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Competing Values in Software Process Improvement:
An Assumption Analysis of CMM From an

Organizational Culture Perspective
Ojelanki Ngwenyama and Peter Axel Nielsen

Abstract—The capability maturity model (CMM) approach to
software process improvement is the most dominant paradigm
of organizational change that software organizations implement.
While some organizations have achieved various levels of success
with the CMM, the vast majority have failed. In this paper, we in-
vestigate the assumptions about organizational culture embedded
in the CMM models and we discuss their implications for software
process improvement (SPI) initiatives. In this paper, we utilize
the well-known competing values model to surface and analyze
the assumptions underlying the CMM. Our analysis reveals
contradictory sets of assumptions about organizational culture in
the CMM approach. We believe that an understanding of these
contradictions can help researchers address some of the difficulties
that have been observed in implementing and institutionalizing
SPI programs in organizations. Further, this research can help
to open up a much-needed line of research that would examine
the organization theory assumptions that underpin CMM. This
type of research is important if CMM is to evolve as an effective
organizational change paradigm for software organizations.

Index Terms—Capability maturity model (CMM), competing
values model, organizational culture, software engineering,
software process improvement (SPI).

I. INTRODUCTION

DURING THE LAST decade, software process improve-
ment (SPI) has emerged as the dominant approach for

improving quality and productivity in software development
organizations. Inspired by the work of Humphrey [15]–[17], a
large body of knowledge on SPI has become available including
specificmodelssuchasSPICE[7], theEuropeanbootstrapmodel
[22], the capability maturity model (CMM) [33]–[35], quality
improvement process [27], and quality software management
[49]. The CMM and its SPI implementation methodology,
IDEAL, are the most widely known and are used by software
companies all over the world. The theoretical foundations of
SPI approaches (specifically CMM) are rooted in the technical
perspectives of cybernetics and total quality management. Ever
since its first presentation, CMM has been extremely influential
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on software engineering practices around the world. The model
has served as a framework for software process and quality
improvement efforts in thousands of software organizations and
the resources expended on CMM-based SPI are in the billions
of dollars [9]. Despite the large investments of resources, the
failure rate for SPI programs is high—too high many would say.
The most recent report from the Software Engineering Institute
puts the rate of failure at around 70% [45]; a prior report [44]
showed equally dim results.

There are several possible explanations for the high rate of
failure. Several researchers have suggested that CMM does
not effectively deal with the social aspects of organizations.
Johansen and Mathiassen [18] argue that CMM needs a more
managerial focus. Nielsen and Nørbjerg [31] argue that CMM
needs to be supplemented with socially oriented theories in
order to address organizational change issues and organizational
politics. Aaenet al. [51] argue that the scale and complexity
of the organizational change proposed by CMM necessitates
a managerial rather than technical approach. We agree that
the CMM-SPI paradigm lacks an awareness of the social
nature of organizations, but we also believe that assumptions
about organizational culture embedded in CMM constitute a
fundamental issue. In general, the CMM–SPI paradigm holds
a rational and mechanistic view of organizations. The risk is
that this mechanistic view reduces software organizations to
little more than input–output processes governed by technical
rules. The primary objective of the CMM is to achieve “optimal
repeatable processes for software development” [32], [33]. Al-
though the SPI paradigm is an attempt to change how software
professionals think and act in their everyday organizational
activity [50], researchers and proponents of SPI have yet to
incorporate the organizational culture perspective in their work.
The fundamental conjecture of this paper is that SPI is an
intervention in the organizational culture with the objective
of changing it. In this regard, SPI theory and practice cannot
ignore the body of knowledge about organizational culture. As
Lundberg puts it: “Organizational culture determines much of
what we can do as we attempt to manage change” [24].

In thispaper,we investigate thecoreassumptionsaboutorgani-
zational culture embedded in the CMM models. Our motivation
for conducting this study stems from our experiences in longi-
tudinal (1997–1999) studies of CMM–SPI implementation con-
ducted in fourcompanies.During thesestudies, it becameclear to
us that contradictory assumptions within the CMM models were
presenting difficulties to the implementation teams. We believe
that a clear understanding of the core assumptions of CMM–SPI
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can help both researchers and implementers understand the limi-
tations of the paradigm. The research presented here can help re-
searchers to reconceptualize the CMM–SPI models in order to
address not only the cultural contradictions, but also blind spots
in organizational change that inhibit successful implementation.
It can also help managers using current CMM models to antici-
pate implementation problems and to design solution strategies
for overcoming them. In this paper, we utilize the well-known
competing values model to surface and analyze the assumptions
underlying the CMM. Our analysis uncovers two distinctly dif-
ferentandcontradictorysetsofassumptionsaboutorganizational
culture in the CMM approach. We believe that these contradic-
tions can lead to significant problems in implementing and insti-
tutionalizing SPI programs inorganizations.The rest of the paper
isorganizedasfollows. InSectionII,wereviewthebasicconcepts
of organizational culture and outline the framework and method
for our analysis. We use this in an analysis of the assumptions in
the CMM about organizational culture. In Section III, we present
the research findings. In Section IV, we discuss our findings and
conclude with some ideas for future research into CMM-based
SPI.

II. ORGANIZATIONAL CULTURE

Our primary objective is to surface and analyze the assump-
tions about organizational culture that are embedded in the
CMM. Some of these assumptions are explicitly addressed
in the CMM, while others are not explicated and we need to
go beyond the claims made by its developers and proponents.
To assist in surfacing the assumptions, we look particularly
for inherent contradictions and hidden meanings in the CMM
texts. Specifically, we are interested in surfacing contradictory
assumptions about organizational culture present in the text. We
use the competing values in organizational culture framework
as a lens for examining the CMM documents. Before we outline
the competing values framework, we will briefly overview
some basic concepts of organizational culture.

Although there is a growing body of literature on organiza-
tional culture, there is no formal definition of the term [14],
[43]. Definitions of organizational culture range from mentalist
(mental models) to social constructivist (social structures)
views. Hofstede, for example views organizational culture as
“the collective programming of the mind which distinguishes
the members of one organization from another” [13]. Louis
views organizational culture as “the tacit, shared, and coherent
understandings among members about who and what matters;
how, what, and why things get done as they do” [23]. Others
view organizational culture as social structures (symbols,
norms, shared meanings) that influence an actor’s lived experi-
ence and sense-making about organizational realities [12], [28],
[30], [37], [46]. Although there are different conceptualizations
of organizational culture, most authors agree that it is the basis
upon which organizational actions are constructed and enacted
[1], [13], [36], [43].

Smircich [46], for example, suggests that organizational cul-
ture can be viewed as a cognitive-social structure that is partly
embedded in the minds of organizational members and partly
externalized in specific symbolic activities, shared values,

norms, and understandings. Such structures are built up over
time via socialization and lived experience in the organization
and society [2]. From this perspective, organizational culture is
viewed as cognitive and social structures that circumscribe and
determine the potential and the options in organizational action.
Other researchers view organizational culture as the ground of
organizational action and its manifestations as various levels
of organizational reality. Schein [42], [43] distinguishes three
levels of organizational culture: artifacts, values, and under-
lying assumptions. In Schein’s conceptualization [43, p. 252],
artifacts are “visible organizational structures and processes;”
valuesare “strategies, goals and philosophies;” andunderlying
assumptionsare “unconscious, taken for granted beliefs and
habits of perception, thought and feeling. ” Lundberg [24] also
distinguishes between three levels of organizational culture:
manifest, strategic, and core. In Lundberg’s conceptualiza-
tion, the manifest level is composed of “symbolic artifacts,
language, stories, ritual activity, and patterned behavior.” The
strategic levelis composed of strategic beliefs. Thecore level
is composed of ideologies, values, and assumptions. Schein’s
conceptualization has been criticized for its shallowness and
augmented by other theorists such as Marcoulides and Heck
[26] and Grundy and Rousseau [8]. It is generally agreed that
what is most visible in organizational culture are “symbols of
identification,” such as logos, ritualistic activity, patterns of
behavior, and communication (jargon, slogans, etc.). These
symbols are simply a reflection of deeper levels of culture,
such as core values, ideologies, and assumptions [40], [41].
Some theorists have suggested that the stronger the integration
between layers of culture, the stronger the culture is [6], [36]
and the more difficult to change [24].

A. Framework for Analysis

In this research, we take the view that organizational cul-
ture can be interrogated viaorganizational artifacts, such as:
1) visible organizational structures and processes; 2) values and
underlying assumptions; and 3) symbols [24], [40], [41], [43].
We are not suggesting that organizational culture is static—we
take the view that organizational culture is emergent. We view
the cultural process as a continual enactment within a context
of cognitive and social structures that circumscribe and deter-
mine the potential and options in organizational action. We share
Smircich’s [46] view that organizational culture is a cognitive-
social structure. On the manifest level, organizational structures,
processes, and symbols are carriers of organizational culture. On
the core level, organizational members share beliefs, values, and
understandings, which guide their actions.

We have selected the competing values framework of Quinn
and McGrath [38] and its extensions as the lens through which
we examine the artifacts of the CMM paradigm. The reasons for
choosing this framework are as follows. First, the framework
focuses on the problems of organizational change and this is
certainly relevant to understanding SPI. Second, the framework
focuses on how the values of the different schools of organiza-
tion theory are embodied in management practice and through
that we can analyze the organization theories that underpin the
CMM. Third, the competing values framework provides the lens
through which we can observe and analyze the contradictions of
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TABLE I
COMPETING VALUES IN ORGANIZATIONAL CULTURE [38]

organizational culture embedded in the CMM paradigm of or-
ganizational change.

We are aware that any type of framework of organizational
culture types can be seen as an objectification that can limit
understanding of a dynamic and emergent organizational prac-
tice. It can also provide a set ofconceptsto help us understand
how certain organizational cultures enable or constrain organi-
zational changes. Our interest is in the latter; we are interested
in interrogating SPI in general and CMM in particular from an
organizational culture perspective with a view to understanding
the strengths and limitations of SPI theory and practice.

Quinn and McGrath [38] described and characterized four or-
ganizational culture forms: Hierarchical, Rational, Consensual,
and Developmental (see Table I). These four forms are rooted in
four schools of organization theory: Internal Process, Rational
Goal, Human Relations, and Open Systems. For a detailed his-
torical analysis of these four schools of organization theory and
the basis for these competing values see [30]. The four orga-
nizational culture forms that derive from these schools can be
characterized by their core beliefs, routines, and symbolic rep-
resentations of key aspects of organizational life. The prototyp-
ical hierarchical culture is the military, but it can be found in
many other organizations. The prototypical rational culture is
the production plant oriented to economic measures, produc-
tivity, and efficiency. The consensual cultures are oriented to-
ward cohesion, group maintenance and morale. Authority rests
with the group, decision-making is participative, and power de-
rives from ability to cultivate and maintain relationships. Con-
sensus cultures are open to change, but require agreement of the
group members. The leadership style focuses on team building
and a high degree of commitment to group process is expected of

members. The development culture is oriented to growth and its
organizational purpose is human development. The leadership
style is open and empowering, decision-making is people-ori-
ented, and power is based on deeply held values. Change is
embraced as the natural evolution of things. As stated earlier,
these are ideal types. Organizations may exhibit these cultures
to varying degrees or be a mix of cultures [47].

B. Method of Analysis

Our methodology for uncovering the assumptions embedded
in the empirical materials was based on content analysis [20],
[25]. For this analysis, we selected the authoritative documents
of the CMM, SW-CMM 1.1, and P-CMM 2.0, the latest ver-
sions published by the Software Engineering Institute (SEI),
Carnegie-Mellon University, Pittsburgh, PA. The background
for the CMM can be found in the late 1980s U.S. Department
of Defense project for evaluating which software developing
companies could be expected to deliver high-quality software
on time and within budget. Humphrey has explained the philo-
sophical foundations of CMM in [16]. The first version of CMM
was published and used by SEI in 1990. From SEI’s interaction
with software developing companies and from the documenta-
tion readily available on their website, the CMM became the
most influential framework for improving software processes. A
revised version 1.1 was authored by Paulk and others and pub-
lished in 1993 in two significant technical reports: [33], which
provides the rationale and the overview and [35], which gives
detailed descriptions of the maturity levels and the key process
areas. These two reports were later compiled into a book [34].
Curtis and others published the People CMM (P-CMM) ad-
dressing similar improvement of human resources in 1995 in
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its first version [3], [4]. A version 2.0 of SW-CMM has been
underway since 1995, but its release has been cancelled and the
scope of CMM has later broadened considerably. However, the
core documents of SW-CMM are still [33], [35] and Version 2.0
of P-CMM [5].

Our analysis of these documents followed a three-stage
process:

1) identifying themes around the terms suggested in the
competing values framework;

2) exhaustive searching for empirical observations on the
themes;

3) analysis and interpretation of the findings.

We started this research with significant knowledge of the
CMM gained from participation in a longitudinal (1997–1999)
action research project on the implementation of CMM-based
or CMM-inspired SPI in four software companies. In this re-
gard, we were able to enter at Stage 2. Using keywords defined
from Table I, we conducted an exhaustive iterative search of the
documents. The procedure for Stage 2 is as follows.

0) The three documents are available in PDF format. We
stripped them of all meta-data by sending them to
pdf2txt@adobe.com. The resulting ASCII texts were
loaded into ATLAS/TI without modification.

1) We searched the text matching key words derived from
the four culture types. For example, from Table I in the
category of Organizational Structure, we derive the key
words: a) Responsibilities; b) Group; c) Role; d) Complex
Task; e) Competence. We used the key words to search the
documents and when matches were found we coded the
term for all occurrences of it in the text. E.g., all occur-
rences of “goal” and “goals” where coded with “goal.”
We found 638 instances of the termResponsibility, 1980
instances of the termGroup, 254 instances of the term
Role, 5 instances of the termComplex, and 1736 instances
of the termCompetence. Table V illustrates part of the re-
sults from the search process.

2) The coded sentences were then read. By reading the sen-
tences we were able to find new search terms and repeated
Step 1.

3) One of the authors read all the overview chapters of the
three documents to find additional search terms. These
were used and Steps 1 and 2 were repeated.

4) For each of the three documents, we ran a count of
frequencies of word occurrences. Frequently occurring
words were selected based on whether they were judged
to be significant either in the one of the four culture types
or in one of the CMMs. Steps 1 and 2 were repeated for
significant terms.

5) We then retrieved segments of text from the documents
based on logical relationships between codes, e.g., the
sentences coded with “effective” and “goal.”

Through this iterative search, reading, and rereading the text
excerpts in context, we were able to uncover empirical evidence
of assumptions of organizational culture relating to the four
types in the competing values framework outlined in Table I.
The main themes of our findings are:

1) both CMMs, SW-CMM in particular, are predominantly
rational and lead to organizational cultures of the rational
form;

2) SW-CMM suffers from some internal contradictions as
it shares many aspects with the hierarchical culture type;
SW-CMM turns gradually hierarchical at higher levels;

3) P-CMM suffers from an additional, significant, main con-
tradiction between the rational and the consensual culture
forms; SW-CMM and P-CMM are mutually inconsistent;

4) both CMMs, P-CMM in particular, express allegiance
with the developmental culture form as an end but not as
a means.

In the next section, we discuss each of the findings and outline
the present significant contradictions for organizational change
within the CMM paradigm.

III. RESEARCHFINDINGS

According to Paulket al., SW-CMM is a framework that de-
scribes the key elements of an effective software process [33, p.
O-7]. In the CMM, “capability” refers to “the range of expected
results that can be achieved” [35, p. O-10]. As part of CMM
software development, organizations are characterized asimma-
ture andmature(see Table II). According to SW-CMM, soft-
ware development in immature organizations is accomplished
by improvization as opposed to adherence to rules. Software
functionality and quality are often compromised to meet dead-
lines. Schedules and budgets are not based on realistic estimates
and are routinely exceeded. However, in mature organizations,
software development is carried out according to planned and
well-defined processes in which roles and responsibilities are
clear. Schedules and budgets are realistic and based on historical
data; cost expectations are met and product quality is achieved.
In the SW-CMM theimmatureorganization is the suboptimal
organization that does not follow the rules of “good” software
development practice and, thus, falls into difficulty. As an an-
tidote to the “problems of immaturity,” “the CMM describes
an evolutionary improvement path from anad hoc, immature
process to a mature, disciplined process” [35, p. O-7]. The evo-
lutionary improvement path is a five-level model: Level 1 is the
immature stage and Levels 2–5 describe what the maturing soft-
ware development organization needs to focus on in order to
achieve that level of maturity.

1) Initial . The software process is characterized asad hoc
and occasionally even chaotic. Few processes are defined
and success depends on individual effort and heroics.

2) Repeatable. Basic project management processes are es-
tablished to track cost, schedule, and functionality. The
necessary process discipline is in place to repeat earlier
successes on projects with similar applications.

3) Defined. Management and engineering activities are doc-
umented, standardized, and integrated into a family of
standard software processes for the organization. Projects
use a tailored version of the organization’s standard soft-
ware processes for developing and maintaining software.

4) Managed. Detailed measures of the software process and
product quality are collected. Software processes and
products are quantitatively understood and controlled.
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TABLE II
CHARACTERIZATION OF IMMATURE AND MATURE ORGANIZATIONS [33]

5) Optimizing. Continuous process improvement is facili-
tated by quantitative feedback from the process and from
piloting innovative ideas and technologies.

The fundamental conjecture of the CMM is that organiza-
tional change, along the trajectory of maturity levels, means im-
proving the efficiency and effectiveness of software production,
with Level 5 being the pinnacle of software development capa-
bility—the mature organization.

A. CMM: The Rational Ideal

Our analysis of the CMM documents reveals that while the
proponents espouse the idea that CMM would lead to a dy-
namic, flexible learning organization, the core assumptions of
the CMM paradigm are based on rational rule-governed organ-
ization structures that are oriented toward stability, control, and
productivity. SW-CMM defines an organization that develops
software as a set of processes (i.e., software processes) that can
be monitored and controlled to achieve optimal output. This
process view of organizations is the fundamental premise of the
rational bureaucratic organization (Table I, [38], [39]).

The underlying assumptions about organizational culture
in SW-CMM are very much of the rational culture type. The
organizational orientationin SW-CMM is that of increasing
software developers’ productivity as well as the organized
efficiency and produced quality.

“At Level 5, new and improved ways of building the
software are continually tried, in a controlled manner, to
improve productivity and quality. Disciplined change is a
way of life as inefficient or defect-prone activities are iden-
tified and replaced or revised” [33, p. 38].

“[A]s a software organization matures, costs decrease,
development time becomes shorter, and productivity and
quality increase”[33, p. 41].
The task of developing reliable software is a complex task

which is reflected in the organizational structure. The primary
organizational unit is the project and all effort directed at get-
ting a software organization to Level 2 deals with managing the
project.

“An objective in achieving Level 2 is to institutionalize
effective management processes for software projects,
which allow organizations to repeat successful practices
developed on earlier projects” [33, p. 27].
Theorganizational structureis also created around different

roles and groups with separate responsibility and specialized
expertise. Special groups are established for software quality
assurance, software configuration management, software engi-
neering process, and quantitative process management, among
others.

“There is a group that is responsible for the organ-
ization’s software process activities, e.g., a software
engineering process group, or SEPG” [35, p. O-15].

“Roles and responsibilities within the defined process
are clear throughout the project and across the organiza-
tion”[33, p. 19].
The software engineering group, for example, has in

SW-CMM definite and explicit responsibilities at Level 2, e.g.,

“The software engineering group reviews the project’s
proposed commitments” [35, p. O-33].
The scope and responsibilities of the groups vary consider-

ably depending on expertise:

“Some groups, such as the software quality assurance
group, are focused on project activities and others, such
as the software engineering process group, are focused on
organization-wide activities” [35, p. L3-4].
The SW-CMM is goal seeking in several ways. In the docu-

mentation, the term “goal” plays a significant role. The two main
documents [33], [35] add up to more than 500 pages. The term
“goal” occurs 344 times making it one of the 20 most used sig-
nificant words. First and foremost, the whole idea of the CMM is
a goal-seeking one where the ultimate goal is the Level 5 organ-
ization, but where subgoals are formulated in terms of Levels
2–4. The goals for the improvement are set by the CMM.

“To achieve lasting results from process improvement
efforts, it is necessary to design an evolutionary path that
increases an organization’s software process maturity in
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stages. The software process maturity framework…orders
these stages so that improvements at each stage provide the
foundation on which to build improvements undertaken at
the next stage” [33, p. 22].
It is also goal seeking within each of the processes. For each

key process area there is a set of goals. A goal is defined as:

“The goals summarize the key practices of a key process
area and can be used to determine whether an organiza-
tion or project has effectively implemented the key process
area. The goals signify the scope, boundaries and intent of
each key process area” [35, p. O-11].
These goals are set by the SW-CMM, e.g., for the key process

area Intergroup Coordination at Level 3 the goals are:

“Goal 1: The customer’s requirements are agreed to by
all affected groups.

Goal 2: The commitments between the engineering
groups are agreed to by the affected groups.

Goal 3: The engineering groups identify, track and re-
solve intergroup issues”[35, p. L3-85].
Decision makingin CMM is also based on the rational cul-

ture form. Decisions are driven by goals and in decision-making
goals are pursued in a systematic and analytical way.

“In a mature organization, managers monitor the quality
of the software products and customer satisfaction. There is
an objective, quantitative basis for judging product quality
and analyzing problems with the product and process” [33,
p. 19].
Further, each key process is evaluated based on a set of pre-

defined measurements and a set of verification activities. For
example, the intergroup coordination process at Level 3 is eval-
uated by the following measurements and verification activity.

“Measurement 1: Measurements are made and used to
determine the status of the inter-group coordination activ-
ities” [35, p. L3-93].

“Verification 3: The software quality assurance group re-
views and/or audits the activities and work products for
inter-group coordination and reports the results” [35, p.
L3-94].
Complianceis, to a large extent, based on meeting commit-

ments. Commitments are common in the formulation of key
process areas.

“Goal 3: Affected groups and individuals agree to
their commitments related to the software project” [35, p.
L2-12].
Humphrey, in providing the philosophical underpinning of

the CMM, explains commitment and commitment discipline in
the following way:

“The foundation for software project management is the
commitment discipline. … Commitments are not met by
reviews, procedures, or tools, however; they are met by
committed people” [16, p. 69].

“In simplest terms a commitment is an agreement by one
person to do something for another” [16, p. 70].

“Commitment is a way of life. Committed organizations
meet their large and their small commitments” [16, p. 71].

This attitude coincides with the idea of compliance as con-
tractual agreement as defined in the rational culture type. In the
SW-CMM, many commitments are made—they form a hier-
archy, they are sometimes made informally (but not lightly), and
they are often made formally and documented, hence, making
it easier to observe compliance and noncompliance.

Based on a similar analysis of P-CMM, we found that it too
leads to a dominant rational culture type.

B. SW-CMM: The Hierarchical Ideal

In SW-CMM, a software process is set of activities, methods,
practices, and transformations that developers use to develop
and maintain software and the associated products, e.g., project
plans, design documents, code, test cases, and user manuals
[35]. Further, SW-CMM defines “software process maturity [as]
the extent to which a specific process is explicitly defined, man-
aged, measured, controlled, and effective” [33, p. 4]. Some of
the key features of the CMM process view that clearly reflect the
hierarchical culture are: 1) an orientation to stability and con-
trol; 2) precise job definitions; 3) clear lines of authority; and 4)
strict policies and management controls. Table IV shows the or-
ganizational structures required by SW-CMM. As Paulket al.
explain, the SW-CMM “provides software organizations with
guidance on how to gain control over their processes for devel-
oping and maintaining software and how to evolve to a culture
of software engineering and excellence” [33, p. 5]. From this
perspective, the SW-CMM espouses an organizational culture
form in which people and processes are treated mechanistically
like a machine, for which the operation and performance can
be quantified, measured, and controlled. These assumptions are
evident in the SW-CMM’s overview of itself:

“The key process areas are categorized … into three
broad categories: Management, Organizational and Engi-
neering processes. The Management process category con-
tains the project management activities as they evolve from
planning and tracking at Level 2, to managing according to
a defined software process at Level 3, to quantitative man-
agement at Level 4, to innovative management in a con-
stantly changing environment at Level 5. The Organiza-
tional process category contains the cross-project responsi-
bilities as the organization matures, beginning with a focus
on process issues at Level 3, continuing to a quantitative
understanding of the process at Level 4 and culminating
with the management of change in an environment of con-
tinuous process improvement at Level 5. The Engineering
process category contains the technical activities, such as
requirements analysis, design, code and test, which are per-
formed at all levels, but that evolve toward an engineering
discipline at Level 3, statistical process control at Level 4
and continuous measured improvement at Level 5” [35, p.
O-26].
In more detail, there are several elements of SW-CMM that

share its assumptions about organizational culture with the hi-
erarchical culture type. The orientation is toward stability and
control.

“The first responsibility and the focus of Level 4, is
process control. The software process is managed so that
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it operates stably within a zone of quality control” [33, p.
17].

“At Level 2, the customer requirements and work prod-
ucts are controlled and basic project management practices
have been established. These management controls allow
visibility into the project on defined occasions” [33, p. 21].
The SW-CMM requires considerable knowledge of organi-

zational rules and procedures in terms of standard processes,
though these are more general than what is often seen in hi-
erarchical culture types. Decision-making, thus, also has ele-
ments of top-management pronouncement in the way the stan-
dard software process is common to all projects. The project
decides its own defined software process, but within the limits
of the standard software process.

“Projects tailor the organization’s standard software
process to develop their own defined software process,
which accounts for the unique characteristics of the
project. This tailored process is referred to in the CMM
as the project’s defined software process. … Because the
software process is well defined, management has good
insight into technical progress on all projects” [33, p. 12].
There are also elements of measuring compliance by moni-

toring and control. All key process areas stipulate measurement
and verification activities. For example, the measurement and
verification activity for the key process area “Software Config-
uration Management” at Level 2 is:

“Measurement 1: Measurements are made and used to
determine the status of the SCM activities” [35, p. L2-87].

“Verification 1: The SCM activities are reviewed with
senior management on a periodic basis” [35, p. L3-87].
Another aspect of CMM that reflects the hierarchical organi-

zational form is its fascination with rules. In the more than 500
pages of SW-CMM documentation and 735 pages of P-CMM
documentation, what stands out is pervasiveness of rules. There
are detailed descriptions of key process areas with: goals, activ-
ities, measurement, and verification. These detailed description
are formal rules, procedures, and policies to be followed, they
also stipulate a large number of organizational rules and policies
that establish and enforce the organizational structures.

The elements of the hierarchical culture type are present but
not dominant at the lower levels of SW-CMM. The higher the
level in SW-CMM the more the hierarchical culture type is im-
posed on the software processes. At Levels 2 and 3, the ra-
tional culture type is imposed as part of the evolutionary, staged
change activities though there are definitely elements of the hi-
erarchical culture type. At Levels 4 and 5, there is a drift away
from the rational culture type toward more and more of the hi-
erarchical culture type.

C. P-CMM: The Consensual Ideal

The P-CMM is a framework for guiding organizations in at-
tracting, developing, motivating, organizing, and retaining the
talented people needed to continually improve their software de-
velopment [5]. However, the organizational culture that P-CMM
prescribes is based on the human relations approach to man-
agement that is contradictory to the SW-CMM rational ma-

chine view of the organization. The management and leader-
ship styles of the P-CMM and the SW-CMM models are dia-
metrically opposed. The management and leadership styles em-
bedded in the SW-CMM descriptions reveal an orientation to
monitoring, control, and rule compliance. The style suggested
in P-CMM involves mentoring, coaching, and team building.
Further, decision-making processes in the SW-CMM are closed
and roles and responsibilities explicitly defined, while the pro-
cesses suggested by P-CMM are participatory and open.

According to Curtiset al. [5], the strategic objectives of
P-CMM are:

1) improve the capability of the software organization by
increasing the capability of its workforce;

2) ensure that competences for developing software are or-
ganizational rather than individual;

3) align the motivations of individuals with those of the or-
ganization;

4) retain the human assets of the organization.

P-CMM outlines a similar five-level evolutionary model for as-
sessing the organization and implementing improvements. Ac-
cording to P-CMM, the worst-case scenario of Level 1 is that
managers do not accept responsibility for developing their em-
ployees. They put little effort into evaluating job candidates
and the performance of employees; consequently, employees
are disgruntled and the capability of the organization is under-
mined. The P-CMM remedy for this problem is the five-level
model.

1) Initial . The software organization’s capability is unknown
since there is no effort to measure it. Individuals are mo-
tivated to pursue their own agendas since there are few
incentives to pursue the organization’s objectives.

2) Repeatable. Instill basic discipline into workforce activi-
ties. Eliminate problems that keep people from being able
to perform their responsibilities effectively. Establish a
foundation of workforce practices that can continually
improve the workforce.

3) Defined. Identify primary competences and align with
workforce activities. Adapt the workforce practices to de-
velop specific skills and competences that the organiza-
tion needs. Identify best practices and tailor them to the
organization.

4) Managed. Quantitatively manage organizational growth
in workforce capabilities and establish competence-based
teams. Collect and analyze performance data to evaluate
competence.

5) Optimizing. Continuously improve methods for devel-
oping personal and organizational competence.

In line with the structure of SW-CMM, P-CMM defines a
set of key processes that must be implemented for each level of
maturity before moving on to the next. The processes are cate-
gorized into four areas: 1) developing capabilities; 2) building
teams and culture; 3) motivating and managing performance;
and (4) shaping the workforce. P-CMM suggests that the
path to developing capabilities starts with delivering training
in oral and written communication, followed by systematic
assessments of competence requirements and implementing
organizational structures for competence development. The
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TABLE III
KEY PROCESSES FORDEVELOPINGORGANIZATIONAL CAPABILITIES [5]

model also suggests mentoring and coaching as important
activities for developing the capabilities of the employees.
Prescriptions are given for developing a participatory culture
and team building. Table III summarizes the processes that the
organization must implement to achieve each level of maturity
in the P-CMM scheme.

In many respects, P-CMM exhibits fundamental assumptions
of the consensual organizational culture type (see Table I). The
following aspects of the consensual culture type are all part of
the core idea of P-CMM: group maintenance as an organiza-
tional objective, the organization structured around collabora-
tive workgroups, decision making to be participatory, and the
leadership style based on team-building. At Level 2, we find the
key process area Communication and Coordination where the
purpose is:

“To establish timely communication across the organ-
ization and to ensure that the workforce has the skills
to share information and coordinate their activities effi-
ciently” [5, p. 141].
At Level 3, there is the key process area Participatory Culture.

The purpose of Participatory Culture is to create the ability to
participate in decision-making.

“The open communication established with Communi-
cation and Coordination practices at the Managed Level
creates a foundation for developing a participatory culture.
A participatory culture provides an environment in which
competent professionals are fully able to exercise their ca-
pabilities” [5, p. 379].
At Level 4, there is the key process area Empowering Work-

groups with the purpose:

“To invest workgroups with the responsibility and au-
thority for determining how to conduct their business ac-
tivities most effectively” [5, p. 141].
The development and management of individual and orga-

nizational competences also play an equally important role in

P-CMM. The primary vehicle for developing individual and or-
ganizational competence is the workgroup.

“The purpose of Workgroup Development is to orga-
nize work around competency-based process abilities” [5,
p. 347].
However, is this really a departure from the rational model

of the work group espoused in SW-CMM? Close observation
reveals that, in principle, the same rational culture assumptions
about organizational structure are operating here. Some might
argue that the team organization and goal-oriented structure of
the SW-CMM software organization suggest a consensual or
developmental organizational form. However, the underlying
context of P-CMM tells a different story. At first sight the
concepts “team work” and “participatory decision making”
belong to the consensual culture type where the idea of process
is also strong. However, this is not the same in SW-CMM. The
key process areas are first and foremost defined by their goals.
Goal-driven behavior—in particular adherence to predefined
goals—belongs to the rational culture type and can never be
a core idea of the consensual culture type. Also, in the con-
sensual culture type compliance is measured by commitment
to process and that seems to be a core idea in SW-CMM
as well. However, we have already seen that compliance in
SW-CMM is measured by contractual agreement, i.e., that
commitments are met. The consensual culture’s idea of a
process is that the process itself ensures the right outcome. This
is similar to democracy, where there is a particular focus on the
process through which agreement and consensus is reached and
without an ideology about which is the right outcome. Such
participatory ideas are essential in consensual cultures but are
foreign to SW-CMM. Such ideas about consensual processes
are not common in P-CMM. The workgroup structure defined
in P-CMM is created based on explicit rules.

It makes sense that SW-CMM and P-CMM should be con-
sidered as one “voice.” They were both developed at the SEI,
both are official publications of the SEI, and one person was a
coauthor of both SW-CMM and P-CMM. Also in the P-CMM,
we find the following:

“The People CMM employs the process maturity frame-
work of the highly successful Capability Maturity Model
for Software … as a foundation for a model of best prac-
tices for managing and developing an organization’s work-
force” [5, p. vi].

P-CMM contains a major inner contradiction in adhering both
to the consensual culture type and to the rational culture type
together with SW-CMM. Thus, SW-CMM and P-CMM are also
mutually inconsistent.

D. Tensions of Developmental and Hierarchical Cultures

Although the process view is dominant in CMM, it also es-
pouses a developmental culture for the software organization.
Paulk states that the CMM-based SPI approach “should build an
organization that can dynamically adapt to a rapidly changing,
even chaotic, environment; an organization that knows what
business it is in and pursues software projects aligned with its
strategic business objectives; a learning organization that explic-
itly, rather than implicitly, captures knowledge; an organization
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managed by facts rather than intuition, while still valuing cre-
ativity; an organization that empowers its most crucial asset: its
people” [32]. Although the P-CMM prescribes team building
and a participatory culture, the hierarchical structures of CMM
work processes with their explicitly defined role responsibili-
ties and strict management control are contradictory to building
trust upon which a developmental culture thrives.

There are also a few elements of P-CMM that suggests that it
contains elements of a developmental culture. These have to do
with empowerment of individuals. However, when viewed in the
context of the super structure of the CMM paradigm, they seem
contradictory. For example, the SW-CMM documents suggest
that:

“A disciplined process, then, empowers the intellect,
while regimentation supplants it” [16, p. 13].
However, in SW-CMM the term “empower” is mentioned

twice. First, in an activity in the key process area Change
Process Management at Level 5:

“Activity 1: A software process improvement program
is established which empowers the members of the organ-
ization to improve the processes of the organization” [35,
p. L5-37].
Paulket al.mention this again in their Appendix where some

of the activities of Change Process Management are repeated
[35]. Empowerment and the orientation toward flexibility,
adaptability, and readiness could be inherent in SW-CMM
without the term “empower” being used, but this is not the case.
Humphrey, for one, is aware of the fine balance between disci-
pline and regimentation, but even so, neither he nor SW-CMM
advocate any processes through which the software developers
and their projects are given power, resources, means, and
responsibilities for making their own decisions about their own
activities. On the contrary, at Level 3 and above, the standard
software process is organization-wide. There is no indication
that any key process area or any aspect of SW-CMM, even in
a generic way, resembles the developmental culture type. De-
cision-making is not organic and intuitive; it is goal-centered,
systematic, and analytical. Compliance is not measured by
commitment to value. Change is not part of growth; it is driven
by a desire to increase flexibility, adaptability, and readiness
without jeopardizing productivity.

“At Level 5, new and improved ways of building the
software are continually tried, in a controlled manner, to
improve productivity and quality. Disciplined change is a
way of life as inefficient or defect-prone activities are iden-
tified and replaced or revised. Insight extends beyond ex-
isting processes” [33, p. 22].
While there is the claim that SW-CMM leads to more cre-

ativity and empowerment, the assumption shows a different pic-
ture.

The P-CMM, on the other hand, presents an elaborate vi-
sion of the empowered group culture, but in a way that en-
forces its adherence to the consensual culture type. At Level 3,
the P-CMM has a key process area called Empowering Work-
groups.

“Practice 4: Empowered workgroups are delegated the
responsibility and authority to determine the methods by

which they will accomplish their committed work” [5, p.
451].

That means that within the limits of the standard process in
general, and specifically the commitments made, a workgroup
functions with some autonomy. In that sense, it belongs to the
developmental culture type. No other aspect of the P-CMM
belongs to the developmental culture type. The key process area
Empowering Workgroups, thus, puts emphasis on the group and
the group’s processes in a way that strengthens its consensual
culture. The workgroup become a dominant organizational
structure, but decision-making while participatory is based on
systematic and deliberative application of rules.

IV. CONCLUSION

The design ideal of CMM is the rational bureaucratic learning
organization that is flexible. It is not surprising to find that the
CMM models (SW-CMM and P-CMM) contain several major
organizational cultural contradictions in their core assumptions.
Both models, and SW-CMM in particular, are designed on the
basis of rational ideal and lead to organizational cultures of the
rational form. SW-CMM suffers from some internal contradic-
tions as it shares many aspects with the hierarchical culture type;
SW-CMM turns gradually more hierarchical at higher levels.
P-CMM suffers from an additional contradiction as its core el-
ements are designed with major elements of both the rational
and the consensual culture forms. In their core assumptions,
the SW-CMM and P-CMM are contradictory and antagonistic.
Both express allegiance with the developmental culture form as
an end but not as a means, as they adopt a rational-hierarchical
process view. While we agree that “value conflicts” are inherent
in organizational change initiatives [19], [21], we believe that
these inconsistencies and contradictions are not simple and may
not be easily overcome. Further, managers of software organi-
zations seeking guidance in the CMM not only run the risk of
being confused at a theoretical level but also have to face the
inconsistencies and contradictions in practice.

If we could come to terms with the inconsistencies and con-
tradictions per se, the pervasive, massive task of SPI practice
adds profoundly to the size of the problems to face. The scale
and complexity of organizational change that an immature or-
ganization must implement to become a mature organization is
simply breathtaking [48], [51]. According to CMM, becoming
a mature/optimal software development organization requires
fundamental change across several dimensions of the organiza-
tion:

1) core processes;
2) software development technologies;
3) management and control procedures;
4) planning;
5) work group organization;
6) roles and responsibilities;
7) power and authority structures;
8) skills and knowledge.

The pervasive change in terms of scale, complexity, and depth
of the organizational change required by SW-CMM is too much
to outline in this paper. Therefore, we have chosen to summa-
rize its basic elements in Table IV and outline some of it in very
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TABLE IV
DIMENSIONS OFORGANIZATIONAL CHANGE REQUIRED BY CMM [51]

brief detail. Level 1 is the starting point of the CMM scale; this
is the immature organization. In order to move to Level 2, the
Level 1 organization must undertake profound organizational
changes in each of the eight dimensions. For example, the or-
ganization must implement business processes, formal proce-
dures, and supporting technologies for the six key processes: re-
quirements management, project planning, project tracking and
oversight, subcontract management, quality assurance, and con-
figuration management. It must also implement organizational
policies and management, controlling, and tracking procedures
for each of the key processes. CMM is quite ambitious as a
change approach; it attempts to change all aspects of the or-
ganization structure and culture (cf. Table IV). On the symbolic
level, CMM-based SPI seeks to change the activities and pat-

terned behaviors of developers. On the level of structure, it seeks
to change norms, conventions, customs, rules, and procedures
for doing and managing software development.

CMM’s adherence to the rational culture type makes it less ef-
fective as an approach to deal with such scale and complexity of
SPI. These limitations of CMM and their consequences for in-
forming SPI practice may be lessened, but probably never allevi-
ated completely. We believe that CMM can benefit from a more
thorough understanding of the organization theory (design, cul-
ture, and change). One direction for extending the CMM would
be to incorporate a framework of organizational change that can
guide the change process more effectively. However, even this
extension to CMM would still leave the question of reconciling
the organizational design and cultural contradictions that are
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TABLE V
ILLUSTRATION OF SEARCH TERMS AND SOME CITATIONS IN SUPPORT OF THERATIONAL CULTURE TYPE

embedded in CMM. The question of how to reconcile the core
assumptions of the rational culture and those of the develop-
mental cannot be resolved by simply improving the organiza-
tional change strategy. This would require adopting a different
strategy. We outline two such strategies, but whether either of
them is effective we shall leave for future research.

In the first strategy, we believe that CMM might benefit from
being supplemented with a rational and dynamic approach to
handle the main contradictions in SPI practice. The contradic-
tions between distinctive paradigms in information systems
development have received much attention, (e.g., [10], [11],
[21], [48]). In that perspective, the dilemmas facing CMM
are not new and are not reconcilable. Nevertheless, Klein and

Hirschheim [21] suggest a rational decision-making approach
to choose between competing values and design ideals. Their
approach serves the primary purpose of extending the deci-
sion-making well beyond the traditional technical issue. If we
transfer that idea to CMM and outline it in terms of culture
types, we would need to supplement CMM with an approach
where we could for a particular software organization choose
a specific balance between the organizational culture types.
In one organization, we could end up with a main focus on
implementing the rational culture type improvement while in
another organization we could well end up with a main focus on
implementing the consensual and developmental culture types.
That would not in itself remove the cultural inconsistencies
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and contradictions, but it would create a process through which
these could be explicitly addressed and handled.

In the second strategy, we believe that CMM might benefit
from a different perspective for the organization and manage-
ment of software development. It is accepted that software de-
velopment is a nonroutine complex undertaking requiring high
levels of competence and a flexible organizing structure. That
is why CMM not only has hierarchical and rational culture ele-
ments, but also the consensual elements. The fundamental issue
for software organizations is how to achieve a balance between
control and goal-orientation on the one hand and change and
flexibility on the other hand—between the rational culture and
the developmental culture. The current CMM focus on control-
ling the processes of software development can easily lead to a
level of bureaucratization of software organizations that is less
flexible than desired. While no one would suggest that soft-
ware processes should not be defined, there needs to be some
flexibility in their implementation and execution. There is an-
other perspective for organizing and managing software devel-
opment that may offer some possibilities for moving CMM out
of its current process model. This organizational form, the pro-
fessional bureaucracy, has been thoroughly researched and dis-
cussed by Mintzberg [29]. It has been found to provide a high
level of flexibility coupled with specialization and predictability
of outputs. The professional bureaucracy focuses on standard-
ization of skills and indoctrination of the professional. Profes-
sional bureaucracies are based on trust and competence and have
been highly successful in specialized work such as surgery, en-
gineering, scientific research, and so on. Professionalization of
software engineering would offer a tradition, standards and a
culture that is well entrenched and recognizable without regard
to the particular organizational setting.
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