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AreYou Prepared for CMMI?

Suzanne Garcia
Software Engineering Institute

For those mafking the transition to the Capability Maturity Model® Integration™ (CMMI™) from another process inprove-
ment model or methodology, nnderstanding the transition as a technology adeption and applying technology adoption concepts
can smooth the process considerably. In this article, technology adoption concepts are described and then exemplified in a

CMMI context. Some of these are already well known within the software process inprovement industry, others are not.

his article focuses on applying tech-

nology adoption concepts in moving
toward using the Software Engineering
Institute’s (SEI) Capability Maturity
Model” (CMM®) Integration™ (CMMI*)
framework. It is assumed that the reader
has a basic understanding of the CMMI
concepts and the project that formulated
it. If not, please see the CMMI area
within the SEI’s Web site at <www.sel.
cmu.edu>. For more in-depth informa-
tion, sce CMMI Distilled [1] for basic
information on the model and the proj-
ect written by some of the CMMI proj-
ect team members.

CMMI Adoption as

Technology Adoption

What is technology adoption? Generally,
it is the set of practices and factors relat-
ed to organizations selecting, deploying,
and sustaining the use of a technology.
Why look at CMMI adoption as “tech-
nology” adoption? First, CMMI “is” a
technology (a tool or tool system by
which we transform parts of our envi-
ronment, derived from human knowl-
edge, to be used for human purposes [2])
— a “process technology” — and what is
more, it is “radical.”

“Radical innovation is the process of
introducing something that is new to the
organization and that requires the devel-
opment of completely new routines, usu-
ally with modifications in the normative
beliefs and value systems of organization
members [3].” Treating CMMI as a tech-
nology adoption first mobilizes a differ-
ent mindset than the one we typically
apply to process improvement, and sec-
ond may make us more inclined to use
some of the useful tools of technology
adoption for our CMMI adoption.

Technology Adoption

Concepts

Given that the factors involved in tech-
nology adoptions are complex, it stands
to reason that each adoption is highly sit-
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uational; its strategy will be unique to

that situation and context. Some basic

concepts can, however, be applied in
generating that unique strategy, including
the following:

1. Multiple dimensions have to be
addressed simultaneously to achieve
success, not just the technology (in
this case, CMMI) content.

2. Different audiences with different
roles and responsibilities in an organ-
ization respond differently as they are
introduced to the technology.

“Acceptance
of a new technology
does not happen
in a linear, predictable
fashion no matter
how pretty the
charts look!”’

1

3. Acceptance of a new technology
does not happen in a linear, pre-
dictable fashion no matter how pret-
ty the charts look!

4. There are both different “levels of
diffusion” (breadth of technology
acceptance) and “levels of wuse”
(degree to which the technology
becomes embedded in the organiza-
tion’s governing and social practices).
One does not imply the other.

5. Different “mechanisms” are useful at
different points in the transition to
address different implementation
issues with different audiences.

6. Most organizations are very poor at
transferring what they’ve learned
from one technology adoption effort
to another. Communities of practice
are one strategy for addressing this.
The rest of the article will focus in

turn on each of these dimensions.

Dealing With Multiple

Dimensions Simultaneously
In talking to individuals and groups con-
templating CMMI adoption, I have
sometimes run into this mindset: “We’ve
been successful at implementing
Software CMM (SW-CMM); what’s the
big deal about implementing CMMI?”

From one viewpoint, this is an attrac-
tive mindset — it indicates that the indi-
viduals speaking see strong similarities
between SW-CMM version 1.1 and the
CMMI framework. Indeed there are
many similarities, although there are
mote between SW-CMM version 2 draft
C and CMMI since version 2 draft C was
one of the seed documents for CMMI,
rather than version 1.1.

However, the CMMI framework also
provides an opportunity to expand the
scope of application of CMM concepts
beyond just the software organization
into the other parts of the organization
involved in product or service develop-
ment. This means involving new players
in the CMM adoption and expanding the
scope of effect of CMMs on the subsys-
tems of the organization.

Consider this: Which subsystem ele-
ments in Figure 1(see page 20) are “the
same” in context, roles, or tresoutces
between different disciplines such as
software engineering and systems engi-
neering in your organization? Creating
alighment among these elements is not a
sequential process. For example, chang-
ing the technical practices of the organi-
zation could have a strategic effect if
those practice changes enable the organ-
ization to compete in a marketplace that
was previously closed to them.

The managerial and structural sub-
systems almost always have to be dealt
with in parallel. The social/cultural sub-
system provides an underpinning for all
the other subsystems, and the negative
effects of neglecting the social design
when redesigning other elements is well-
established [1]. However, if these subsys-
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Figure 1: Organizational Subsystems

Social/Cultural

tem elements are aligned in the same
direction, perhaps via use of a similar
improvement model like CMMI, then
not only is technology adoption
smoother, but operations are also often
smoothed as well. The elements that fol-
low, in many cases, cross more than one
of these subsystem elements.

Understanding Your Audience
Who in your organization has to change
something in their behavior, attitudes, or
values to adopt CMMI: executives, man-
agers, technology users, support groups?
What things make these groups more or
less likely to change? Edgar Schein’s
work in organizational subcultures cites
distinct  differences, for example,
between the executive and engineering
cultures.

“Executives and engineers are task
focused and assume that people are the
problem. Executives band together and
depersonalize their employees. Execu-
tives and engineers can’t agree on how to
make organizations work better while
keeping costs down. Enough mutual
understanding must be created among
the cultures to evolve solutions that all
groups can commit to [3].”

Within subculture groups, “individu-
als” also differ in their response to a
technology adoption. Different “adopter
types” move through adoption at differ-
ent speeds. These groups are distin-
guished from each other by their charac-
teristic response to an innovation (either
process or technology) that requires a

Figure 2: The Technology Adoption Life Cycle
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change in their behavior. Figure 2 illus-
trates where each adopter category falls
in the technology adoption life cycle.
Geoffrey Moote’s Crossing the Chasm [4]
and Inside the Tornado [5] popularized the
description and use of these characteris-
tics in great detail, based on ongoing
work in the diffusion of innovations
research area by Everett Rogers [6]. A
brief summary of each adopter type is
provided in the sidebar for those who are
not familiar with this work.

Adoption populations are used exten-
sively in planning technology adoption
strategies. Understanding the adoption
category of intended early users is
extremely important. For example, if an
intended pilot for new practices turns
out to be a group composed primarily of
late majority or laggard participants in
relation to that set of practices, then 1
could easily predict the following: Any
adoption that (1) does not provide a
completely packaged solution and (2) is
not mandated by the organization,
including sanctions for not adopting, is
highly likely to fail. In addition to plan-
ning who will get the technology when,
adopter categories can be used to catego-
rize what kinds of adoption support
mechanisms (see “Transition Mech-
anisms” section) are likely to be needed
to ensure that each category of interest is
more likely to successfully adopt the
technology.

Adoption: Not a Linear

Process

Work done in the educational innova-
tions area has provided valuable insight
in understanding the patterns that are
often operating as a technology adoption
such as CMMI adoption occurs. The
original chart used by Patterson and
Conner [7], reproduced as Figure 3,
shows several milestones of increasing
commitment to an adoption as time pro-
gresses.

The SEI has found that the path

through these milestones is rarely linear,

and there are a plethora of approaches

for successfully navigating this progres-
sion, depending on the individual situa-
tion. However, a couple of points in

Figure 3 are worthy of note:

e There are clear signs if the organiza-
tion has “dropped out” of the adop-
tion process. Looking at the behav-
iors of the organization in relation to
the technology can provide a clue as
to the point in adoption where trans-
lation to the next milestone was not
made successfully.

*  “Understanding” — the point at which
decision makers in the organization
have sufficient knowledge and con-
text information to make a relevant
decision about the technology — does
not typically happen on first, or even
second contact. This has always
helped me to be tolerant of organiza-
tional members who “aren’t getting
it.” I ask myself, “Have I given them
enough contact and depth to have the
right to ‘expect’ understanding?”

Diffusion vs. Infusion
In considering a particular process tech-
nology adoption like the CMMI, some
time should be spent determining the
adoption goals. Some of the other con-
cepts previously described such as what
kinds of adopters the adoption is target-
ing, what eclements of the organization
need to be realigned, etc., can be used to
help set some of these goals.

Another area related to setting goals
that should be considered is the relative
emphasis that will be placed on CMMI
“diffusion” (how widespread the use of
CMMI has become) vs. CMMI “infu-
sion” (how deeply embedded into the
organizational infrastructure the CMMI
has become). This latter area, technology
infusion, focuses on the extent to which
the work system and social system of the
organization are affected by the technol-
ogy. To measure infusion, one can meas-
ure “levels of use” of a technology. For
example, the evolution of the infusion of
CMMI use in an organization might look
something like this:

1. CMMI adoption has occurred in a
few projects whose local procedures
and processes have been changed to
reflect the new practices.

2. One of the divisions of the organiza-
tion has changed its policies to reflect
the practices recommended in CMMI
and has formulated and published a
set of standard process assets that are
used as the basis for initiating and
managing new product development
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projects.

3. Reward and incentive systems in the
new projects adopting CMMI prac-
tices have been examined and
changed where necessary to encour-
age productive use of the new
processes. Hxisting projects within
the division have been evaluated to
determine which parts of the set of
standard process assets might benefi-
cially be applied to the projects at
their current point in the life cycle.
Projects are being provided the train-
ing and other support needed to make
it feasible for them to adopt new
practices in mid-project.

4. Members of projects in the division
adopting the CMMI are being recruit-
ed for projects in other parts of the
organization due to the projects’ rep-
utation for meeting customer expec-
tations. However, many of them
choose to stay within the division
rather than move to the other parts of
the organization that are less disci-
plined in their management and engi-
neering practices.

Each of these scenarios could be con-
sidered a level-of-use measure for the
infusion of CMMI adoption within the
organization. With increasing levels of
use, the degree of workflow intercon-
nectedness related to the CMMI use
increases, and the degree of visibility of
the technology within the social subsys-
tem is increased, as exemplified in the
example of the fourth scenario.

Zmud and Apple, the authors of var-
ious articles in this area [8], recommend
that an organization that wants to undez-
stand the infusion of a technology into
the organization identify different config-
urations that reflect the levels of use that
are the goals for the adoption as time
continues. Like the CMMI itself, this is a
cumulative approach since each configu-
ration builds on the prior configuration’s
functionality.

This viewpoint has particular applica-
bility to a technology like the CMMI,
which in a sense has several embedded
configurations enabled by the capability
levels or maturity levels. For those using
the staged view of CMMI, the maturity
levels provide a priori configurations that
translate to certain functionality related
to the model being present. For those
organizations for whom the staged-view
functionality is not compatible with their
business drivers, thinking of groups of
process areas to be adopted as a “config-
uration” for measuring levels of use is
one way to provide measurable anchor
points to the improvement effort.
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Adopter Types

Innovators are gatekeepers for any new technology. They appreciate technology for
its own sake from its architecture to its application. They will spend hours trying to
get technology to work and atre very forgiving of poor documentation, slow pet-
formance, and incomplete functionality. Innovators are helpful ctitics to technology
producers who are willing to fine-tune their products.

Eatly adopters are dominated by a dream or vision, focusing on business goals. They
usually have close ties with “techie” innovators, so as to be ready to match emerging
technologies to strategic opportunities. They thrive on high visibility, high-risk proj-
ects, and have the charisma to generate buy-in for them. They do not, however, have
credibility with early majority types, so they have limited influence over that group.

Eatly majority adopters do not want to be pioneers (prudent souls). They control the
majority of the budget, so they want to be assured of percentage improvement
(incremental, measurable, predictable progress). They are not risk averse, but do want
to manage change carefully. They are hard to win over, but are loyal once won and
will often be the people who will carry a new initiative through into institutionaliza-
tion.

Late majority adopters avoid discontinuous change (change that requires them to
change their behavior) whenever possible: They adopt only to stay on par with the
rest of the wotld. Somewhat fearful of new technologies, they prefer pre-assembled
packages with everything bundled. In compatison with early adopters or eatly majoz-
ity populations, they are much less willing to invest in a technology that requites visi-
ble change to their practices, unless mandated.

Laggards are the “naysayers” in the crowd. They adopt only after the technology is
not recognizable as a separate entity, after it has become part of “the way things are
done around here.” They do, however, constantly point at discrepancies between what
was promised and what is delivered. When contemplating a technology adoption, they
are often very useful for identifying risks (both technology-based and culturally-based)

to the adoption.

Diffusion — how broadly the technol-
ogy has penetrated — is also an important
measure. One of the most useful ways of
approaching this that I have encountered
is found in Kim Caputo’s book CMM
Implementation  Guide:  Choreographing
Software Process Improvement [9]. She sug-
gests that the organization “operational-
ize” the stages of the Patterson-Conner
commitment curve (“What does it mean
for us to achieve awareness, understand-
ing, etc.?”) in terms of events and symp-
toms of behavior change; then use a his-
togram to show the organization’s popu-
lation against those events and behaviors.

At the beginning, one might expect
that the organization might have a profile
like Figure 4 (sece page 22). As time goes
on, the profile should shift to something
like that shown in Figure 5 (see page 22)
as more and more members of the
organization participate in the activities
of CMMI adoption. One use of this
measure is to help senior managers
understand the time needed to see tangi-
ble return on investment of a CMMI
implementation. When they understand
how many people have to go through

several events before one can expect their
behavior, and therefore their results, to
change, it can help them tolerate some of
the time lag that is typical between start-
ing an adoption effort and seeing busi-
ness results.

Transition Mechanisms

Transition mechanisms are products,
events, and methods for translating from
one commitment milestone to another.

Figure 3: Patterson-Conner Commitment Curve
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Figure 4: Notional Profile Early in Adoption
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Figure 5: Notional Profile Later in Adoption

Many transition mechanisms are typically
developed by the technology provider. By
translation, we mean the process of com-
municating about the CMMI adoption in
terms and language that are likely to be
understood and usable by the individu-

als/groups we are working with. As we
proceed in the adoption, the mechanisms
move in character from communication
and education more toward implementa-
tion support and incentives management.

See the “Adoption Mechanisms” side-
bar for an example set of mechanisms
that could be used in your organization
for each CMMI adoption stage. Which
ones are right for you depends on your
organization’s context and culture, and
the list is certainly not exhaustive.
However, it is based on the list elicited
from the May 2001 “The Road to
CMMI” technology transition workshop
hosted by SEI’s Accelerating Software
Technology Adoption (ASTA) for organ-
izations that are already using CMMI to
support their improvement efforts.

A resource that is available to the
community to help understand how early
adopters of CMMI have approached
their adoption is a presentation of “The
Road to CMMI: What Works, What’s
Needed” [10] from the CMMI
Technology Conference and User Group
held in Denver in November 2001. Also
keep an eye on the SEI publications page
for the full technical report that will be
published from the workshop results.
The reader can access the SEI publica-
tion page at <www.sei.cmu.edu/publica
tions>.

Adoption Mechanisms From the
Road to CMMI Workshop

Contact and Awareness

* Identification of Capability Maturity
Model® Integration™ (CMMI™) com-
munication channels.

e CMMI awareness
forums.

* Organization’s history and context.

¢ Translations of SEI materials into the
organization’s language/context.

* CMMI reference cards, other pro-
motional materials.

Trial Use

* Integrating quality assurance (QA) to
measure process improvement (PI)
progress.

* Link QA process to CMMI.

* Transition strategy from SW-CMM to
CMMI.

* Pilot/trials in non-software-develop-
ment areas.

* Example CMMI PI budget.

and

briefings

Institutionalization

e CMMI best practice-based
plates/checklists/assets.

* Integrating process review into project
management review.

tem-

Understanding

e CMMI communications repository.

* Self-assessment/gap analysis/class B
and C assessments that relate gaps to the
Organization’s Processes.

e CMMI poster.

* Process improvement information data-
base (use of data).

* Mapping of various models to CMMI.

e Chart on how processes ate the respon-
sibility of different roles/across otgani-
zational boundaries.

* Think CMMI program.

* Transition roadmap.

* Birds-of-a-feather sessions on focused
topics.

Adoption

* Role-based training,

* Tailoring guidance/strategies for dif-
ferent organizational contexts.

e Transition steering group.

e Return-on-investment trend data.

e Integrating all disciplines into the
process group.
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Integrating Transition
Mechanisms and

Commitment Milestones
Figure 6 shows an SEI adaptation of the
Patterson-Conner commitment cutrve
with commonly used adoption mecha-
nisms embedded with each stage. Note
that rather than a straight line, it shows a
more curved progress. This is intended
to reflect the observation that organiza-
tional investment increases significantly
once “understanding” has been achieved
and the organization is trying to achieve
“trial use” and then “adoption.”

Innovators and Harly Adopters will
tend to create their own transition mech-
anisms and make do with what is avail-
able from the technology producer. Early
and Late Majority adopters expect many
of these mechanisms to be readily avail-
able for them to acquire without devel-
opment.

Technology producers (in this case,
the CMMI Product Team) and SEI tran-
sition partners [11] often have many of
the mechanisms in “contact, awareness,
and understanding” available in their
marketing kits. Technology adopters usu-
ally have to adapt these to help “sell” the
technology to the intended users.
Transition mechanisms can include
events and activities as well as “products.”

Building a Community of

Practice
One of the exciting areas of research at
the SEI within its ASTA initiative is
exploratory work that is being done in
seeding and helping to sustain “commu-
nities of practice.” This concept is one
of the underpinnings of much of the
work in knowledge management, but is
particularly useful when looking at
adopting a technology like the CMMI.
The SEI is incorporating this concept
into a larger research project called
KNIiTT (Knowledge Networks in
Technology Transition), which looks at
concepts from the communities of prac-
tice literature as well as systems engi-
neering techniques, case-based learning,
and knowledge repositories to formulate
environments and approaches to sup-
porting a technology adoption context.
Even before this work matures, some
of the early ideas are worth considering
in your CMMI adoption. One of the cru-
cial ideas in this arena is the notion that
deep learning about a new technology
tends to be problem-centric, that is, the
technology will be evaluated by potential
users when there is a problem they are
trying to solve that appears to be a match
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for the technology. Until that time, many
of the mechanisms that could be used to
support adoption of the technology will
help build knowledge and positive
impressions of the technology, but will
not be able to achieve trial use or adop-
tion.

Once problems are being solved with
a technology, the possibility exists to
seed a community of practice, which
contains members of the organization
who are motivated to continue learning
about the technology. They might build
“translations” of the technology for
other users who may not be as far along
in their adoption of the technology, and
communicate and problem-solve with
each other to improve their use of the
technology. At this point, a community
of practice may be considered to be ini-
tiated.

In CMM adoption history, many of
the Software Process Improvement
Networks (SPINs) exhibit characteristics
of communities of practice. We believe
that bringing the ideas of continued
learning and involvement by the practi-
tioners and change agents inside the
organization can accelerate the adoption
of a technology like the CMMI, since
this approach tends to access the infor-
mal networks of influence that exist
within the organization outside the nor-
mal organizational structure. Stay tuned
to the ASTA section of the SEI Web site
for information on these and other
ASTA research areas as they evolve.

Summary

The CMMI is early in its own matura-
tion/transition life cycle. This means that
there are little hard data on successful
(and unsuccessful) strategies for its use,
and there are no return-on-investment
data that a chief financial officer would
find credible. There are many approach-
es from the technology adoption arena
that can be useful in making effective use
of the CMMI as it matures. A few of
these have been highlighted in this arti-
cle. As an early adopter of CMMI, you
need to be prepared to invest in creating
the transition mechanisms your organi-
zation will need to be successful and to
apply creative approaches to making
progress. Understanding and applying
technology adoption concepts can help
you maximize your return on your
investment.[]
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