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I Editor's Introduction 

Jane C. Blake 

Managing Editor 
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Digital is continually seeking to adopt, improve, or 

devise processes that will deliver the highest qual

ity products to our customers. In this issue of the 

Digital Technical journal, software engineers from 

several of Digital 's organizations present their expe

riences with modern software process methods, 

such as Voice of the Customer techniques and the 

Software Engineering Institute's (SEI) framework, 

that direct the development focus on the needs of 

customers. 

One of the first hurdles for software process 

advocates is making a clear case for the value of 

implementing software product development pro

cesses. Steve Knox's paper offers a Software Cost of 

Quality Model that addresses the cost and schedule 

concerns of many software managers. The model 

demonstrates that among the incentives for improv

ing software process is a two-thirds decrease in  the 
cost of quality, as a percentage of development, as 

process maturity grows. 

Digital's software processes are still in the early 

stages of maturity as defined by the SEI (described 

in a later paper). Nevertheless, software engineers 

who are using process techniques are already see
ing significant benefits in the form of products 

that meet customer needs. Paul Huntwork, Doug 

Muzzey, Chris Pietras, and Dennis Wixon describe 

the techniques they used to gather customer 

requirements for the TeamLinks for Macintosh 

groupware application. TeamLinks designers uti

li zed Contextual Inquiry and art ifact walk

throughs, and a Vector Comparative Analysis tool to 

quantify the data obtained . The authors review the 

key requirements-and surprises-uncovered and 

the impact these had on design. 

Quality Function Deployment is another process 

for obtaining an accurate, prioritized set of customer 

requirements, specifically through well-planned, 
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structured meetings. John Hrones, Ben Jedrey, and 

Driss Zaaf present an enhanced approach to QFDs, 

i .e . ,  a D istributed QFD for gathering customer 

requirements from around the globe. They refer

ence a Digital-internal QFD conducted by Corporate 

Telecommunications Software Engineering. 

The motto of the team that built DEC TP 

WORKcenter was "Use the process, but don't let 

the process use you." The team was in fact able to 

successful ly adapt several processes-Contextual 

Inquiry, QFD, conceptual modeling, and rapid 

prototyping-to serve quality and schedule goals. 

Ernesto Guerrieri and Bruce Taylor analyze the 

effectiveness of these and other design-ph;u;e pro

cesses vis-a-vis the WORKcenter project and make 

recommendations for their general application in 

future software projects. 

Many of the software methods described in this 

issue originated at the Software Engineering 

Institute, a federally funded organization which pro

motes software process infrastructure to achieve 

productivity and quality. Meg Du mont and Neil 

Davies provide a brief overview of the five levels of 

the SEI's Capability Maturity Model and discuss two 

case studies of their organizations' experiences 

with the CMM. Included are their evaluations of the 

challenges presented by the model and future direc

tions for Digital's process-improvement efforts. 

In the papers above, engineers stress the impor

tance of learning customer requirements as early as 

possible in the project. For engineers porting the 

OpenVMS operating system to the Alpha AXP plat

form, customer requirements/expectations for this 

mature and complex system were wel l known. 

As Robert Thomson explains, ensuring that these 

expectations were met for the AXP product and at 

the same time meeting the aggressive Alpha AXP 

program schedule would require a new qual ity

assessment process. Robert describes how subjec
tive data, obtained by means of a questionnaire for 

developers, can be used to assess the qual ity of a 

software release. 

The editors thank Tony Hutchings, Technical 
Director of Digital's Software Engineering Tech

nology Center, for selecting the subjects and writ

ing the Foreword for this issue. 



Biographies 

NeilL. M. Davies Neil Davies is the Open VMS qual i ty manager and is respon

sible for creating metrics, goals, and programs to achieve engineering excellence 

in the Open VMS organization. In this role, Neil works with Digital's engineering 

management to introduce the techniques established by the Software 

Engineering Institute. Neil is also involved with the task force aimed at defining 

metrics for cycle time, applied time, and product quality and reducing the cost 

to qual ify new systems. Prior to joining Digital in 1992, Neil was the software 

quality manager for al l  of Hewlett-Packard's computer systems. 

Margaret M. Dumont Meg Dumont is the engineering manager for process 

development in the UNIX Software Group (USG). She helped organize a Software 

Engineering Institu te Assessment of USG and created and staffed a process 

improvement group that is focused on the recommendations from the assess

ment. Meg is involved with the future direction and ongoing improvements 

within the quality function. Prior to this work, she created a standards engineer

ing function within USG and was responsible for standards compliance in the 

DEC OSF/ 1  AXP operating system Vl.O to V1 .2. Meg joined Digital in 1980. 

Ernesto Guerrieri Ernesto Guerrieri, a senior software engineer in the Produc

tion Systems Group, is the DEC TP WORKcenter project leader. He is an adjunct 

professor at Boston University Prior to joining Digital in 1 990, he was employed 

by SofTech, Inc, where he was the chief designer and developer of reusable Ada 

products for information systems development (RAPID) center l ibrary He holds 

a Ph.D. in software engineering from Rensselaer Polytechnic Institute and an 

M.S. CS. from the University of Pisa. Ernesto has published various papers in soft

ware engineering. He is a member of ACM, IEEE Computer Society, and Sigma Xi. 

John A. Hrones,Jr. As a consultant in the Software Engineering Technology 

Center (SETC), John Hrones works with cl ients to develop and implement TQM 

programs and is program manager for the Corporate Formal Inspection effort 

and for Six Sigma for Software . John joined Digital in 1973. He led software devel

opment efforts in MUMPS, BLISS, DSR, and OPS5 and originated the ELF facility and 

the Software Tools Clearinghouse. He managed the Corporate Forms, Base 

Graphics, and Engineering Quality Technology groups before joining SETC John 

received a B.S. from MIT and an M.S. from the University of Michigan. 

I 

3 



Biographies 

4 

Paul K. Huntwork Paul Huntwork is a consultant engineer in D igital's 

Software Engineering Technology Center, an organization that collaborates with 

development groups to adapt or invent world-class methods for use in their 

product development activities. He joined Digital in 1987 after leading reengi

neering projects in software development, verification, manufacturing, and dis

tribution at Computervision. Paul also led proto-SEI process assessment and 

maturation drives at Control Data Corporation, using techniques drawn from 

IBM's Federal Systems Division. 

Benjamin C. jedrey, Jr. Ben jedrey is  an information systems consu ltant 

within Corporate Telecommunication Software Engineering. He has program/ 

project management responsibil ities for developing telecommunications soft

ware and hardware solutions. He also manages next-generation routing-bridge fil

tering and network cost-reduction projects. Since joining Digital in 1966, Ben has 

contributed to information systems and programming and system development, 

and has provided support for financial applications at the corporate and field oper

ations levels. Ben was previously employed by the brokerage firm Estabrook & Co. 

Stephen T. Knox Steve Knox is a principal software engineer with the 

Software Engineering Technology Center. Current ly, he is assigned to the 

Networked Systems Management organization to improve software and develop

ment processes. Steve came to Digital in 1989 from Tektronix, Inc . ,  to further 

develop the Contextual Inquiry process. A Quality Engineer certified by the 

American Society of Quality Control, Steve received the 1991 High Performance 

Systems Technical Leader Award . He holds an M .S. (1986) in psychology from 

Portland State University. 

Douglas W. Muzzey Doug Muzzey is a software engineering manager in 

Workgroup Systems. He is the development manager for the TeamLinks for 

Macintosh and TeamRoute workflow products, and he sponsored the usability 

and customer partnering for the Team Links product family. In prior work, Doug 

contributed to communications and systems products and managed programs 

in Software Manufacturing, License Management, and Corporate Programs. 

Doug joined Digital in 1979. He holds a B.S. CS. ( 1978) from Florida Technological 

University and an M.B.A. (1991) from Rivier College. 

Christine M. Pietras A senior engineer in WorkGroup Systems, Chris collab

orates in designing effective business solutions, incorporating field research 

data about customer work throughout the software developmen t process. Her 

concentration is in user interface design and usabi l ity evaluation for TeamLinks 

products on the Macintosh and Microsoft Windows platforms. Chris joined 

Digital in 1985, after receiving an A.B. in mathematics from Smith College. In 

1991, she earned an M .S. i n  industrial engineering and operations research from 

the University of Massachusetts-Amherst. 



Bruce J. Taylor A principal software engineer, Bruce Taylor is the software 

architect of the DEC TP WORKcenter project. Prior to joining Digital in 1991 , 

Bruce worked in CASE tool development at lntermetrics, Inc. He designed the 

repository database for the SLCSE software development environment and has 

published many papers on the use of database technology in the software devel

opment environment. He has a B.A. in English and an M.A. in computer science 

f rom Duke University. His current research interests include repository support 

for complete software l ife-cycle environments and software qual ity strategies. 

Robert G. Thomson A senior software engineer in the Open VMS AXP Group, 

Robert leads the validation of Volume Shadowing's port to the Alpha AXP plat

form. During the OpenVMS port, he measured qual ity and contributed to func

tional verification, for which he was co-recipient of an Alpha AXP Achievement 

Award. Since joining Digital in 1986, Robert has also contributed to improvements 

in system availability measurement and in symmetric multiprocessing and Backup 

performance. He has a patent pending and two published papers based on this 

work. Robert holds an M.S. in computer engineering from Boston University. 

Dennis R. Wixon Dennis Wixon has worked in the area of user interface 

design for 20 years. He helped design the VT200 series keyboards and the 

DECwindows, Motif, and most recent windows interfaces. Currently a principal 

engineer in the Usability Expertise Center User, Dennis manages the Contextual 

Inquiry Program and conducts user needs analysis training. Before coming to 

Digital in 1981 ,  he designed and programmed statistical analysis tools at Clark 

University. Dennis holds B.A., M.A., and Ph.D. degrees in psychology and has pub

l ished more than 25 papers in psychology, statistics, and interface design. 

Driss Zaaf Principal engineer Driss Zaaf of Corporate Telecommunications is 

a project leader for several network applications and products. In earlier work, 

he led software projects in the Publ ishing Technologies Group in Galway, where 

be helped develop a distributed l ibrary system. Before joining Digital in 1985, be 

was employed by CPT Corporation and Bul l  Groupe. Driss received an M.S. 
(1980) in science f rom the Faculty of Science, Rabat University, Morocco, and a 

Degree in Telecommunications Engineering (1983) from the Ecole Nationale 

Superieure des Telecommunications de Paris, France. 

I 

5 



I Foreword 

Tony F. Hutchings 
Technical Director of 

Software Process and the 

Software Engineering 

Technology Center 

In the early 1980s, when the semiconductor and 
microprocessor industry was sti l l  relatively young, 
a few wise people recognized that the distinguish

ing factor for the winners in the race would be pro

cess, i .e . ,  base technology, design methods, and CAD 
tools. They were right. Great processes are among 
the key reasons why Intel is today "top of the p ile" 

and why our Alpha AXP chips achieve exceptionally 

high performance. 
The formula works as fol lows: Bri l l iant, innova

tive people plus outstanding process produce con
sistently great results, repeatedly. This is in fact true 

of all product development efforts and is also there
fore the case with software in the 1990s. We have 

thus devoted an entire issue of the Digital 
Technical journal to software process and quality. 

The most popular and effective models and 
methods for quality and process improvement hold 
several characteristics in common: 

• Al l put the customer first, including knowing 
when customers and their requirements are 

being satisfied and when we and they are 

achieving desired results in the marketplace. 

• All have a basis in applied measurement, using 
data from the appl ication of the processes to 

help determine what changes to make. 

• Al l are closed loop; that is, there is a clear path 

for feeding back observations to improve the 

current state of the process. 
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We are increasingly being asked: What is Digital's 
overall  vision for software qual i ty and process 

improvement? From a completely mature organiza
tion, the answer to that question would be some
thing like the following: Every project sets its own 

clearly measurable, customer-driven quality goals; 
puts appropriate learning and improvement prac

tices in p lace; continual ly monitors its progress 
toward its goals; and makes adjustments to process 
as needed to ensure it meets its goa ls. Fine words, 

but in reality we are not yet at that state in our cor

porate l ife . We have, however, developed a process
improvement strategy, or vision, which we hope 
will encourage all projects and groups to move 
toward the k ind of state described above. That 

vision is best il lustrated by the fol lowing diagram. 

We imagine this vision would map to an imple

mentation model as follows: 

I 
DEFINE PRODUCTS 
THROUGH "VOICE 
OF THE CUSTOMER" 
PROCESSES 

\ 

DEFINE 
ORGANIZATION'S 
GOALS 

� 
DEFINE METRICS 
FOR THESE GOALS 

� 
PERFORM SEI 
ASSESSMENT 

� 
DEVELOP PROCESS 
IMPROVEMENT PLAN 

� 
EXECUTE IMPROVEMENT 
PLAN ON PROJECTS 

The strategy comprises three important concepts: 
Using Voice of the Customer techniques to imple

ment the intention of being a customer-driven 



company; basing our process appl ication on assess
ing our current levels of performance and therefore 
the opportunities for introducing new "best prac
tices" to overcome our weaknesses; and continu

ously using quantitative and qualitative analysis to 
determine how we might achieve better and better 
results. Our Voice of the Customer concept 

embraces such powerful techniques as Contextual 

Inqu iry (for understanding customers' work and 
what might delight them in the future) and Quality 

Function Deployment (for rigorously prioritizing 
customers' requirements and how to satisfy them 

with world-class product concepts). Our applica
tion of the Software Engineering Institute's (SEI) 

approach to improving processes relies on per

forming organization-wide assessments of process 
capabil ity and on developing long-lasting improve

ment plans, drawing on the rich pool of best prac
tices described in their Capability Maturity Model. 

Our notion of Continuous Improvements rests on 
empowering engineering teams to study the resu lts 
of their work with measurable data, analyzing the 

root causes of any process problems, and systemati

cally implementing improvements to their pro
cesses such that they achieve better results. 

The relationship between these concepts is sub

tle yet vital :  Al l our process work needs to be cus
tomer-driven, and yet these Voice of the Customer 
techniques themselves need to be open to improve
ment as we learn from real data coming from their 
application; the advice in the SEI's Capabi lity 
Maturity Model is sound and we need to choose 

judiciously the most appropriate best practices 
according to the state of maturity of each organiza
tion; nevertheless, as these practices are applied, 

we need to learn what is working and what is not 

and adjust their definition and application accord
ingly; these practices should also be chosen, at all  

times, to maximize the benefit for our customers as 
well as for ourselves. 

None of the three mutually reinforcing elements 
of the composite strategy is sufficient individual ly 
to drive the massive and sustainable changes we 

want to see in software engineering process at 
Digital. The SEI's Capability Maturity Model frame
work alone under-emphasizes the extraordinarily 
important and powerful Voice of the Customer and 

Market; the Voice of the Customer and Market alone 

provides insufficient structure on which to hang an 

entire process improvement strategy; Continuous 
Improvement alone, as l ikely to be practiced at 

Digital, is at a level of intervention too low to move 
entire organizations sufficiently quickly toward 

I 
orders of magnitude improvement in productivity 
and quality. 

How are others in the industry tackling the prob

lem of improving their quality and productivity' 
Many of the techniques and processes which we 

are now mastering or planning to are also in use by 
other leaders in our industry. For instance, Voice of 

the Customer processes (as typified by Quality 
Function Deployment) are in regu lar use at 

Hewlett -Packard; Formal Inspection (called Peer 
Reviews by the SEI) is practiced at Hewlett-Packard, 
IBM, and a host of other industry leaders; the use in  

software metrics is commonplace at Hewlett

Packard and Motorola; Continuous Improvement 

teams abound at Motorola, IBM, etc . 

We have made great strides in the past two years 

in the application of better and more modern qual
ity processes in Digital's software engineering com
munity. No longer is the notion of using Voice of the 
Customer techniques really contested; few doubt 

the cost-effectiveness of Formal Inspections as a 

defect-detection technique; there is a ground swel l  
o f  support for the SEI's organizational assessment 

model and a bel ief that its associated Capability 
Maturity Model offers a rich source of rea l ly good 
advice on the steps to take to improve one's pro
cess capabil ity; and so on. We are even beginning to 

compile case studies from within Digital that 
demonstrate the positive impact of these pro

cesses, techniques, and concepts on project quality 

and schedu le.  Of course, we need many more such 
experiences before we can say that we are tru ly 

"best in class" in t hese areas. 
Readers may well ask how the various papers i n  

this issue relate to the strategy described here. 
Different aspects of the application of our Voice of 

the Customer techniques are emphasized in two 
papers: Contextual Inquiry and Rapid Prototyping 
are discussed in the paper "Changing the Rules: A 

Pragmatic Approach to Product Development"; an 
approach to using Qual ity Function Deployment 
across different geographies is covered in "Defining 
Global Requirements with Distributed QFD." 

Examples of how we are applying the SEJ's assess
ment and Capabil i ty Maturity Model approaches 
are covered in "SEI-based Process Improvement 
Efforts at Digital." Another form of quali ty assess

ment is shown in the paper "Assessing the Quality 

of OpenVMS AXP: Software Measurement Using 

Subjective Dat a"; the business case for implement
ing SEI-like programs is covered in the paper 
"Modeling the Cost of Software Qual ity." Finally, 
in the paper " DEC TP WORKcenter: A Software 
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Process Case Study," many of these separate con
cepts are shown in practice: the use of a require

ments analysis process, of defects metrics, and of 
overall continuous improvement. 

Digital's software engineering processes are 

improving quite quickly and radically. To be com

pletely successful wil l require a high degree of 
commitment and significant effort by management 

and engineers alike. The opportunity is, however, 
clearly there. 
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Modeling the Cost of 
Software Quality 

Stephen T. Knox I 

This paper offers an extrapolation of tbe manufacturing and service industries' 

Cost of Quality Model to tbe business of software development. Tbe intent is to pro

vide a tbeoretical account of the cbanging quality cost structure as a function of a 

maturing software development process. Thus, the trends in expenditures due to 

tbe four major quality cost categories-appraisal, prevention, internal failures, 

and external failures-are presented over tbe five levels of software process matu

rity, according to the Software Engineering Institute's (SEI's) Capability Maturity 

Model for Software (CMM). The Software Cost of Quality Model conservatively pro

poses tbat tbe total cost of quality, expressed as a percentage of the cost of develop

ment, can be decreased by approximately two-tbirds as process maturity grows 

from Levell to Level 5 of tbe SEts CMM. 

Introduction 

Two questions often asked of quality function pro
fessionals by a software project manager are, How 

much will working on these quality processes cost 
me? and What can I expect in return for my invest
ment? The manager recognizes that to implement 

a quality improvement project, resources must be 
al located toward processes not currently being 
undertaken, and prior management experience has 
proven that usual ly the resources available are 
barely adequate to meet aggressive project and 
schedule del iverables. Also impl icit in the man

ager's questions is the expectation of some point of 
diminishing returns: Even if there is benefit from an 
investment in quality-related work, help me under
stand the point at which the investment wil l  be 

more costly than what I can get in return. 

Background-The Traditional Cost of 
Quality Model 

The concerns expressed by our present-day hypo
thetical software manager are the same concerns 
expressed by industrial management during the 
1950s. At that time, the quality function profes

s ionals saw the need to extend qual ity attainment 

efforts beyond the traditional inspection and test 
activities to the processes further upstream in the 

manufacturing and product development groups. 
Quality function managers, hoping to increase the 
scope of the quality effort, were faced with the task 
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of convincing upper management of the necess
ity to al locate addi tional resources to quality attain
ment. Management demanded that the qual ity 

function quantitatively demonstrate the amount 

of resource investment that was necessary and the 

expected return on that investment. 
The quality function professionals responded by 

developing an investment model that expressed 
qual ity i n  terms of costs-the cost of attaining qual

ity (the investment) and the cost of not attaining 
qual ity (the return). Their argument was that mod

erate increases in the former (typical ly, appraisal 
processes, such as inspection and test, and some 

defect prevention processes) would result in signif

icant decreases in the latter (e.g . ,  defects, scrap, 
repair and warranty costs), up to some point of 

diminishing returns. The traditional Cost of Quality 

Model shown in Figure 1 graphically represents 
their investment model . 1  The three curves portray 
moderate increases in prevention and appraisal 

costs resulting in dramatic decreases in failure 
costs. The point of inflection in the total cost of 
quality quadratic curve represents the point of 
diminishing returns on quali ty investment. 

Figure 1 reflects the bel ief of the 1950s' quality 

function professionals that attaining 100 percent 

conformance to specification would be prohibi

t ively expensive. The rationale was that zero-defects 
production would require extensive testing and 
inspection at every point in the design, manufacture, 
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Figure 1 Traditional Cost of Quality Model 

and del ivery process. Consequently, they con
ceived of a point of diminishing returns on quality

related investments. This point of maximum 
quality attainment for the minimum amount of 

investment is exactly the point of interest to our 
hypothetical software manager. 

The modeled point of diminishing returns, 

however, was not verified by empirical cost of qual

ity data. 2.3.4 In actual practice, investment in quality 
attainment shifted from appraisal to prevention pro
cesses as the quality function moved upstream into 
the manufacturing process and product design 

groups. Defect prevention processes, such as statis
tical process control and robust product designs, 

actual ly reduced the overall  cost of attaining qual

i ty, contrary to the expectation of the quality func
tion of the 1950s. Designing durable products to 
delight customers and manufacturing these prod

ucts in a well -controlled environment resulted in 
fewer defects at the point of final inspection. Thus, 
appraisal costs were reduced significantly. (The 
author has participated in cases where successful 
application of defect prevention processes led to 
the complete elimination of expensive inspection 
and test.S) 

The Revised Cost of Quality Model 

The quality function managers of the 1950s could 

not conceive of a quality investment model that did 

not rely heavily on inspection and test. Actual expe

rience, however, uncovered that an increased 
emphasis on defect prevention processes led to sig
nificant reductions in appraisal costs and , in some 
cases, eliminated final inspection. The empirical 

cost of quality data resulted in a revised model, 
published in  19882 As shown in Figure 2, the 
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Revised Cost of Quality Model extracts the point of 

diminishing returns. 
The three curves express the changing quality 

cost structure as qual ity attainment efforts shift 
from appraisal processes to the processes designed 
to achieve higher-qual i ty output before final prod

uct test. In the revised model, the costs due to 
defect appraisal and defect prevention r ise moder
ately as investments are made to improve product 

quality. The moderate i ncreases in the costs of 

appraisal and prevention result in dramatic 
decreases in the failure costs. Unl ike the corre
sponding curve in Figure 1 ,  appraisal and preven
tion costs do not increase exponential ly, since the 

means of quality attainment shifts from defect 
appraisal to defect prevention. The total cost of 
quality curve in Figure 2 consistently decreases as 
qual i ty improves; therefore, the curve does not 

have a point of diminishing returns. 

The Software Cost of Quality Model 

The Revised Cost of Quality Model has been used 
extensively in the manufacturing and service indus
tries as a benchmark against which actual quality 
costs are compared. The model has thus helped 
organizations identify opportunities for continuous 
improvement.4 Also, a leading government research 

corporation, MITRE Economic Analysis Center, 
recently advocated using this method for reducing 

the cost of quality in software development.6 What 

is lacking, however, is a model of qua lity costs in 
the domain of software development. 

Important differences exist between the domains 
of the industrial environment and the software 

development environment. While an extrapolation 
of the Revised Cost of Quality Model can be made 
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to monitor software quality costs (as suggested 
by MITRE), the author believes greater detail on 

and adjustments to the cost trends are required 
to account for d ifferences between the domains. 
This paper presents a model that incorporates 

these differences. The Software Cost of Quality 

Model offers a rationale that addresses the reason
able concerns expressed by our hypothetical soft

ware manager. 

Modeling the Cost of Software Quality 

As background for a discussion of the Software Cost 

of Quality Model, this section deals with the subject 
of attaining software quality cost data and l ists the 

software quality cost categories. 

Software Quality Cost Data 

Whereas the literature has sufficient data to sup

port estimates of the costs related to not attaining 
software quality (e.g . ,  defect and software mainte

nance costs), the author has been unable to locate 
rigorous accounting of costs related to attaining 
quality (e.g. , testing and defect prevention). This is 

not surprising, given the relative lack of cost met

rics tracked in software development. Capers Jones 
asserts that fu l l  quality costs have been tracked in  
some projects; in a personal conversation with the 
author, Jones cited his own work at International 

Telephone and Telegraph (ITT).7 Other consulting 
firms (e.g . ,  Computer Power Group) reported to 

the author that some clients kept l imited metrics of 
defect costs. In follow-up investigation, however, 
the author has not fou nd any rigorous accounting 

of defect appraisal and defect prevention costs in  
software development. 

Consequently, the Software Cost of Quality 

Model offered in this paper extrapolates two key 
concepts from Gryna's Revised Cost of Quality 
Model (shown in Figure 2): (1)  moderate invest
ments in quality attainment result in a significant 

Table 1 Software Quality Cost Categories 

Appraisal 

Unit/1 ntegration 
Testing 

Quality Assurance 

Field/ Acceptance 
Tests 

Audits/ Assessments 

Prevention 

Contextual Inquiry/ 
Quality Function 
Deployment (QFD) 

Project Management 

Requirements 
Management 

Formal Inspections 
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decrease in the cost of not attaining quality, and 
(2) an emphasis on attaining quality through defect 

prevention processes results in an overall decrease 
in the cost of traditional testing activities. 

Software Quality Cost Categories 

Following the modern trend in the industrial and 

service industries, the Software Cost of Qual i ty 

Model subdivides the driving cost elements into 

four categories: appraisal and prevention (the costs 
of attaining quality, i .e . ,  the investment), and inter
nal fai lures and external failures (the costs of not 

attaining quality, i . e . ,  the return) 2 ·3·4 Table 1 pro
vides some examples of these elements in software 
development. The l ist of elements within each cost 

category is meant to be exemplary, not exhaustive. 

Appraisal Costs Traditionally, the costs associ
ated with appraisal activities are those incurred 
by product inspection, measurement, and test to 

assure the conformance to standards and perfor

mance requirements. I n  software development, 
these costs are usually related to the various levels 

of testing and to audits and assessments of the soft
ware development process. Appraisal costs also 
include costs (e.g . ,  quality assurance) incurred by 

organizations that provide test support and/or 
monitor compliance to process standards. 

Prevention Costs Wh ile appraisal costs are those 
used to find defects, prevention costs are those 

incurred by process improvements aimed at pre

venting defects. The examples of prevention costs 

l isted in Table 1 are the costs that worried our hypo
thetical software manager, because for the most 
part, defect prevention processes in software are 

not traditional. Such processes are perceived as 
"front-loaded" processes, which lengthen the ini

tial development schedule and threaten the proba
bil ity that a project will  deliver on the scheduled 

Internal Failures 

Defect Management 

Test Failure Rework 

Design Change Rework 

Requirement Change 
Rework 

External Failures 

Problem Report 
Management 

Warranty Rework 

Customer Support 

Lost Market Share 
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target date. Ironical ly, field testing (an appraisal 

cost) and the subsequent rework of found defects 

(internal failure costs) are traditional ly accepted by 
software managers as legitimate yet frustrating tasks 

in the development cycle. One goal of software 

defect prevention processes is to reduce (and possi
bly eliminate) the need for expensive field testing. 

Internal/External Failure Costs Failure costs are 
primarily due to the rework, maintenance, and 

management of software defects. Internal failures 

are software defects caught prior to customer 
release, whereas external failures are detected after 

release. Consistent with the initial cost of quality 
findings in the manufacturing industry data, the 
majority of quality costs in software are incurred by 
internal and external failures. The literature indicts 
the rework from software defects as the most signif

icant driver of all  development costs. Independent 

studies show costs associated with correcting soft
ware defects that range from 75 percent of the 
development effort at General Motors, to an aver

age of 60 percent for U.S. Department of Defense 
projects, to an average of 49 percent, as reported in 
a survey by 487 respondents from academia and 

industry. R.9.IO 

The Model 

Figure 3 depicts the Software Cost of Quality 
Model. The curves represent how the quality cost 

structure changes as a software development 

environment improves its capability to deliver a 

high-quality, bug-free product. Whereas the x-axes 

in Figures 1 and 2 reflect improving process capa
bility in an industrial environment, the x-axis in 
Figure 3 is based on the Software Engineering 
Institute's (SEI 's) Capability Maturity Model for 
Software (CMM)H The Software Cost of Quality 
Model incorporates the CMM, which offers a 
descriptive road map for improving software devel
opment processes. The details of this road map 
provide a rationale for theorizing the changing qual
ity cost structure within the domain of software 

development. 

The Maturing Software 
Development Process 

The CMM is too extensive to describe ful ly in this 

paper. (Humphrey presents a detailed account

ing.12) The central concept of the CMM is that a soft

ware development environment has a measurable 
process capabil ity analogous to industrial process 

12 
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capability. In the software domain, process capabil
ity can be measured through assessment. The CMM 
proposes five levels of capability, ranging from 

the chaotic, ad hoc development environment 
to the ful ly matured and continual ly optimizing, 

production-l ine environment. 
The SEI estimates through their assessment data 

that most software development environments are 
at the initial, chaotic level of capabil ity. The SEI has 
also declared that although some individual proj
ects show the attr ibutes of the h ighest level of capa
bi l ity, no organization measured has demonstrated 
ful l  maturation. Since no organization has made the 
journey to full maturation, and since scant data 
exists on the appraisal and prevention costs as they 

apply to software development, the Software Cost 
of Qual ity Model uses CMM Levels l to 5 as the d is
crete milestones at which the appraisal, preven
tion, and internal and external failure cost trends 

can be theorized. 

Software Cost of Quality 
Model Assumptions 

Before the cost trends in Figure 3 are examined in 

detail, two data-driven assumptions need to be 
declared. First, the total cost of quality (the sum of 
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the costs associated with appraisa l, prevention, 

internal failures, and external failures) at CMM Level 

1 is equal to approximately 60 percent of the total 

cost of development .  This assumption is based pri

marily on internal fai lure cost data taken from the 

l iterature and external failure cost data tracked at 
Digital. The estimate of internal failure costs comes 

from recent data col lected by Capers jones. The 

data indicates that software rework due to internal 

failures consumes 30 to 35 percent of the develop

ment effort for projects the size of those typical 

at DigitaJ . 1 3 The lower range of this figure has been 

added to the cost of the Customer Support Center 

(CSC) management of external failures, which an 

unpublished study by the Atlanta esc estimates to 

be 33 percent of the development costs (available 

internally only, on TPSYS : :Formal_lnspection, Cost 

of a Software Bug, Note 31 .0). Thus, the estimate of 

a total cost of qual ity equal to 60 percent of the 

development cost is based on the sum of the esti

mates of just two of the many cost elements, 

namely, rework due to internal failures and esc 
management of external failures. 

The second assumption is that the total cost of 

quality will decrease by approximately two-thirds 

as the development process reaches fu l l  maturity, 

i .e . ,  CMM Level 5. This assu mption is based on nor

mative case-study industrial data cited by Gryna 2 

The data details the recorded change in the total 

cost of quality at the Al lison-Chalmers plant during 

seven years of its quality improvement program. 14 

Table 2 summarizes the reduction in  the total cost 

of quali ty at Al lison-Chalmers and relates this 

reduction to a similar change theorized in the 

Software Cost of Quality Model. 

Although it may be unwise to assume that a nor

mat ive trend for the manufacturing industry can be 

appl ied to software development, note that the 

assumed two-thirds decrease in the total cost of 

quality is more conservative than the estimates of 

SEI's Dr. Bill Curtis. He claimed return on invest

ments (ROis) in the range of 5: I to 8 : 1 ,  as an organi

zation progresses in process maturity. 15 (Note: 

Table 2 Reduction in Total Cost of Qual ity (TCQ) 

I n itial TCQ 
Improved TCQ 

TCQ Decrease 

All ison-Chalmers 
(% of Cost of Sales) 

4.5 
1 .5 

67.0% 
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These claims have received empirical support 

from Quantitative Software Management [QSM) 

Associates, who report measured decreases in 

required effort and overall development cost on the 

order of 5 : 1 .  16) 

The Changing Cost Structure 

Given the two grounding assumptions just dis

cussed, the paper now presents a theoretical view 

of the changing cost trends between Level 1 and 

Level 5 .  The theory is based on the expected 

returns on investing in process maturity as outlined 

by the CMM. This section examines the details of 

Figure 3. 

CMM Level l 

The SEI estimates that 90 percent of the software 

organizations today are at Level 1, which is charac

terized by an ad hoc, u ndefined, and sometimes 

chaotic development environment, highly depen

dent on heroic individual effort to meet del ivery 

elates. Little attention is given to fundamental pro

cess management in this highly reactive atmo

sphere, and rework to correct internal and external 

failures is often perceived as necessary " fire fight

ing" to avoid disaster. At this level, the major costs 
of software quality are due to rework and mainte

nance. Testing is sporadic, so appraisal costs are 

minimal and most defects are experienced by the 

customers, resulting in expensive warranty costs 

and loss of market share. The costs associated with 

defect prevention approach zero. 

CMM Leve/ 2 

A software organization at Level 2 has instituted the 
fundamental processes to manage resources, arti

facts, and change. Project management, configura

tion management, and requirements management 

are the key processes that characterize a CMM Level 

2 development environment that is, at the least, 

repeatable. ln Figure 3, appraisal and internal fail
ure costs increase at this level, primarily due to the 

Software Cost of Qual ity Model 
(% of Cost of Development) 

60.0 
18.0 

67.0% 
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formation of a quality assurance organization that 

monitors compliance to proscribed testing stan

dards. Since, at Level 2, the organization applies 

testing activities more rigorously, more defects are 

found and reworked internally. 

The increased testing activity and additional 

resources allocated to fix defects cause the appre

hension that our hypothetical software manager 

expressed earlier. The manager experiences fear 

and uncertainty about being able to fix all the found 

defects and deliver the product on the scheduled 

date. Although our hypothetical software manager 

is probably aware that adherence to rigorous test

ing results in fewer defects shipped to the cus

tomer, a manager's success is often measured on the 

abi l ity to deliver a product on time. The reduction 

in external failure costs at Level 2 occurs too late in 

the process to mitigate the career risk of seriously 

missing the delivery date. 

CMM Level 3 

According to the CMM l iterature, the major gains 

at Level 2 are the creation of repeatable processes 

that provide the base underpinning of a maturing 

development environment. Figure 3 illustrates that 

the investments to improve quality have been 

primarily in the appraisal category. But at CMM 

Level 3, the development environment has achieved 

a point of stabil ity. A defined, documented frame

work exists within which the creative act of soft-
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ware design can be executed in a controlled 

manner. Quality attainment now emphasizes invest

ing in the prevention activities, such as Contextual 

Inquiry into customer problems and Formal 

Inspections of specification and design documents. 

Such prevention processes are intended to ensure 
a more accurate understanding of and a greater 

conformance to customer requirements. Invest

ing in prevention results i n  a steep decline in the 

external failure costs and gaining back lost market 

share. 

Our hypothetical software manager is entit led to 

be more than skeptical about  such claims; however, 

empirical data substantiates them. For example, 

Figure 4 details the 66 percent increase over pro

jected revenue for VAX RALLY version 2.0, a direct 

resu lt of improvements made to earlier versions

improvements suggested by the Contextual 

Inqu iries conducted with VAX RALLY version 1 .0 
customers. 17 Figure 5 clearly demonstrates that 

Contextual Inquiry leads not only to increased rev

enue but to the higher productivity and lower 

defect density experienced by POLYCENTER System 

Census version 1 .0, when compared to four other 

system management appl ications.18 These applica

tions, represented in Figure 5 as A, B, C, and D, were 

developed without the use of this critical defect 

prevention process. 

While generally considered to be part of the 

appraisal process, Formal Inspections, when applied 
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NOTE: The bars represen1 1he relative revenue per quarter; the dotted line represents the linear 
fit of projected revenue. based on version 1 . 0 periormance. Version 2.0 includes the 
improvements suggested by Contextual Inquiry .  

Figure 4 Effects of Contextual Inquiry on VAX RALLY Revenue 
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NOTE: POL YCENTER System Census used Contextual inqu iry. Applications A, B ,  C ,  and D did not use Contextual Inquiry. 

Figure 5 Effects of Contextual Inquiry on POLYCENTER System Census Quality and Productivity 

to source documentation such as specifications 
and design, are similar to process control monitors. 

These inspections ensure that critical functionality 

is not omitted as the development process pro

ceeds from the stated requirement for a solution to 

the specification and design of that solution. The 

effectiveness of the Formal Inspection process in 

preventing potential inconsistencies and omissions 

accounts for its rating as the most efficient defect 

removal method, as shown in Table 3. 19 Thus, apply

ing Formal Inspections as a defect prevention pro

cess means fewer defects to test and fix internally 

and a more satisfied customer using the product. 
The data in Table 3 is not intended to ful ly 

account for the magnitude of the trends at Level 3. 
Rather, the data offers a rationale for the overall 

direction of these trends. If a disparity exists 

between the data and the acceleration of decreas-

Table 3 Defect Removal Efficie ncies 

Efficiency 
Method (Percent) 

Formal I nspections 65 

Informal Reviews 45 

Unit Testing 25-50 

System Testing 25-50 

Regression Testing 20-50 

Field Testing 30 

Beta Testing 25 
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ing failure costs in  Figure 3, bear in mind that the 

model is the more conservative estimator. 

CMM Levels 4 and 5 

Although it has seen evidence of CMM Levels 4 and 

5 in a few discrete projects (e .g . ,  one Japanese proj

ect reported to be at Level 5), the SEI reports that 

i t  has not yet measured a Level 4 or a Level 5 organi

zation. At these higher levels of maturity, the 

dominant cost of qual ity is due to the prevention 

elements, primarily from the cost elements of 
metric-driven continuous improvement and pro

cess control. The software process at these levels 

has become so wel l  characterized by metrics that 

it has achieved a state where development schedules 

are predictable. Requirements are now understood 

quantitatively. The costs at tributable to traditional 

appraisal activities, especially field testing, are dra

matically decreasing, since product quality can 

now be appraised by monitoring the development 

process as opposed to expensive testing of the 

product. By Level 5, appraisal and failure costs have 

dropped to the level expected of a Six Sigma organi

zation. The model proposes that the total cost of 

quality has decreased by approximately two-thirds, 
which is consistent with the normative industrial 

data. 

Conclusion 

This paper is not an endorsement of the SEI's 

Capability Maturity Model for Software, which is 

used here to describe d iscrete states within a 
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maturing software development process. Although 

the CMM offers a rational, staged approach to 

achieving a predictable and highly productive 

development environment, the CMM is not the only 

road map to improving Digital's software process. 

For example, the variety of customers served in 

commercial software development offers special 

challenges to ensure that these customers' work 

experiences are brought into the design and devel
opment process. The CMM does not detai l  Voice 

of the Customer processes, which are practiced 

increasingly at Digital. In addition, some key pro

cesses specified for CMM Levels 3, 4, and 5 (e .g . ,  

Formal Inspections and metric-driven Continuous 

Improvement) are effective in reducing defects. 

These processes are already used in many of 

D igital's organizations, even though it is doubtful 

that any of the software development groups at 

Digital would be assessed as being beyond CMM 

Level 2. 

The author believes that CMM Level 5 is the goal ,  

regardless of the road map for attainment. The 

Software Cost of Quality Model explored in this 

paper offers the same argument for improving pro

cess capabil ity that was offered in the manufactur

ing industries: the major costs of quality are the 

waste and the resource loss due to rework, scrap, 

and the lost market share when products do not 

possess the quality to address the problems faced 

by customers. The key to reducing qual ity costs is 

to invest in defect prevention processes, many of 

which are detailed by the CMM. 

So, the response to the initial concern expressed 

by our hypothetical software manager is the fol low

ing: You will  not experience a point of diminishing 

returns from investing in qual ity-attaining pro

cesses. Certainly, there is a steep learning curve, 

and the short-term gains are not apparent. Given 

the software life cycle, most of the short-term gains 

will be experienced after the development is com

plete and the product has been shipped. 
Since investments in quality, however, are not 

meant to realize quick, dramatic returns, the defect 

prevention processes probably offer the most 

immediate visible evidence that the overall cost 

of quality has been reduced. Yet ,  regardless of 

whether the investment is made according to the 

CMM road map or using some other quality attain

ment plan, software managers must keep in mind 

that quality attainment processes require a great 

deal of hard work. Also, the investment must be 

constant to achieve the significant, long-term 

16 

payback, as reflected in the Software Cost of 

Quality Model. 
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Changing the Rules: 

Paul K. Huntwork 
Douglas W. Muzzey 

Christine M. Pietras 
Dennis R. W ixon 

A Pragmatic Approach to 
Product Development 

Developing quality software rapidly and at low cost has been an elusive goal. 

Nevertheless, meeting this goal is essential in today's competitive environment 

wbere more and better products appear at accelerating rates and customers 

demand systems tbat support "what users need to do" in a natural and cost

effective manner. This paper discusses the processes used by the TeamLinks for 

Macintosh project team to acbieve customer focus tbroughout the development of 

a groupware office product. Listening to customers radically resbaped tbe product 

and led to more rapid decisions, sborter development cycles, higher qualit)J, and 

greater customer satisfaction. 

Where We Started 

Product Overview 

TeamLinks software a l lows Windows PCs and 

Macintosh computers to be integrated into enter

prise-wide networks. The product util izes Digital's 

extensive line of network applications and ser

vices, such as electronic mail ,  file sharing, work

flow procedures, and work group applications. 

The TeamLinks product also makes use of the 

latest personal productivity and client-server tech

nology as a platform for comprehensive office solu

tions. Just as Digital's ALL-IN-1 Integrated Office 

System (I OS) allows organizations to rapidly develop 

organization-wide network applications in a time

shared environment, TeamLinks software provides 

capabilities that allow the creation of company
wide client-server office applications tailored to 

meet the needs of any operation. 

TeamLinks software provides customers with an 
intuitive graphical user interface that integrates 

their powerful personal productivity tools, such as 

word processing and spreadsheet applications, into 

local and wide area networks. This feature is inde

pendent of whether the user's desktop system is a 

Windows PC or a Macintosh computer. 

Product Goals 

For enterprise-wide work group computing strate

gies to have customer appeal, they must address 

18 

both PC and Macintosh desktop computers. The 

introduction of TeamLinks for Windows during the 

spring/summer of 1992 further highlighted the 

need to immediately introduce similar functions on 
a Macintosh platform. The use of inside-outside 

strategic planning identified three primary factors 

that required consideration during the develop

ment of admissible product del ivery strategies. 1  

First, we must satisfy the wants of the potentially 

available market. Customers require both Windows 

and Macintosh desktop solutions for their enterprise 

work group computing. Both the TeamLinks Pro

gram Office and customers requested a Macintosh 

platform that supported the core TeamLinks ser

vices of mail, ad hoc workflow, and fil ing, with 

product availability within six to nine months. 

Second, we must deliver an acceptable solu tion 

with the available resources. Macintosh users are 

frequently recognized as demanding consumers of 
software applications. Although the breadth of expe

rience in developing Macintosh products within 

the group was l imited, the development team con

sciously planned objectives aimed at satisfying 

demanding consumers. The team's goals consisted 

of satisfying customers' basic office needs and hav

ing the product recognized as a quality TeamLinks 

implementation on the Macintosh platform. 

Third, we must develop a product within the 

opportunities and constraints of today's environ

ment. In many development environments, the 
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reality of budgets with minimal and ever-decreas

ing resources is rapid ly becoming today's normal 
mode of operation. Changing strategies, require
ments, and management infrastructure are also 
particularly characteristic of current development 

environments. 

Product Strategy 

After resolving our initial  project goals, we devel
oped strategies to satisfy the goals. We chose to 

establish design partnerships with customers 
to iteratively obtain comments to use as a basis for 

refining the project's specific deliverables. 
Most problem-solving strategies are simple varia

tions of (1) define the problem, (2) develop solu

tions, (3) test, and (4) refine the solutions. The 
TeamLinks project team chose an iterative and con
current adaptation of this strategy. 

First, we identified our implicit working assump

tions. Initially, the project assumed that all com

ponents present in the TeamLinks for Windows 
product would simply be ported to the Macintosh 
platform and retrofitted with a Macintosh user 
interface. 

Second , we cleve.l.oped product plans based on 
our initial goals and implicit working assumptions. 
Iterative design techniques require prototypes 
that customers may evaluate and comment on. 

The project's initial  product plans were uti l ized 
as the first product prototypes for collecting cus

tomer responses. 
Third, we verified and refined our plans based on 

va l idated information. As product prototyping got 
under way, the team analyzed information from 

competitive products, industry consultants, and 
customers. A key consideration for the develop
ment team was that throughout the life cycle of 
the project, specific product del iverables would 

be changed as customer opinions became clear. As 

incoming data evolved into information, the cost 
and benefits of each change would be carefully 
weighed against the project's goals. 

Product development thus proceeded on two 
fronts: one formulated in advance, the other cre
ated in response to new deve.lopments, customer 
comments, and experience with successes and fail
ures of the plan. 

Select the Best Work Model 

Since the emergence of the software industry and 
continuing through the present, the ability of soft
ware groups to produce high-qual ity software has 
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fallen far short of customer needs and demands. In 

response to this condition, government and aca

demic specialists proclaimed a "software crisis" in 

1969 and endorsed a concept of software engineer
ing based on authoritative , hierarchical organiza

tions and sequential application of specialized 
functions2 This model of software engineering is 

stil l  prevalent in textbooks. Ironically, the model 

was created at a time when the competitive advan
tage of total worker participation in cross-functional 

teams, an outgrowth of Deming's approach to man

agement, was being demonstrated in other indus
tries -' The cross-functional approach is now widely 

recognized as a superior method of new product 

development. Figure 1 shows bow cross-functional 
teams speed up work. Twenty-four years of the 

sequential model have not diminished the software 
crisis. We feel privi leged to have been able to apply 
the cross-functional model to the development of 

the TeamLinks for Macintosh product. Descriptions 
of other best practices used by the Team Links team 
foiJow. 

Find Out What Your Customer Needs 

Determining the needs of our customers involved 

field research, quantitative research, and design jus
t ification through grounding. 

Field Research One of the most powerful ratio
nales for field research is the realization that effec

tive design begins with the discovery of exactly what 
users and customers want and do. Field research 
methods are designed to provide such in-depth 

understanding. These methods emphasize openness 
to user experience and create a d ialog with users 

about that experience. Direct contact with users at 

early stages of design is viewed as an essential step, 

and the barrier between users and designers has 

been cited as a significant cause of suboptimal 

design 4·s 

Quantitative Research Given that discovery is 
the first stage to effective design, the next stage is 
decision 6 Most l ikely, a team wil l not be able to 
respond to al l  user needs. Thus, it needs a system
atic and objective way to make decisions. Quanti
tative methods provide a basis for decisions because 

they establish a dimension along which features 

can be compared . 

Grounded Design Unfortunately, many designs 
have an insufficient basis. Third-hand information 
brainstorming, anecdotes from trade shows, and 
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IN CONVENTIONAL WORK GROUPS, DIFFERENT STEPS ARE DONE BY DIFFERENT PEOPLE; 
COMMUNICATION BETWEEN STEPS IS THROUGH DOCUMENTS. 

DELAY TO WRITE DOCUMENT 
DELAY TO UNDERSTAND DOCUMENT 
MANY QUESTIONS 
SLOW ANSWERS 
OVER ENGINEERING TO COVER UNCERTAINTIES 

IN CROSS-FUNCTIONAL TEAMS, DI FFERENT STEPS ARE DONE BY THE SAME TEAM; COMMUNICATION 
BETWEEN STEPS IS THROUGH SHARED VIS ION AND SHARED EXPERIENCE. 

NO DELAY 
FEW QU ESTIONS 
QUICK ANSWERS 
EXACT FEATURES 

Figure 1 How Crossjunctional Teams Speed Up Work 

speculative talk about "what the customer really 

wants" within an isolated team all contribute to 

designs that do not meet customer needs and 

designs that do not reflect customer work. To 
ground a design means that al l  aspects of the design 

are rooted in customer data rather than in specula

tion. Providing mechanisms for this grounding is 

critical to producing an effective design. 

Design Your Product Based on 
What You Learn 

Demand pull ,  customer i nvolvement, and design 

metaphors al l  contribute to a customer-focused 

product design. 

Demand Pull Using customer interaction to pull  
design features out of the development team greatly 

reduces the number of design decisions and the 

time required to make these decisions. A customer 

focus on work essentials and not on "bells and 
whistles" provides unambiguous feedback that sup

ports direct decisions 7 

Customer-driven Design Design is a process of 

refinement and elaboration embedded in a cycle of 

creation and evaluation. Customer-driven design 

involves the evaluation of a tentative design (the 

creation) with the customer's evolving understand

ing of their work vis-a-vis the product. 

Design Metaphors Metaphors are an effective 

way to generate a design from customer work and 
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technical capabi l ities. Examples include the "desk

top" metaphor that drives much user interface 

design today. Although often criticized, metaphors 

have been shown tO be very powerful and funda

mental to human thought 8,9, IO 

Refine Your Product with Customers 

Using an iterative approach to product design com

bined with prototyping helps refine the product 

design. 

Iterative Requirements The need to break the 

development of complex software into manageable 

pieces has Jed to schemes such as "separation of 

concerns," "top-clown development," and "step-wise 

refinement." Iterative design addresses this problem 

with a "basics first" approach. A basic idea is embod

ied in a prototype implementation and reviewed 
with customers. The iterative approach a llows solu

tions to come into being and quickly converge to 

finished products u nder the influence of user inter
action, even while users are d iscovering what they 

need. Detailed requirement specifications are not 

necessary to begin implementation, so there is no 

time Jag between gathering requirements and pro

viding solutions. This approach minimizes miscom

munication and eliminates obsolete requirements. l l  

Prototyping Prototyping supports a customer

driven design process, providing customers with an 

effective medium to respond to current system 

thinking. 12 For instance, user interface designs 
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embody a theory about the way users work. 1" The 

most straightforward way to get feedback on the 

theory is to express it in a prototype. A prototype 

al lows users to try the system directly instead of 

translating their work into an unfamil iar symbolic 

language. 14 

What We Did 

The project team developed customer partnerships 

early in the project life cycle. Through Contextual 

Inquiries, focus groups, and artifact walk-throughs, 

the team internalized customer needs and require

ments. The new data helped establish a shared 

understanding among team members and mani
fested itself in a new product design . Vector Com

parative Analysis (VCA) data summarized team 

learnings and provided the foundation for new 

designs. Figure 2 diagrams this process. 

Find Out What Your Customer Needs 

Crossjunctional Teams The team comprised 

product managers, engineering managers, engineers 

� 
I 

FORM CROSS-FUNCTIONAL 
TEAM, SELECT CUSTOMER 
PARTNERS 

KEY: 
--..- INFORMS 
--.. DIRECT TRANSFER 
D PROCESS ACTIVITY 
0 CONTEXTUAL I NQUIRY 
Q PROTOTY PING 

I 
I 
I 
I 
I 'f 

CONTEXT
UAL 
INQUIRY 

Q VECTOR COMPARATIVE ANALYSIS 

ARTI FACT 
WALK
THROUGH 

I 
I - - - - - - - -

Figure 2 Overall "Find Out" and "Refine" Activities 
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(including some from companion products), 
account managers and support people, customer 

personnel, and specialists in marketing, human fac
tors, graphic design, user publications, and compet

itive analysis. This cross-functional team took 
training, visited customers, analyzed data, and made 
decisions as a whole or in cross-f unctional sub

groups. The mutual understanding that grew out of 
the shared experience and the shared data enabled 

faster, more stable decisions and shorter schedules. 

Customer Partners We formed product-l ife-cycle 

partnerships at the start of the project with cus

tomers who represented the four industries that 

most heavily use PCs on the desktop: U.S. govern

ment contractors, manufacturing, pharmaceuti
cals, and banking. Within these industries, we 

identified Digital customers from the office partner 
group who used Macintosh PCs. Working with the 

account teams and the customers themselves, we 

selected partners who represented their industries. 

Each partner designated a specif ic person to coor
dinate their participation . 

These partnerships al lowed more interaction, 
better fol low-up, clearer communication, and more 

consistent d irection. For example, we could model 

their work in detail in later versions of the proto

types, and the partners could perform complex 
evaluations. Since we were famil iar with their work 

and they were familiar with our product, no one 
experienced a high cost of learning at any stage of 

the project. 

Contextual Inquiry We decided to train the team 

in Contextual Inquiry methods so that they could 
interact more effectively with customers. Con
textual Inquiry techniques are adaptations of 

the methods used by anthropologists and sociolo
gists to understand other cul tures. The Contextual 
Inquiry framework emphasizes three principles: 
( I)  context, i .e . ,  study user work in its natural envi
ronment; (2) partnership, i .e . ,  engage customers as 
co-investigators to help develop your u nderstand

ing; and (3) focus, i .e . ,  clarify your interests aocl 
assumptions and be wil ling to change them based 

on what customers tell you . 15 Contextual Inquiry 

techniques have been used widely at Digita l  and 
have shown a positive impact on market penetra
tion and revenue. t6 

Customer Survey I nformation from customer 
visits was organized into a single hierarchy with 
benefits and needs at the top and desired capabi l i-
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ties and features at the bottom. A questioru1aire was 

created to obtain quantitative customer impor

tance weights for each node and leaf of the hierar

chy. The questionnaire was sent to the customer 

partners. We encouraged multiple responses from 
each partner to get data from both Information 
System professionals and end users. We also col
lected importance weights from an industry con

sultant and additional customers beyond the 

partners. Figure 3 shows a typical question from 
the questionnaire. 

ALLOCATE 1 00 POINTS AMONG THE FOLLOWING 
CHARACTERISTICS TO INDICATE THEIR RELATIVE 
IMPORTANCE TO YOU AS COMPONENTS OF "SUPPORT 
PERSONAL DIARY." 

PROVIDE TIME, TASK MANAGEMENT 
SU PPORT SEARCHING CALENDAR FORWARD, 
BACKWARD IN TIME 
PROVIDE QUICK, SIMPLE NAVIGATION TO ANY DATE 
PROVIDE VARIED CALENDAR VIEWS 

Figure 3 Sample Questionnaire Question 

Customer Day Representatives from the fou r  cus
tomer partners brought completed questionnaires 
to a customer day. We inquired about their experi

ence with the questions, looking for omissions and 
refinements. We asked them to describe their top 
10 issues and explain why they are important in 

their environment. The customer day information 

provided additional insight into user needs as well 
as a sanity check of the quantitative survey data. 

Competitive Benchmarking We created a score 
sheet from the features at the lowest level of the 
hierarchy developed for the customer survey. 
Engineers on the TeamLinks project, an industry 
consulting firm, and customers scored our existing 
products, alternative versions of our planned prod
uct, and competing offerings. The scoring by engi
neers d irectly contributed to their understanding 
of customer requirements. The information also fed 
the VCA process. Figure 4 shows a typical question 

from the score sheet. 

Cross Validation To minimize investment risks 

and to maximize the return on the wealth of infor
mation obtained from the data-gathering exercises, 
we revalidated the information to determine its 
applicability to the project. The information was 
cross-val idated by com paring multip le sources, 
including the competition, industry consultants, 
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SCORE EACH OF THE FOLLOWING FEATURE CATEGORIES 
FROM 0 TO 5, BASED U PON THE DIM ENSIONS OF 
COMPLETENESS AND GOODNESS AS COMPONENTS OF 
"SUPPORTING DI FFERENT WORK STYLES" 

SUPPORT OFF-LINE WORK 
PROVIDE TOOLS THAT SUPPORT CONSENSUS 
MANAGEMENT 
PROVIDE TOOLS THAT SUPPORT LOCAL CULTU RE 
PROVIDE TOOLS THAT SU PPORT TELECOMMUTING 

TOTAL 

(f) 
(f) w z w fw __J CL � 0 u 

NONE TOTAL 
GOODNESS 

Figure 4 Sample Score Sheet Question 

and customers. We verified that we could under

stand different responses as true expressions of dif

ferent needs before we used the data. 

Vector Comparative Analysis We input the cus

tomer importance weights from the questionnaire 

and the feature scores from the score sheet into the 

compu ter-based VCA tool . 17 This tool rolls the fea
ture scores up through the hierarchy by a method 

of weighted averages to provide a score at each 

node. VCA can create a vector diagram for each 

node showing graphically how well each product 

satisfies the user needs represented by the node. 

Figure 5 shows the top few branches in the 

Team Links VCA hierarchy. Digital developed VCA for 

use with or as an alternative to Quality Function 

Deployment (QFD). For the TeamLinks project, no 

QFD was conducted. 

Artifact Walk-throughs Based on Contextual 

Inquiry principles, artifact walk-throughs al low a 

design team to look at processes that take place 

over time and that occur among groups of people. 

The name is derived from the approach of asking 
customers to bring the actual artifacts of a process, 

e .g. ,  notes, memos, forms, and documents, into the 

walk-through as a reminder of the fu l l  complexity 

of the process. In the presence of the artifacts, we 
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PROVIDE COMPUTER SUPPORT FOR MY WORK 

/ �  
HELP ME WITH MY 
JOB-SPECIFIC WORK 

CONTROL COSTS OF 
USING COMPUTERS 

HELP ME WITH MY 
OFFICE WORK 

SUPPORT 
WORK-SHARING 

FACIL ITATE MANAGING 
INFORMATION 

SUPPORT MANAGEMENT OF TIME 

Figure 5 Simplified Teamlinks Hierarchy 

ask for the overal l  process goals, any known issues 

and problems, and a l ist of process steps. For each 

step of the process we ask ,  Who makes requests? 
Who does work? Who approves? What is the cost in 

person effort, materials, and equipment? What is 

the normal cycle time? and What problems and 

issues exist with this step? Each type of information 

is recorded on a colored Post -it note and assembled 

into an annotated flow diagram of the process. 

Thus, these walk-throughs emphasize articulating 

a process in detail, grounding it in a specific cus

tomer example. We chose artifact walk-throughs as 

the natural approach to gathering data in order to 

customize our prototypes to each customer situa

tion. At the same time, the walk-throughs uncov

ered additional general requirements. 

Design Your Product Based on 
What You Learn 

Team Discussions The Contextual Inquiry results 

contained surprises. Even though the inquiry focus 

was on office products, customers expressed more 

requirements about cost containment than about 

product features. The messages, d iscussed in detail 
in the section \Vhat We Learned, were clear in the 

raw data and became the basis for revised plans 

even as the rigorous VCA was being completed. At 

this time, an early prototype, seen only by the 
development team, was redirected. Real customer 
data enabled rapid consensus within the team on 

changes to the project's direction. 

Competitive Positioning The survey and bench

mark data, which was processed by VCA, al lowed 

us to track our competi tive position at all times. 
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We could say, for instance, "If we build this alterna

tive, we will  satisfy more customers than competi
tor A but will  need more mail features to compete 
with B." In addition, when the engineers performed 

the benchmarking in person, they learned more 

than just scores. One engineer decided to keep 
the competitive product he benchmarked as a 

working tool until our own replacement product 
was ready, because the competitor's product was 
better than the tools he had been using. Such expe

riences chal lenge the engineers to build better 

products. 

Trade-off A nalysis The computer-based VCA tool 
a llowed precise numerical comparisons to be 
made on demand. Many alternatives, ranging from 
the most probable plan, through minor variations, 

to wild "what-if" scenarios, cou ld be analyzed. 

The graphical displays al lowed the trade-offs 
between alternatives to be understood at a glance . 

Low customer-impact branches of the hierarchy 
could be identified and ignored during the period 
when basic d irections were being established, 

thus simplifying the design process. Figure 6 is a 

representation of a VCA d isplay, annotated to clar
ify how the charts are to be read . In particular, 
the importance of an item is indicated by the 

angle of the vector representing it-the more 
important the item, tl1e nearer the angle is to verti
cal. The length of a vector shows how well the item 
is real ized in a given plan-the better the realiza

tion, the longer the vector. Therefore, long vertical 
vectors represent i mportant items that are imple
mented wel l , and short horizontal vectors repre

sent unimportant items that are not implemented 

wel l. 

Refine Your Product with Customers 

In addition to the techniques already described to 
bring customer input into the design of Teamlinks 
for Macintosh, we used four  cycles of prototyping 

to confirm and refine our designs. In preparation 
for the third cycle, we conducted artifact walk

throughs with each customer partner as described 

earl ier. The walk-through information enabled us to 
simulate real processes during the final prototype 
cycle, thus putting our products to an u ltimate test. 
The four cycles arc shown in Table 1 .  

Provide computer supjX)I1 for my work Node l"eamLinb Mac CompLlitor I ColllJXlitor2 lknchn1:u-J..: 
Control co-.;t of using computcp; 1 54  Weight Bench Scorl! Weight Bench Score Weight Bench Score Weight Jknch Score 

3 I 
3 I 

l 
I 

3 I 
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Figure 6 Representation of a VCA Vector Display 
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Table 1 T he Teamlinks Prototyping Cycles 

Cycle Conte n t  Presen tation Data Col lecti o n  

User Macintosh One-on-one 
interface Powerbook contextual 
facade interviews 

2 User inter- Client Sample tasks 
face and software (scenarios), user 
l imited only diaries, and 
functionality phone calls 

3 Usable Client and Customer forms 
workflow, server and work tasks, 
filing, and software user diaries, and 
basic mail phone calls 

4 Full Client and Daily use, visits 
functi onality server by tea m, and 

software phone calls 

What We Learned 

Significant changes in functional ity and the user 

interface were made based on user reaction to the 
prototypes. This section d iscusses these changes. 

Unlearning Things We Thought we Knew 

Throughout this paper, we focus on three main 

themes: (I) find out what your customer needs, 
(2) design your product based on what you learn, 

and (3) refine your product with customers. 
The previous section of the paper discussed 

tools and techniques that we used to achieve these 
goals. Before actively gathering data, we developed 

a set of assumptions about our customer's needs 

and preferences for working. On subsequent visits 

we d iscovered that some of our assumptions were 
flawed and that we needed to change our original 

plans to better satisfy customer demand. In this 
section, we describe our initial assumptions, dis
coveries made throughout the data-gathering pro
cess, and new designs derived from our discoveries. 

Table 2 I ists a comparison of our original and 

revised designs. 

Lesson One 
Our initial assumption was that customers need an 

information manager to navigate and to view file 
cabinets. TeamLinks for Windows provided an 

information manager to assist Windows users in 
viewing, naming, and navigating the ALL-IN-1 lOS 
and DEC MA!Lworks file cabinets. The file cabinet 

is a logical container based upon the physical 

metaphor of a filing cabinet. It enforces a hierarchi

cal relationship, providing drawers that contain 
only folders and folders that contain only docu

ments. The file cabinets represent the central stor

age areas for all objects within the TeamLinks 

environment. 

To parallel the TeamLinks for Windows environ
ment, the team proposed an information manager 
for the Macintosh product. Figure 7 shows the pro

posed information manager window. Users would 

be presented with a single, world view of the file 
cabinets through the information manager. This 

proposal adds an additional document manage
ment layer on top of the native document manage

ment. The team planned to display the information 
in a manner as simi lar as possible to the Macintosh 

desktop display. 
However, our customers stressed : "Document 

management should look and work l ike the Mac." 
The Macintosh desktop presents a single, world 

Table 2 Comparison of Original and Revised Designs 

Original Design 

M a il 
Develop new X.400 Team Links 
mail client for Macintosh. 

Workflow 

Develop information manager 
application that contains 
routing services. 

F iling 

Develop informati on manager 
application, in addit ion to Mac 
file system .  

Discovery 

"Build one mail client and 
do it  right." 

"Help us uti l ize our available 
desktop resources." "Bu ild 
a 'real' Mac product." 

"Document management 
should lo ok and work like 
a M ac." 
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Revised Design 

Leverage existing X.400 mail client 
and focus on developing mail
enabled workflow applications. 

Develop independent components 
that work well with existing 
M a cintosh applications. 

Provide access to ALL-IN-1 lOS 
file cabinet as an extension of 
the M a cintosh file system. 
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Figure 7 Team Links for Windows Information Manager 

view to the users. They do not want a replacement. 
Our partners u rged us to support document views 

and navigation that is native. After attending the 
Apple Developers Conference, the project leader 
also concluded that we would build a noncompeti
tive application if we fol lowed our proposed plans. 

The team decided not to build an integrated i nfor

mation manager. The revised design in Figure 8 

shows how users can access the remote ALL-IN-1 lOS 

file cabinet as they do remote network volumes. In 
this approach, the ALL-IN-1 !OS file cabinet becomes 

an extension to the file system. This paradigm 
bui lds upon the Macintosh user's prior knowledge, 

making the interface comfortable and familiar. 

Lesson Two 

Our initial assumption was that we should follow 
the TeamLinks for Windows lead and create one 

tightly integrated application. Given the TeamLin.ks 
for Windows working model, the team proposed to 
develop a simi lar application for the Macintosh plat

form. Original plans detailed a large, integrated 

appl ication. The information manager window 

would provide the central world view of the file 
cabinet. This window would have its own set of 

menus and a tool bar. All other services would be 
available through the i nformation manager menus 
and tool bar. Mail messages, workflow packages, 
and other documents would be stored in file 
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cabinet folders. Users would open these objects by 
double-clicking to invoke the appropriate editor. 

Each service would be represented by its own 

window with unique menus and a tool bar. Services 
would include mail, workflow, address book, direc
tory lookup, and distribution list editing. 

Rather than enhancing the existing X.400 mail 

cl ient, DEC MAILworks for Macintosh, the team 
planned to create a new mail c l ient for the 
TeamLinks product. This decision would have 
resulted in two competing mail  clients. 

However, our customers stressed: " Help us u ti
lize our availabl.e desktop resources." Digital's office 

products need to work with existing Macintosh 
applications. Customers want to use their existing 
word processing, graphics, and other business 
applications while working with our office applica
tions. The customers emphasized that TeamLinks 
components must work well together. 

Throughout our interviews we heard: "Bui ld a 
real Mac product." Our customers stressed that our 

Macintosh office products must look and feel l ike 

Macintosh applications as wel l  as adhere to the 

Apple Human Interface Guidel ines. They encour
aged us to take advantage of color, d irect manipula

tion, and point-and-click paradigms. In fol lowing 
these standards, we enable users to transfer their 
skills from one application to another, thus reduc
ing training costs. 
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Figure 8 New Design for ALL-IN-I /OS File Cabinet Access 

We also heard: " Build one mail client and do it  

well." Customers want consistency across our appli
cations. If two Digital office products provide X.400 

mail support on the Macintosh platform, each 
should present the same user interface. This prac
tice wil l  help reduce customer costs by el iminating 

additional user training. From Digital's perspective, 
it makes good business sense to take advantage of 

existing products and resources where appropri
ate. Our customers cautioned against developing a 
new X.400 mail client for the TeamLinks product 
when DEC MAIL works for Macintosh already exists. 

They encouraged us to direct resources toward 
developing a single, strategic mail application that 
is simple to use, X.400 compliant, reliable, and avail
able for the popular desktop computers. They 
mentioned mail-enabled applications, such as work
flow, conferencing, and time management. 

The team decided to take advantage of existing 
components. Rather than build a new mail client, the 

TeamLinks and DEC MAJLworks for Macintosh proj
ect teams collaborated to enhance the existing DEC 

MAILworks client and provide workflow support. 

The TeamLinks team focused on developing the 
workflow component that would assist users with 

routing forms and documents for review and 
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approval. As a result, the TeamLinks design migrated 

from a large, i ntegrated application to components 
that work wel l together and allow users to 

exchange information that they have created with 
other popular Macintosh applications. Depending 
upon specific needs, customers can purchase a 

mail-only package, a workflow package, or a com
prehensive package with mail, workflow, remote 

ALL-IN-1 lOS file cabinet access, and conferencing 
applications. Throughout development, the team 
refined designs, adhered to Macintosh guidelines 
where possible, used color to add value, and imple

mented point -and-click paradigms. 

Lesson Three 

Our initial assumption was that time management is 

important, but we still  have time before missing the 
opportunity to implement this feature. Although 
time management was viewed as an important 
product requirement, the team did not fully appre

ciate the consequences of not implementing a time 
management solution. Due to l imited resources, 
the team relied on another internal group to deliver 

these services. If a time management product were 

to become available before the TeamLinks release 
date, it  might be integrated into the package. 

27 



Software Process and Quality 

However, our customers stressed: " Help me man

age my time." Customers often described their 
struggle in trying to schedule a meeting with a 

group of people and quickly fol lowed this descrip
tion with a request for time management support. 
People spend a great deal of time trying to manage 

their calendars. Two of our four partners rated time 

management support as their top priority. People 

want to browse one another's calendars, get assis
tance in finding common meeting times, and sched
ule resources and events across their organization 

or company. 

One partner stated that they would not be able to 

migrate their ALL-IN-1 lOS users to TeamLinks for 
Macintosh until a time management solution was in 

place . VCA data indicated that if TeamLinks for 
Macintosh had an integrated time management 

model, the product would be in better competitive 
standing. 

An office industry consultant told us that we had 

only six months to release an integrated time 
management module. If we delayed any longer, we 
would miss the opportunity. 

The team had been considering third-party time 
management providers, but negotiations had stalled. 
The team decided to reemphasize negotiations. A 
contract was signed within a short time. 

Lesson Four 

Our initial assumption was that we would port 
TeamLinks for Windows to the Macintosh platform 

and Mac users would like the results. We originally 
planned to port the TeamLinks for Windows appli

cation first and then retrofit a Macintosh user inter
face. The team proposed an initial design that 

contained a rich set of functions identical to those 

in Team Links for Windows but gave l ittle thought to 
what Macintosh users really wanted from a group
ware office application. The importance of simplic
ity and ease of use was not clear to a l l  team members. 

However, our customers stressed: "I don't learn 
new functions unless I see clear value to my work." 
" [The] most valuable tool is the one you [already] 

know how to use." "Less is better." "All I want to do is 

create mail and read it." " Build a real Mac product." 

People use tools and applications to simpl ify 

work tasks. Tools should support existing work 

rather than create new work. People use tools if 
they add value; otherwise, they quickly abandon 
them. Customers want simple, elegant solutions. 

Porting TeamLinks for Windows to the Macintosh 
platform would not succeed even if a user interface 
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that resembled an actual Macintosh user i nterface 
were provided. Macintosh users easily spot and 
freely reject a ported Windows application. Vendors 

who have ported Windows applications to the 
Macintosh platform have failed to gain product 
acceptance. 

The team decided to adopt simplicity as a theme. 

Although mail and workflow add value, they must 
be simple to use. We decided to take advantage of 
our users' previous knowledge of electronic mail 

and the postal mail metaphor in the design of our 

workflow package. The team first concentrated on 
designing the most frequently used functions and 

then on refining them. 
Our VCA results indicated that we had an oppor

tunity in the workflow area but that the window of 
opportunity was quickly closing. To complete our 
designs and develop customer-specific templates 

for prototyping, we needed to learn more about our 

customers' business processes. We used artifact 
walk- throughs to study three workflow examples: a 

manufacturing procurement request, a pharmaceu
tical regulatory submission, and a banking credit 

approval. 

Rather than port the Windows application, the 

team created a new design util izing user interface 
prototyping tools. We adhered to Macintosh guide
l ines, incorporating standard system fonts, point

and-click selection, standard text selection routines, 
standard menus and accelerators, consistent button 

placement, and dialog layout.  

Discovering Deligbters 

Through the discovery process, several of our ini
tial assumptions proved to be inaccurate or mis

guided.  As a result, the team changed plans to 
better satisfy customer requirements. We learned 
from the experience and adapted appropriately. 
The team also discovered that certain product 

attributes delighted customers. 

Button Bar Surprisingly, the button bar or tool 
bar within the TeamLinks components is a 
delighter among customers. The buttons provide 
point-and-click access to frequently used mail and 
workflow functions, reducing menu navigation and 

recall of keyboard accelerators. Colorful icons indi

cate button function. Context-sensitive help is also 
available as users pass the mouse pointer over but
tons in the bar. 

Workflow Automation Data from Contextual 
Inquiries, artifact walk-throughs, and VCA revealed 
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that business process reengineering and automa

tion is an emerging opportunity within the office 

automation market. Today, businesses lose time and 

money tracking materials through approval l ife 

cycles. Tools that support workflow automation 

can potentially yield substantial savings for a corpo

ration. In some industries, trimming one hour from 

a process can save mill ions of dollars. 
One customer expressed his interest in workflow 

support as fol lows: "It wi l l  mostly save everyone's 

t ime which is now wasted in tracking down who 

has the material and who still needs to sign it. It 

should speed up things, because it doesn't  have to 

physically be sent from office to office (sometimes 

even different states) for approval .  I would think it 

could save time at year end for summary reports." 

The development team capitalized on this infor

mation, focusing the corporate office strategy on 

developing leadership workflow tools. Rather than 

provide a set of " me too" features, the team decided 

to concentrate on a specific customer problem and 

provide a simple, well-done solution. The Team Links 

Routing product is the outcome of these efforts, 

and the group intends to focus the marketing mes

sage on its tracking capabilities. Six months later, 

leading competitors are now hastening to announce 

workflow product offerings. 

Refinement during Prototype Review Our VCA 

results indicated that customers place great value 

in ease of use. Items from the benefit hierarchy 

such as "Make the product usable-match the way 

I work," " Make the UJ consistent within itself," and 

" [Make a) product [that] adds value to my work" 

were all rated as highly important by our customer 

partners. Users are specifically interested in mini

mal keystrokes, consistent interfaces and functions 

across components, point-and-cl ick paradigms, 

adherence to Macintosh user interface standards, 

and short-cut keys. 

The team focused on satisfying these require

ments within the TeamLinks components. We 

employed a design methodology that involved users 
throughout the development l ife cycle, al lowing 

users to see product improvements on a monthly 
basis. During early prototyping, the team con

ducted one-on-one sessions with users to study 

concept learning and ease of use. Feedback from 

these sessions was used to progressively change the 

design. Subsequent testing revealed that the design 

modifications improved ease of use. A summary of 

specific design changes follows. 
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Redesign of Main Window for TeamLinks Routing 

A user receives new packages for review and 

approval in the mail in-box folder. To view the pack

age, the user double-clicks on the package i n  the in

box folder, opening a window. The original screen 

design for the TeamLinks Routing package window 

appears in Figure 9. 

Prototype testing demonstrated that users had 

difficu lty focusing on important information in this 

window. The button bar immediately caught their 

attention, and their eyes were then drawn to the 

distinctive " Routing List . . .  ·• button and the corre

sponding l ist of names. Several users overlooked 

the J ist of attacl1ments at the bottom of the window. 

Many users were unable to locate their role instruc

tions, which outl ined their specific tasks. Finally, 

several users commented that important informa

tion, such as, What do I have to do with this' When 

do I have to respond' and What's my role' was not 

visible on the main screen. 

Users had d ifficulty understanding that the win

dow represented a package that contained several 

attachments and signatures. Users were famil iar 

with mail messages. They easily understood the 

concept of message at tachments and the postal 

metaphor as it relates to electronic mail . They associ

ated a workflow package with a special type of mail 

message that needed approval, yet the package win

dow did not resemble the famil iar message window. 

Users overwhelmingly l iked the button bar, 

because frequently used functions were more 

accessible and visible. 

After going through several design iterations, the 

package window now appears as shown in Figure 

10. The team appl ied the mail metaphor to work

flow, rearranging some of the information to create 

distinct header and attachment areas as seen with 
mail messages. The header contains Initiator 

(From), Initiated (Date), To, and Subject fields. 

Additionally, we added a Role field to the header in  

response to user requests. Text labels are displayed 

in a bold font  to improve readability and to help 
users focus their attention. 

We simpl ified the window by removing noncriti

cal information. For example, although the data in  

the routing l ist i s  important to users, they do  not 

require this information in the main window, a5 

long as it is available with a single mouse cl ick. 

Therefore, we added an Edit/View-Routing-List 

bu tton on the left-hand side of the tool bar. Users 

are also able to quickly view the rou ting list by 

double-clicking on the To field . In addition, we 
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Figure 9 Original TeamLinks Routing Design 
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removed the Routing List button, which needlessly 

distracted users. 

The graphic designer created smaller buttons 

and used subtle shades of gray to create a three

dimensional look. Shading was used to invite users 

to press the buttons. Icons were designed to be 

understandable in international settings. Below the 

header, shading was used to define the attachments 

area, and a paper clip icon was added to reinforce 

the metaphor. 

To address the difficu lty users had in locating 

role instructions, we placed them in the attach

ments l ist. If instructions are present, they always 

appear as the first attachment and are denoted by 

a distinct document icon. Users simply double-click 

on the list entry to find out what they need to do 

with the package. 

In subsequent evaluations with the prototype, 

customers commented: "I think it 's pretty good. 

Once you get into it, it 's pretty easy to use, pretty 

logical." "I was al ready somewhat familiar with i t  

because I saw base-level one. I t  was pretty easy 

coming back to it. Just from using it the first time, it 

became familiar. I had some problems with the last 

one [base-level one] , and I think you 've solved a 

lot of the problems with this one [base-level 

two] ." "Anyone familiar with a Mac shouldn't have a 

problem." 

In designing the package window to look more 

like a mail message, we enabled users to transfer 

their mail knowledge to workflow. The concept of 

creating a package could be related to the concept 

of creating a mail message, namely, addressing the 

workflow package, attaching documents to the 

package, and typing in a subject. These changes 

help to reduce the need for user training. 

By simpl ifying the main window, we enabled 

users to focus on important information, i .e . ,  their 

role instructions and the attached work materials. 

Table 3 Tea mlinks Workflow Termi nology 

Original Title Bar 

TeamRoute - Te mplate 
TeamRoute - (Master, Routing) 
TeamRoute - (Master, Completed) 
Team Route - (Master, Unsent) 
TeamRoute - (Master, Sent) 
TeamRoute - (Routing Copy, Pending) 
TeamRoute - (Routing Copy, Sent) 
TeamRoute - (Carbon Copy, Read) 
TeamRoute - (Tracking Report, Read) 
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Providing icon buttons for frequently used func

tions helps to minimize keystrokes and save time. 

Terminology Review The original TeamLinks 

Routing product used a series of technical terms in 

the title bars of package windows to identify pack

ages and states. These terms were not very mean

ingfu l to users. The original terms are l isted in 

column one of Table 3. 

Team members working on the Windows and 

Macintosh platforms agreed to review terminology 

with the goal of reaching consensus on simple 

terms that users cou ld immediately identify. The 

team reflected on the traditional terminology for 

routing paper packages to develop the new termi

nology. The new terms are l isted in colum n  two of 

Table 3 

By using terms that reflect the paper process, 

users can immediately identify packages they 

receive and u nderstand the appropriate actions to 

take. The terms Template, Original, Carbon Copy, 

and Routing Copy describe both package type and 

status in simple, famil iar terms rather than in tech

nical terms. The package name is placed in the title 

bar of the package window and is readily visible to 

the user. The revised terms help to minimize new 

learning and reduce frustration. Consistent use of 

terminology across platforms al lows users to speak 

in common terms with col leagues using alternate 

desktop systems. 

Focus on the Package The team made a con

certed effort to focus on all components of the 

TeamLinks Office package: mail , workflow, filing, 

and conferencing. As discussed earl ier, the process 

of iterative design yielded excellent results with 

TeamLinks Routing. Studies of prototypes demon

strated that the use of buttons, color, larger fonts 

and professional graphics, the mail metaphor, and 

Revised Title Bar 

Template - <document title> 
Original - <document t itle> 
Completed Original - <document title> 
Draft - <document title> 
Original - <document title> 
Routing Copy - <document title> 
Carbon Copy - <document title> 
Carbon Copy - <document title> 
Latest Copy - <document title> 
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adherence to Macintosh standards all contributed 

to ease of use and acceptance of the TeamLinks 

Routing product. 

VCA results indicated that our customers viewed 

consistency across components as essential to min

imizing training and increasing accessibility. Given 

this information, our goal was to produce a family 

of products with a consistent look and feel. The 

team spent six weeks working on mail enhance

ments, modifying the screens to be more consistent 

with Teamlinks Routing. For example, the graphic 

designer created more meaningful icons for the but

tons, adding color to reinforce metaphors and make 

the buttons more distinct from one another. The 

team agreed on consistent button placement across 

components, moving a l l  buttons to the top of mail 

windows. Similar font styles and sizes were used 

across components to increase readability. Figure 

11 shows the original mail file cabinet window. 

Figure 12 shows the same window with the 

enhancements just mentioned. 

In addition to focusing on consistency across 

user interfaces for mail, workflow, filing, and con

ferencing, the team employed the same graphic for 

the on-screen "About" boxes and for the packaging 

and documentation cover designs. 

Consistency across product components and 

with other Macintosh applications received rave 

IC F i l e  E d i t  Windows S p e c i a l  

reviews from customers: " I  l iked the buttons across 

the top real wel l .  Real nice." "The fact that it's con

sistent with other Mac applications is the best 

news." "Support for point-and-click-you did a 

good job here." 

By creating a similar look and feel across com

ponents, the team reduced customer training needs 

by increasing the transfer of learning. Employing 

the same graphics for all components created a 

recognizable product identity for the Teamlinks 

family. 

Filing 

The original design to access the remote Al.L-IN-1 

lOS file cabinet on the Macintosh replicated the 

Teamlinks for Windows information manager. The 

VCA process demonstrated that this design would 

not be competitive nor would it satisfy customer 

needs. 

The team developed a more viable solution by 

visualizing the Al.L-IN-1 ros file cabinet as an exten

sion of the Macintosh file system. Team members 

developed a TeamLinks file cabinet extension. 

Users connect to the ALL-IN-1 IOS file cabinet 

through the chooser window. Once a user is con

nected, a volume, visually represented by a file cab

inet icon, appears on the user's desktop . The user 

double-clicks on the file cabinet volume to view the 

� F i l e  C a b i n e t  

3 2  

Title 

Fo I der·s : 50 
0 oe:e:oun t re:ques t t·lessages · 2 

EJ TRT : Pt'OCLH'emen l Reqw>s l 

B Fl<D : 1·1 i gh t I y Bu i I d Comp I e t.e 
D Carbon Cop i es M2>:sages I 

D C 1 C e r t i f i ca t i on t1essages · 2 
D compe t i t i ve i n fo Messages : 

D M es sages . 
Mess<192S · 1 7  

Date 

1 / 1 9 /93 09 : 47 Chr i s  P i e tr' 

5 ;'24/';!3 0 1 : 47 Shmlln Campt• 

I "  I 

F�·JO : Book Rev i ew on ·�ourdon ' s l a tes t boo ... 7 / 1 6;'92 0 1 · 40 

Cot1fer-enc i ng f•:Jr Mac i n tosh On I i ne He l p  -... 3/ 1 /93 1 2 : 22 

Conferenc i ng fot� r·loc l n t•:Jsh Pockog i r,g Dec ... 4/ 6 /93 02 , 43 BREEr·� 

Figure 11 Original TeamLinks Mail Design 
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Figure 12 New TeamLinks Mail Design 

contents in a new window. ALL-IN-1 lOS drawers and 

folders are visually depicted as their real-world 

counterparts, as seen in Figure 13. Users can manip

u late files in a familiar fashion. 

By using the standard Macintosh user interface to 

manipulate drawers, folders, and documents in the 

ALL-IN-1 lOS file cabinet, users do not need to learn a 

new paradigm. This approach minimizes new learn

ing, increases accessibility and ease of use, and adds 

value. This design is compatible with the future 

Apple Open Collaborative Environment (AOCE) and 

wi l l  create a better return on i nvestment for the 

program team. 

Conclusions 

The success or fai lure of any product can normal ly  

be  attributed to the product's initial plans and the 

implementation of those plans. For this project, 

one can evaluate the development strategy against 

the initial project goals and against the customer 

needs. 

The development strategy satisfied the program's 

goals. The initial version of the product was del iv

ered in less than a year of development time and 

with minimal resources. By-products of the devel-
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opment strategy a llowed the team to take addi

tional "informed" risks (seven months into the 

project, the team received additional responsibility 

for del ivering the mail client), to del iver three sepa

rate products with minimal resources, and to better 

engage and motivate the development team 
through consistency of purpose. 

As for the customers, they say it best in their own 

words: 

Major government contractors: "I thoroughly 

enjoyed testing the product. I am definitely going 

to buy it-our company is committed to 

TeamLinks . . . . " "Excel lent adherence to Mac 

Interface." 

Major manufacturing companies: "Simple 

enough to use and it  works." '' I 'd say yes [in 

response to a question regarding whether they 
would purchase the product] , it ties in wel l  with 

ALL-IN-1 and meets the needs." 

Major pharmaceutical companies: "Logical 

enough to use without the need to read documen

tation ." "We're very excited and encouraged by 

these changes. Looks l ike a Winnerl l ! ! "  One cus

tomer stated publicly in ComputeTWorld that 

TeamLinks/DEC MAlL works is their standard. 
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; F i l e  E d i t  Uiew L a b e l  S p e c i a l  

3 i tems ze ro K in di s k  3 1 . 9 11 6 avai l a b l e  

J U N K  M A l  N T EST D RAWER 

0 MR I N  
40 i tems ze ro K i n di s k  3 1 . 9 M B  available 

Label 
.................................. . ·············· ················ 

Name Size Ki nd 

1--- t> D B E NE FITS fol de r  

'-- t> D CA L L I NG CARD I N FO fol de r  

t> D COMPA NY I N F D  - folder 

t> D COMPET I T I V E  I NFO folder  

�- D CONFERENCI NG H I NTS folder 

I> D CONTACTS folder 

¢11111 

c h ris 's A L L - I N- 1 Fi le  Cab· 

Figure 13 Browsing the ALL-JN-1 lOS File Cabinet 

Selected goverrunent agencies: "Really l ike mail; 

l ike the graphic UI, color, bit buttons, the file cabi

net . . . . " "Easy to use." "I love this! Our whole branch 

will want this." "It is exactly what I 've imagined and 

desired for months." "They [customer's users] are 

going crazy over it. They love i t ! "  
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Defining Global Requirements 
with Distributed QFD 

Obtaining valid data on customer needs and translating it into optimum product 

functionality is always a challenge, but especially so when the customers are geo

graphically, culturallJI, and functionally diverse. Digital's Corporate Telecom

munications Software Engineering (CTSE) used groupware techniques supported 

by tbe distributed use of Quality Function Deployment (QFD) to identify product 

features tbat meet customer needs. By linking engineers, customers, and product 

personnel from across tbe globe, CTSE redesigned the QFD model to optimize tbe use 

of local and global groups in defining product requirements. During one year; three 

software products, including Automatic Callback version 2. 1, were defined using 

the Distributed Quality Function Deployment (DQFD) technique. Lessons learned 

from each interactive session were applied to continuously refine the approach to 

improving process. The critical follow-up steps after the DQFD ultimate�y determine 

the success or failure of the effort. 

The Challenge of Global Requirements 

Corporate Telecommunications is responsible for 

managing D igita l 's worldwide telecommunications 

resources including voice, video, and data networks. 

The engineering organization within Corporate 

Telecommunications develops tools, applications, 

and solutions to optimize the use of telecommu ni

cations services. Developing the right product for a 

customer depends largely on the accuracy of the 

requirements defined, which in turn depends on 

the approach used to gather information about the 
customer's needs. Tradit ionally in Digita l 's Corpor

ate Telecommunications Software Engineering 

(CTSE), product managers have obtained customer 
requirements from various geographies by using 
electronic mail or electronic conferencing. This 

method was deficient in the delivery of a customer

focused product in several ways. 

• lnpu t did not come from al l  the corporate 

geographies that used the product. 

• CTSE had no direct contact with the customer. 

• No data was available on the importance of cus

tomer requirements. 
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• There was no clear correl.ation between product 

features and customer needs. 

This paper discusses the approach taken by CTSE 

to improve the process used to define customer 

needs and product features worldwide. 

Commitment to Improving the Process 
of Defining Requirements 

In january 1992, CTSE made a commitment to utilize 
Total Qual i ty Management (TQM) as the foundation 

for the development and maintenance of their prod

ucts. As part of this commitment, CTSE began a set 

of initiatives to increase customer and user satisfac

tion with Digital 's worldwide telecommunications 
products and services. 

CTSE customers are from three internal geogra

phies: the United States, Europe ,  ancl the Asia/ 

Pacific and Americas (APA) (formerly General 

International Area [GLA]). Each area has its own 

business needs and practices. Product development 

must ensure that technical solutions meet the 
common needs of each group. CTSE recognized 

that the creation of successful products is based 

on the quality of the requirements against which 

these products are created. Consequently, CTSE 
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mandated the use of the Quality Function Deploy
ment process for a l l  scheduled projects. 

Quality Function  Deployment  

Qual ity Function Deployment (QFD) is a structured 
approach for proactive planning. QFD provides 
product planners with a process that translates cus
tomer needs into prioritized product features. This 
method emphasizes the use of quantitative tech

niques to evaluate various product features based 

on the impact each has on providing benefits to the 
customer. 

QFD has been used extensively as a product plan
ning tool for companies both in the U.S. and in  
Japan. Digita l ,  Hewlett-Packard, AT&T, Ford, and 
Toyota are but a few of the companies that have 

successful ly applied the QFD process to ensure that 
they are building products that meet customer 

needs. 
As practiced at Digita l ,  the QFD process begins by 

assembling a cross-functional team that includes 
customers, customer experts who have timely data 

on customer needs, and technology experts who 
know the product capabilities and the competition. 
The team gathers for a concentrated and focused 

meeting, usua l ly two or more days in duration. 
Team activities d uring the QFD include 

• Brainstorming. Attendees state as many cus
tomer needs and product features as they can 
and document each need or feature without 
regard to merit. 

• Affinitizing. The team associates and categorizes 

the customer needs and product features i nto 

appropriate groupings. 

FEATURES 

CUSTOMER NEEDS 

TOTALS 

• Value setting through consensus. The team eval

uates customer needs according to various 
attributes, such as customer value, goals,  and 

i mprovement targets, and assigns a weight to 
each need. 

• Correlation analysis. The team correlates the 

needs with the features to determine which fea
tures impact which needs and to what extent. 

Throughout the QFD, a chart cal led the "House of 

Quality" (see Figure 1 )  graphical ly d isplays the 

work of the team. The customer needs become the 

rows of the House of Qual ity, and the features 
become the columns. The House of Quality allows 
you to view d irect ly the relationship between any 
customer need and product feature . 

The final result  of the QFD is a prioritized list of 

features, each with an associated numeric sum of 
weights. This l ist is often d isplayed as a Pareto 

chart, which is a bar graph of the total weights in 

left- to-right descending order. Figure 2 is an exam
ple of such a chart. 

The Distributed QFD Concept 

Traditionally, the QFD process is conducted with a l l  

participants in one physical location, thus allowing 
constant personal interaction. This scheme works 

well when participants are not widely scattered; 
however, D igital develops most of its products for 
the global marketplace. Busy schedules and the 

high cost of travel prevent al l  QFD participants from 
gathering in one location at the same time. The 

challenge was to overcome the one-location issue 
and util ize the QFD process in a modified manner to 
get people in various locations working together. 

CUSTOMER VALUE 
TODAY 

COMPETITION 
GOAL 

RATIO 1 SALES 

� Tr 

PLANNING MATRIX 

POINT 
AL 

CORRELATION MATRIX 

Figure 1 House of Quality Chart 
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CTSE calls the practice of running a QFD with 

involvement from multiple physical locations a 

Distributed QFD (DQFD). 

Instead of conducting a regu lar QFD session at 

one site, the DQFD session is conducted simultane

ously at the two or more sites where the par

ticipants are located. Every site has a facilitator. At 

each s ite, the DQFD participants are organized into 

teams connected by means of teleconferencing or 

videoconferencing equipment. These teams work 

together through the regular QFD process adminis

tered u nder the control of the designated "primary 

faci l itator." 

In the DQFD process, distributed team members 

d iscuss product requirements during i nteractive 

sessions moderated by facil itators. The result  of 

these discussions is the QFD data (i .e . ,  features, 

ranks, and needs) and documents (e .g . ,  the House 

of Quality and the data spreadsheet). The primary 

faci l itator and the organizer collect and process the 

information from all participating sites and prepare 

the final QFD documents, such as the product busi

ness requirements. 

Before starting the session, the organizer and the 

primary faci l itator develop the schedule and the 

agenda. They select the list of participants, which 

should include all geographies and span the 

involved functions such as engineering, sales, sup

port, service, and customers. Often, a question

naire is distribu ted to the participants. This 

questionnaire describes the customer information 

that is important, such as the tools they use and 

38 

what u nfulfi l led needs they have, and should there

fore be gathered and brought to the DQFD session. 

If sol id customer data is missing in certain areas 

described, participants then have the opportunity 

to collect additional information during the weeks 

leading up to the DQFD. The best data comes 

d irectly from the customer while the customer is 

actively involved in the activity that the product or 

service will support. D igital has fostered a tech

nique called Contextual Inquiry, in which the prod

uct developers visit the customer's workplace and 

observe and interview various users while they are 

engaged in their normal work activities. This tech

nique yields timely and detailed data that often is 

not forthcoming in surveys, problem reports, and 

other passive approaches to data gathering. 

In addition to the important issues of cultural dif

ferences, business relationships, and working envi

ronments, the time zones of participating sites are a 

major consideration when developing the schedule 

logistics for the DQFD. The DQFD process usually 

takes two or three sessions (working days). There

fore, while developing the DQFD workflow and 

schedule, the DQFD organizer and the primary facil

itator must review the QFD process with respect to 

site requirements/time zones and determine the 

activities that best suit  the participating sites. 

The DQFD Model 

Figure 3 portrays the basic steps of the DQFD 

modeL Though similar in appearance to a typical 

QFD, the DQFD differs in the areas of logistics and 

training of participants, and in the order and man

ner in which the actual QFD sessions are con

ducted. The DQFD model uses videoconferencing 

and teleconferencing for the overview meeting and 

throughout the three-day DQFD itself. 

Preparation 

Preparation is a key element of a successful DQFD. 

Some important parts of the preparation are 

• Planning. The primary facil itator and the orga

nizer determine the goals and feasibility of the 

DQFD, the most appropriate participants, and 

the logistics that wil l  work best. 

• Training the team. A short (one-half day) tutorial 

in the basics gives the participants sufficient b ack

ground in the process to contribute effectively 

• Gathering customer data. The need for accurate, 

complete, and current customer data as input 

for the DQFD cannot be overstated. Many 
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Figure 3 Logistics of the Distributed QFD 

techniques are useful for col lecting data, includ

ing surveys, interviews, problem reports, sugges

tions, and free-form interview. 

Overview Meeting 
The overview meeting serves several main pur· 

poses. This meeting 

• Helps the participants from the various sites to 

get to know one another. 

• Provides participants with an understanding of 

the DQFD process and their roles in the process. 

• Gives the planners an opportunity to summarize 

the project at hand and the issues that the DQFD 

is intended to address. 

• Al lows the team to decide who the customers 

are for the product or service and, furthermore, 
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which customer is to be considered "primary" 

for the purposes of the DQFD. Distingu ishing the 

primary customer can help avoid confl icts in the 

development of the House of Quality. 

• Informs the participants about the preparation 

required. 

• Answers questions about the logistics and 

mechanics of the forthcoming DQFD meeting. 

The two options for handl ing the overview meet

ing in Distributed QFDs are videoconferencing and 

teleconferencing. CTSE prefers v ideoconferencing 

for several reasons. 

• Participants from the various sites who will be 

working together can see one another, possibly 

for the first time. The visual image thus created 

will enhance commu nication during the DQFD 

meeting. 

• Participants gain an u nderstanding of the work· 

ing styles of the facil itators at each site, which 

helps to move the process along . 

• The visual aspects of the meeting help promote 

the feeling of " team ness," which fosters coopera

tion in the subsequent activities. 

QFD Meeting 

In the western Europe-eastern U.S. DQFD model, 

the QFD meeting spans three days. The major sites 

i nvolved in the CTSE meeting described in this sec

tion were Valbonne, France, and L ittleton, Massa

chusetts. A six-hour time difference exists between 

the two locations, so we schedu led the mutual meet

ings for mornings in the u.s., i .e . ,  8:00 A.M. to 12:00 M. 

(noon) eastern standard time (EST), and afternoons 

in Europe, i .e . ,  1400 to 1800 coordinated universal 

time (UTC) (known as Greenwich mean time). 

Although undoubtedly inconvenient for some 

participants, DQFDs are possible in locations where 

the time difference is greater than six hours. During 

an earl ier DQFD, one team member resided in 
Australia and worked with the rest of the team from 
10:00 P. M. to 2 :00 A.M. his time. A better approach is 

to schedule the DQFD over six days with overlap

ping sessions of two hours, as described in the sec

tion Observations about the DQFD Model. 

Figure 4 shows a design of the western 

Europe-eastern U.S. DQFD model, as managed by the 

U.S. Note that the two sites work together for four 

hours each day. Working in overlap for just one half 

of each workday provided the fol lowing advantages: 
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2·00 P M  -- EUROPE --- 6·00 P M  (U S ONLY} 

AFFIN ITIZE NEEDS 
PLANNING L- OVERVIEW '--- DAY 1 BRAINSTORM BRAINSTORM 

CUSTOMER PRODUCT r-----
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8:00 A.M. --- U.S ---- 1 2:00 M. 

(NOON) 
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P.M. P.M.  
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DAY 2 f-----. ATTACH CUSTOMER VALUES TO NEEDS f-----. (APPROXIMATELY SEND RESULTS 
1 HOUR) COMPLETE PLANNING MATRIX TO EUROPE 

(EUROPE ONLY) 8:00 A.M. U S. 1 2.00 M. 
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1 . 00 u.s -

P.M. 

- 3.00 
P.M. 

EUROPE (A.M.J  2·00 PM -- EUROPE --- 6 00 P M  

REVIEW ADJUST AFFINITIZED FEATURES AFFINITIZED PRODUCT BUSINESS 
DAY 3 FEATURES f-----. COMPLETE CORRELATION MATRIX r----- REQUI REMENTS 

DOCUMENT (APPROXIMATELY 
1 HOUR) SUMMARIZE-FUTURE STEPS 

(EUROPE ONLY) 8:00 A.M. --- U S . --- 1 2 :00 M. 

(NOON) 

Figure 4 DQFD Model, as Managed from the US 

• Since interactive QFDs are concentrated efforts, 

meeting for only four hours per day a llows the 

team to devote their peak energy to this part of 
the QFD. 

• The schedule allowed part of each day for those 

sections of the QFD that could not be performed 

through teleconferencing, such as affinitization, 

administration, and computer logging of the 

results. The team that is managing the particular 

DQFD performs most of these activities. 

• Each team had time between the larger group 

sessions to review the work of the previous day 

and to make a l ist of issues for d iscussion and 

resolution. 

• At the start of each group session, participants 

have a hard copy of the House of Quality with 

data derived from the previous clay's session. 

A description of each of the three days of the 

DQFD fol lows. 

DQFD-Day l 

The first day of the DQFD starts in the morning for 

the eastern U.S. and in  the afternoon for western 
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Europe. As is typical for all Digital QFDs, the team 

begins by brainstorming to identify customer needs. 

Participants contribute ideas al ternately, one from 

Europe and one from the U.S. Both sites record each 

idea and the contributor's initials on a Post-it note. 

Later in the QFD, the contributor may be asked to 

clarify the content of the Post-it note. The team also 

marks each note sequentially with a number for easy 

reference. The odd numbers represent the ideas 

that came from Europe, and the even numbers rep

resent those from the U.S. Once the brainstorming 

session is complete, a so-cal led scrubbing process 

takes place to ensure a common understanding of 

the content of each Post-it note. The team exam

ines each idea statement and rewrites i t  if the idea is 

not clearly understood by a l l  participants. No evalu

ation of the idea takes place during scrubbing. 

At this point, the DQFD diverges from the standard 

QFD, which would now move to the Planning Matrix. 

Extending the DQFD to four days would preserve the 

normal sequence of QFD. To complete our work in 

three days, however, we elected to follow the cus

tomer needs brainstorming session with a similar 

brainstorming exercise for product features, which 

are the columns of the House of Quality. Again, we 
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scrub tl1e ideas after completing the brainstorming. 

The initial mutual session between Europe and the 

U.S. is now over. We did not find that the change in 

sequence had an impact on the process. 

While the European team goes home for dinner 

and to sleep, the U.S. team meets during the after

noon to affinitize the customer needs specified in 

the morning. Affinitizing is a free-form method of 

grouping l ike ideas together into categories that 
will become the rows of the House of Quality. 

Affinitizing is a highly interactive activity involving 

constant physical movement of the Post-it notes. 

Affin itizing would have been difficult across conti

nents without supporting hardware, so we elected 

to confine this work to a single site. 

After completing its afternoon session, the U.S. 

team sends the results of the affin itization to 

Europe in an electronic message. When computers 

are not available, information can be transferred 

using facsimile machines. 

DQFD-Day 2 

On Day 2, while the U.S. team sleeps, the European 

team reviews the affinit ization of the customer 

needs and compiles a l ist of questions and issues. 

When the two teams meet during the European 

afternoon and the U.S. morning, they raise issues 

about the customer needs and negotiate to resolve 

the issues. 

The combined group now assigns customer val

ues to each need and enters these values in the first 

column of the Planning Matrix, which is on the 

right side of the House of Qual ity. Next, the group 

fills in each row of the Planning Matrix with corre

sponding val ues for how the customer rates our 

current product, how the customer rates our com

petition, our goal for the next product release, and 

a sales point that indicates the natural attractive

ness of the customer need. The group can now cal

culate weights for each need as input to the 

Correlation Matrix. Once the Planning Matrix is 

complete , the team can add ideas to the product 
features and scrub them. 

After the European team departs at approxi

mately 1800 UTC, the U.S. group goes through an 
affinitization exercise for the product features and 

again sends the results to Europe. 

DQFD-Day 3 

During their morning of Day 3, the European team 

members review the product features' affinitiza

tion and compile a l ist of questions and issues, 

which are addressed with the U.S. team later that 
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day The major joint activity for the third day is com

pleting the Correlation MatrL'I:, which is at the cen

ter or "heart" of the House of Quality. For each 

(feature, need) pair, the teams decide how much 

the feature, if implemented, wil l  contribute to satis

fying the need. Each correlation is then multiplied 

by the weight for that need . The sum of the weights 

is entered at the bottom of each column. 

Now, all the i nformation is available to build a 

Pareto chart of prioritized features. This chart, 

which is the desired end product of the DQFD, pro

vides an informed basis for future product d irec

tion. The teams do a sanity check of the chart 

results. If the results appear rather different than 

expected, the teams may review the steps that led 

to the results to ensu re that those steps were com

pleted accurately, and to understand what data led 

to the results. In some cases, accurate results lead 

to counterintu itive but valid conclusions. 

At the conclusion of the DQFD, the teams review 

the issues l ist, assign action items as appropriate, 

and then enumerate the next steps. These steps 

may incJude determining the resources needed to 

implement various features and perhaps doing fol

low-on QFDs to determine more detailed informa

tion about the various features. 

Observations about the DQFD Model 
• In  the model design just described, the U.S. team 

did a l l  the affinitizing. This scenario best suited 

the particular circumstances, i .e . ,  the scheduling 

constraints and the fact that the most experi

enced faci l itator was located in the U.S. 

• The DQFD could have been managed from 

Europe with all the affinitization performed 

there, as i l lustrated in Figure 5. If the European 

team members were to do both affinitizations, 

these activities wouJd take place during their 

morning hours of the second and third day. Note 

that using this approach, the U S. participants 

must begin no later than 7:00 A . M .  EST in order 

to be ready to meet with the European team at 

8:00 A.M. EST. 

• A third approach would have been to have one 
affinitization take place in Europe and the other 

in the U.S. , as shown in Figure 6. 

• The model described in detail earlier in this sec

tion is appropriate for DQFDs between the east

ern U.S. and western Europe and can be used in 

other instances where the time d ifference is  six 

hours or Jess. DQFDs across locations with a 
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Figure 5 DQFD Model, as Managed from Europe 
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Figure 6 DQFD Model, as Managed Alternately from the US. and Europe 
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time difference greater than six hours are possi

ble but require that the sessions be conducted 

over more days and the daily overlap in work be 

confined to a shorter time period of two hours. 

Even with the expanded schedu le ,  the teams 

must be wil l ing to work du ring the early morn

ing and the evening hours to accommodate the 

time difference. Figure 7 d isplays the possible 

organization of act1V1t1es for long-distance 

DQFDs. The DQFD is spread out over six days. 

Note that the team that meets in the early morn

ing hours does the affinitization work. In order 

for the team at the other location to perform the 

affi nitization, participants at that site would 

have to work earlier morning hours or the DQFD 

would take longer than six days to complete. 

PLANNING L- OVERVIEW L....... DAY 1 r· - MEETING r--

REVIEW 
AFFINITIZED NEEDS 

DAY 2 r-
(APPROXIMATELY 
1 HOUR) 

SITE B ONLY (A.M.) 

DAY 3 

DAY 4 

REVIEW 
AFFINITIZED FEATURES 

DAY 5 r-
(APPROXIMATELY 
1 HOUR) 

SITE B ONLY (A M J 

DAY 6 

SITE A (A.M ) SITE A ONLY (P.M.) 

BRAINSTORM AFFIN ITIZE NEEDS 

CUSTOMER 
(2 HOURS) NEEDS r---

(2 HOURS) SEND RESULTS 
TO SITE B 

SITE B (P.M.) 

SITE A (A M )  

ADJUST AFFINITIZED NEEDS 

ATTACH CUSTOMER VALUES TO NEEDS 

START PLANNING MATRIX 

(2 HOURS) 

SITE B (P.M.) 

SITE A (A M J 

COMPLETE PLANNING 
MATRIX 

(2 HOURS) 

SITE B (P.M.) 

SITE A (A.M.) SITE A ONLY (P M J 

BRAINSTORM AFFINITIZE 
FEATURES PRODUCT 

FEATURES - (2 HOURS) 

(2 HOURS) SEND RESULTS 
TO SITE B 

SITE B (P.M.) 

SITE A (A M )  

ADJUST AFFINITIZED FEATURES 

START CORRELATION MATRIX 

(2 HOURS) 

SITE B (P.M.) 

SITE A (A M )  

COMPLETE CORRELATION MATRIX 

SUMMARIZE-FUTURE STEPS 

(2 HOURS) 

SITE B (P.M.) 

Note: Site A has early morning time when Site B has later afternoon/evening time. 

Figure 7 DQFD Model for Sites Located Far Apart 
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Case Study: Automatic Callback 
Version 2.1  

The Automatic Callback (ACB) software product 

provides customers, both internal and external, 

with remote host access and user authentication 

from personal compu ter platforms. A goa l  of the 

planned update release, ACB version 2.1, was to 

support the increasing number of customers who 

use mobile computing solutions while traveling or 

while otherwise remote from their home offices. 

A cross-functional team of product developers, 

planners, technical experts, and user representa

tives from Val bonne, France; Geneva, Switzerland; 

and Littleton, Massachusetts, was given the respon

sibil ity of developing the product priorities 

through the DQFD technique. 

Planning 

Several weeks before the DQFD, while in the U.S. , 

the technical project leader and facil itator for the 

seven-person Valbonne contingent met with the 

primary facil itator of the five-person Littleton 

team. They planned all sessions and created ready

to-go materia ls,  such as fl ip charts with the House 

of Quality and appropriate matrices predrawn. This 

preparation helped ensure that the sets of visual 

materials used at both sites were exactly the same. 

An overview meeting took place one week prior 

to the DQFD using videoconferencing media. After 

a discussion of the process, the team d iscussed the 

customer base for the product and decided on 

"security managers" as the major customer. 

Logistics 

The DQFD took place over three days, with com

bined Va l bonne-Littleton sessions lasting fou r  

hours, a s  described i n  the section The DQFD Model. 

Using teleconferencing, the two teams alternated 

between site-based activities, such as brainstorm

ing, and interactive activities, such as attaching etiS

tomer values, goals, and correlations. Throughout 

the DQFD, the project manager kept track of issues 

important to the project but not those that would 

be resolved at the DQFD meeting itself. At the end of 

the three days, the team associated action items 

with these recorded issues. The team then con

ducted a sanity check on the House of Quality 

results shown in Figure 8. The figure does not con

tain the detailed subcategories of features and 

needs that the brainstorming produced. The proj

ect team used this additional information after the 

DQFD to make specific detailed product decisions. 
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The project leader assigned fu rther work to figure 

in cost-benefit data and to subdivide the prioritized 

product features. 

Post-QFD 

The cross-functional a l l iances forged at the DQFD 

continued into the design and development phases 

of the pro ject. Concurrent engineering was applied 

to deliver ACB version 2.1 on schedule within a 

nine-month time frame. 

Lessons Learned 

ACB was the first successful DQFD conducted by 

CTSE, in terms of the participants getting what they 

sought out of the process. To repeat that success, 

CTSE examined the factors that helped the process. 

At the conclusion of the Automatic Callback DQFD, 

CTSE conducted a short post project review, asking 

what went right, what went wrong, and what might 

be improved. The fol lowing are some lessons 

learned: 

1. Planning. The detailed planning done prior to 

the overview meeting and the DQFD el iminated 

potential problems and helped the process run 

smoothly. I t  is  essential that the facil itators at 

each site understand the process as it bas been 

modified to fu nction in the DQFD setting. 

Though not an expert at QFD, the technical proj

ect leader's experience working in team situa

tions balanced the primary facil itator's QFD 

expertise. 

2. Automated tools. This DQFD was the first in CIS£ 

to use the QFD/Capture tool in real time during 

the QFD sessions. 1 After each day's activities, the 

Littleton site sent a PostScript file or a facsimile 

of the results of that day's work to the other site. 

Each site entered the results on the flip charts 

used to display the information. The au tomated 

tool performed all the calculations and displayed 

the results in an easy-to-read graphical format. 

CTSE now sees the QFD/Capture tool or a similar 

tool as a necessity for a smooth- running DQFD. 

3. Issues l ist. Maintaining an issues list accessible to 

all  sites al lowed the teams to remain focused. 

Topics that might sidetrack the d iscussion were 

duly noted by the project m anager, and the DQFD 

moved ahead . 

4. Videoconferencing. Most participants were 

impressed with the use of videoconferencing 

and would have preferred that tbe entire DQFD, 
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CUSTOMER NEEDS 

Defining Global Requirements with Distributed QFD 
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Figure 8 Automatic Callback Version 2. 1 DQFD Results 

not just the overview meeting, take place via 

videoconferencing. Something is lost when you 

do not see the person with whom you are talking. 

5. Competitive data. Although the teams had good 

customer data, they did not have much informa

tion about competitive offerings. Such competi

tive data would have helped the teams establish 

more accurate weightings to the customer needs. 

Recommendations 

With each Distribu ted QFD conducted, CTSE learns 

more about how to improve the process and 

applies this knowledge to future DQFDs. The fol low

ing are some CTSE recommendations for conduct

ing successhll DQFOs: 

1. All participants should be educated in the QFD 

process, i .e . ,  know their roles and the kinds of 

results to expect. Unknowledgeable participants 

only add to the confusion of the DQFD. CTSE has 
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developed two half-day learning modules, 

"Introduction to QFD" and " Improving the 

Effectiveness of QFDs." Participants who com

plete the first module consistently contribute 

effectively at our DQFDs. Those that complete 

both modu les help organize and lead the DQFD 

and follow-on activities. 

2.  Designate a primary faci l itator. Although it  is 

important to have facilitators at each site, specify

ing one primary facil ita tor, with the responsibil
ity of designing and managing the organization 

of the meeting, works best. Having two "expert" 

facilitators who independently " know what is 
best" and who implement their separate ideas 

can have a d isastrous effect because information 

may not be in a compatible form for the concur

rent sessions. 

3. Use a computerized QFD package. Having a sup

port package is nearly essential in DQFD to pro

vide an accurate and quick way to ensure that 
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each team is viewing the same information. We 

have used QFD/Capture and take advantage of 

both facsimile and electronic communication to 

mail updated versions of the House of Qual ity 

each day. 

4. Be clear about the target customer before the 

DQFD sessions begin. If the product or service 

has an array of customers, be sure to specify a 

primary customer at your overview meeting. 

Doing so will help you decide which customer 

or set of customers to differentiate between, 

should there be a conflict during the DQFD. 

5. Encourage attendance throughout all sessions. 

The work of the DQFD is most effective if alI who 

participate in the overview meeting attend each 

day of the DQFD. People who arrive for later ses

sions but have not participated in earlier ones 

usually have d ifficulty contributing effectively 

without extensive updating and rehashing of the 

work of previous sessions. In addition, latecom

ers may have trouble adjusting to the different 

format of the DQFD. 

6. The preparation is as important as the DQFD 

itself. In order for the DQFD to be fru itful ,  the 

customer information must be current and accu

rate. Such data helps establish goals that are 

competitive in the key areas about which the 

customer is concerned. When the l ist of partici

pants is being selected, special care should be 

taken to ensure a diverse and comprehensive 

representation of customer interests and corpo

rate functions. 

Summary 

The Distributed Quality Function Deployment 

technique provides an efficient and effective mech

anism to bring together customers and mu ltifunc

tion representatives from across the globe into an 

interactive setting to exchange information and pri
oritize product actions in real time. The success of 

the DQFD rests on a sound implementation model, 

trained facilitators and participants, preparation 

and planning, and a team willing to work toward 

solutions through brainstorming and consensus 

building. Flexibility is  important because adjust

ments must be made throughout the process to 

accommodate the multiple physical sites involved. 

Corporate Telecommunications Software Engi

neering has defined and refined a set of DQFD tech

niques that has successfully met the goal of 

establishing consistent and val id product features 
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to meet the business needs of its customers. DQFD 

has been adopted as a standard part of Digital's soft

ware development process. 
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DEC TP WORKcenter: 

Ernesto Guerrieri 
Bruce J Taylor 

A Software Process Case Study 

DEC TP WORKcenter is Digital's object-based pmduction system development envi

ronment for Application Control and Management System TP applications. Goals 

for the DEC TP WORK center project were to meet customers' requirements, to pro

vide superior product quality, and to maintain schedule predictability Modern 

software process techniques helped to achieve an appropriate balance in resolving 

the inevitable conflicts between project goals. A critical analysis of each software 

process shows its effect on the engineering team, the product, and the project sched

ule. Changes to the process were implemented based on the team's experience and 

quality metrics. Recommendations to other project teams are offered based on the 

conclusions drawn from the DEC TP WORK center project. 

The DEC TP WORKcenter product is an interactive 

production system application development envi

ronment specifically customized for Appl ication 

Control and Management System (ACMS) transac

tion processing (TP) applications. 1 Development of 

the DEC TP WORKcenter object-based development 

environment started in 1991 in response to requests 

from a number of Digital's ACMS customers. They 

wanted a tool that could help them to 

• Perform configuration management of ACMS 

application components 

• Track ACMS application components 

• Obtain a more efficient build mechanism for 

ACMS applications 

The product development team consisted of a 

team leader, an architect, six software engineers, 

a quality engineer, two test engineers, and two doc

umentation writers. The average experience of the 
team was seven to eight years of industrial experi
ence (with at least three members having over ten 

years of experience) in a wide variety of software 

industries, including defense-oriented develop

ments. This breadth of experience was important 

in the creation and adoption of the development 

process. 

The key goals of the project were to provide 

• Customer-defined product requirements 

• Compliance with the product requirements 

specification 
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• A high-quality product 

• Delivery on schedule 

For the customer satisfaction goal, we describe 

our use of Contextual Inquiry, Quality Function 

Deployment, conceptual modeling, and rapid pro

totyping. We also describe a formal requirements 

documentation technique to analyze requirements 

and guide later software phases. 

For the qual ity goal ,  we describe the use of the 

requirements document, the interface and design 

review process, and the use of inspections. We 

mention functional testing as guided by the require

ments document. 

For the schedule goal, we d iscuss the organiza

tion of the team into working groups and the use of 

the requirements document to ensure coverage of 

a requirements matrix. 

Final ly, we describe several management pro

cesses for balancing conflicting goals and assessing 

project dependencies and risks through process 
metrics. From this experience, we have formulated 

a collection of recommendations that we feel are 
true not only for the DEC TP WORKcenter project 

but for al l  projects. 

Theme 

Every engineer on the DEC TP WORK.center develop

ment team had experience with formal or semifor

mal software development processes. The positive 

experiences came from projects that were devel

oped smoothly and without incident. The negative 
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experiences stemmed from projects that ended in  

disaster in spite of  (or because of) formal develop

ment methodologies. The entire engineering team, 

however, was enthusiastic about formal policies, as 

long as the team could be in control of the process. 

The team's unofficial motto was 

"Use the process, but 

don't let the process use you." 

Throughout the development cycle, we looked 

for formal techniques to con trol various parts of 

our work, and then tried to adapt these techniques 

to the particular requirements and capabilities of 

our development team. In some instances, we were 

able to instal l  a formal mechanism with l ittle or no 

modification; but for most cases, we had to refine 

the mechanism, using the following steps. 

1 .  Document the mechanism. 

2. Test i t  on a realistic sample task. 

3. Collect objective measures of how well it worked. 

4. Adapt the mechanism. 

5. Repeat until satisfied. 

We never used complex metrics, software 

physics, or deep analysis; the key to any success 
was to keep the process simple and to continual ly 

adapt it to fit the nature of the task and the team. 

Once we were satisfied with the process, we tried 

to apply it uniformly and consistently across the 

product development. 

Design Requirements 

Because the DEC TP WORKcenter product was the 

result of a customer-driven process, we were faced 

with a number of challenges, which can be catego

rized into the fol lowing three areas. 

• Gathering customer requ irements efficient ly, 

accurately, and objectively 

• Capturing and integrating the requirements 

of several customers into a single, coherent 

specification 

• Recording the requ irements specification so 

that it could be used as a reference during design 

and testing phases 

With the help of D igital 's Software Engineering 

Technology Center (SETC), we focused on two 

techniques for gathering requ irements: Quality 
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Function Deployment and Contextual Inquiry. 

Furthermore, we util ized a formal requirements 

specification document to capture the results of 

these techniques. We also util ized prototypes to 

validate our u nderstanding with the customers and 

documented this in another document, the DEC TP 
WORK center Conceptual Model. 

Quality Function Deployment 

Quality Fu nction Deployment (QFD) is an exercise 

in forming consensus among team members 

(including customers and development partners) 

for identifying key requirements 2·' In a previous 

project, QFD techniques had been performed for 

many of the same fu nctional ities of the DEC Tl' 

WORKcenter product. We evaluated the val idity of 

the data a nd results of QFDs for that project to 

determine if they cou ld be applied to the overlap

ping features in the DEC TP WORKcen ter prod uct. 

This method allowed us to take advantage of valid 

QFD data and resu lts without incurring the cost of 

producing them. 

Apart from the reuse of valid QFD results, we 

found QFDs to be a fairly expensive way to gather 

requirements. The QFD techniques involve a great 

deal of preparation, customer participation, and 

analysis. The results, however, justified the effort 

expended . We emerged from the QFO process with 

a prioritized l ist of requ irements. For each requ ire

ment, we also ident ified (1) how well the current 

products satisfy the requirements, and (2) how 

well the competition satisfies the requirements. 

Al l of these factors were expressed as numbers 

and could be readily ranked for importance, cost, 
and benefit. Once the requirements were ranked, 

we determined the features to be included in the 

product based on resources and projected market 

dates. These decisions were then validated by the 
customers who had been involved in the in itial 

requ irements gathering. 

Recommendation: Reuse QFD data. Existing QFD 

clara (either QFD input clara and/or requirements 

resulting from the QFO) may be reused upon assess

ment of their valid it)� 

Contextual Inquiry 
Acting on the advice of the SETC, we used Con

textual Inquiries (Cis) to gather requirements.�-" Cis 

are structured visits to selected customer sites to 

record exactly how the customer develops ACMS 

applications today, and exactly how a proposed 
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solution could i mprove the customer's productivity. 

This technique involved a great deal of analysis and 

was an expensive way to gather requirements. We 

feel i t  was worth the cost because it gave us conJi

dence in our requirements list. We were able to 

compare the requirements against actual customer 

activities to determine: 

1 .  Those requirements on the l ist that would not be 

used by the customers 

2. Those customer activities that would not be sup

ported by the product as described in the 

requirements l ist 

Both the CI and QFD techniques yielded firm, 

objective requirements specifications that could be 

compared, ranked, and further analyzed . 

In retrospect, the Cis that had the most impact 

were the ones that were properly documented for 

future reference immediately after the CI visit. 

Recommendation: Docwnent Contextual Inquiry 

data. In order to trace information to the CI 

and/or reuse its data, the CI visit needs to be for

mally documented. 

Requirements Specification 

We needed an effective way to capture and com

bine the product requirements into a formal speci

fication that could be used as a benchmark for 

development. Several engineers on the team had a 

background in programming for the Department of 

Defense and were familiar with the DoD-STD-2167A 

development process.6 These engineers convinced 

the team that the process is beneficial if it is  simpli

fied and streamlined. 

Accordingly, the team analyzed the DoD-STD-

2167A Software Requirements Specification format 

and modified the format to the project's needs. 

As a resu lt, the team produced a requirements spec

ification document that matched the scope of 

the project, reflected the background of the team 

members, and traced the origin of the customer 
requirements. The final document was 40 pages of 

semiformal prose and has remained current for the 

duration of the project. 

We have used the requirements document as an 

important data source in later development phases. 

During software design, we compared design fea

tures to the requirements document to eliminate 

u nnecessary design frills and to detect requirements 

that were not met. We referred to the requirements 

specification to develop a test suite for complete 
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testing of all product features. To ensure the use of 

the requirements specification ,  the documentation 

should be kept as short as possible, as concise as 

possible, and as descriptive as necessary. 

Recommendation: Customize the requirements 

specification. The level of formality of the require

ments specification should reflect the purpose of 

the document. Furthermore, it should be as short as 

possible, as concise as possible, and as descriptive 

as necessary. 

Prototypes and Conceptual Model 

While we were preparing the requirements specifi

cation, we also built two prototypes of the human 

interface for the DEC TP WORKcenter environment. 

The first prototype existed only on paper as a series 

of Motif windows that i llustrated how we imagined 

the main functions of the DEC TP WORKcenter 

would operate. We showed this paper prototype to 

customers, asked for their feedback, and made 

extensive modifications based on their reactions. 

We repeated this process at least three times. In  

retrospect, i t  was an expensive way to refine the 

interface, but it gave us confidence that we were 

building the correct interface to our product. This 

paper prototype was captured in a formal docu

ment called the DEC TP WORKcenter Conceptual 

Model and would later support the DEC TP 
WORKcenter Functional Specification and the user 

interface design. 

To demonstrate that the product was practical 

and to get some initial performance results, we also 

constructed an executable prototype of a few prod

uct functions. This activity was valuable in demon

strating feasibil ity, but it had two unfortunate side 

effects. First, it distracted the team from the design 

process, which caused the schedule to slip. Second, 

we did not have the sense to discard the prototype 

after it served its purpose . The engineering proto
type suddenly became the first base-level code and 

entered the main line of development. Eventually, 

we had to rewrite most of the prototype code, 

which was a more costly procedure than starting 

with a clean design. The engineering prototype can 

be a valuable step if it has a well -defined purpose 

and if it is discarded when that purpose is served. 

Recommendation: Restrict prototype usage. The 

engineering prototype can be a valuable step in 

product development ,  if it has a well-defined pur

pose and if it is restricted to that purpose. 
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Design Phase 

We used several techniques during the design 

phase, including 

• Feature-based working groups 

• Electronic design notebook 

• Layered approach to object-oriented design 

• Detail- level design header files 

The feature-based working groups al lowed the 

team to develop the high-level design in para l le l  in 

a concentrated period of time . The output of each 

feature-based working group was kept in an elec

tronic design notebook and formed the evolving 

high-level design. Once the high-level design was 

completed, the team reviewed the design to vali

date consistency and integrity to product require

ments and between interacting or dependent 

product features. 

A l ayered approach to the object model was used 

to describe the design of the product. The layered 

approach al lowed for easy separation of the object

oriented design from the object-oriented features 

of the product. After the high-level design was com

pleted, header files were used to define the detail 

design of the product. 

Feature-based Working Group Technique 

During the design phase, we defined the major fea

tures of the product and determined which require

ments affected which feature. We then formed 

feature-based working groups (FBWGs) to develop 

the design of each feature with respect to its asso

ciated product requirements. Team members par

ticipated in the FBWG of interest to them, and a 

designated responsible individual (DRl) led each 

FBWG. Since the number of team members was less 

than the number of working groups, team members 

participated in more than one FBWG.  There were 

approximately twice as many features as there were 

team members. Consequently, each team member 

was a DRl of approximately two FBWGs and partici

pated as a member of approximately six other 

FBWGs. Once membership of the various FBWGs 

was estab.lished, the FBWGs met, depending upon 

the availabil ity of the members. Meeting confl icts 

were avoided by tracking FBWG meeti ngs on a 

white board. 

Table 1 il lustrates the team members' participa

tion in the various FBWGs for the DEC TP 

WORKcenter project. The columns in Table 1 repre

sent the various FBWGs, and the rows represent the 
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project team members. The entries in the table indi

cate the role that a specific team member played in 

the specific FBWG . The load column indicates the 

overal l  role (number of FBWG DRl roles, number of 

FBWG member roles) the team member played 

across all FBWGs. 

Dependencies or interactions between product 

features needed to be managed. If a team member's 

participation overlapped with the interacting fea

tures, that person provided a means of communi

cating among the associated FBWGs. Otherwise, the 

corresponding DRls provided this exchange of 

information. Also, the project leader and the archi

tect attempted to attend all meetings ro guarantee 

consistency across the various FBWGs. This al lowed 

us to resolve many issues consistently, but we 

wou ld have benefited from a more formal mecha

nism for settl ing design disputes. 

The FBWGs continued to a lesser extent during 

the detail - level design, but the issues were nar

rower in nature and were dealt with by the FBWG 

DRl and the affected component DRls. 

In conclusion, the FBWGs provided clear assign

ment of responsibil ity and guaranteed that the 

design was covered by more than one team mem

ber. Due to their parallel nature, the FBWGs had no 

adverse affect on the schedule. Unfortunately, even 

for small groups, the FBWG generated too much 

specialization of knowledge. 

Recommendation: Adapt the design process. The 

design process should be adapted to meet the 

schedule and resource constraints. 

Electronic Project Notebook 

The minutes and draft/final design of each FBWG 

were recorded in an electronic project notebook. 

The electronic project notebook provided a means 

of communicating the evolving design of the prod

uct among the team members. Once entered into 

the notebook, the information was made available 

to the team. Also, the entries posted in the notebook 

du ring the day were collected and mailed electroni

cally to the team members every night so that the 

team remained current on all design issues and 

decisions. This proved an efficient method for com

municating the information to the entire team as 

well as for recording the information for later use. 

Without a goal to produce a formal design docu

ment, the team members were not as careful in doc

umenting their design. Furthermore, the design 

was dispersed over a set of notebook entries that 

created issues in two areas: 
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Table 1 Feature-based Working Group Matrix 

Team Load WG WG WG WG WG WG WG WG 
Member D/P 1 2 3 4 5 6 7 8 

Engi neer 1 1 /11 p p D 
Engineer 2 2/5 D 
Engineer 3 2/8 p p 
Engineer 4 2/9 p p p 
Engineer 5 4/8 D p D p 
Engi neer 6 1 /9 p p p 
Engineer 7 1/2 

Engineer 8 3/4 

Engineer 9 2/7 p D 
Document 
Writer 1 0/1 

Document 
Writer 2 1 /3 p 

Notes: 

D - Designated responsible individual for the WG 

P - Participant in the WG 

p p 
D 
p D 

p 
p 

• Configuration management: Which notes formed 

the current set of design notes' 

• Inspection difficu lty: Which version of a design 

note was a source document' 

The electronic project notebook was not l imited 

to the design phase but was used to record and 

exchange information throughout the phases of the 

product development life cycle. 

Recommendation: Capture project information. 

The electronic project notebook is an easy way to 

share knowledge and exchange ideas, issues, solu

tions, fu tures, etc . ,  about a project. 

Recommendation: Generate formal design speci

fications. Although the electronic project note

book contained the design, it is not a substitute for 

a formal design specification. 

Layered Approach to 
Object-oriented Design 

Since the product would be object-based, we used 

object-oriented design (000) techniques. Due to 

the inexperience of some team members, the dis

tinction between abstraction levels was not always 

clear. To al low the team to recognize the different 

abstraction levels, we used different languages for 

the two levels of abstraction. At the product level, 

object-oriented terminology was used . At the prod

uct architecture level, a constrained layered model 
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WG WG WG WG WG WG WG WG WG WG WG 
9 10 11 12 13 14 15 16 17 18 19 

p p p p p p 
p p p 

D p p p 
p D p p D p 

D D 
p p D p p 

p D 
D p D 

D p p p 

p 

p D 

was used in which the constraints al lowed a simple 

mapping into an object-oriented model. 

The fo llowing constraints were applied to the 

various layers in the model. 

1. Each layer provides one and only one specific 

type of resource. 

2. Each layer provides a set of services to manipu

late that resource. 

3. The resource and/or its services may use other 

layers to provide needed resources and services. 

These rules al lowed the team to distinguish 

between the design of the product and the data 

model of the objects manipulated by both the prod

uct and its object-based operations. Although this 

layered approach to OOD was formu lated to make 

use of the team's background , the resulting design 

was not a pure 000. 
Recommendation: Under·stand the purpose for 

modifying a process. Although the layered 

approach to 000 attempts to bridge traditional 

design methods to 000 methods, it should repre

sent only a phase in a planned transition to 000 
techniques. 

Detail-level Design Header Files 

During the detail- level design stage, we refi ned the 

various layers required to implement the resources 

and services to support the product features. This 
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included determining the final interface of each 

layer, defining the resource controlled by the l ayer, 

and describing the fu nctionality of the services pro

vided by each layer. 

To optimize consistency and effort, the detail

level design was represented as a C header file that 

provides the services of a layer implemented in a C 

module. Furthermore, if a module represents an 

object, then the header file consists of the visible 

operations that can be performed on the object. 

The header files were placed under configura

tion control while issues and resolutions concern

ing a layer were recorded in the electronic design 

notebook. 

Table 2 Featu re/Component Matrix 

Since several features requ ired the services of 

a specific layer (later i mplemented as a C modu le 

or component) ,  we captured the relationships in a 

feature/component matrix. Table 2 gives the feature/ 

component matrix for the DEC TP WORKcenter 

product. The colu m ns in Table 2 indicate the vari

ous product features, and the rows indicate the 

components of the product. An entry in the matrix 

indicates that the component implements or sup

ports part of the product feature. 

A DRI was assigned to each header file to coordi

nate the needs of the various featu res on that layer. 

The component DRI met with several FBWG DRls to 

ascertain the needs of each feature and present 

Components Features 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

2 

3 

4 

5 

6 

7 

8 

9 

3 

3 

2 2 

3 3 

2 2 

2 

2 

3 3 3 3 

3 3 3 3 

1 + 2+ 3 3 

3 3 3 3 

2+ 2+ 3 3 

2+ 2+ 3 3 

3 

3 

2+ 

3 

2+ 

2+ 

2+ 

2+ 

3 3 3 

3 3 3 

3 2+ 3 2 

3 3 3 3 

3 2+ 3 2 3 

3 2+ 3 

3 2+ 

3 

3 

3 

2+ 

3 

2+ 

D 

D 

D 

D 

1 0  

11  

12 

13 

1 4  

1 5  

16 

17 

18 

19 

20 

21 

22 

23 

24 

1 + 1 + 2+ 3 3 2+ 2 3 2 

2 

2+ 

2+ 

Notes: 

2 

2 

2+ 

1 : Base Level 1 
1 + : Base Levels 1 and 2 
2 : Base Level 2 
2+ : Base Levels 2 and 3 

3 : Base Level 3 

D : Deferred 
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a satisfactory interface. On the other hand, each 

FBWG DIU needed to coordinate with several com

ponent Dills to provide the capability for the associ

ated feature. 

Recommendation: Share information across 

development phases. The use of header files as 

part of the detai l - level design provided (1) a central

ized location for a l l  interface information about 

a module, (2) no redundancy of i nterface informa

tion, and (3) an up-to-date interface in the corre

sponding code. 

Design Reviews 
The entire team reviewed the high-level design for 

consistency across the various product features and 

for integrity of the dependencies between features. 

Due to time constraints and the amount of design 

information, this review was inefficient and was 

not forma l ly completed. Marathon high-level 

design review did not work since it was too intense 

and too long. We concluded that the review pro

cess must be streamlined. 

The detail - level design was represented as C 

header files. Consequently, they were targets for 

code inspection. 

Recommendation: Review the design in manage

able pieces. Divide the high-level design into 

modules so that its review is manageable. 

Code Inspections 

AJthough inspections were used for the require

ments document and the data model design, most 

of the inspections occurred during the DEC TP 

WORKcenter coding phase. The technique was 

modified to deal with time constraints and the 

amou nt of coding, and to gain the acceptance of 

the team on the usefulness of inspections. Basically, 

we defined a formal inspection and a semiformal 

inspection. 

The formal inspections fo Uow the guidel ines as 

described by Fagan.7.H The semiformal inspections 

had the following restrictions: 

1 .  Only two engineers participated in the 

inspection. 

2. The moderator was also the reader. 

3. The author was also the recorder. 

The following criteria were established to decide 

which type of inspection would be performed. 

Digital Technical journal Vol. 5 No. 4 Fall 1993 

DEC TP WORKcenter: A Software Process Case Study 

1 .  Complex code was formally inspected. 

2. Critical code was formally inspected. 

3. Remaining code was informally inspected . 

The complexity of the module was determined 

by computing the McCabe cyclomatic complexity 

of the module.9, 10 The threshold for complex code 

was initially set at 7 and would be periodically 

adjusted based on feedback on the effectiveness of 

the inspections. Note that the l iterature has usual ly 

determined 10 to be this threshold. At 7, approxi

mately 17 percent of the code was considered com

plex. This may be at tributed to either the tendency 

of modules to represent objects in the design or the 

use of the X Window System and Motif as the graph

ical user interface. 

The project leader determined the critical code 

according to the nature of the code or intermodule 

dependencies in the system. This information was 

available from the detail-level design. One example 

is DEC TP WORKcenter parsers, where the flow of 

control is based on pattern triggers rather than on 

sequential execution of statements. Consequently, 

the DEC TP WORKcenter parsers were deemed to be 

complex. 

AJl remaining code was inspected using semifor

mal techniques. To d iscourage the engineers from 

artificially constraining their code to be noncom

plex, the project leader could randomly choose 

code for formal inspections (this was never 

needed). 

As another refinement to the inspection process, 

we reduced and adapted the set of codes used to 

characterize a defect according to the type of docu

ment being inspected. This technique a llowed us to 

accelerate the inspection and continue to capture 

the information of interest. 

In another attempt to refine the inspection pro

cess, the recorder defined the defect codes. This 

accelerated the semiformal inspections but slowed 

the formal inspections. 

Recommendation: Understand the purpose for 
modifying a process (revisited). Under schedule 

or resource constraints, consciously decide how to 

formally rel ax the inspection process and under

stand the consequences. 

Recommendation: Choose tools to support the 

process. Given unbiased criteria to select the level 

of inspection, choose the appropriate tools to sup

port the decision process. 
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Scheduling 

Project scheduling played an important role in man

aging the project. Schedul ing tools associated with 

personal computers (such as program evaluation 

and review technique [PERT] , critical path method 
[CPM) ,  precedence network, and resource leveling 

capabilities) were used to manage the schedule. 

Tasks were classified as either process-related or 

product-feature-related. The process-related tasks 

covered activities such as Digital's Phase Review 

Process or customer interactions. The product

feature-related tasks were activities directly related 

to the design, implementation, and testing of prod

uct features. 

One distinction of the DEC TP WORKcenter prod

uct is that most of the product-feature-related 

schedule was determined from the feature/compo

nent matrix (see Table 2). When a specific feature 

was planned to be added into the product, the com

ponents supporting that feature were also sched

u led to be added. The entries in the matrix in Table 

2 indicate in which code base level the component 

implements or supports the product feature. 

The engineer(s) assigned to a task submitted an 

estimate of the time needed to accomplish the task 

to the project management. If the estimates were 

considered umeasonable based on past engineering 

experiences, an in-depth analysis was performed to 

understand the discrepancy. These d iscrepancies 

were due to either a misunderstanding by the proj

ect management of the complexity of the task or an 

inefficient  solution plan by the engineer to build 

upon existing components or processes. 

Recommendation: Share information across 

development phases (revisited). Use require

ments analysis and design information to define the 

schedu le. 

Recommendation: Get team support for the 

schedule. For any schedule, obtain commitment 
from the team. 

Efficiency Factor 

We also calculated an efficiency factor to account 

for activities that would lower the efficiency of 

engineers in performing their tasks. These activi

ties included periodic mail reading, attending non

project-related meetings, sick time, j ury duty, and 
code inspections. We revised a l l  work estimates to 

reflect the engineer's efficiency factor. Initial ly, the 

efficiency factor for most of the engineers was calcu-
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Ia ted to be 60 percent. Although the efficiency factor 

was intended to achieve the most realistic schedule 

possible, it was the cause of several problems: 

• The efficiency-related activities were counted 

twice if the engineer's estimates included these 

activities. 

• There is an assumption that the efficiency

related activities are spread uniformly over a l l  

tasks. This i s  true for repetitive activities that 

occurred within the resolution of the tasks 

being estimated, but other efficiency-related 

activities occurred rarely (e .g. , sick time) or 

were associated with a specific phase of the proj

ect (e.g . ,  code inspections). 

As a result ,  the schedules needed to be refined 

and adjusted frequently. 

Recommendation: Understand the factors that 

impact the schedule. The efficiency factor 

attempts to capture those separate activities that 

were not worthwhile but impact the efficiency of 

other activities. 

Unplanned Tasks 

During the initial phase of the project, the project 

management recognized that schedule predictabil

ity was highly influenced by unplanned tasks. To 

better understand the nature of unplanned tasks, 

the project management participated in a Software 
Metrics In Action (SMIA) course offered by the SETC. 

The SMIA course was applied to our problem of 

unplanned tasks over the next phase of the project. 

To our surprise, we concluded that, no matter how 

wel l one plans, one always bas an additional 20 to 

25 percent of unplanned tasks. This included new 

tasks, existing tasks that took longer, and existing 

tasks that were completed. 

Recommendation: Understand the impact of 

unplanned activities. No matter how wel l  one 

plans, one always has an additional 20 to 25 percent 

of unplanned tasks. This includes new tasks, exist

ing tasks that took longer, and existing tasks that 

were completed. 

Milestones 

The d ifficu lties of estimating tasks and the exis

tence of unplanned tasks would sometimes render 

the schedule invalid. Milestones within the project 

schedule aHowed the team to meet the associated 

deadlines. Milestones also caused two events that 

affected the project: 
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• Unplanned tasks were prioritized against 

planned tasks, causing readjustment of mile

stones based on the prioritization criteria. 

• Engineers became more efficient, causing the 

efficiency rating to be revised and allowing 

some of the u nplanned tasks to be included 

without impacting the schedule. 

Recommendation: Define milestones. The team 

works best when wel l-defined milestones for goals 

are established. 

Feature "Hit List" 

Toward the end of the design phase, we determined 

that the planned date for completion could not be 

met unless we reduced the functionality of the 

product. We created a feature "hit l ist" in  the elec

tronic project notebook in which we listed the can

d idates for el imination from the product. The 

feature hit l ist was used in a Pugh process to deter

mine, in a structured manner and with group con

sensus, the features to be el iminated in order to 

meet the projected market date . u 

Some of the features that we e l iminated through 

our hit- l ist technique originated in the QFD pro

cess. During field test training, customer feedback 

indicated that some of the eliminated features were 

needed for a viable product. This event caused us to 

reevaluate and readjust the projected market date 

in order to include the missing features. Thus, we 

reaffirmed the validity of the results supporting our 

customer satisfaction goal. 

Furthermore, the readjustment of the projected 

market date had high management visibility, but 

the util ization of the customer satisfaction pro

cesses permitted us to adequately document the 

rationale for and j ustification of the readjustment. 

Recommendation: Manage and adapt the change 
process. When making a change that is visible to 

the customer and/or management, one needs (1)  a 

formal process for defining the change, (2) con

sensus among the team, (3) traceability to facts 

supporting the original decision and its change, 

(4) impact analysis of change, and (5) agreement 

from customer and/or management. 

Final Phase 

In the final stages of the DEC TP WORKcenter prod

uct development, we conducted field tests at cus-
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tomer sites, identified defects, and determined the 

final changes to be made to the product. 

Field Test Advocacy Program 

During field test, we took a proactive approach in 

our relationship with the customer field test sites. 

Under our Field Test Advocacy Program, an engi

neer is assigned to monitor the progress and to 

resolve any issues or problems at the customer's 

field test site. The engineer monitors the cus

tomer's software problem reports (SPRs) in the field 

test SPR database to u nderstand (or be aware of) 

any patterns in SPRs. 

In one example, a customer raised a series of fea

ture suggestions that were al l  attempts to use the 

DEC TP WORKcenter environment for an unsup

ported object type. Although the suggested fea

tures would be useful, they would not be as 

important if the main feature was provided. 

Monitoring customer SPRs provided us with an 

u nderstanding of how the customer was testing 

and assured the customer that the engineering team 

u nderstood the customer's concerns. 

Recommendation: Adopt useful processes. Adopt 

processes in which the benefits outweigh the 

costs, but understand the time frame of both . 

Tracking Defects and Monitoring Fixes 

As the product was being developed, all (internal 

and external) problems were tracked using a prob

lem tracking tool. Every problem was entered into 

the problem database and given a unique identifier. 

This allowed the engineer to associate a fix with the 

corresponding problem identifier. Furthermore, 

the problem tracking tool aJ lowed us to monitor 

the defect identification and fix rate on the project. 

Figure 1 shows both the number of problems 

entered over time as wel l as the problems fixed 

over time. 12 Interesting points in the graph are the 

slopes, plateaus, change in slope, and vertical dis

tance between the two lines. 

The tracking tool also al lowed us to verify that 

the priority of the fixes was consistent to the sever

ity of the problem. Figure 2 shows the same graph 

for the two highest severity classes and indicates 

that the problems with the highest severity classes 

were monitored closely and fixed immediately. 

Tracking the problems worked wel l  to identify 

issues during the DEC TP WORKcenter product 

development. More analysis, however, was needed 

to understand trends as soon as possible. 
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Recommendation: Adopt processes to collect valu

able metrics. Understand the rationale for adopt

ing a metric and set up a process that achieves the 

goal of the metric. 

MUST-DO Lists 

As we approached major code freeze dates, we pri

oritized the defects to be fixed and compared them 

to our MUST-DO criteria. Usual ly the criteria con

sisted of the following. 

• The defect was a priority 1 or 2. 

• The defect impeded testing efforts of critical 

functionality. 
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• The defect represented a regression from a pre

vious stable version of the product. 

The defects were added to the MUST-DO l ist if 

they met the criteria. This l ist indicated backlogs of 

defects that needed to be resolved prior to declar

ing a code freeze. Figures 3 and 4 show MUST-DO 

count patterns prior to reaching code freeze. The 

solid line (total) indicates the outstanding MUST-DO 

items over time. 

Recommendation: Define valuable metrics (or 

focus on important issues). The MUST-DO l ist 
helps prioritize the tasks that require focus during a 

specific activity and provide well-defined goals for 

the team. 

Product Stability 

Once the product had reached feature freeze, a 

change control board was put in place to guarantee 

the stabi lity of the product and to avoid any major 

regression that would impact the schedule. The 

board approved the inclusion of any defect fix after 

(1)  review or inspection of the code modifications, 

and (2) adequate testing. 

Furthermore, we monitored the defect discovery 

rate to determine if it was stable enough to warrant 

a code freeze. J2 In this case, we measured a running 

total of the nu mber of MUST-DO items added over 

the last five days. Figures 3 and 4 show this metric. 

The broken l ine (five-day cumulat ive) indicates the 

five-day running total and measures if the changes 

are stabilizing. 
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Recommendation: One can always improve. It is 

never too late to set up a change control board to 

reduce the introduction of new problems and 

regressions. 

Co nclusions 

The DEC TP WORKcenter object-based development 

environment (version 1) was developed over 

approximately 24 months. During this time, we 

were presented with a variety of situations that 

could have impacted our project goals. This paper 

presents several of the processes that the team 

adopted to meet the project goals. Table 3 summa

rizes the recommendations based on our experi

ences on adopting processes to support our goals. 

In  retrospect, we see that the project functioned 

smoothly when all of the fol lowing conditions 

were met. 

• Everyone understood what development phase 

was in progress. 

• We identified a set of processes to govern each 

phase. 

• We adapted the process to suit the project team. 

• We adapted the process to the realities of the 

project schedule. 

• All the team members understood and accepted 

the process. 

• We followed the process conscientiously. 

In  short, the entire experience of the DEC TP 

WORKcenter project can be summed up as: 
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• Software development processes should be as 

simple as possible. 

• The team should formal ly adapt the processes to 

its own needs. 

• The team should u nderstand the consequences 

of modifying the process. 

Although these rules of thumb do not ensure 

a smooth, productive project, the DEC TP 

WORKcenter team found them to contribute to a 

successful conclusion. 

Our recommendations can be adopted by any 

project team ; however, the team would benefit by 

taking part in a similar process of identifying its goals 

and supporting them with appropriate processes. 
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Table 3 Recommendations Based on 
the DEC TP WORKcenter 
Development Project 

1 .  Reuse QFD data. 

2. Document Contextual Inquiry data. 

3. Customize requirements specification. 

4. Restrict prototype usage. 

5. Adapt the design process. 

6. Capture proj ect information. 

7. Generate formal design specification. 

8. Understand the pu rpose for modifying a 
process. 

9. Share information across development phases. 

1 0. Review design in manageable pieces. 

1 1 .  Choose tools to support process. 

1 2. Get team support for the schedule. 

1 3. Understand the factors that impact the 
schedule. 

1 4. Understand the impact of unplanned activities. 

1 5. Define milestones. 

16. Manage and adapt the change process. 

17. Adopt useful processes. 

18. Adopt processes to collect valuable metrics. 

19. Define valuable metrics (or focus on important 
issues). 

20. One can always improve. 
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SEI-based Process Improvement 
Efforts at Digital 

The Software Engineering Institute is chartered with advancing the state-ofthe

practice of software engineering to improve the quality of the systems that depend 

on software. Digital has based its software process improvement program on the 

Capability Maturity Model and Software Process Assessment developed by the SEI. 

As software organizations gain process maturity, they produce higher-quality prod

ucts. Case studies report the experiences and learnings of two software organiza

tions at Digital that have introduced the SEI framework and methods into their 

process improvement efforts. 

During the late seventies and early eighties, the 
state-of-the-practice of software development and 
management at Digital improved significantly. 

Examples of these improvements include the 

fol lowing. 

• Software and hardware architectures, notably 
the VAX VMS and the Digital Network Archi
tectures, were developed . 

• Higher- level languages (BLISS and C) were intro
duced into common use in systems development. 

• Debuggers and language-sensitive editors were 
developed and used widely. 

• Code management systems were introduced 

into widespread use. 

• The phase review process for managing soft

ware projects was used extensively. 

Although the complexity of software develop
ment projects bas grown exponentially over the 

last few years, relatively few changes have occurred 
in the practice of developing and managing soft
ware projects. The lack of effective process man

agement techniques impacted D igital's ability to 
predictably del iver quality software products that 
satisfy customers' expectations both in feature and 

time-to-market needs. 

This paper describes the use of software process 
methods to improve the quality and predictabil ity 

both in time and function of D igital's software 
products. Specifical ly, it describes the approaches 

of two organizations actively involved in software 
process improvement efforts. In addition, it pre-
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sents the conclusions drawn from case studies of 
their process improvement programs as well as the 
challenges to be faced in the future. 

Software Process 
Improvement  Program 

The software process improvement program at 

Digital is based on the framework developed by 

the Software Engineering Institute (SEI) . The SEI 

is a federally funded organization chartered with 
advancing the state-of-the-practice of software 
engineering to improve the qual i ty of the systems 
that depend on software. 

The SEI promotes the belief that software produc

tivity and quality gains can be achieved through a 

focused and sustained effort toward building a pro
cess infrastructure of effective software engineer

ing and management practices. 1 Case studies on 
process programs at Hughes Aircraft and Raytheon 

support this premise 2·3 Although the importance 
of a quality process to the end quality of the prod

uct is gaining acceptance, this idea is not prevalent 
within software organizations. A strong fear still 
exists that development of a process structure is 
equivalent to the creation of a bureaucracy. 

We chose the SEI's framework as the basis for 
our process improvement efforts because its focus 

is specific to software organizations. A key element 

of improving software process is the abil ity to 

develop effective structures and the d iscipline 

to manage the process. The SEI has developed a 

process framework and method that deal specifi

cally with the complexity of software practices and 
organizations. 
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SEI Capability Maturity Model 

The framework, known as the Capabil ity Maturity 
Model (CMM), asserts that a project is an instantia

tion of the organizational processes in which it was 

developed.  Therefore, to improve a project's pre

d ictability or quality, one must improve the struc

ture and discipline of the process (or develop the 
process maturity) in which the project is developed. 

The capability of a process to deliver a quali ty prod
uct predictably is determined by how wel l the pro
cess is defined and how consistently it is applied. 

As shown in Figure 1, the CMM framework 

defines five levels of maturity: Initial, Repeatable, 

Defined, Managed, and Optimizing. Each level is a 
building block for the next level. To see improve
ments, organizations must proceed from the lowest 
level to the highest level. Since each level is a pre
condition for the next, the organization cannot skip 

a level. Organizations can determine their process 

maturity and the processes they should develop by 

undergoing an SEJ process assessment. 

SEI Process Assessment 

The SEI has developed a method cal led the SEI pro

ces� assessment to enable organizations to deter
mine their process maturity. The assessment is used 

OPTIMIZING (5) 

CONTINUOUSLY 
IMPROVING 
PROCESS 

MANAGED (4) 

PREDICTABLE 
PROCESS 

STANDARD, 
CONSISTENT 
PROCESS 

DEFINED (3) 

REPEATABLE (2) 

DISCIPLINED 
PROCESS 
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I N ITIAL ( 1 ) 

Figure 1 FitJe Levels of Process Maturity 
as Defined by the CMM 

to determine process awareness in the organization 
and to devise an action plan for improvement of the 
process. The assessment involves all levels of the 

organization in a structured method aimed at build
ing consensus on the primary problems the organi
zation faces. A by-product of a wel l -run assessment 
is organizational agreement on the actions of how 

to address the problems. For more information on 
the process maturity framework and assessment, 
see Managing the Software Process by Humphrey.4 

SEI Guidelines for Process Improvement 

Once the organization decides to introduce a pro
cess improvement program based on the SEI model 
and method, two questions require answers: ( 1)  

What does this mean? and (2) How do we get 
started? Process improvement work is unique and 
involves a level of abstraction beyond the usual 
work done in software organizations. This effort 

must be staffed with individuals who can blend 
organization knowledge with process improve
ment techniques. Unless the organization is serious 
about applying adequate resources to the effort, 

including a substantial amount of time and commit
ment from management, we suggest that the effort 
not be undertaken. The SEI has developed guide
l ines on staffing a Software Engineering Process 

Group (SEPG) 5 

In the next two sections, we offer our different 
experiences in implementing SEI-based process 

improvement programs as case studies from which 

other organizations can learn. In the first case study, 
an organization started with a small bounded 
improvement and used that to launch a process 
improvement effort that started with an SEI assess
ment. In the second case study, an organization built 

SEI concepts into existing quality processes to gain 
momentum for a process improvement program 
based on the SEI framework and SEI assessment. 

Case Study 1: Using an SEI 
Assessment to Initiate the 
Process Improvement Program 

Undertaking an SEI-based process i mprovement 
effort is a huge task. The effort official ly begins 
with an SEI assessment; however, we have found 

that months or years may be needed to prepare for 

an assessment.  In our case, n ine months passed 
from the time we began work to improve our 
processes until we considered an SEI assessment. 
Another four months was needed to complete 
the assessment. As our first step, we sought 
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commitment for change within the organization. 

To this end, we initiated a test involving a small 

bounded improvement plan. 

Obtaining Commitment for Change 

Often there is a perception in the organization that 

it is easy to change. In our experience, however, it 

is a difficult  process even when an organiza

tion wants to change. To prepare for the larger pro

cess improvement effort, we devised a sma l l  

bounded improvement effort t o  evaluate if the orga

nization was ready to change. The test is beneficial 

in two ways. First, it gives the organ ization experi

ence in deal ing with change. Second, it creates 

energy for process improve ment and helps to enlist 

sponsors within the organ ization . 

The first improvement was to up date the code 

management system. The organization had recently 

u ndergone changes in organizational structure and 

product strategy. These changes put new require

ments on the system we used to build and integrate 

our sources. The improvemen t  was to choose a 

new source management system and to establ ish 

its use in the development and release processes 

within one product release. 

The success of our improvement plan was mea

sured in two ways. First, the introduction of the 

code management system did not impact the sched

u le of the release in which it was introduced . 

Second, during the retrospective of the release, the 

new code management system was viewed posi

tively by both the release management and engi

neering organizations. In addition, 30 percent of 

the people involved in the retrospective responded 

that updating the code management system was the 

highest positive change we made to the process. As 

a result of this success, we proceeded to the SEI 

assessment and SEI-based process improvement 

program . 

Choice of SEI Model and Method 

We chose to use the CMM and SEI assessment as part 

of an overall  effort to improve the software devel

opment environment in our organization for two 

major reasons. 

First, the CM M provided a framewo rk for priori

tizing process improvement efforts to develop the 

organization's capabil ities. In the months prior to 

adopting the CMM,  we tried u nsuccessfu lly to agree 

on the priority of improvement in the organization. 

In time, we reached the point where we agreed that 

use of the CMM and SEI assessment woul d  enable us 
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to establish priorities for improvements. The major 

benefit we saw was that the assessment involved all 

levels of the organization from senior managers to 

individual contributors in the prioritization and 

implementation of changes. In addition, we consid

ered the cross -functional involvement to be essen

tial to sustaining the effort. 

The second major reason we chose the CMM was 

its focus on the software industry. I n  the future, we 

hope to be able to benefit from the programs in risk 

management, software education, and software 

measures, now being developed at the SEI. 

The assessment is designed to help determine the 

process areas that the organization must address in 

order to move up the capability levels of the CMM. 

I n  our case, the assessment was Jed by a trained SEI 

facil itator and a team of people within the engineer

ing organization. We t apped the knowledge of 

approximately 60 people from within the organiza

tion through questionnaires, interviews, and free

form meetings. The data col lected was analyzed 

and developed into a findings and reco mmenda

tions document that was presented to senior man

agement. This document is the basis fo r process 

improvement work in the organization .  It is 

required reading for new managers at the staff level. 

Extensions to the Framework of the CMM The 

CMM has its roots i n  the government systems and 

defense-oriented areas of the software industry. I t  

has only recently made inroads into the commercial 

software indust ry. Although it is the most complete 

method available for software process i mprove

ment, i t  makes certain assu mptions about software 

development organizations that may not be true i n  

t h e  commercial sector. While implementing our 

software process improvement project, we fou nd it 

necessary to extend the CMM.  

As stated earlier, the CMM provides a set  of levels 

that al low an organization to dete rmine the matu

rity of its processes. Each level defines a set of key 

process areas (KPAs) requ ired to reach that level 's 

capabil ity. For example, there are six KPAs at the 

Repeatable Level 2: 

• Subcont ractor m anagement 

• Software project planning 

• Software project tracking and oversight 

• Software configuration management 

• Software quali ty assurance 

• Requirements management 
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Each KPA is defined by a set of practices that cover 

the goats, the abil ities and commitments to per

form the process, the activities the organization 

must perform, and the mechanisms to measure and 

verify those activities. 

The first extension we made to the CMM 

occurred during the assessment process. The CMM 

does not address resource management and devel

opment, that is, employee development, changes in 

the way resources are applied to new processes, 

and communication within the organization. These 

are necessary to develop the practices required to 

implement a KPA. For example, to develop a project 

plan, one must be able to negotiate effectively to 

share resources among interdependent projects; 

or, to verify that an activity is performed, feedback 

loops must exist in the organization's communica

tion processes. 

Our findings indicated that the areas of commit

ment and communication needed improvement. 
The CMM describes attributes for these areas in 

each KPA; however, it provides no guidance on the 

goals, activities, and abilities of commitment and 

communication as process areas in their own right. 

We have some activity in each of these areas but 

have not successfully developed them into an inte

grated plan for the organization. 

The next extension to the CMM required us to 

implement processes from the Defined Level 3, 

even though we had not achieved the Repeatable 

Level 2. First, we needed to establish an SEPG to 

carry out the activities to improve the process. 

Second, we needed to establish guidelines and 

methods for a training program. Without a training 

program, we could not ensure that the organization 

would have the abi lities to perform KPAs at the 

Repeatable Level 2. Third, we needed to define the 

processes used in the organ ization. Definition of 

process and training are perceived by the organiza

tion as major causes of frustration. These areas tend 

to embody the organization's recognized need to 

change and its overal l  resistance to change. These 

two areas involve problems related to understand

ing how other functions in the group work, devel

oping good peer-to-peer com munications, and 

transferring responsibilities between people. 

Final ly, we introduced a KPA for the definition of 

the software development process. The CMM is based 

on first providing a good management framework 

and then developing the engineering framework. The 

assumption is that, as engineers, we tend to focus 

first on the engineering process for improvements. 
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In implementing process improvement, we found 

that we needed a process model specifically for 

development of software components within our 

overal l  software product process. 

Turning Recommendations into Actions Our 

experience has shown that with organizations 

assessed at the Initial Level 1 of maturity, two 

aspects of turning recommendations into actions 

need to be considered. The first is the skill set of 

the people who develop the process improve

ments; the second is the framework for developing 

and delivering process improvements to the organi

zation. We found that the individuals and teams 

who deliver process improvement must possess 

project management skills and organizational 

development skills. 

Project management skills are essential because 

the environment does not otherwise foster the 

discipline or ability to create a set of plans from 

a set of recommendations. We structured the pro

cess improvement work into a project with a set 

of goats, objectives, and del iverables. The high

level goals and objectives were integrated into a set 

of long-range milestones. Currently, each person 

working on process improvement has a set of 

project plans that describe individual del iver

abies based on the project goals. The next step for 

the project is to attain the same level of detail in 

a l l  the plans so that we can integrate the work as 

a single set of deliverables into the organization. 

Our recommendation to anyone starting a process 

improvement effort is to staff the effort with a 

strong emphasis on project management skills. 

Organizational development skills are also essen

tial. The process improvement team needs to assess 

the organization to determine the root cause of prob

lems, to determine the rate of change for the process 

improvement efforts, and to institute feedback mech
anisms to measure progress. In addition. the team 

needs to understand how to overcome resistance to 

change, to deal with change at all levels of the organi

zation, and to sustain change at a manageable rate. 
Our experience has convinced us that a frame

work is essential to develop and deliver pro

cess improvement to the organization. Our process 

improvement framework has three aspects: 

• Skills development 

• Process definition and improvement 

• Operational environment and technology 

enhancements 
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For example, we had been working in the area of 

improving the organization's planning processes. 

After evaluating the existing planning pro

cesses, we determined that we would have to 

develop the organization's planning skills. First, 

we introduced a tool to enable people to imple

ment schedules. Second, we developed require

ments for the operational environment for the tool 

and process, specifically for access, archival, and 

retrieval of project-related information such as proj

ect plans and schedules. Third, we determined the 

requirements for training based on the needs of key 

individuals in the organization. Finally, we defined 

the organization 's planning process and developed 

continuous improvement cycles for the process. 

Each of our process improvement efforts included 

the three factors from our project framework. These 

efforts were tracked by the organization to ensure 

that the schedule and resource needs of the work 

were met. In addition, process improvement 

work was prioritized according to the organiza

tion's business needs. The delivery methods for 

the process improvement work must be agreed 
upon and understood at al l  levels of the organiza

tion. This provides the context and enables the 

work to be better understood in the day-to-day 

routines of the organization. 

Case Study 2: Building Support 
for a Formal SEI-based Process 
Improvement Program into 
Ongoing Projects 

Initial ly, the amount of engineering time needed for 

a formal SEI-based process improvement program 

was intimidating to management and engineers. To 

• • - - - - - - - •  I I I I I SOFTWARE I I 
1 RELEASE r - - - - - 
: EXPERTS I 
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demonstrate that the process could benefit the 

organization, we took several introductory actions. 

F irst, since the organization was already committed 

to project retrospectives, we introduced the basic 

SEI concepts into the existing retrospective pro

cess. Second, we worked with engineering manage

ment to ensure that formal qual ity planning was 

undertaken at the start of each project so that qual

ity goals and processes were consciously selected. 

Third, we designed a metrics program to support 

our quest for maturity. 

Project Retrospective 

We developed a retrospective process based upon 

the principles in the SEI model for process improve

ment and applied it to our most recent product 

release. We wanted to ensure that we covered all 

the key elements in  the SEI model (sponsorship, 

organizational preparedness, employee involve

ment, working first on KPAs at the Repeatable Level 

2). As shown in Figure 2, the process was designed 

by the forerunner of the SEPG. 

First, the SEPG met with the sponsor (the head of 

the engineering organization) to define the particu

lar attributes of the SEI process we wished to inte

grate into our retrospectives. They included clear 

sponsorship, employee involvement in all aspects of 

the process, and creation of action teams to make 

improvements. The sponsor communicated to her 

organization the goals of the enhanced retrospec

tive and her commitment to act on any findings. 

Next, we designed and distributed a survey 

aimed at obtaining a broad view of what worked or 

did not work on the most recent large release. The 

retrospective team was assembled and conducted 

ACTION 

Figure 2 Release XXX Retrospective Process 
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a facilitated meeting of the larger group to obtain an 

alternate view of what had happened during the 

project. The team used the findings from this meet

ing and the survey to develop a prioritized l ist of 

problems. 

The following problems were identified as being 

applicable to both hardware and software. 

• Design continued during debugging. 

• Component quality ranged from fau ltless to 
untested. 

• Check-in criteria were inconsistent. 

• Check-in criteria were unclear and changed as 

the project progressed. 

Team members discussed the problems in a 

series of structured interviews with the key people 

concerned with the release. The interviews 

focused on identifying the root causes of the prob

lems. Sample root causes are l isted below. 

• Different assumptions were made abou t code 

freeze. 

• Changes to check-in criteria were not communi

cated. 

• Hardware was not available for tests early in the 

project; bui lds and tests were time consuming. 

• Consistent success or failure was not rewarded 

or fixed . 

• Known problems were allowed to continue. 

The team then distil led these root causes into a set 

of findings that were fed back to the originators for 

confirmation and then to the sponsor for action .  

The findings from the retrospective team were the 

fo l lowing. 

• We planned only one release at a time. 

• The overall testing model was unclear. 

• Check- in procedures were unclear. 

The final l ist of findings can be mapped to the 

Initial Level 1 of the CMM. The latter two issues 

relate to software quality assurance (SQA), and the 

first issue relates to the requirements definition. 

The enhanced retrospective boosted our process 

improvement program. It showed that management 

needed to sponsor the project, that employee 

involvement facilitated the improvement plans, and 

that an SEPG was required to handle the results. In 

addition, the enhanced retrospective produced 
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better results than a traditional retrospective. We 

recommend this process to other groups conduct

ing process improvement programs. 

Serendipitously, our retrospective was led by the 

manager of the next release. As we discussed 

the project's problems, he was heard to say, "We are 

doing the same thing in my release; I 'd better talk 

to . . . .  " We could not have asked for faster implemen

tation' Furthermore, we changed our process to 

recommend that the manager of the next release 

participate in all retrospectives. We also believe 

that too much intuition was at work during the ret

rospective. At our next retrospective, we will 

closely compare the problem l ist with the key prac

tices for our CMM level before we produce a l ist of 

findings. 

Quality Planning 

Often the action plans from SEI , from other process 

improvement task forces, or from total quality con

trol (TQC) teams are not carried forward to clay-to

day project activities. A new technique is invented 

and prototyped by the action team and then turned 

over to the SEPG for widespread implementation. At 

this point, the process improvement usually ends. 

In other cases, a small group improvement activity 

may create an improved engineering process, but 

its success is unknown outside the immediate team. 

Ideal ly, quality planning selects the processes 

to be used at the start of each project. Quality (pro

cess) plans close the gap between improved 

processes and project activities. We have asked 

each subsequent team to prepare a quality plan. 

The process for institutionalizing practices works 

well at our current CMM level . After we complete 

our first ful l  SEI assessment and improvement cycle, 

we should see the necessity of these activities to 

achieve process maturity. The best quality plans are 

ful ly embedded in the release or project plan pre
pared by each team.  We do not require a separate 

quality plan for each release, merely that the fol low
ing questions are answered for each new release: 

• What attributes of qual ity are important for this 

release? 

• How will those quality goals be measured before 
and after the release? 

• What are the goals for the product before and 
after the release' 

• What processes will be put in place to ensure 

that the goals are met1 
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• What are the expectations for each component 
in a release and at what milestone' 

For example, if the release is to have 10 percent 

fewer defects than the last release, then the ques

tions above might be answered as follows. The 

defect reports from customers are important. The 

goals might be to have 10 percent fewer defect 

reports per 100 customers, to increase pre-release 

test coverage by 10 percent, and to continue testing 

until a rate of less than 1 defect per 1 ,000 hours of 

testing is achieved. 

To ensure that the goals are met, formal code 

inspections for 100 percent of all new code would 

be introduced and regression testing coverage 

increased by 15 percent. All components would 

be required to meet this standard 2 weeks before 

integration. 

Our early experiences with qual ity plans have 

confirmed our need for a more mature software 

engineering process. We have seen a tendency to 

"abandon quality to the quality person"; alternately, 

some plans have been rejected as "trying to tell engi

neering how to do its job." It is difficu l t  to separate 

the testing plans from the quality plan. As a result, 
the early quality plans have focused on release cri

teria and have included large sections of back

ground information justifying their very existence. 

In the long term, we bel ieve that the quality 

plan should cease to exist as a separate document 

and should be included in the overall project plan. 

In the fu ture, qual ity plans will be created from 

known good practices i n  engineering. As we climb 

the maturity ladder, we will more and more use a 

repository of good practice as the basis for creating 

these plans. An SEPG will be chartered with main-
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raining the repository (or life cycle as we know i t) .  
The l ife cycle will be updated based upon SEI assess

ments, retrospectives, small group improvement 

activities, and so on. 

The SEPG is aimed at long-term process improve

ment across multiple projects. The qua lity plan is 

the document to connect these general process 

improvements to day-to-day project work. Every 

project or release now has a person designated as 

responsible for qual ity. This person is responsible 

for l iaison with the SEPG and bringing the best prac

tices into the teams. 

The Software Metrics Program 

As shown in Figure 3, ful l  benefit from metrics is 

experienced only when the processes are under 

real control ,  as at the CMM Managed Level 4 or 

above. In addition, measured SQA is one of the 

major criteria for attaining the Repeatable Level 2. 

Therefore we created a metrics program with a dual 

thrust: we institu ted project- and release-related 

metrics of doneness, or SQA. We also created a met

rics program throughout the organization to mea

sure and track our long-term intent for process 

improvement. These process metrics are not pure 

because the underlying processes are not under rig

orous statistical control; however, they provide a 

point of focus for the organization's improvement 

efforts. Our early efforts showed that the organiza

tion did not think in terms of processes whose yield 

can and should be measured over time. We need to 

start these metrics today so that we will have an 

effective collection system when we reach the 

Managed Level 4 ,  and we wil l also have a popula

tion familiar with process management. 

\ PROCESS 
METRICS 

OPTIMIZED 

BENEFIT 
RECEIVED 
FROM 
METRICS 

Figure 3 SEI Benefits of Metrics by Level 
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Organization-wide Metrics We have tried to 

ensure that our metrics provide a business focus for 

our improvement activities throughout  the organi

zation. We have also tried to present the metrics 

in such a way as to promote continuous process 

improvement. We have metrics for product reliabil

ity, performance, predictability of schedule, i .e . ,  

estimating quality factor (EQF), responsiveness to 

customers, and cost-effectiveness. Each of the met

rics is displayed in a format that embodies the 

Shewhart/Deming cycle (pl an ,  do, check, act) as 

shown in Figure 4. In future quality planning ses

sions, we will review each plan for its impact on 

these metrics. The SEPG is responsible for preparing 

and analyzing these metrics. 

SQA Metrics Our SQA metrics are relatively simple 

and are based upon a convergence during a series 

of checkpoints at the end of our testing cycles. We 

are measuring test coverage, time u nder stress with

our failure, incident arrival rates, and unresolved 

incidents in the classic way. These measurements 

ensure that the product has been tested enough to 

ship. We are now starting to measure early qual ity 

indicators such as design stabil ity, which predicts 

eventual SQA problems. The SEPG is defining 

improved metrics and is analyzing the effectiveness 

of our test programs. Day-to-day project decisions 
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as to whether or not to ship are the responsibility of 

the project teams. 

Conclusions Drawnfrom 
Both Case Studies 

We have drawn two conclusions based on our expe
riences using the SEI framework. Both conclusions 

apply whether the organization begins its process 

improvement efforts with an S£1 assessment or uses 

the S£1 framework in support of existing quality 

activities. First, involving people in the change 

process is important. At the Initial Level of the 

CMM, organizations are characterized by ad hoc 

processes. The processes are not described or 

enforced, and there is  a high dependence on heroic 

efforts to meet schedules. At the Initial Level of 

maturity, people are the process. Lack of focus on 

the importance of people in improving the process 

causes confusion and chaos in the organization. 

Examples include: 

• A process is  not adopted or becomes a "jump 

through the hoop" exercise when people are 

unsure of how the change benefits their goals. 

• Confusion and conflicts arise when the people 

involved in carrying out the process are not 
included in making changes to the process. 

By involving people in the change process, we 
have found that new processes are adopted more 

quickly and are better suited to the work that peo

ple perform . In fact, the introduction of new pro

cesses becomes transparent to the organization. 

Second, the use of the alternate method bolsters 

the primary process improvement method . For 

example, when we started with an S£1 assessment 

in the first case study, we found that incorporating 
the SEI framework into our product retrospectives 

raised the group's awareness of the SEI methodology. 

The SEI framework continued to reassert the impor

tance of process improvement within the organiza
tion. In the second case study, we incorporated the 

SEI framework into ongoing activities. We con

cluded that, for future process improvement efforts, 

an SEI assessment would al ign the organization 

behind a single common vision and set of priorities. 

Current State and Future Challenges 

In this section we describe our current state and 

some of our next challenges in implementing the 

SEI-based process improvement programs. 
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Case Study 1 -Formal SEI-based Process 
Improvement Program 

As previously described ,  the process improvement 

program provided the assessment, an action team 

was formed, and we introduced improvements 

based on its recommendations. Our major learning 

from this program is that actual process change is 

risky to introduce in spite of strong organizational 

commitment and difficult to keep on track because 

factors that interact with the organization are 

changing. The change in business goals and restruc

turing within the organization had the highest 

impact on our process improvement efforts. 

In implementing our process improvement 

efforts, we found that it was important to tie the 

improvements in our product process to the busi

ness goals of the organization. When the business 

goals changed, we were required to realign our pri

orities to meet those changes. For example, we set a 

business goal to meet the first revenue ship date for 

key hardware products. This required us to move 

from a sequential product release model to a concur

rent release model , where we might have the devel

opment of several releases occurring in parallel, e.g. , 

one or more functional releases and one or more 

hardware releases. This placed new requirements 

on our processes; as a result, we had to shift the pri

orities within the process improvement efforts. 

Of the two changes, restructuring the orga

nization had a greater impact for us. As a Level 1 
organization, we had the practice of overreliance 

on a smal l number of people with special ski l ls 

to perform critical functions. They understood 

and supported the process improvement work. 

The restructure resulted in these people leaving the 

organization or changing positions. Since many of 

the key sponsors for the process improvement 

work left the group, we had tO rebuild support and 

sponsorship within the new management and orga

nization structure. This had an impact on both the 

priority and the methods to del iver the process 
improvement work. 

The basic problem in both changes was that we 

had no way to transfer knowledge or skill sets dur

ing changes. We expect that the system in which we 

work will continually change and shift. Our major 

future challenge is to develop process i mprove

ments and support for these improvements that 
transcend changes to the system in which the orga

nization exists. We intend to continue to bolster 
our SE! activities with the addition of metrics and 

quality planning to ongoing organization activities. 
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Case Study 2-Adding SEI to an Existing 
Process Improvement Pmgram 

Currently, the organization is focused on del ivering 

two key products and on developing a new organi

zational structure. As a result, it has been difficult to 

maintain progress on major process improvements. 

The retrospective process is now in use on al l  

major releases of our products with positive 

results. The first action plans from the retrospec

tives took a long time to complete and are only 

being implemented today (August 1993). Metrics 

and qua lity plans are now in use by 100 percent of 

our releases. 

We could have made faster progress throughout  

the improvement program i f  we had better funda

mental knowledge about qual ity and process in our 

organization. The additional learning from retro

spectives could have been more effective if we also 

had a broadly based education program in qua l ity. 

The retrospectives have produced real benefit 

and some goodwi ll toward process improvement. 

In addition, they have acted as an excellent way of 

educating their participants about the fundamen

tals of process management. We recently held the 

first meeting for the formal SEI program; both atten

dance and enthusiasm were high. The prototyping 

work with the retrospectives, however, has not 

overcome the concerns of the organization. For 

example, concern remains that an SEPG will take 

ownership of the process away from the engineer

ing groups despite repeated assurance that it wil l 

not. The ful l  benefits of qual ity planning and the 
metrics program and their connection to our break

through productivity objectives remain to be 

achieved . 

We believe that the visible commitment for an SEI 

assessment is needed to galvanize the organization 

to achieve breakthrough levels of process improve

ment and higher benefits, and we are continuing 

with our formal SEI program. The initial organiza

tion-wide training is scheduled for the first week of 

September 1993, and the assessment is tentatively 

scheduled for April 1994. 
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Assessing the Quality of OpenVMSAXP.· 
Software Measurement 
Using Subjective Data 

In the absence of a zvell-defined development process and a set of objective me tries, 

subjective data can be used to assess the quality of a software release. This assess

ment can identify and characterize development risk,Jocus testing and validation 

efforts, and indicate where and how process management should be improved. The 

Open VMS Engineering organization has developed a questionnaire, a set of quality 

indicators, and a data reduction methodology that implement such an assessment. 

Tbis assessment approach is flexible and can be applied generally to the measure

ment of software quality during the evolution of a repeatable development process. 

Porting the OpenVMS operating system from the 

VA X to the Alpha AXP arch itecture was a tremen

dous tech n ical challenge for the OpenVMS 

Engineering organization. Part of this challenge was 

to achieve the h igh degree of quality that customers 

expect of the OpenVMS system and wou ld require 

before migrating their mission-crit ical OpenVMS 

appl ications and operations to a new hardware 

platform. 

To assure that this qua l it y  chal lenge was met 

before releasing the product, the engineers 

involved i n  the port needed to answer the intuitive 

question, How wil l  we know that i t 's right' The 

quality assessment approach described in this 

paper was an i ntegral part of the answer. Fol lowing 

an overview of the qual i t y  chal lenge and the assess

ment framework, the paper describes the quality 

indicators and assessment process used to measure 

software qual i t y  d ur i ng the development of 

Open VMS AXP versions 1 .0 and 1 .'5. 

Quality Challenge 

OpenVMS Engineering considered schedule, func

tional ity, and qual ity a l l  to be critical factors in suc

cessfu l ly porting the OpenVMS system to the Alpha 

A X P  platform. Although both aggressive and com

plex, the p ort had several characteristics that 

favored its success: 

• An established product with wel l-defined 

capabi l ities 
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• Carefu l ly control led sou rce code and build pro

cedures for the system 

• A very experienced development team 

• A consistent project m anagement system for 

managing progress against the schedu le 

What the port lacked was a u n iform development 

process with a comprehensive set of objective met

rics for measuring software quality. As the project 

progressed, engineers were added when their 

expertise became needed . Bu t with the engineers 

came a variety of engineering processes. Given the 

size and complexity of just the i n i tial  release of the 

OpenVMS AXP system ,  this lack of process consis

tency represented a significant deficiency. 

The version 1 .0 development e ffort kept to a 

demanding sched u le spanning more than two 

years. D uring that time, more than 170 engineers 

made approximately 68,000 separate modifications 

or additions to the source code in order to port, 

build, and test the OpenVMS AXP system . These 

modifications were i ntegrated and tested i n  stages 

with weekly software b u i lds that resulted in 

roughly 1 ,200 system base levels.  At its release for 

custome r  shipment, the base system of OpenVMS 

AXP version 1 .0 comprised a n  estimated 3,045,000 

J ines of noncomment source statements. Yet ,  the 

existing metrics for measuring software quality 

were l im ited primarily to weekly statistics on incre

mental test hours, source code modifications, and 

problem reports. 
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Quality Assessment  Framework 

Despite its dearth of software metrics for the initial 

release, OpenVMS Engineering had the following 

clear goals for the quality of its version 1 .0 and ver

sion 1 .5 releases on the Alpha AXP platform: 

• Correctness goals, which focused on completing 

al l  critical functionality 

• Reliability goals, which focused on minimizing 

defect introduction, stabilizing the code base, 
resolving all significant defects, and meeting 

availability targets 

• Performance goals, which focused on meet

ing SPECmark and TPC Benchmark A (TPC-A) 

projections 

• Migration goals, which focused on supporting 

easy and reliable application porting or execu

tion of translated images 

• Usability goals, which focused on providing reli

able system instal lation, documentation, and 
tuning guidel ines 

• Maintainabil ity goals, which focused on support
ing easy problem diagnosis 

Measuring progress against these goals with 

objective data would have required OpenVMS 
Engineering to define appropriate metrics, inte
grate procedures for col lecting metric data into the 
existing development process, and accumulate suf

ficient data to validate the collection procedures 

and establish baselines. The aggressive OpenVMS 
AXP development schedule made this approach 

impracticable for version 1 .0. 
As an alternative, OpenVMS Engineering devel

oped an approach for assessing release quality 
based on subjective data. This approach built on 
the organization's historic rel iance on the techni
cal expertise of its engineering teams for assuring 
quality. At the same time, the approach laid the 
foundation for defining a practical set of quanti
tative metrics guided by experiences with the sub
jective data. Over time, OpenVMS Engineering can 

implement these metrics as part of its Continuous 

Improvement effort for the Open VMS development 
process. 

Quality Assessment  Indicators 

Seven qua l ity indicators provide the framework for 

the process of assessing qual ity in the OpenVMS 

AXP operating system. Each indicator is intended to 
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show the presence or absence of a meaningful char
acteristic of software qua lity. These indicators cor

respond to seven sets of data provided by projects 
that constitute a particular software release. Table 1 
l ists these indicators together with a summary of 

the subjective data and objective metrics over 
which the indicators are defined. The table also 
shows the significance of each indicator with 
respect to the quali ty assessment process. This sec

tion presents a more detailed discussion of the data 
sets that define the indicators and the information 
that these indicators provide. 

Explicit Statement 

A project most clearly indicates quality through 

explicitly stated judgments from the engineering 
team that the software elements 

• Possess a l l  planned functionality 

• Currently pose l it t le technical risk to the release 

• Embody equal or superior implementation on 

the Alpha AXP platform as compared to the VAX 
platform 

• Meet the project's criteria for release readiness 

Because it most fuUy reflects a project's overall 
quality, expl icit statement is the most i mportant 

indicator of quality. 

Element Expertise 

The accu racy of a subjective measure of quality is a 

function of a team's expertise regarding the imple
mentation of their project's elements. Moreover, 
lack of expertise may indicate a higher l ikelihood 
of introducing defects during implementation. 
Such expertise is based on the team's knowledge of 
how the project's elements were implemented and 
behaved on the VAX platform. The expertise is 
bounded by areas where a team perceives d ifficulty 
in working with the elements on the Alpha AXP 
platform . A project indicates high element exper

tise when it involves engineers who 

• Have significant experience with the OpenVMS 
system 

• Are already famil iar with the elements involved 
in the project 

• Encounter l it tle teclmical difficulty in modifying 

project elements 
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Table 1 Summary of Quality Assessment Indicators 

Quality Indica tor 

Explicit Statement 

Element Expertise 

Technical Ease 

P rocess Consistency 

Engineered Changes 

Methodical Testing 

Defect Detection 

Technical Ease 

Significa nce 

Judgment from engi neering 
team that release 
requirements are met 

More accu racy in quality 
judgments; less likelihood 
of introducing defects 

Less susceptibility to 
defect introduction; 
less need for element 
expertise 

Less quality variation 
withi n and across 
development phases 

Better defect prevention; 
less reliance on 
methodical testing 

Better defect detection; 
less relia nce on well
engineered changes 

I ndicates progress 
where change and testing 
processes are strong; 
indicates risk where they 
are weak 

Project elements that are technically easier to main

tain are also less vu lnerable to the introduction of 
defects during changes. The less element expertise 
possessed by the project team, the more significant 

technical ease becomes as an indicator of quality. A 
project indicates technical ease if the team judges 
that their project has 

• A relatively low priority on technical quality 

• Simple functional ity, code, and data structures 

• Little vulnerability to instruction atomicity or 
memory granu larity problems 

Process Consistency 

The usefulness of a process -related indicator of 
project quality depends on the consistency of the 
software development process that a project team 

employs. This consistency encompasses the team's 
understanding as well as their implementation of 

good software engineering process. A project indi
cates process consistency when software delivery 

involves 
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Subjective Data 

I mplementation 
quality; outstanding 
risks; completeness 

Experience with 
OpenVMS and with 
project elements 

Quality requirements; 
portability; maintain
ability 

Coherence of 
requirements, design, 
reviews, and testing 

Use of specifications 
and inspections in 
development 

Testing effort, 
regula rity, variety, 
and code coverage 

Percent of detected 
defects being logged; 
percent of logged 
problems that 
describe defects 

Objective Metrics 

Sou rce code change 
rate; problem report 
rate 

Stru ctural 
complexity 

Defect counts 

• Rating product sui tabil ity based on a good 
understanding of customer expectations 

• Removing technical and operating risks as a pre

cursor to release readiness 

• Defining an effective development process 
based on requirements, design, specification, 

inspection, and testing 

• Using tests with good code coverage for method

ical testing 

• Reviewing or inspecting the code developed in 

one-person projects 

Engineered Changes 

Careful engineering of changes to a project's source 
code can catch defects before its elements are inte
grated into a running system. A project indicates 
the qual ity of code ports, modifications, fixes, or 
additions through the extent of 

• Expenditures of engineering resources on design 

• Functional or design specification completeness 

• Inspections or reviews of code changes 
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Methodical Testing 

Regular and deliberate ad hoc, regression, and 
stress testing is needed to find the defects intro

duced into a project's elements through additions 
or modifications to its source code. The less effec

tively a team engineers changes to the elements 
to prevent defects, the more significant testing 

becomes as an indicator of qual ity. Methodical test
ing of a project's elements is indicated where tests 

• Run each week and on each software base level 

• Involve ad hoc, regression, and stress tests 

• Cover a significant portion of main program 
code and error-hand l ing code 

• Use a significant portion of a project's total engi

neering resources 

Defect Detection 

When compared against the number of defects 

detected in prior releases, the number detected 
within a project's elements for the current release 

provides an indication of its current quality. A low 

ratio of the current defect count to the past defect 
count  may indicate either an improved develop
ment process or inadequate detection; a high ratio 
may indicate the reverse. The more effectively a 

team engineers changes to an element and performs 
the element's tests, the more reliable the defect 

detection indicator becomes as a measure of quality. 
Defect counts are available from the defect track

ing system; however, defects that are readily resolved 

are frequently not Jogged. Therefore, defect counts 

across a release are normalized by having project 
engineers estimate the percentage of defects identi

fied during inspections, debugging, and testing that 

they actually log in the defect tracking system. 

Quality Assessment  Process 
The assessment process applies these quality indi
cators to data gathered primarily through a ques
tionnaire, which is administered to a subset of the 
projects included in a software release. Applying 

the quality indicators to questionnaire data yields a 

set of quali ty profiles. The usefulness of these pro
files for assessing quality depends both on the accu

racy of the data and on the ability of the targeted 
projects to represent the quality of the overall  
release. This section describes the qual ity assess
ment process in terms of our experiences across 

two releases of the Open VMS AXP system, versions 
1 .0 and 1 .5 .  
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Select Assessment Targets 

The assessment process begins by selecting a set of 

projects within the software release to serve as tar
gets for measuring the release's quality. We made this 

selection for a particular OpenVMS AXP release by 
ranking the projects based on the following factors: 

• The functional areas where the project manager 
bel ieved quality was critically important to the 
success of the release 

• Whether a project provided latent, l imited , or 
fu l l  support of ported or new functiona l ity for 
the release 

• The number of problem reports filed in prior 
releases against the elements of the project 

13ecause the version 1 .0 development effort was 
quite l arge, we focused the assessment on 57 proj

ects, which constituted the top 17 percent of the 
resu lting ranked l ist. Those projects accounted for 

74 percent of the total source code involved in the 

release. Because the version 1 .5 development effort 
was smaller, we targeted only 38 projects and yet 

encompassed more of those projects that d ictated 
the release 's quality. 

Administer an Assessment Questionnaire 

The assessment process uses a questionnaire to mea

sure the quality of the targeted projects. Because all  
answers to the questionnaire are assumed to be sub
jective, its effectiveness relies more on the com

pleteness of the responses than on their accuracy. 
With this in mind, we designed the question set for 
each OpenVMS AXP release to be large and varied, 
yet easy to answ-er. 

For the version 1 .5  release, 29 questions, some 
multipart, provided 75 data values for each project. 
The version 1 .0 questionnaire was slightly smal ler. 
Most questions could be answered by indicating on 
a graduated scale either a percentage value or a 
qualitative judgment (such as easy versus hard, or 
low versus high). Typical ly, respondents were able 
to complete the version 1 .5 questionnaire in less 

than 15 minutes. 
Figure 1 shows the steps involved in deriving an 

individual quality score and a composite quality 
score using a questionnaire. The three questions 

from the OpenVMS AXP version 1 . 5  questionnaire 
i l lustrated in Step 1 of the figure form the question 
set that provides the data for assessing element 
expertise. The example shows the questions as 
completed for Project_20. 

Vol. 5 No. 4 Fall 19')3 Digital Technical journal 



Assessing the Quality of Open VMS AXP: Software Measurement Using Subjective Data 

STEP 1 ADMINISTER A QUESTIONNAIRE TO GATHER SUBJ ECTIVE DATA. 

2. What percentage ol the engineers were familiar with this area 
of the system when the Open VMS AXP V 1 .5 project began? 

3. What percentage of the project's engineers were experienced 
VAX and/or Alpha AXP developers? 

4.  How difficult is it to complete this project with respect to its 
technical obstacles? 

X·· t- · · i  .. + · · t  .. -i · - + · · i  .. + · · t · - ·1 
0 1 0  20 30 40 50 60 70 80 90 1 00 

1 .. -t- .. i · · + · · t · ·-i--·t- · · J  . .  +--t--)( 
0 10 20 30 40 50 60 70 80 90 1 00 

l· · · · t · · )(· · · t- · · ·1 
easy avg hard 

STEP 2 NORMALIZE THE DATA AND AVERAGE ACROSS THE QU ESTION SETS THAT DEFINE EACH QUALITY IN DICATOR. 

QUESTION 2 QUESTION 3 QUESTION 4 AVERAGE 

PROJECT_20 
PROJECT_36 

0 
10 

10  
1 0  

5 
1 0  

5 
1 0  

STEP 3 SYNTHESIZE QUALITY PROFILES USING A COMPOSITE O F  T H E  QUALITY SCORES FOR EACH PROJ ECT. 

NORMALIZED, WEIGHTED, AND 
NORMALIZED SCORES SCALED SCORES 

RELEASE WEIGHTING SCALING RELEASE 
IND ICATOR PROJECT_20 PROJECT_36 AVERAGE FACTOR FACTOR PROJECT_20 PROJECT_36 AVERAGE 

EXPLICIT STATEMENT 6 8 7 3 0.91 1 6  22 1 9  

ELEMENT EXPERTISE 5 1 0  7 2 0.91 9 1 8  1 3  
TECHNICAL EASE 2 1 0  4 0.91 2 9 4 
PROCESS CONSISTENCY 9 7 8 1 0.91 8 6 7 
ENGINEERED CHANGES 3 5 3 2 0.91 6 9 6 
METHODICAL TESTING 5 2 4 2 0.91 9 4 7 

COMPOSITE 50 68 56 

Figure 1 Deriving Quality Indicator Scores Using Element Expertise Data for Project_20 and Project_36 

To mtttgate bias and uncover inconsistency 
within the questionnaire data, we selected a broad 
range of questions that measured progress against 
qual ity goals from three perspectives: 

• A process perspective, which covered design, 

specification, coding, inspection, and testing. 
These process elements were measured with 
respect to project resource expenditures and 

product element coverage. 

• A product perspective, which covered element 
size, complexity, technical risks, implementation 
quality, completeness, release readiness, and 
suitability relative to customer expectations. 

• A project perspective, which covered priorities, 
difficulty, team size, and engineering experience. 

For both releases of the OpenVMS AXP system, 
participation in the assessment survey was high. 

More than 90 percent of the project teams returned 
questionnaires with an average of more than 90 per
cent of the questions answered . 
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Apply the Quality Indicators 

The purpose of applying quality indicators to ques
tionnaire responses is to convert qual itative judg

ments into quantitative measures of quality. To 
facilitate database entry and quantitative analysis, 

we first normalized the questionnaire responses, 

using a scale of 0 to 10, where 10 generally repre
sented greater contribution to product quality. 
Numeric answers were entered directly into the 

database without scal ing; unanswered questions 

were assigned the value of - 1 .  
Given this scale, responses of 3 or less repre

sented low (weak) assessments and responses of 7 
or more represented high (strong) assessments. A 
response of 5 represented an impl icit norm among 
the development teams for what constituted an 
acceptable process, product, or project. Al l assess
ments were interpreted in l ight of how this norm 

related to organizational goals or prevailing indus

try practices. 
Step 2 of Figure I shows the normal ized and 

averaged data used to assess element expertise 
for Project_20 and also for Project_36. Note that 
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dividing by 10 normalized the responses to ques
tions 2 and 3. For question 4, the five gradations 

from easy to hard were normalized by mapping 

them onto the values 0, 3, 5, 7, and 10. Easy comple

tion with respect to technical d ifficu lties indicated 
greater element expertise and hence received the 
h igher value. Averaging the normalized data across 

the question set yielded the element expertise qual

ity score for each of the two projects. 
Note that for the process consistency indicator, 

this averaging occurs not over the sum of all  

responses in the question set but over the dif
ferences between pairs of responses that should 
be close in value to be consistent. The resulting 

average is then subtracted from 10. For example, a 
project that rates its abil i ty to meet customer 

expectations as 9 but its understanding of those 

expectations as 5 would score 10 - (9 - 5) or 6 
with respect to this pair of responses. 

The mean value of a l l  quality scores for a particu

lar indicator reveals the engineering team's col lec
tive perception of how strong the overall  release is 
with respect to the group norm for that ind icator. 

Ranking the quality scores and then graphing them 
as variances from this mean faci l itates Pareto analy

sis of the projects by indicator. This analysis reveals 
those projects with a particularly strong or weak 

score for a specific indicator. 
Figures 2 and 3 show the quality scores for ele

ment expertise and technical ease that we derived 

for Open VMS AXP version 1 .5. These figures suggest 

a relatively high perception across the projects of 

overall element expertise contrasted by a lower and 
more varied perception of technical ease. Pareto 
analysis of these distributions h ighlights projects 
such as Project_36, whose quality scores were high 
for both indicators, and Project_20, whose scores 

were both low. 

Synthesize Quality Profiles 

Because our derivation of the indicators was based 
on engineering experience rather than on statisti
cal modeling, no single ind icator is a reliable predic
tor of overall project quality Moreover, because the 

quality indicators are based on inexact data, the 
application of a particular quality indicator may be 

inconclusive with respect to some projects. To 
overcome these obstacles to comparative assess

ment of project quality, we synthesized quality pro
files using a composite of the qual ity scores for 
each project. 
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Project_20 
Project_23 
Project_22 
Project_21 
Project_ 1 9  BELOW 
Project_ 1 0  AVERAGE 
Project_25 
Project_06 
Project_1 6 
Project_33 
Project_17  
Project_02 
Project_1 8  
Project_04 
Project_1 1 
Project_27 
Project_31 
Project_26 
Project_01 
Project_32 
Project_1 5 
Project_29 
Project_09 
Project_05 
Project_30 
Project_24 
Project_28 ABOVE 
Project_08 AVERAGE 
Project_14 
Project_07 
Project_03 
Project_12  
Project_37 
Project_35 
Project_34 
Project_ 1 3  
Project_36 
Project_38 

0 2 4 

5 
5 
5 
5 
5 

PROJECT 
AVERAGE 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

6 8 

INDICATOR VALUE 

9 
9 

Figure 2 Assessment of Element Expertise 

at Alpha Test ofOpenVMSAXP 

Version 1.5 

1 0  
1 0  
1 0  
1 0  

1 0  

Repeating Step 2 o f  Figure 1 using the responses 
to other question sets yields normalized scores for 

each quality indicator. The table presented in Step 3 

shows the quality profiles for Project_20 and 
Project_36. Also shown is the quality profile arrived 
at by averaging the quality scores across a l l  the tar
geted projects in the version 1 .5 release. 

Figure 4 depicts the quality profiles of the proj
ects targeted for OpenVMS AXP version 1 .5. These 

composites use six of the seven quality indicators. 
Due to insufficient questionnaire data regarding 
defect detection and removal,  the corresponding 

indicator was not employed in the assessment. 

Consequently, the identification of error-prone 
modules and the assessment of defect removal effi
ciency occurred separately within the ongoing ver
ification efforts for that release. 
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Project_31 
Project_09 
Project_30 
Project_21 
Project_1 9  
Project_20 
Project_23 
Project_22 
Project_24 
Project_37 
Project_oa 
Project_07 
Project_32 
Project_ OS 
Project_13 
Project_25 
Project_06 
Project_01 
Project_ 15 
Project_04 
Project_1 0  
Project_1 6 
Project_27 
Project_1 7 
Project_26 
Project_29 
Project_38 
Project_28 
Project_14 
Project_03 
Project_02 
Project_1 8 
Project_33 
Project_34 
Project_1 2  
Project_35 
Project_1 1 
Project_36 

2 
2 

BELOW 2 
AVERAGE 2 

2 

PROJECT 
AVERAGE 

�== 

ABOVE 
AVERAGE 

0 2 4 

6 
6 
6 

7 
7 
7 

6 

INDICATOR VALUE 

8 
1 0  

8 1 0  

Figure 3 Assessment of Technical Ease at Alpha 

Test ofOpenVMSAXP Version 1.5 

To reflect the relative capacity of each indicator 
to independently provide meaningful information 

about project qual ity, we formed the composites by 
weighting the individual quality scores as fol lows: 

• Explicit statement has a weighting factor of 3. 

• Methodical testing, engineered changes, and ele
ment expertise have weighting factors of 2.  

• Technical ease and process consistency have a 
weighting factor of 1 .  

This weighting was based on OpenVMS Engineer

ing experience and reflects relative contribution to 
the assurance of quality within the current develop
ment process. Because field data regarding the 

actual quality of the released product was unavail
able during the assessment effort, statistical analysis 

of the questionnaire data was inconclusive. 

Digital Tecbnicaljournal Vol. 5 No. 4 Fall 1993 

Using this weighting, the resulting maximum 
score across all six indicators totaled 1 10. To make 
the range of values for the composite qual ity pro

files more intuitive, we further scaled this aggre
gate by 0.91 (100 divided by 1 10)  so that the 

maximum totaled 100. M u ltiplying the individual 

scores by the weighting and scal ing factors yielded 

the second set of scores shown in Step 3 of Figure 1 .  
For reference, an indicator composite that consists 

of the maximum possible scores for these weighted 

and scaled indicators appears at the bottom of 
Figure 4. A similar composite profile of the average 

project scores for the release also appears. 

Interpret the Quality Profiles 

Clustering the projects according to their com

posite quality profiles highlights relative product 

quality, project risk, and process deficiencies. For 

OpenVMS AXP version 1 .5, we identified nine 
groups of qual ity profiles with similar distinguish

ing characteristics relative to the average profile. In 

Figure 4, braces delimit these groups. 
The average composite score for the targeted 

projects in the version 1 .5 release was 55 out of 100, 

with 76 percent of the projects scoring in the range 
of 45 to 65. Only Project_29 scored at or above the 

average for each indicator; only Project_33 and 
Project_38 scored at or above the norm for each. 
Consequently, most projects fel l  within the Needs 

Ongoing Val idation region of Figure 4. Scoring in 

this region indicated that a project required some 
form of validation work to improve qual ity prior to 

beta testing and customer shipment of the release. 

In several instances, the questionnaire data was 

sufficiently scant or the qual ity issues sufficiently 
numerous to suggest that additional data on a proj
ect's actual condition was needed before com
pleting that project's quality assessment. Because 

a value of -1 was assigned to each unanswered 

question, projects for which such a value was 

assigned generally exhibited low indicator com
posites as depicted in Figure 4 by the bars end i ng in 
the Needs Further Investigation region. Project_Ol 
and Project_09 are examples of projects in this 
category. 

If the quality indicators were sufficiently strong, 

l ittle further assessment or val idation work 
appeared to be needed. Projects that exhibited high 

indicator composites are depicted by bars ending in 
the Needs Final Confirmation region. Only 

Project_33, Project_36, Project_37, and Project_38 

fel l  into this category 
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PrOJeCt 01 
Project_ 02 
Project_03 
Project 04 
Project 05 

Project_06 
Pro1ect_07 
Project_08 

Project_09 
Project_! 0 
Project_1 1 
Project_1 2  
Project 1 3  

Project 1 4  
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Project 1 6  
Project_ 1 7  
Project_18  

Project 1 9  
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Figure 4 Composite Profile of Project Quality at Alpha Test of Open VMS AXP Version 1.5 

Quality Assessment  Results 
Taken together, the composite qual i ty profiles, the 

qua l i t y  ind icator d istri butions, and the project 

questionnaire data form an assessment continuum 

within which to measure progress against qual i t y  

goals. From a release perspective, t h e  composite 

quality profiles and the ind icator d istributions iden

tify process deficiencies .  They also characterize 

areas of r isk for the product .  From a project per

spective, a comparison of qua l i t y  profiles and 

scores focuses ongoing verifi cation efforts where 
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they can have the greatest i mpact on the overal l  

qua l ity of a release. The questionnaire data i tself  

can hel p  determ ine the form this verification work 

takes. The resu lts from the assessment of data 

obtained from the alpha test of Open VMS AXP  ver

sion 1 .5 i l lustrate these measurement perspectives. 

Identification ofRelease Deficiencies 
The projects that made up the versi o n  1 .5 release 

were known to have a widely varyi ng and typical ly 

incomplete process for engineering changes in 

V!Ji. 5 No. 4 Fall 1993 Digital Technical journal 



Assessing the Quali�y of OpenVJ'viS AXP: Software Measurement Using Subjective Data 

their cod<:: base. From the quality assessment 

administered when a lpha testing began, we clari

fied the following deficiencies in the process and 

product for that release so that steps could be taken 

to ensure that the release was ready for customer 

shipment: 

• Sixteen percent of the projects had significant 

risk due to outstanding dependencies, unresolved 

technical problems, or operational instabilities. 

• Although 76 percent of the project teams rated 

their technical capacity as high, 71 percent 

reported having significant difficulty complet

ing the project due to schedule, equipment, or 

personnel constraints. 

• Ad hoc, regress ion, and stress tests were regu

larly executed on the code of 34 percent of the 

projects. 

• Fifty-five percent of the projects had some por

tion of their code implementation described by 

a functional or design specification. 

• Thirty-seven percent of the projects were han

d led by just one engineer. Of these 14 projects, 
5 had above-average technical difficu lty and 5 

expended no engineering resources on reviews 

or inspections. 

• Twenty-six percent of the projects lacked a 

strong understanding of customer expectations 

against which to evaluate product attributes. 

• Code reviews across the projects averaged only 

30 percent coverage of ported source code, 40 

percent coverage of rewritten or  added source 

code, and 60 percent coverage of source code 

fixes. 

Similar kinds of resul ts from the quality assess

ment for the version 1 .0 release led to the imple

mentation of a process for enhancing product 

stabil ity prior to customer shipment. The results 

also contributed to decisions within OpenVMS 
Engineering to establ ish more rigorous software 
metrics within the development process. Moreover, 

clarifying the process deficiencies for OpenVMS 
AXP versions 1 .0 and 1 .5 has contributed to an 

increased emphasis on defect prevention in the 

fol low-on release. 

Focus for Project Verification 

In the context of the product risks and process defi

ciencies just summarized , the quality assessment 

results for version 1 .5 provided the fol lowing frame

work for focusing the ongoing verification efforts: 
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• Project_01 through Project_05 were mtssmg 
more than 15 percent of the questionnaire data. 

(See Figure 4.) These projects required further 

investigation to determine the current condition 

of constituent elements as well as the form, 

focus, and priority of needed verification work. 

• Project_06 through Project_18 exhibited com

posite scores that were below average overal l .  

Verification work that focused on compensating 

for the weak change and testing processes was a 

high priority for these projects. 

• Project_19 through Project_24 exhibited at least 

average values for engineered changes and 

methodical testing; these projects also exhibited 

significantly below average values for technical. 

ease and, in most cases, dement expertise. 

Verification work for these projects needed to 

focus on the functional ity that posed the great

est technical difficu lty or risk given schedule 

and resource constraints. 

• Project_25 through Project_29 exhibited aver

age qual ity profiles. Their verification work 

needed to focus on specific portions of the code 

where defects may exist due to technical diffi
culty, inadequate changes processes, or poor 

test coverage or effectiveness. 

• Project_30 through Project_32 had strong pro

cesses. Because their technical ease or element 

expertise indicator values were below average, 

however, verification work needed to focus 

existing processes on mitigating current risks 

and improving the product's readiness to meet 

customer expectations. 

• Project_33 through Project_38 were evidently 

on-track to a high-qua l ity release and therefore 

required only a confirmation of quality prior to 

customer shipment. 

Given the l imitations of the assessment data and 

its pervasive reliance upon engineering judgment, 
fol lowing all assessments with some form of verifi

cation work was important. In some cases, the data 

as provided and interpreted within the assessment 
indicated a level of qual ity that we knew was not 

actually present. 

By removing defects from the product as proj

ects completed their planned functionality, the 

ongoing verification effort for version 1 .5 con

tributed to improved implementation qua l ity 

relative to the VAX platform, mitigated risk clue to 

technical or stability problems, and increased the 

satisfaction of release readiness criteria. 
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Software Process and Quality 

Conclusions 

To assure the quality of its product while improving 

the qual ity of its development process, OpenVMS 

Engineering implemented a process for assessing 

the quality of its releases using subjective data. This 

assessment process has proven useful in character

izing product risks, focusing verification efforts, 

and identifying process deficiencies during the 

development of versions 1 .0 and 1 .5 of the Open VMS 

AXP operating system. The assessment identified 

areas that needed attention; the resulting actions 

led to improved quality. 

Using the Assessment Process 

By focusing only on those projects key to a release's 

success, the assessment process described in this 

paper l imits the cost and turnaround time for an 

assessment of quality without significantly dimin

ishing its value. By focusing on subjective data, this 

process captures the judgment of engineers on the 

project teams regarding overall progress toward 

release readiness. 

The OpenVMS AXP questionnaire covers various 

product, project, and process aspects of a release. 

The questions may be tailored for different soft

ware releases or even different software products. 

Using seven quality indicators, which are defined 

over subsets of questions from the questionnaire, 

the assessment process synthesizes quality profiles 

for each project. These profiles are based on quality 

norms that are implicit within the development 

organization. By administering the assessment pro

cess as a release enters its alpha testing, these 

profiles can guide the project's movement toward 

its quality goals for the release. 

Improving the Assessment Process 
Several opportunities exist for improving the use

fu lness of this assessment process. As the process is 
repeated across successive software releases, the 

organization can 

• Validate the predictive value of the assessment 

process through statistical analysis of quality 

indicators and questionnaire data against 

selected qual ity results when a release begins 

shipping to customers 

• Refine the questionnaire to ensure that the ques

tions remain relevant to the development pro

cess, unambiguous, and internally consistent 
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• Complement the developer assessment adminis

tered during alpha testing with a similar cus

tomer assessment during beta testing 

As an organization's software measurement pro

cess matures, subjective measures should be 

replaced with objective metrics for which data can 

be economical ly and reliably collected. Such met

rics shou ld reduce reliance on the subjective data, 

but not eliminate it: the perceptions of an experi

enced engineer can usual ly add clarity to the assess

ment of release quality. 
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