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While developing a formal
software-feview process, a
working group at Motorola
devised a technology-
transfer model that is built
on process packages, each
one targeted fo a different
user group. Their model
allows for failoring, makes
fraining and consulfing
widely available, and relies
on champions.
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Ithough new processes, methods,
d tools are introduced in the liter-
ature every year, few are actually adopted.
Development managers in industry com-
plain that these new ideas are either not
applicable to real-world projects or that
their process is not mature enough to in-
corporate them.
Consider a project manager who buys
a tool to improve change control. The tool
is virtually worthless without a well-de-
fined, documented, and reasonable
change-control process, and even if there
is such a process the development team is
likely to need training in both the process
and the tool before they can be used on a
real project. But too often the manager
fails to allocate sufficient training time and
doesn’t anticipate the initial drop in pro-

ductivity. This situation occurs time and
tme again.

We believe part of the problem is that
the industry lacks a focused, needs-based
approach to tailoring and transferring
software-engineering technology. At
Motorola, we have developed an approach
that helps development organizations
focus on the technology they really need,
devise solutions, and transfer those solu-
tions to development teams. In thisarticle,
we report our experience using this ap-
proach in the last five years and the lessons
we learned.

TARGETED PROCESS PACKAGES

Through 15 years of study at the US
National Aeronautics and Space
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Administration’s Software Engineering
Laboratory and elsewhere, a set of software-
engineering technology principles has
evolved' that recommend organizations

¢ Develop quality-focused software-
engineering technology within a business
unit.

¢ Formalize plans to tailoy, transfer, and
deploy software-engineering technology.

¢ Evaluate software-engineering
technology to improve it on the basis of
feedback obtained from goal-oriented
measurement.

Experience in applying these princi-
ples, in turn, has produced recommenda-
tons for measuring software processes
and products in the context of software-
engineering technology:

¢ Conduct goal-oriented, top-down
measurement of processes and products.

¢ View the measurements and their
interpretation from an appropriate per-
spective.

¢ Account for differences in project
environments, processes, products, and
available technology.

These principles and recommenda-
tions are embodied in two paradigms: the
Quality Improvement Paradigm,” a three-
part process-improvement approach, and
the Goal-Question-Metric paradigm,” a
mechanism that the Quality Improvement
Paradigm incorporates for establishing
projectand corporate goalsand measuring
against those goals.

Motorola’s corporate-wide Metrics
Working Group adopted the Quality Im-
provement Paradigm and instantiated it
with a set of organizational procedures to
identfy, tailor, and transfer software-engi-
neering technology. The Motorola ver-
sion is called the Software Engineering
Improvement Paradigm. It is designed to
help managers focus on software-engi-
neering technology as it applies to specific
development activities, such as testing,
product reviews, and management. It also
provides a justification for selecting and
tailoring software-engineering technol-
ogy to individual projects and a mecha-
nism for evaluating technology against a
business unit’s goals.

Fundamental to our approach is the
process package, a set of documents and

Characterize the environment
and fechnologies used

Set organizational goals and
choose processes with high payoff

(reate audience-targeted
process-definition documents for the
chosen processes

Pilot the technologies and create
a lessons-learned document

Enhance with training and consulting

" Deploy the package in the organization

Analyze dota, evaluate practices,
and improve the process package

Figure 1. Evolution of a process package. We built on the Quality Improvement
Paradigm’s planning, execution, and analysis and packaging phases, then defined seven
steps to transferving technology via process packages.

training material that communicates ev-
erything about the technology you are try-
ing to transfer. A process package includes
an overview of what to expect, how to use
the information, references to other cor-
porate efforts and process packages,
guidelines for using the process, training
aids targeted to different user groups, a set
of slides for conducting training work-
shops, and data and lessons learned.

As Figure 1 shows, a process package
evolves over time as experience is gained
and feedback is incorporated. Our ap-
proach builds on the Quality Improve-
ment Paradigm’s three phases: planning,
execution, and analysis and packaging.
Within these three phases, we defined
seven steps:

1. Characterize and evaluate the

organization’s current environment and
technology.

2. Set organizational goals and refine
them into quantifiable questions and met-
rics. Choose the processes that have the
best chance of paying off if technology
improvements are made.

3. Create documents, targeted to dif-
ferent audiences, that define new technol-
ogy or improvements to existing technol-
ogy in those high-payoff areas.

4. Pilot the technology in sample pro-
jects, analyze the data, refine the technology,
and create a lessons-leamed document.

5. Enhance the process package by tar-
geting the training materials and consult-
ing support to a particular audience.

6. Deploy the technology within a busi-
ness unit, monitor its use carefully, and learn
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ANALYZING METRICS TO DETERMINE PROJECT
QUALITY AT END OF PHASE

Conditions Facls
RPC RPD T Score Produc-in  Product-out  Process-previous  Process-current
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from the organization’s progress.

7. Analyze data from using the process
package, evaluate the practices, and im-
prove the process package. Proceed to
step 1 and, armed with the recorded,
structured experience gained from this
and previous cycles, start the cycle again.
Package this experience to make it ac-
cessible to others involved in creating
process packages.

MOTOROLA’S EXPERIENCE

In 1988, Motorola’s Metrics Working
Group® was formed to develop and de-
ploy, among other items, a process pack-
age for formal software
reviews. The members of
the Metrics Working
Group were selected to
represent Motorola busi-
ness units whose goal is to
champion measurement-

THE PILOT
PROJECTS
WERE MOSTLY

provides feedback to all processes and
methods and introduces the approach to
every part of the organization.

¢ Itis the most critical aspect of prod-
uct evaluation, yet it was not being used
widely in 1988.

¢ It helps find problems early.

¢ It provides critical defect baselines.

¢ Itis a good first step for integrating
other process packages. A review package
can be instantiated for each review along
the development path: requirements, de-
sign, code, and test script.

The formal software-review process,
described in the box on pp. 72-73, was the
first area in which we implemented the
concepts embodied in the
Software Engineering
Improvement Paradigm
and the process package.

Creating documents.
After applying step 3, the

baseglfrociss bimglrtov;:— ENHANCEMENT Zs/lefttrifis Workéng Groutp
ment. It was to ofa rafted seven documents
broader Softwarg Engi- PRO-'ECTS OF that became part of the
peeringTe?hnologySteer— REI_ATIVELY review packageZ each
ing Committeeand funded targeted to a specific au-

by Corporate Software
Research and Develop-
ment.

The Metrics Working
Group is similar to a Software Engineer-
ing Process Group, as later defined by the
Software Engineering Institute. Itis avol-
unteer group whose focus is process engi-
neering and measurement, as opposed to
an organization with a budget and head
count. Individual Motorola business units
have their own process and metrics work-
ing groups; if an organization does not
have one, it is encouraged to create one.

Selecting a process. By applying the first
two steps of the Software Engineering Im-
provement Paradigm, the group ident-
fied a set of improvement goals, one of
which was to improve the software-review
process. For several reasons, the group
chose this process as the one with the
highest potential payoft:

¢ Itis an effective marriage of process
and measurement.

¢ It covers the entre life cycle, so it

SHORT
DURATION.

dience.

¢ Overview targets ev-
eryone. It lists the pro-
cess-package documents
and their corresponding audiences.

¢ QIP explains the Quality Improve-
ment Paradigm to corporate-level man-
agers.

¢ Managers tells software managers
what to expect when they use the review
package.

¢ SQA describes to software quality-
assurance personnel how to use the review
package.

¢ GOM explains to software managers
and SQA personnel how to apply GQM
to the review process and defines review
metrics and how to use them.

¢ Definition describes in detail to soft-
ware managers, SQA personnel, and de-
velopers how toimplement a formal, tech-
nical review. It includes four forms
designed to document the outcome of a
specific formal software review.

¢ Experience gives corporate-level
managers, software managers, and SQA

personnel sample results and lessons
leamned in using the review package on
pilot projects.

Selecting pilot projects. Once the initial
versions of these documents had been cre-
ated, the group selected a small set of pilot
projects within one business unit (step 4).
They chose mostly small enhancement
projects of (relatively) short duration so
that results would be available as soon as
possible. The engineers and managers tai-
lored the reviews over time and adapted
the process to their needs. Their input, in
turn, was used to enhance and evolve the
initial review package. Acceptance of the
review package was good, so it was gener-
alized to apply to more projects.

The business unit’s representative to
the Metrics Working Group carefully
monitored the use of the review package in
the pilot projects. The group documented
these lessons in the Experience document,
and the package evolved over time to ad-
dress the lessons learned on the pilots.

Training and consulting. As the review
package was being implemented on pilot
projects, the Metrics Working Group de-
veloped a one-day workshop that ex-
plained how to implement and measure
software reviews (step 5). The first work-
shop was developed and taught by the au-
thors of the review package to cover the
mechanics of conducting reviews, in the
context of the review package. The course
covered technical and interpersonal com-
munication issues.

Once the technical content stabilized,
the course was transferred to Motorola’s
training organization, Motorola Univer-
sity, where it is now available to all
Motorola engineers. It is not required for
a group project that conducts software re-
views. However, several training road
maps include it as a recommended course.

In the last five years, we've offered this
workshop to all development groups that
want to use the review package to conduct
formal reviews. If the project manager so
requests, this training is followed by ex-
pert consulting, to ensure effective imple-
mentation of the ideas presented in the

workshop.
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Deploying a package. Over the next three
years, the review package was deployed in
several business units (step 6). This took
about one person-year of tailoring and de-
ployment work, primarily by the Metrics
Working Group.

Package use was concentrated in
smaller projects in business units where
managers and developers had been trained
and received follow-up consulting. Also,
having an actve champion to consult on
how to use the package promoted wider use.

Evalvating a puckage. After the package
had been in use about three years the
group conducted a survey of about 100
engineers and managers across the com-
pany to determine how often the review
package was being used, how it had been
tailored, and what improvements were
necessary (step 7).

The survey indicated that the review
package was successful: 90 percent of pro-
jects within the business units affected
conducted formal software reviews, and
67 percent of respondents said they used
the review package.

However, 74 percent of respondents
said they had had to tailor the process
package. The items they changed most
were the forms provided to document the
review process. We did (and still do) en-
courage such tailoring, but wanted to
identify what changes were done by what
types of projects, so we could provide cri-
teria for tailoring.

The items that did seem to work well
were data-collection and error-tracking
forms, reviewer sign-off, and the guide-
lines for whether or not to hold a review
meeting.

The items that did not seem to work
well are the assignment of roles to review-
ers, the metrics charts used for data analy-
sis and feedback, and the guidelines for
implementing the roles assigned to re-
viewers. We are addressing these short-
comings through additional training and
by creating local procedures.

The survey revealed that the primary
inhibitors touse are the lack of appropriate
resources, the lack of guidelines for how to
apply the package to very small projects,
and the need to streamline processes.

TABLE 1
PERCENTAGE OF FAULTS FOUND IN FORMAL REVIEW

Deliverable

Release
1 2 3 4

System functional specification

85 80 72 80

= Release 4 is not yet complete.

LESSONS LEARNED

"The lessons we learned hintat what we
can expect as we deploy other process
packages and what we must do to ensure
that the tailoring and transferring of soft-
ware-engineering technology is done ef-
fectively. However, some of the details are
specific to reviews (such as the need to
evaluate the reviewers’ preparedness be-
fore a review meeting).

& Don’t undevestimate the importance of
champions. Involving business units that will
use the process package as you develop it not
only ensures its acceptance, but facilitates the
transfer process. The Metrics Working
Group participants who helped tailor the re-
view package became its champions within
their business units. Business
units that did not have rep-
resentatives in the working
group did not reap the ben-
efits of this technology as
readily.

& Don't skimp on train-
ing. We quickly realized
that the one hour of train-
ing we initially offered to
pilot projects was insuffi-
cient. As a result, we devel-
oped a one-day workshop
and made it the first step in
deploying the review package. We also
conducted train-the-trainer sessions, to
speed deployment in parts of Motorola
that received many requests for training.
We also found it was critical to follow up
with expert consulting, which we discov-
ered helped smooth the initiation of the
formal review process.

& Be prepared to be specific. Once the de-
velopers understood the review process,
they asked for more concrete guidelines.
They wanted to know what role (leader,
recorder, presenter, designer, and so on)
each review participant should take, spe-
cific criteria for determining when they

A SURVEY
DONE THREE
YEARS AFTER
DEPLOYMENT
INDICATED
SUCCESS.

should not proceed to conduct a review
meeting (due to lack of preparation, for
example), and what to do with the results.
To develop these role guidelines, we re-
ferred to the objective of each review type.
For example, reading the requirements
document from a tester’s perspective as-
sumes the reader is trying to understand if
there is sufficient information to develop
tests for each requirement. To develop
other quantitative decision guidelines and
criteria, we relied on data collected from
reviews.

& Preparation is key. We found that the
most important factor in predicting a
review’s effectiveness is how prepared the
reviewers are when a review meeting
starts. Review leaders asked for indicators
to determine reviewer
readiness, so we incor-
porated a form that
asked reviewers to indi-
cate the time they spent
preparing for a review,
and we tracked the
number of errors found
before and during a re-
view meeting. We also
found that review lead-
ers were initially hesi-
tant to issue a no-go de-
cision to hold a meeting,
even if the reviewers were ill-prepared or
many errors were found. The consultants
helped mitigate this tendency.

& Dasa collection and analysis must be tai-
lored. The reviewers requested classifica-
tion 'schemes to help them record defects
and analyze the data for use in process im-
provement. We did develop classification
schemes but found that they must evolve
over time and are highly dependent on
the type of project and product. The clas-
sification schemes provided valuable
feedback to help us standardize and im-
prove metrics collection, analysis, and re-
porting.
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¢ Formal reviews do improve quality.
When the review package was deployed,
some small projects were not conducting
any reviews atall, relying on testing to find
faults. Formal reviews helped find and fix
faults early, as the data from four succes-
sive enhancements of an internal project
indicates. The data in Table 1 shows the
percentage of faults found in each phase,
in the early stages of deploying the review
package. Note that unit and integration
test found most of the faults escaping from
these reviews. Reviews during the detailed
design and code review phases show the
biggest improvement.

Motorola’s culture is such that business
unit managers decide what process and
technology will be used within their unit.
Although senior management sets the
quality-improvement goal, and the Met-
rics Working Group recommends formal
reviews, the use of the process package is
not mandatory. Data like thatin Table 1 is
far more effective than any mandate.

t is not easy to tailor and transfer soft-

ware-engineering technology. To
change the culture of the business unit so
that it will accept new technology, you
must employ champions and package in-
formation appropriately.

Using the Software Engineering Im-
provement Paradigm will help identify the
process packages that should be developed
first. Then, when you enjoy success on
some pilot projects and publicize that suc-
cess, new projects will sign up.

Many projects and locations across
the company now use versions of the re-
view package, and we have since created

a testing package.

We believe our evolutionary, feedback
approach has three main strengths:

¢ It provides quantitative guidelines
that encourage the achievement of quality
and productivity goals.

¢ Tt supports the development of a
corporate memory because it integrates
quantitative measurement.

¢ Tt provides a way to improve and tai-
lor technology and process through data
analysis.

The work done on the reviews and
testing packages has evolved into an initial
Best Practices and Technology Transfer
Program within Motorola, which usesinter-
nal and external benchmarks and metrics to
identify and promote effective, high-payoff
practices to produce quality software.
Motorola has also used benchmarking to es-
tablish aggressive improvement goals and
metrics in software process, quality, cycle
time, development technology, and custo-
mer satisfaction.

Building on the work done on the re-
view package, Motorola business units have
started to adopt, tailor, and evolve Michael
Fagan’s inspections-based improvement
process, resulting in further improve-
ments in software quality and productivity.
Motorola has begun to use education and
skills training for senior and middle man-
agement as a way to enlist improvement
champions across the entire corporation.

These mechanisms, coupled with the
vision provided by a senior executive pro-
gram, whose mission is to accelerate the pace
of software improvement, are leveraging
our technology-transfer initiative to bring
about change much more rapidly. ¢
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