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Quantifying the Effects
of Process Improvement

When
organizations
make many
tmprovements
concurrently,
soffware project
MaAnagers

bave no way of
determining

bow much
improvement is
due to process
maturity versus
other factors.
Using a 161-project
sample, this article
isolates the effects
on effort of process
maturity versus
other effects,
concluding that an
increase of one
process maturily
level can reduce

development effort
by 4% to 11%.
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ccording to the Software Capability Maturity Model (SW-
CMM), the primary intended long-term benefit of high process
maturity is high-quality software mecting customer requirements,
delivered on time and within budget.! Productivity improvement

15 another important potential benchit. Because changing the software de-

velopment process in an  organization

ment, many software organizabions remaim
at low levels of matunty.

The effects of increasing process matu-
rity alone are not casy to determine, be-
cause orgamzations generally make con-
current improvements i other areas that
also result in benefits to the development
orgamzation. So, a clearer assessment of
process matunty cffects 1s needed. Anecdo-
tal case study evidence shows many short-
and long-term benchts to improving
process maturity.2-? These studies used dif-
ferent assessment approaches, none of
which try to solate individoal factors af-
fecting productivity. Nevertheless, they do
mdicate that increasing maturity levels gen-
erally have posiive effects.

The premise of this arbcle 15 that -
creasing process matunty decreases the ef-

requircs a large invest-

fort required to develop a software product
{effort 15 a fundamental component of pro-
ductivity). The challenge 1s determinming the
effect of increased process maturity in the

context of other influences on software de-
velopment effort. | have used a mathemati-
cal model to segrepate process matunty’s
influence on effort from that of other fac-
tors. The model quantifies the magnitude
of this influence and the relationship be-
twoen process maturnty and the other fac-
tors. [he results here are based on previous
rescarch that Barry Bochm and 1 con-
ducted. "1

Data Collection

Four areas generally imfluence software
development effort: product factors, project
factors, platform factors, and personnel fac-
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tors. The data we collected on product fac-
tors mcluded size, precedentedness, arch-
tecture and nsk resoloton, required rehabial-
ity, database size, complexity, whether the
product was developed for reuse, and docu-
mentation match to hife-crde needs. Data
collected on platform factors included time
constraints, storage constramnts, and devel-
opment platform volanhty. Data collected
on personnel factors included analyst and
programmer capability, personnel continu-
ity, team applhcaton expenence, and lan-
poage and tool expenence. Data collected
on project factors included development
Aexibality, team cohesion, tool usage, multi-
site development, schedule compression,
and—the factor of interest here—process
maturity. The Cocomo Il model descnibes all
the factors in detail. '

| collected data for the Process Maturity
(PMAT) factor using two methods. The first
selects an overall matunty level based on o1-
ther an orpamized evaloaton or a subjective
judgment (see the muddle column in Table
1). The SW-CMM Level 1 lower half 1s for

organzations that rely on “heroes™ to do the

Table |

job. They don’t focus on processes or docu-
menting lessons learned. The 5W-CMM
Level 1 upper half 15 for orpamzations that
have mmplemented most of the Key Process
Arecas that would satisfy SW-CMM Level 2.
It 1= important to disonguish the groups
working their way to a Level 2 rabing. A
transition from Level 1 lower to Level 1 up-
per s modeled as a change in a PMAT level.
These two Level-1 ratings differ from the
SW-CMM%s published defimtion; the re-
maining levels follow the SW-CMM.

The second method selects a ranng,
called the Equivalent Process Matunity

Level, based on the percentage of complhi-
ance for each Key Process Area goal.! If the

project has undergone a recent CMM - as-
sessment, the EPML method uses the per-
centape compliance for the overall KPA
{based on KPA compliance assessment
data). If an assessment had not been done,
| iInterviewed someone on the project or fa-
mihar with the project. My questons were
directed at determining how dose a pro-
ject’s processes miet the goals for cach KPA.
| recorded the levels of comphance using the

Likert scale. Figure 1 shows that scale along
with one KPA.

Although an orgamzation maght be rated
at a speatfic SW-CMM level, the respondents
were encouraged to wse the second

method—that 15, to answer all KPA ques-
tions considenng what actually happened on
the project.

Each of the 18 KPAs has seven rating
levels:

n Ablmost Always: The poals are consis-
tently achieved and are well established
mm standard operating procedures (over
% of the time).

n Freguently: The poals are achieved rela-
tively often but sometimes omitted un-
der difficult arcomstances {about 60%
to H0% of the ime).

w Abowt Half: The poals are achieved
about half the tme (about 40% to 60%

Process Maturity Rating Levels
Owerall process i

Process maturity Equivalent process :
rating (PMAT) maturity lewvel maturity bevel of the ttome).
Occasumally: The poals are achieved less

|ow CMM Level 1 lower hualf o -
Lh;: CMM Level 1 upper half 1 often (about 10%: to 40% of the tme).
Nominal CMM Lavel 7 5 w Rarely If Ever: The goals are rarely of
Figh MM Lawsl 3 5 ever achieved (less than 109% of the

- fime).

CMM Lewsl 4 4

E:; CMM Lavel 5 3 w Does Not Apply: The respondent has

ey the required knowledge about the proj-

66 IEEE SOFTWARE Novemder/December PO00



ect or organization and the KPA but
feels that the KPA does not apply to his
or her carcumstances.

n Do Nt Knows: The respondent s uncer-
tamn about how to respond.

| computed an EPML as five imes the av-
erage comphance level of all s-rated KPAs
for a single project (Does Mot Apply and Do
Mot Know are not counted, which some-
times makes # less than 18). The comphance
level for each KPA 15 represented by a
welght assigned to each level of the Likert
scale (100 for Almost Always, 75 for Fre-

quently, 50 for About Half, 25 for Occa-
sionally, 1 for Rarely If Ever). | calculated

the EPML as



