ranges.

Table 4 Rating threshold
Maturity level Total statements Pass threshold 80%

Preliminary 16 13

Consistent 19 15

Streamlined 23 18

Matured 24 19

Institutionalized 19 15

Table 5 Reliability analysis of organizational factors (coefficient alpha)

Maturity level Organizational factors

OC OCT OL OS CM CTM OCN

Preliminary 0.59 0.63 0.70 0.78 0.88 0.61 0.70

Consistent 0.72 0.88 0.85 0.61 0.91 0.77 0.70

Streamlined 0.89 0.85 0.92 0.89 0.82 0.82 0.85

Matured 0.80 0.84 0.71 0.61 0.56 0.65 0.60

Institutionalized 0.81 0.76 0.69 0.86 0.84 0.72 *

* The construct has only one item of evaluation; hence the calculation of the coefficient alpha is not possible
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Construct validity, according to Campbell and Fiske (1959), occurs when the scale

items in a given construct move in the same direction, and thus, are highly correlated. A

principal component analysis (Comrey and Lee 1992) was performed and noted for all

seven organizational factors at each maturity level. Table 6 provides a measure of con-

struct validity. We used eigenvalues (Kaiser 1970) and scree plots (Cattell 1966) as ref-

erence points to observe construct validity using principal component analysis. Also, we

used the eigenvalue-one criterion, also known as Kaiser criterion (Kaiser 1960; Stevens

1986), which means that any component having an eigenvalue greater than one is retained.

Eigenvalue analysis reveals that most of the items in the questionnaires formed a single

factor, whereas in some cases two components were formed, such as ‘‘Conflict Manage-

ment’’ at Level-1, ‘‘Organizational Culture’’ at Level-2, and ‘‘Change Management’’ at

Level-4. The eigenvalue for the second component in those cases is slightly higher than the

threshold of 1.0. A cell value in Table 6 with ‘‘**’’ represents cases where more than one

factor is formed. The scree plots clearly show a cut-off at the first component. Therefore,

the construct validity can be regarded as being sufficient. It is important to note that

principal component analysis and internal consistency analysis require more than one item

in a construct to calculate the eigenvalue and the coefficient alpha. The construct of

‘‘Organizational Communication’’ at Level-5 has only one item, and therefore, we are

unable to perform a principal component analysis and calculate the coefficient alpha for it.

The cells with a ‘‘*’’ in Tables 5 and 6 highlight that construct. Overall, the measurements

of reliability and validity show that the measurement procedures used in this organizational

maturity model meet the acceptable level of psychometric properties.

4 Case studies

In order to perform the organizational maturity assessment, we applied our model to two

organizations currently involved in the process of software product line engineering. In

order to protect the privacy of the two organizations, they will be referred to as ‘‘A’’ and

‘‘B’’. These organizations are using the concept of software product line engineering for at

least the last 3 years. The reason for using organizations with 3 years’ experience in the

software product line as a criterion is the typically long-term payback period for software

product line development. In order to enhance the external validity, we ensured that

organizations had started to experience the benefits of a software product line in terms of

either an immediate or a future payback. Organization ‘‘A’’ is a software development firm

that has been in business for over a decade and has software development sites all over the

globe. Organization ‘‘B’’, one of the largest companies in the automotive industry and is

Table 6 Construct validity of organizational factors (PCA)

Maturity level Organizational factors

OC OCT OL OS CM CTM OCN

Preliminary 1.69 1.46 1.64 1.72 1.80 1.90** 1.54

Consistent 2.22** 1.80 1.75 1.88 3.20 2.24 2.36

Streamlined 2.50 2.32 3.44 2.45 2.75 2.24 2.36

Matured 2.93 2.42 2.05 1.70 1.79** 1.89 1.69

Institutionalized 2.23 2.09 1.99 2.90 2.27 1.57 *

* The construct has only one item, so PCA is not possible. ** More than one factor has an eigenvalue[1.0
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using software product line engineering to develop embedded systems for producing

various parts of the automobile. Both organization ‘‘A’’ and ‘‘B’’ are from North America.

The organizations are assumed to be large scale organizations both having more than 3,000

employees working in various sections. Table 7 shows the detailed assessment results of

Organization ‘‘A’’. The numerical values entered in each cell of table 7 represent the

organization’s agreement with the statements in the questionnaires at each maturity level.

Table 8 shows a summary of the assessment results. It is important to note that, according

to the rating method discussed in Sects. 2 and 2.4, a statement is considered to be agreed

upon if the performance rating shown in Table 3 is either greater than or equal to 3, or at 0.

Organization ‘‘A’’ is at the ‘‘Streamlined’’ maturity level, which is Level-3, while Orga-

nization ‘‘B’’ is at Level-4 or the ‘‘Matured’’ level. The following section elaborates on the

assessment methodology used in this study.

Table 7 Details of assessment result of case study ‘‘A’’

Preliminary level-1 Consistent level-2 Streamlined level-3 Matured level-4 Institutionalized
level-5

Statement # Value Statement # Value Statement # Value Statement # Value Statement # Value

S1.1.1 1 S.2.1.1 3 S.3.1.1 4 S.4.1.1 3 S.5.1.1 3

S1.1.2 1 S.2.1.2 3 S.3.1.2 4 S.4.1.2 3 S.5.1.2 3

S1.1.3 1 S.2.1.3 3 S.3.1.3 4 S.4.1.3 3 S.5.1.3 3

S1.2.1 1 S.2.1.4 3 S.3.2.1 3 S.4.1.4 2 S.5.2.1 2

S1.2.2 1 S.2.2.1 2 S.3.2.2 3 S.4.1.5 2 S.5.2.2 2

S1.3.1 1 S.2.2.2 3 S.3.2.3 3 S.4.2.1 3 S.5.2.3 3

S1.3.2 1 S.2.3.1 3 S.3.3.1 3 S.4.2.2 3 S.5.3.1 2

S1.4.1 1 S.2.3.2 3 S.3.3.2 3 S.4.2.3 2 S.5.3.2 2

S1.4.2 1 S.2.4.1 3 S.3.3.3 4 S.4.3.1 2 S.5.3.3 2

S1.5.1 1 S.2.4.2 3 S.3.3.4 4 S.4.3.2 2 S.5.4.1 2

S1.5.2 1 S.2.4.3 2 S.3.4.1 3 S.4.3.3 3 S.5.4.2 2

S1.6.1 1 S.2.5.1 3 S.3.4.2 3 S.4.4.1 3 S.5.4.3 2

S1.6.2 1 S.2.5.2 3 S.3.4.3 3 S.4.4.2 3 S.5.4.4 2

S1.6.3 1 S.2.5.3 3 S.3.5.1 3 S.4.4.3 3 S.5.5.1 2

S1.7.1 1 S.2.5.4 2 S.3.5.2 3 S.4.5.1 3 S.5.5.2 3

S1.7.2 1 S.2.6.1 3 S.3.5.3 4 S.4.5.2 3 S.5.5.3 3

S.2.6.2 3 S.3.5.4 3 S.4.5.3 2 S.5.6.1 3

S.2.7.1 3 S.3.6.1 3 S.4.5.4 3 S.5.6.2 3

S.2.7.2 3 S.3.6.2 3 S.4.6.1 2 S.5.7.1 3

S.3.6.3 3 S.4.6.2 2

S.3.7.1 3 S.4.6.3 2

S.3.7.2 3 S.4.7.1 3

S.3.7.3 3 S.4.7.2 2

S.4.7.3 3
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4.1 Assessment methodology

• The two participating organizations are from North America. In terms of size, they are

considered to be large since each has a total of over 3,000 employees working in

various departments.

• In the first stage of the study, we established contact with individuals in the two

organizations to request their participation in this study. Specifically, we sent

personalized emails to the individuals describing the scope and objectives of the

study. Since the individuals contacted were working in the area of software product line

engineering, their answers were directly applicable to the study. Furthermore, we

informed the participants that the assessment being conducted was part of a Ph.D.

research project and that neither the identity of an individual nor of an organization

would be disclosed in the resulting Ph.D. thesis or in any subsequent research

publications.

• The questionnaires designed for this maturity model are used to measure the maturity

of the organizational dimension of each company’s software product line engineering.

The individuals participating in the study were requested to provide the extent of their

agreement with each statement by using the performance scale ranging from 0 to 4.

This performance scale is illustrated in Table 3.

• Our assessment methodology uses a top-down approach, where the more emphasized

characteristics can be identified by moving from a lower to a higher level in the

questionnaire. Consequently, the respondents must complete the questionnaire by

starting at Level-1 and finishing at Level-5.

• All of the participants in this study were volunteers, and no compensation of any form

was offered or paid. We also told the respondents that if for any reason they did not

want to answer any question, to please leave it blank.

• On average, the respondents to this study had been associated with their respective

organizations for the last 3 years. The minimum educational qualification of the

respondents was an undergraduate university degree and the maximum was a Ph.D.

degree. Most of the respondents generally belonged to middle or senior technical

management and were associated with the software development process. However,

some of them were from other departments such as marketing, sales, and business

development. Some of the participants had policy-making roles or were involved in

implementing organizational strategies from the top to the bottom.

• We highlighted some major sources of data such as documents, plans, models, and

actors for the participants in the study. This was done to reduce the likelihood of

Table 8 Summary of assessment results of case studies

Maturity level Total
statements

Pass threshold
80%

Organization
‘‘A’’ NAOF

Organization
‘‘B’’ NAOF

Preliminary 16 13 0 0

Consistent 19 15 16 0

Streamlined 23 18 23 22

Matured 24 19 14 21

Institutionalized 19 15 9 10

NAOF total number of agreed statements
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inaccurate estimations from the respondents’ and to insure the reliability of the

approach.

• Our assessment was not conducted by the usual on-site method. Specifically, we neither

visited the organizations in person nor had meetings with the individual respondents to

discuss the questionnaires. Our major source of contact and communication with the

respondents was via email.

• We received multiple responses from each organization and thus limited the amount of

bias in the sample. A variety of respondents from each organization provided a more

accurate overall description of the company. Also, we performed an inter-rater

agreement analysis, which is described in following section. This analysis provided

information regarding the extent of agreement among the raters within each organization.

4.2 Post-assessment improvement activity: a preliminary study

The maturity model presented in this work does not provide specific guidelines for the

improvement process. We have assigned this step to being a post-assessment activity,

because we want to limit the scope of this work to the domain of maturity assessment and

target the rest for future work. But, in order to better understand the use and significance of

the organizational maturity model presented in this work, we have discussed and described

the post-assessment improvement activities with the participants from one of the organi-

zations under study. In order to gain a better understanding we used one of the organi-

zational factors, ‘‘conflict management’’ in this preliminary study. Organization ‘‘A’’ was

found to be at Level-3 i.e. ‘‘Streamlined’’. After the assessment, the organization made a

number of observations regarding the management of conflicts in the organization such as

the need for employee training to provide them with a more comprehensive understanding

of conflict management approaches, so that employees could better differentiate between

personal and task conflicts. This observation was based initially on the fact that a number

of conflicts within the organization was not declining over time. They also observed a lack

of mechanism for acknowledging and handling inter-departmental issues. There was also a

lack of an appropriate mechanism for conflict recording and reporting. These observations

were further elaborated on in terms of the software product line engineering process as

follows: There was a lack of coordination between the software product line architecture

and the business development teams because most of the issues concerned managing the

variability among products. There was also a lack of understanding of the software product

line requirements and how to manage those requirements across the product development

in terms of obvious commonalities. In order to set improvement plans, the organization

introduced a comprehensive training program to increase the employees’ understanding of

conflict management. The training involved imparting knowledge about management

procedures and inter-personal skills with respect to indentifying, analyzing, and managing

conflicts. The training also emphasized the differences between personal and task conflicts.

Conflict resolution teams were established at the organizational level that included

members from various departments to address the inter-departmental issues. The conflict

resolution team also proposed the writing of a formal written procedure manual to record

conflict. In addition to those steps, the organization established a joint review committee

consisting of participants from the software product line architecture group and the busi-

ness development group. The objective of this committee was to discuss the issues arising

among those groups and to formulate a strategy to overcome those problems. The com-

mittee also recommended a loosely structured boundary for those departments in order to
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increase the level of communication and gain a better understanding of the underlying

processes of the two departments. It is important to mention here that we did not visit the

organization in person to evaluate and/or record the improvements made by the organi-

zation. The preliminary study of the improvement process reported upon here is based on

our discussions with the people in the organization.

4.3 Inter-rater agreement analysis

Since multiple respondents within a single organization may produce conflicting opinions

about the various organizational factors within the same company, we performed and

reported on an inter-rater agreement analysis. This analysis provided information about the

extent of agreement among the raters within one organization. Inter-rater agreement cor-

responds to reproducibility in the evaluation of the same process and adheres to the same

evaluation specification (Lee et al. 2001). According to El Emam (1999), the level of inter-

rater agreement measures the extent of agreement among independent respondents

regarding their ratings of the same software engineering practices. The Kendall coefficient

of concordance (W) (von Eye and Mun 2005) is often used to evaluate inter-rater agree-

ment. Where ordinal data is used, it is preferred to such other methods as Cohen’s Kappa

(Cohen 1960). The symbol, ‘‘W’’, indexes the divergence of the actual agreement shown in

the data from the ideal agreement. In our study, we conducted an inter-rater agreement

analysis using Kendall and Kappa statistics. Table 9 reports the Kendall and Kappa sta-

tistics of Organization ‘‘A’’. Values of Kendall’s W and the Fleiss Kappa coefficient can

range from 0 to 1, with 0 indicating perfect disagreement and 1 indicating perfect

agreement (Landis and Koch 1977). The benchmark for Kappa (El Emam 1999) includes

four level scales (\0.44 poor, 0.44–0.62 moderate, 0.62–0.78 substantial, and [0.78

excellent). The Kappa coefficient observed in this study ranges from 0.65 to 0.77 and hence

falls into the category of being substantial. The total number of respondents from Orga-

nization ‘‘A’’ and ‘‘B’’ were 18 and 21, respectively.

4.4 Limitations of the assessment methodology

Questionnaire-based maturity models are susceptible to certain limitations, which is the

case with this model. Some of the limitations associated with this model of software

product line engineering are as follows:

• The first limitation involves the degree of completeness of the model. Although we

used seven different organizational factors, which were spread over five maturity

Table 9 Inter-rater agreement
analysis

* P \ 0.01; ** P \ 0.05

Maturity level Kendall statistics Kappa statistics

Kendall’s
coefficient of
concordance (W)

v2 Fleiss kappa
coefficient

Z

Level-1 0.80 61.30* 0.77 10.33*

Level-2 0.70 59.40* 0.67 9.01**

Level-3 0.69 48.39* 0.65 8.60*

Level-4 0.75 63.20* 0.71 10.02*

Level-5 0.77 55.22** 0.72 9.58**
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levels, there may have been other factors that influenced the institutionalization process

of software product lines. Other contributing factors not considered in this model

included organization size, economic conditions, and political conditions.

• The second limitation of the methodology was the issue of subjective assessment. We

used statistical techniques that were most commonly used in software engineering to

ensure the reliability and validity of the questionnaire-based assessment approaches.

However, our measurements were still largely based on the subjective assessment of

individuals.

• Although we used multiple respondents within the same organization to reduce bias,

bias is still a core issue in decision making and evaluating questionnaire-based

responses. Product line engineering is a relatively new concept in software

development, and not many of the organizations in the software industry have

institutionalized and launched this concept. Hence, collecting data for determining the

level of reliability and validity of the various assessment items from the software

industry was a limitation.

• The degree of respondent participation also affected the accuracy of the results. As

previously mentioned, we asked the respondents to consult major sources of relevant

data in their organizations to reduce the possibility of inaccurate judgment when filling

in questionnaires. However, the data collection was largely dependent on the

individuals’ efforts to obtain the required information before responding to the

statements presented in the questionnaire.

• We did not ask the respondents to provide us with their confidence levels in answering

the questions quantitatively, but we did request them to subjectively reply to the

questions to the best of their abilities. In order to handle this particular aspect, we

conducted and recorded the results of this inter-rater agreement analysis, while still

assuming that this aspect was an additional limitation of the assessment methodology.

• Our assessment methodology did not account for the role of independent assessors even

though their role is an important aspect of maturity assessment modeling. Their role

defines the level of coordination between the assessor and the internal assessment team

and provides for an evaluation. The current case studies are based on self-assessment.

• The methodology evaluates and quantifies the maturity level of the different

organizational factors as well as gauges the overall maturity level of the organizational

dimension. However, our maturity model does not provide any guidelines for an

improvement process, which we consider to be a subsequent project emanating from

this study.

Although the organizational maturity model presented in this paper has both some

general and specific limitations, it still provides a comprehensive approach to evaluating

the maturity level of the organizational dimension for software product line engineering.

Furthermore, it provides a suitable foundation for future research in this area.

4.5 Utilization of the organizational maturity assessment model

One of the advantages of using maturity models in software engineering is that they have

the ability to obtain inside information about the current maturity level of the different

process-related activities in a particular organization. Ideally, this information provides a

basis for improvement plans and activities. Furthermore, maturity models are also

advantageous to individual organizations because companies with high maturity ratings

are more attractive to potential customers. We summarized the advantages of the
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organizational maturity model from such perspectives as software engineering research,

various organizational aspects, product development, and process improvements.

• Overall, the maturity level model presented in this work provides information that can

be used to improve the organization’s process methodology and complementary

product development activities within the organization.

• The overall performance of an organization depends on a number of critical factors that

facilitate the enhancement of the human resource component of a company. Since

technologies and organizational formats are evolving rapidly, companies must monitor

the factors affecting the performance of employees involved in product development.

The monitoring of such organizational factors helps in achieving the company’s

ultimate goal of developing and profiting from its products. The maturity assessment

model presented in this work will help companies monitor and evaluate the overall

working environment of an organization.

• The model presented here also highlights a methodology for evaluating some of the

organizational factors affecting the operation of a company. Moreover, such an

evaluation can provide inside information on the factors requiring improvement by

management. For example, if management discovered that organizational communi-

cation is at a lower maturity level then they could introduce changes to the

communication protocols to improve it. Such improvements could subsequently help in

the product development process, which is the ultimate goal of the organization.

• The software product line is gaining popularity and many organizations around the

world are currently involved in applying this concept. Our model provides a

preliminary conceptual framework for the maturity assessment of software product line

engineering. Consequently, this area of study still requires future contributions from

software engineering researchers.

5 Final remarks

This research contributes toward the establishment of a comprehensive and unified strategy

for a process maturity evaluation of software product line engineering. It also presents an

organizational maturity model for evaluating the ‘‘organizational dimension’’ of software

product line engineering. Furthermore, it helps us to understand the institutionalizing

process of software product line engineering within a company. The model comprises five

maturity levels, a set of questionnaires for each of these five maturity levels, performance

scales, and a comprehensive rating method. The responses to the statements in the ques-

tionnaires, when applied in conjunction with the rating methodology, provide a quantita-

tive means of evaluating the maturity level of the organizational dimension of software

product line engineering. The case studies conducted in this research reveal the maturity of

software product lines in those organizations. This research reinforces the current per-

ception that software product line engineering requires a comprehensive and precise

alignment of inter-disciplinary organizational strategies and software engineering activi-

ties. Apart from its general and specific limitations, the organizational maturity model

presented in this paper contributes significantly to the effectiveness of software product

lines by addressing a topic of immense importance.
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