Measurement: The key
to application
development quality

Application development quality and productivity
have been identified as being among the top ten
concerns of information systems (I/S) executives
in both 1991 and 1992. This paper discusses the
role of measurement in pursuit of I/S application
development quality and productivity. The
relationships between productivity, quality, and
measurement are described, classes of measures
are identified, and “dominant measures” are
grouped according to the maturity levels defined
by the Software Engineering Institute’s Capability
Maturity Model for Software. Also discussed are
the organizational and cultural issues associated
with instituting a measurement process.

he phrases “market-driven quality,” “total

customer satisfaction,” and “total quality
management (TQM)”” often come up in executive
conversations today because of the growing
awareness that the ability of a business to com-
pete effectively depends on increasing quality and
productivity.' Many companies are actively re-
engineering their business processes to achieve
quality and productivity improvements. Informa-
tion systems (I/S) technology often plays an im-
portant role in business process re-engineering
initiatives. As a result, I'S customers throughout
the enterprise are demanding higher-quality soft-
ware applications that do more and are delivered
faster. Software managers, like their line-of-busi-
ness customers, are struggling to improve quality
and productivity. Unfortunately, higher quality
and greater productivity are often viewed as com-
peting, rather than complementary, goals. Con-
sider, for example, organizations that seek to im-
prove application development quality through
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increased testing. These organizations usually
find that quality improves, but overall develop-
ment productivity suffers. The additional testing
requires additional time and expense, both for the
testing effort and for correcting the defects that
testing uncovers.

The conclusion that quality improvements come
at the expense of productivity is caused by not
viewing the relationship between quality and pro-
ductivity as part of a total system. By analyzing
the software development life cycle as a whole, I/S
organizations can look at ways to build quality
into the whole system, from initial conceptuali-
zation of a software application, all the way
through maintenance and obsolescence.

This paper is directed at I/S organizations that
are considering the implementation of a software
measurement process as a means to quantify and
improve their value to the enterprises they serve.
We hope that these organizations will benefit
from an overview of measurement principles, a
translation of these principles into I/S terms, an
appreciation for the hierarchical nature of mean-
ingful measures, and an awareness of the cultural
and organizational aspects of deploying a mea-
surement process.
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Table 1 Quality dimensions and typical questions

Quality
Dimension

Typlcal Question

Right Thing * Are we sure I/S resources are deployed
as effectively as possible? Why can’t
more effort be directed at delivering
new applications?

How can you justify this budget
request? It is over 20 percent higher
than last year!

What are we getting for our computing
dollar?

1 have heard complaints from field sales
about the order processing system.
How satisfied are your I/S users
overall?

What is I/S doing to support the
business? :

Right Way  * How flexible are we? What does it cost
to modify applications when business
processes change?

* Do we have a well-defined software
development process? How well are we
transferring successful methods and
technology across projects?

How well do we understand and
capture requirements?

Did corporate priorities change or did
emergency “rush” jobs disrupt
previously scheduled activities? Did we
force schedule adherence without
meeting quality goals?

How can we work with the user
community to improve our
effectiveness?

* What is the cost of our I/S products?

Quality drives productivity. Many experts in qual-
ity, including W. Edwards Deming, Joseph Juran,
and Philip Crosby, have shown that the key to
improving product quality lies in improving the
quality of the process by which the product is
made. Reduced rework and improved productiv-
ity are direct results of improving the quality of
the production process. This conclusion is sup-
ported by a Federal Quality Institute finding in the
mid-1980s that “productivity is a by-product, a
result of quality improvement.”? Software orga-
nizations are more frequently reporting that in-
creased quality results in increased development
productivity.’

If the concept that quality drives productivity
seems obvious, why is it that many I/S TQM efforts
are not underway? One reason may be that /S has
been traditionally viewed by an enterprise as an
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expense center. Because expense centers do not
interface directly with external customers and do
not usually produce products used by these cus-
tomers, they are typically the last areas targeted
by TQM initiatives.

A more fundamental reason, in our opinion, is
that effective quality initiatives require clear def-
initions and explicit measures of quality. Many I/S
organizations have failed to define and measure
quality in their customers’ terms. This failure is a
failure to communicate. High costs are associated
with the communication failure. Having failed
previously to work with end users to define ap-
plication quality in customer terms, I/S is often not
included in the early stages of the line-of-business
system planning activities of an enterprise and
misses the opportunity for effective partnership
with them. As a result, I/S often does not provide
to the enterprise the full value of which it is ca-
pable.

In working with customers to define software
quality, I/S has to recognize that quality includes
both utility (usefulness) and usability. Utility re-
fers to how much the application helps the user to
complete his or her work. Usability is a combi-
nation of attributes such as user-friendliness and
reliability. In order to be successful in meeting
customer expectations, I/S development organi-
zations must work with their customers to define
quality for application development, and then
must develop metrics that will help them manage
to that definition of quality.

Ultimately, any definition of quality has to ad-
dress both the products that /S delivers and the
software processes it uses to deliver them. These
two broad dimensions of quality are often repre-
sented by the following questions:

1. Are we doing the right things?
2. Are we doing things the right way?

Table 1 illustrates the two dimensions.

Measurement drives quality. Quality experts are
certain that measurement is essential to improv-
ing quality. According to Dr. Curtis Reimann,
1989 Chairman of the Board of Overseers of the
Malcolm Baldrige National Quality Award, “The
number one factor common to companies scoring
high in quality was that they were quantitative
and had instituted measurement processes.” In
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other words, measurement drives quality. Well-
designed measurement focuses on goals; recipro-
cally, well-defined quality is measurable.

Measurement is an essential component of total
quality management. The old axioms are true:
You cannot manage what you cannot measure;
what is not tracked is not done.

Well-implemented measurement is an ongoing
process of measuring work processes and prod-
ucts, finding out where the organization is com-
pared to where it needs to be, and analyzing data
to identify opportunities for improvement.* Mea-
surement information is essentially management
information. Well-designed measures identify the
current capabilities of I/s, highlight opportunities
for process improvement, facilitate goal setting,
mark progress toward goal attainment, and en-
able benchmark comparisons with other organi-
zations.

When used for process improvement, measure-
ment can actually improve job satisfaction and
morale because process improvements help peo-
ple to work more effectively. The most successful
measurement initiatives place a strong emphasis
on employee involvement. Effective measures
are not measurements of the people. They are
measures of work processes made by the people
and for the people so that process improvements
can be defined and implemented. Effective mea-
surement results in higher-quality products and in
enhanced pride that people take in delivering
these products to their customers.

The best metrics practices are linked to quality
improvement efforts that harness the efforts and
intelligence of everyone in the organization to find
ways to do things better, from start to finish. The
end result is lowered costs and increased produc-
tivity.

In application development, the cost of discov-
ering and eliminating a defect increases dramat-
ically as the application proceeds through the de-
velopment life cycle. By moving defect detection
efforts up to the early phases of application de-
velopment, defect detection can be 33 times more
cost-effective than testing done at the end of de-
velopment.®

Hierarchy of measures. One of the most common
problems that quality and metrics consultants en-
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counter in I/S organizations is the absence of the
concept of hierarchical information needs. Con-
sider the case of the CIO (chief information officer)
at a very large company, responsible for an 1/S

When used for process
improvement, measurement can
actually improve job satisfaction

and morale.

organization of 5000 people spread throughout
several corporate divisions. The enterprise had
already adopted TQM as its approach to improving
its bottom line: market share and productivity.
He knew appropriate measures were essential,
s0, being a business manager who had not come
through the ranks of 1/S, he asked I/S to propose
the executive-level measures.

The 1/ organization recommended that the exec-
utive-level measures be lines of code and person
hours. These measures were ultimately rejected
by the CIO because there was no way for him to
relate such basic, low-level measures to the bus-
iness objectives at his level. The measures told
him nothing about how smoothly I/S development
processes worked or whether the processes were
under control, and they told him nothing about
how satisfied I/S customers were, or how much /S
contributed to the performance of the customer
organizations. What the CIO needed were the re-
sults of translating information up through the hi-
erarchy of information needs of the organization.

Effective measures serve as a framework for de-
fining shared goals and for communicating how
the goals of each unit directly support organiza-
tional goals. Measures empower people at all lev-
els by providing the data needed to make fact-
based decisions. These data provide objective
information about the working of the processes of
the organization. Acting effectively upon the in-
formation requires management to shift the focus
from personnel performance to process perfor-
mance and from individual behavior to team be-
havior.
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Successful approaches to establishing and using
measurement recognize that each level of the or-
ganizational hierarchy has different information
needs. The information needs will tend to be hi-
erarchically structured: each level of the organi-
zation has to roll up information from its level into
reports for the the next higher level. When mea-
surement is designed to meet the hierarchy of in-
formation needs, the measures and metrics used
tend to create a hierarchy of measures.

A hypothetical example may help to explain the
concept of measurement hierarchies. Let us as-
sume that the goal of one CIO is to increase re-
sponsiveness to the users of I/S by delivering ap-
plications faster. To do that, the organization has
to shift more effort to development, away from
maintenance. To support the CI0’s goal of im-
proved responsiveness, the I'S director estab-
lishes two goals: (1) increasing development qual-
ity and (2) decreasing maintenance costs. By
achieving these goals, he or she will then be able
to direct more of the total I/s effort to developing
new applications.

For the application development managers, this
goal translates to improving the quality of new
applications delivered to users (I/S customers) and
improving the maintainability of applications that
are turned over to the maintenance group (the
internal “customer” of the new-development
group). Both new-development and maintenance
project managers agree that reusing code is a
good way to reduce error rates in new applica-
tions, thereby lowering the cost of delivering the
application. They also agree that maintenance ef-
forts should similarly benefit. Thus, they agree
that quality and maintainability increases will ini-
tially be tracked by measures of code reuse and
rework effort. The project managers decide to
measure reuse and rework as follows:

¢ Percent code reused = Reused lines of code /
Total lines of code

¢ Percent reusable code developed = Reusable
lines of code developed / Total lines of code
developed

* Percent rework = Total person hours devoted
to rework / Total person hours of effort

Because each organization has its own particular
culture, goals, and values, each organization
needs to establish and internalize its own mea-
sures. This set of measures should be constructed
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to serve as critical business indicators, showing at
a glance how the organization is doing.

Dimensions of I/S measurement

An essential step toward effective measurement
is deciding what to measure, how to measure it,
and how to use the measurement data. As dis-
cussed earlier, there are two broad dimensions of
I/S quality: whether 1S is doing the right things,
and whether it is doing them in the right way.
Both of these dimensions need to be measured.
This section presents two classes of I/S measures
to be considered: business value measures and I/S
process and product measures. Both classes of
measures are needed to answer the question: Are
we doing the right things in the right way? us
process and product measures address the right
way; business value measures address the right
things.

Doing things right—I/S process and product mea-
sures. Doing things right means producing quality
products and services as efficiently (which also
means as cost-cffectively) as possible.

I/S process and product measures provide insights
into the capability of I/S to deliver quality appli-
cations. Process and product measures gauge
process efficiency and outcome predictability by
tracking such things as differences between esti-
mates and actuals (e.g., effort, size, cost, main-
tenance requirements, and customer satisfaction).
Information about project-specific attributes (e.g.,
project development platform and development
methodology) is also required to appropriately
group projects together when performing quantita-
tive analysis.

Process and product measures are required to
identify opportunities for meaningful improve-
ment and to identify results (e.g., phase and cycle
time, defects, rework) that significantly differ
from the norm. The factors that contribute to
favorable results can be propagated to other
projects. Factors that contribute to undesirable
results can be eliminated, thereby improving the
software development and delivery processes.

Process and product measures are used to answer
questions like “Are things getting better? Why?
Are our improvement efforts effective?”” Compar-
isons between pilot project results and historical
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norms, as well as overall trends, can test and
demonstrate the effects of process changes.

The application developer’s and tester’s perspec-
tives. Involving developers and testers in the
measurement definition process will, in the long
run, result in better estimates and better tcam-
work. Developers want measurable descriptions
of the product to be developed, including cus-
tomer expectations and quality requirements, in
addition to project schedules and milestones. The
developer is interested in measures that demon-
strate (and support estimates of) how much effort
is required to reach the target milestones and to
deliver an error-free product. Providing straight-
forward ways to track current effort enables de-
velopers to be self-monitoring and self-correct-
ing. When developers are self-correcting and
when testers can see a record of the developers’
testing activities, system testing costs will likely
decrease. The tester wants to know how well the
development group has inspected for errors, how
many errors have been captured and corrected,
and how large and complex the software is.
Testers hope that quality will be built in, because
they know how costly it is to try to “test it in.”

The project manager’s perspective. The project
manager is expected to keep the project on plan.
The project manager’s measures need to track the
project closely enough to provide enough lead
time to anticipate problems and make timely
course corrections. The project manager also
needs to make and revise the project plan based
on new information or changing conditions. Proj-
ect estimates and revisions require accurate his-
torical data in order to make reasonable budget
and schedule projections.

Common project management measurement re-
quirements include regular reports of progress
(e.g., task starts and completions, milestone at-
tainments), requirement changes that impact cost
and scope (e.g., estimated versus actual impact of
change requests), and defects (e.g., number of
defects detected and defect severity broken out
by phase).

The 1/S development director’s perspective. The
IS development director’s perspective spans mul-
tiple projects. The development director needs
measures that highlight meaningful differences
between projects. The objective of the IS devel-
opment director’s measures is to provide infor-
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mation for optimizing the software development
processes of the organization. As owner of the
development function, the I/S development direc-
tor needs measures to identify factors contribut-
ing to or inhibiting quality and productivity, mea-
sures to evaluate the impacts of new tools and
techniques, and measures to provide facts upon
which resource allocation decisions can be made.

Business value measures—doing the right things.

/s products and services derive business value
from improving the business performance of the

Involving developers and testers
in the measurement definition
process will result in better
estimates and better teamwork.

enterprise by working with the lines of business to
document, understand, and streamline their pro-
cesses. Business value, then, is derived from
measured enhancement in business perfor-
mance. The amount of change can be measured
by comparing initial performance to performance
enhanced by 1/S.

Business performance is defined differently across
different enterprises, depending on values spe-
cific to their defined missions. In order to maxi-
mize its business performance enhancement po-
tential, /S needs to be aware of, and plan
according to, the values or strategic priorities of
the planners of the enterprise. Table 2 presents
commonly recognized categories of business val-
ue.® Each enterprise will place a different empha-
sis on different categories. Within each enter-
prise, each line of business may similarly
emphasize categories differently, depending on
current and future business needs.

The CIO'’s perspective. The CIO is in a uniquely
advantageous position, bridging senior manage-
ment planning activities that define the strategic
directions of the enterprise and the automation
and process re-engineering expertise of 1/S. The
stronger the bridge between enterprise planning
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Table 2 Business value categories

‘Business Value
Category ;

‘;Ca;tggory, Descrlpﬂ@n S

Return on investment
and wider economic
impact

Management
information

Competitive advantage

Competitive response

Strategic match

Production capacity

Business managers measure how much mformatxon technology eads t enhanced performance
effectiveness of functional operations. It is important to know, for. example, that recent
enhancement of the billing system reduces billing errors by 70 percent, saving up to 35 hours a
week (or $45,000 a year) in administrative reprocessing effort, and at the same time capturing up
to 87 percent of revenues previously lost or deferred to the next blilmg cycle,

Supporting the ability of management to make the right decisions about core business activities
and critical success factors is an increasingly highly valued activity. Today s decision-support
systems help people throughout the enterprise, from enabling finance to give uniform,
consistent, and timely reports and projections of business results, to helping to support sales
and service by tracking the location and measuring the processing time for each service request
and each customer proposal.

Competitive advantage springs from creating new business opportunities, improving the existing
business position, or improving the way the industry or business is structured. Hertz’s rental
return agents meet returning drivers in the parking lot, immediately enter final trip data into
palm-top computers, and in minutes the customer is off to catch a plane, final receipt in hand—
no lines, no waiting.

Competitive rTesponse looks at the risk of not doing a project. It is a defensive action, concerned
with preserving market share and with avoiding damage to the enterprise. For example, adding
automatic teller facilities today may not help a bank gain market share, but it will help to keep
up with the competition.

Strategically well-balanced 1/S efforts promote success toward the strategic goals of the
enterprise. They are consciously and deliberately initiated to support corporate strategy. The
1990 Baldrige winner, Federal Express, had the strategic goal of being the best and most reliable
provider of overmght delivery services in the world. In support of this goal, the enterprise
created information technology systems that enable anyone in the organization to know
immediately the status of any of its 1500000 daily shipments.

Just as a state-of-the-art manufacturing facility is a significant asset to the business, so is its
information technology, its 1/S infrastructure and architectures. The existence of the
manufacturing plant or of the I/S technology represents the existence of the productive capacity
and production flexibility that enable the enterprise to compete effectively for future business.
Without it, the company must find a substitute capacity (outsourcing) or endure the delay of
building the required I/S capability.

and IS planning, the more likely it is that I/S can
maximize its contribution to the enterprise. Link-
ing the two levels of planning facilitates the effec-
tive benefits assessment of proposed /s efforts
and promotes effective prioritization of IS projects.

Thus, the CIO looks at the contributions that 1/S
can make to the enterprise as a whole and at the
contributions it is currently making. When eval-
uating the contributions made by I/S application
development efforts, the CIO requires timely,
meaningful measures of customer satisfaction, /S
internal quality and productivity, and I/S business
value contributions.

The CI0 is also interested in external benchmark-
ing to answer questions like:
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* How do we stack up against other people?
Against the best?

e If we are not the best, what can we learn from
others who are?

* How does our experience with new technolo-
gies and methodologies compare with that of
others?

Measures of business value provide the CI0 with
the data needed to understand the big picture: to
know how much value I/S applications bring to its
customer organizations, and to determine how
much the value of I/S could increase through im-
provements in the capability of I/S to deliver qual-
ity applications. On the basis of current and po-
tential business value, the CIO can make fact-
based decisions when allocating the resources
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required for application development, application
customization, maintenance, and process im-
provement.

Measuring I/S quality and value. The preceding
subsections have looked at various factors that
can be measured to assess whether I/S application
development efforts are effective (focused on the
right things) and whether application develop-
ment is efficient (being done the right way). This
subsection suggests a way to group I/S measures
into measures of effectiveness and efficiency.

I/S effectiveness means focusing effort and re-
sources where they will have the greatest positive
business impact. Measurements of effectiveness
usually include external perspectives:

* Customer satisfaction—Customer satisfaction
can be measured by surveying user satisfaction
with products and services supplied by I/s.
Techniques to measure customer satisfaction
may include customer surveys, evaluation
questionnaires following up each delivery of a
product or service, and customer forums, focus
groups, or user groups. Customer surveys
should include the business process owners,
line-of-business executives, and application
end users.

Business impact—Business impact can be mea-
sured by evaluating /S products and services in
terms of their contributions to the competitive-
ness, productivity, and flexibility of the enter-
prise in daily business; that is, how much do I/s
products enhance business performance? As-
sessing business impact includes follow-up on
the “business cases’ supplied by business units
when requesting new IS products or services,
as well as pre- and post-install surveys. Busi-
ness impact measures may include the business
value of new markets or new revenue streams
that an I/S product has enabled.

Strategic alignment—Strategic alignment can
be measured by evaluating the deployment of
I/S products and services vis-a-vis the strategic
goals of the enterprise. The alignment value of
Vs is measured in relation to the alignment of /S
with business priorities. Strategic alignment
may measure I/S effort expended per business
unit in relation to the strategic value of that unit
to the business. Alignment measures may also
consider how closely I/S planning and enterprise
planning activities are integrated.
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Efficiency is the ratio of effective work to the en-
ergy expended in producing it. Efficiency mea-
sures the ability to produce a desired effect with
a minimum of effort, expense, or waste. I/S mea-
surements of efficiency are inward-focused; they
relate to I/S internal activities and are typically
technically oriented. Because they measure prod-
uct against work effort, they consider:

¢ Portfolio analysis—Portfolio measures may in-
clude the total number of applications, total size
of the portfolio, portfolio cost per function point
across lines of business, and annual trends in
product quality or delivery cycle time. The
measures should also include services offered,
such as consulting, help desk, product docu-
mentation, and product training.

* Process analysis—Process analysis measures

evaluate the repeatability and predictability of a
process. They show whether or not a process is
under control. The key here is how dependable
the process is: Can budgets and schedules be
estimated accurately? Can product quality be
reliably predicted? Process analysis measures
examine the rate at which work flows through
each step of the process: the rate at which
user requirements are translated into function
delivered to the user. What percentage of
overall development time is spent on a given
phase of the development cycle, such as defin-
ing and wvalidating requirements? How many
errors are detected and corrected during
each phase? How well are requirements traced
through the process to delivery of the applica-
tion?
Cycle time—Cycle time measures responsive-
ness and shows the rate at which user requests
for new products, enhancements, and services
are fulfilled. Cycle time measures may include
variances between projected and actual com-
pletion times, average and median times to de-
liver new applications and enhancements, and
the rate at which backlog service requests are
moved into active project status (a kind of “in-
ventory turn’ measure).

Figure 1 summarizes the factors that contribute to
I/S quality and value.

Aligning process analysis measures with
maturity

In the earliest years of software development, and
in many organizations today, the goal of devel-
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Figure 1 Contributors to I/S quality and value

PROCESS
ANALYSIS

PORTFOLIO
ANALYSIS

CUSTOMER

SATISFACTION IMPACT

opment was and is just to get the product out.
Thirty years ago, there was no science of soft-
ware engineering. People invented ways to build
software at the same time as the software prod-
ucts were being built. Processes were ad hoc, and
success often depended upon the “guru’ leading
the project. Fortunately, much has been learned
over the past few decades.

A considerable body of knowledge has evolved,
improving the ways in which software is de-
signed, developed, and delivered. A new science,
software engineering, has been born. Software
engineering practices bring rigor and discipline to
software organizations. Studies of commercial
and governmental software organizations by the
Software Engineering Institute (SEI) at Carnegie
Mellon University have resulted in the definition
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BUSINESS

I/S QUALITY
AND VALUE
MEASURES

STRATEGIC
ALIGNMENT

of a software process Capability Maturity Model
(cMMm).” The process Capability Maturity Model
distinguishes five levels of increasing maturity
and capability.

Although the cMM does not provide an explicit
formula for improving individual development or-
ganizations, it relies on empirical data that show
a strong link between the maturity of the pro-
cesses used within the software organizations and
their ability to produce predictable results. Inter-
estingly enough, the thesis that the ability of an
organization to deliver high-quality products and
services is linked to process maturity is also em-
bodied in the criteria for the Malcolm Baldrige
National Quality Award. The quality capability
model of the Baldrige assessment also uses five
levels of increasing capability.
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Table 3 Quality models

Baldrige Score Range

Crosby's Quality Management (QM)
Maturity Grid

SEI Capability
Maturity Model

0%
Anecdotal
No systems evident

10%-40%
Beginnings of systematic prevention
basis

50%
Sound, systematic prevention basis
that includes evaluation and
improvement cycles; some evidence
of integration

60-90%
Sound, systematic prevention basis
with evidence of refinements
through evaluation, improvement
cycling; good integration

100%
Sound, systematic prevention basis
refined through evaluation,

Uncertainty
No comprehension of quality as
management tool
COPQ/Sales = 20%

Awakening
Recognition of possible value of
QM, but no commitment of
resources
COPQ/Sales = 18%

Enlightenment )
Management supports and helps QM
COPQ/Sales = 12%

Wisdom
Management participates in and
personally leads QM efforts
COPQ/Sales = 8%

Certainty
QM considered essential part of
corporate management systems
COPQ/Sales = 2.5%

Level 1—Initial
No predictable results

Level 2—Repeatable
Basic project management processes
Schedule predictability

Level 3—Defined
Cost predictability
Standard development and
maintenance processes as a basis for
quality improvement

Level 4—Managed
Formal methods, tools, technology
use, and measurement
Process measures; defect
projections, control plans, and
tracking; quantitative quality and
performance goals

Level 5—Optimized
Foundation for continuous
improvement, optimization of the
process

improvement cycling; excellent
integration

Complete measurement and tracking
systems

SEI's model was originally developed by Watts
Humphrey, who described his approach to defin-
ing a framework for software process improve-
ment as “roughly parallel” to a total quality man-
agement model mapped out by Philip Crosby.*’
Thus, it is not accidental that there is some cor-
respondence between quality models and the Ca-
pability Maturity Model. Each suggests that the
best way to improve software development qual-
ity and productivity is to improve the software
development process. The five levels of the Bald-
rige Score Range, Crosby’s Quality Management
Maturity Grid, and the SEI Capability Maturity
Model are summarized in Table 3. Crosby’s Ma-
turity Grid also shows the percentage of sales the
cost of poor quality (COPQ) represents at each
level of maturity.

Capability Maturity Model. Table 3 also illus-
trates the basic premise of the CMM: as software
organizations mature, the processes they use ma-
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ture. The CMM identifies five levels of software
engineering process maturity ranging from Level
1, “initial” (the relatively chaotic situation that is
still most common today), to Level 5, “opti-
mized,” the level of greatest maturity and highest

quality.

At Level 1, the goal is simply to deliver software.
There is no predictability for completion time,
cost, quality, or functionality. Development pro-
cesses are largely ad hoc. Usually, the only mea-
sures that are reliable are posz-ship measures
taken after the software product is delivered to
the user. These measures often bring unpleasant
surprises to management.

At Level 2 of software development maturity, the

‘goal is project control. This goal is usually trans-

lated into schedule control. At this stage, projects
are schedule-driven; cost control is often difficult
because of the need to throw extra resources
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(such as large amounts of overtime) into the proj-
ect so that a product is ready on time.' Unfor-
tunately, often not enough hard historical data are
available to enable reasonable schedule projec-
tions, so time begins to run out. In this “process,”
it is not unusual for functionality and quality re-
quirements to fall by the wayside. As a result,
costs to achieve customer satisfaction after the
product is released can be very high, especially if
there is a large installed base of users.

Level 3 works on controlling the product by as-
suring that all product requirements are met and
quality-controlled. At Level 3, the expected prod-
uct is produced on or close to schedule, but costs
are still not under control. This situation is often
attributable to the increased commitment to de-
fect detection and removal. Because detection
and removal efforts do not yet improve the pro-
cess that introduces the defects, the cost of at-
taining quality is high.

At Level 4, the goal is to control the process
by which the product is produced. Only by con-
trolling the process can the costs of products,
projects, and customer satisfaction be controlled.
The expected product is delivered when pre-
dicted at the predicted cost. Now the organization
can begin to improve processes and, by doing so,
reduce cycle time, reduce costs, and produce bet-
ter products.

At Level 5, the software organization builds on
the foundation of control and improvement to es-
tablish a culture of continuous process improve-
ment. Software development efforts focus on op-
timizing both quality and productivity. Although
it is not a focus of the CMM, we can assume that
the software organization itself has probably
achieved much tighter integration with the busi-
ness as a whole. As a result, measures that track
the value to the business of the IS organization as
a whole are probably relatively mature.

Capability Maturity Model dominant measures.
Table 4 shows samples of the measures currently
advocated by the SEI (dominant measures) at each
level of maturity. ! Each change in focus for each
level of maturity dictates a change in the mea-
sures used to manage software development. As
the table illustrates, the dominant measures shift
as the level of process maturity increases. This
shift reflects three common axioms of measuring:
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* What is not tracked is not done.
* You cannot manage what you cannot measure.
e What you do measure is what you get.

Let us look at those statements more closely. The
information that measurement supplies is essen-
tially a management information system (i.e., a
system that supports decision-making). For that
reason, the dominant measures relate to what the
organization is trying to manage. As I/S organi-
zations reach higher levels of software engineer-
ing maturity, the management information needs
become more sophisticated. Processes are better
designed, understood, and followed. Opportuni-
ties for “fine tuning the development engine” in-
crease, driving the need for increased precision
from existing measures and for collecting new
measures.

The relationship between the I/S level of maturity
and information needs is reflected in the table by
changes in the dominant measures. As each suc-
ceeding level of maturity is reached, and addi-
tional measures are put in place, the dominant
measures from the preceding level will occupy a
smaller share of management interest and atten-
tion than it did previously.

The various sets of measures and metrics that the
organization uses can be portrayed as gauges on
an instrument panel. In arranging the instrument
panel of the organization, managers might typi-
cally position the dominant measures as “contin-
uous readout” dials (like speedometers and
odometers). Other instrument panel areas would
be assigned to “warning indicators” for measures
and metrics that are of interest to management
only when immediate action is required (like low-
oil lights and door-ajar bells). As the organization
reaches higher levels of maturity, new dominant
measures will reconfigure the instrument panel:
The new dominant measures will become contin-
uous readout gauges and the dominant measures
of the prior level will become warning indicators.
Determining the appropriate I/S measures is there-
fore an ongoing process. Attaining a new level of
software engineering process maturity or recog-
nizing a shift in the enterprise business value
model are indicators that it may be time to repeat
the measurement selection process. Each time
the measurement selection process is repeated,
the effort required to define, collect, and analyze
the measures should decrease.
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Table 4 CMM and dominant measures

CMM Level

Goal to Advance

' Dominant Measures and Sample
Measures

Level 1—Initial
No predictable results

Achieve rudimentary schedule
predictability

Post-ship measures
* Customer-detected defects

Level 2—Repeatable
Information or ad hoc process
Rudimentary schedule predictability

Level 3—Defined
Cost predictability
Stable process as a basis for quality
improvement

and technology

Level 4—Managed
Formal methods, tools, technology
use, and measurement
Process measures; defect control
plans and tracking

Level 5—Optimized
Foundation for continuous
improvement, optimization of
the process
Complete measurement and tracking
systems

Stable process; cost predictability

Formal life cycle, methodology, tools,

Productivity plans, goals measures,
tracking; process improvement;
increased defect prevention

Continuous improvement of
process(es); measurement system
evaluation and refinement

* Production failures

* Application size at time of delivery
* Total development cost

* Total development time

Project control

* Trouble report density

* Actual versus planned completions
* Actual versus planned costs

* Number of requirements changes

* Application size growth

Product control

* Defect detection efficiency

* Defect frequency by defect type

* Requirement change distribution by
requirement type

» Actual versus planned cost with
ranges

* Actual versus planned completion
with ranges

Process control
* Progress in relation to control limits
* Cost in relation to control limits
* Size growth in relation to control
limits
- * Defect removal efficiency
» Rework measures

Quality management

« Actual versus predicted process
improvement results

* Reductions in process variance

* Actual versus predicted process . . |
innovation effects I

* Innovation adoption rates

* Rework effort as a percentage of
total effort ‘

Cultural and organizational dimensions of
measurement

Successfully introducing measurement into an or-
ganization almost always requires significant cul-
tural changes. Comprehensive planning for the
cultural changes that must accompany I/S mea-
surement is critical to the successful deployment
of the process. Most people resist change. By un-
derstanding the dynamics of change, and care-
fully planning its introduction, I/S management
can minimize stress for everyone involved. In
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fact, organizational change can be a positive,
team-building experience. Successfully managing
change requires coordination, communication,
and commitment. Management must repeatedly
reaffirm their commitment to the ultimate benefits
gained from the change. These efforts are needed
to reduce fear and stress. A strong communica-
tion effort should precede and constantly accom-
pany the formal implementation of the measure-
ment in order to minimize or forestall negative
reactions people may have to the change.
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Figure 2 Contributors to successful change
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you get. The bad news from measurement is also

Regardless of how measures are used, the act of
gathering measures focuses attention on what is
being measured

duce what is being measured, whether it be lines
of code, fewer errors, or ease of use. Careful
thought should go into selecting the measures that
are right for a particular set of I/S information
needs, objectives, and culture. For example, pro-
ductivity targets stated only in terms of lines of

Carefully selected measures. The good news
What you measure is what you get.
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code may cause developers to increase the num-
ber of lines of code (without adding any value to
the application) and hence “improve” productiv-
ity as defined by the measurement plan.

Visible progress. The Quality Assurance Institute
suggests that the plan should include milestones
that mark short-term successes. Celebrating the
attainment of these milestones reinforces the mo-
mentum behind the plan. In addition, focusing
attention on positive results from the measure-
ment process serves to affirm the commitment of
management which, in turn, reinforces accep-
tance of the measurement process by the organi-
zation.

Readiness for change. Healthy organizational
change begins when the organization, as a whole,
recognizes the need to change. Many experts be-
lieve that three phases are involved: unfreezing,
moving, and refreezing. Unfreezing is the process
of recognizing the existence of a problem. Sur-
veys or assessments (either self-assessments or
external assessments) can assist the unfreezing
process. Moving involves establishing a vision of
the “brave new world,” or the scenario after
change takes place, as well as a plan to get there.

Refreezing involves the implementation of the
plan, monitoring progress, and making course
corrections.

Consistent goals. The establishment of consistent
goals from top business management to top I/S
management to project management to the pro-
grammer is vital to the success of the program.

Top management goals such as return on invest-
ment or increased market share must be decom-
posed to specific measures for the project man-
ager and the programmer. How the measures are
combined to evaluate progress toward organi-
zational goals should be clearly articulated and
endorsed. In this way everyone can see how in-
dividual efforts relate to the big picture. For ex-
ample, improved market share depends on im-
proved quality, which depends on fewer defects,
which depends on early defect identification,
which depends on process improvement.

The real test of a measurement process is the de-
gree to which everyone can make the translation
from top management goals to the goals that each
person is being asked to achieve. By passing this
test, the measurement process helps the individ-
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ual identify with the enterprise objectives and feel
a part of them.

Organization and sponsorship. The owner of
each process being measured must sponsor the
deployment of its measurement. A team approach
is highly recommended to determine the appro-
priate measures for a given process. Key people
who are participants in the process being mea-
sured should be part of the planning and imple-
mentation team. Participants may also include
measurement subject matter experts from quality
assurance or the software engineering process
group, ? but in an advisory capacity. The key peo-
ple on the deployment team should be the “in-
formal” leaders in the organizations they repre-
sent. Their buy-in, or commitment to participate,
is essential if the deployment is to succeed.

Management behavior. The managements of or-
ganizations that have successfully undergone or-
ganizational change have several traits in com-
mon. Among these are that management:

s View change as a process and prepare their or-
ganizations for evolution

s Understand that resistance is to be expected
and develop plans to manage and minimize po-
tential side effects of resistance

* Focus on team building and provide teamwork
skill training and incentives for teamwork

s Create an environment where change comes
from the “grass roots” but is directed toward a
common vision

Assessing readiness for change. Change manage-
ment experts have identified the following fac-
tors when assessing organizational readiness for
change:

o History of change—the prior experience of the

organization in accepting change. Has a mea-
surement process been attempted before? What
happened?
Clarity of expectations—the degree to which
the expected results of change are shared across
various levels of the organization. The classic
example of conflicting expectations is the case
in which a vague “quality” emphasis program is
announced, perhaps even with a designated
“quality executive,” but the day-to-day man-
agement focus remains clearly fixed on meeting
schedules, rather than on improving quality.

¢ Origin of the idea or problem—the degree to
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which those most affected by the change initi-
ated the idea or problem that the change solves.
Packaged, “quick fix” measurement solutions
often encounter “not invented here” problems.
Similarly, measurement promoted by a depart-
ment, external to the people involved in the pro-
cess being measured, may not be well accepted.
For example, developers frequently (and right-
fully) resent interference from ““watchdog” or-
ganizations that dictate what should be mea-
sured and why. This lack of acceptance is
especially true when the people being asked to
change do not believe there is a need to change.
Support of top management-—the degree to
which top management sponsors the change.
Top management support and involvement are
evident when measures of the progress of the
entire organization toward its goals are shared
throughout the organization, when manage-
ment requires that measurement results be in-
cluded in all status reports, and when manage-
ment authorizes allocation of sufficient time in
the work week for people to produce, collect,
analyze, and use measures.

If top management pays only lip service to the
change and does not provide leadership for
change, if management fails to monitor the
adoption of change and does not allocate the
resources necessary to bring about the change,
the rest of the organization will not take the
change seriously. The change effort will sputter
and die. Future cultural change efforts will face
an even greater challenge.

Compatibility with organizational goals—~the
degree to which the proposed change corre-
sponds to past and present organizational prac-
tices and plans. For example, if management
claims that “quality” is an important goal but
only uses schedule-driven measurements, the
organization will recognize the dichotomy and
thwart the measurement process.

Concluding remarks

What to measure depends upon management in-
formation needs which, in turn, relate to enter-
prise-wide priorities. Senior I'S management
wants to know if the I/S organization is doing the
right things, in the right way. Both business value
(“right thing”) measures and 1S process and
product (“right way”’) measures are required to
satisfy the information needs of I/S management.
The /s measures should be organized hierarchi-
cally because of the hierarchical and interlocking
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nature of organizational, departmental, and proj-
ect goals and information needs. Each level of the
I/S organization must satisfy its own information
needs and the information needs of the next
higher level. The degree to which these informa-
tion needs are satisfied is directly related to the
degree to which the information needs can be
quantifiably translated into a hierarchy of mea-
sures.

Although a picture of the full hierarchy may help
communicate the ultimate vision of the measure-
ment process, few organizations are capable of
implementing the grand vision all at once. The
ability to achieve an optimal hierarchy of mea-
sures and metrics ranging from application devel-
opment projects up to and beyond the CIO de-
pends on the following factors:

1. Complete understanding of the ability of the
application development organization to mea-
sure™

. Full alignment of business and quality goals up
and down the organizational hierarchy

. Selection and use of the most appropriate mea-
sures and metrics to track achievement of the
aligned goals

. Thorough assessment of the cultural changes
required to integrate measurement into the
way in which the organization carries out its
business

. Comprehensive planning for metrics imple-
mentation

The full value of a measurement process can be
realized only if all of these factors are present and
properly balanced.
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