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Introduction

Preface

ISCN (International Software Collaborative Network) was formed in 1994. Its initial mission
was twofold: to organise annual cor@aces on software process improvement, and to create a
consortium of software process experts capable of providing a wide range of software process
consultancy services.

Successful conferences were held in 1994 (ISCN94, Dublin) and 1995 (ISCN95, Vienna).
These brought together three types of players: large users (companies with major software
process improvement programmes), methods providers (small companies offering specific
methods and techniques in process/product analysis, measurement, and impjp\ardent
individual experts (independent consultants, experts from companies acting on behalf of their
companies in ISCN projects, or academic researchers).

ISCN"96 is the third conference. All ISCN conferences focus on practical experience in
improving software processes and products. They are not academic in nature, but concentrate
on tried and tested methods which can be presented in quantitative terms. The main goal is to
create a discussion culture which iaryloearws par
organisation ?2n.

We invite you to join the process improvement discussions and presentations at ISCN"96 and

to help ISCN establishing a culture in which organisations work together, exchange know
how, and share effort, knowledge and risk to work on process improvement problems.

Dr Micheal Mac an Airchinnigh
President, ISCN Ltd.

Dr Richard Messnarz, Programme Chair
Director, ISCN Itd.
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Introduction

Short Summary of ISCN"96 Sessions

Strategies, Capperations, and Networks

Collaborative approaches and potentials foroperation with the ISCN network are
discussed. The president of the Montreal SPIN presents information about strategic process
engineering activities in Quebec in Canada. A manager from 3SE presents and discusses
business potentials with Indian companiesrird@angalore. And the president of the John von
Neumann society presents the Hungarian quality scene and offers the establishment of further
co-operations with Hungarian industry. The session focuses on new business potentials and
how to exploit them by using new principles such as collaborative networks, virtual
companies, and learning organisations.

SP’96 Plenary: Assessment and Goal Driven Improvement

This session shows the experience of two major industrial companies in implementing SPI
initiatives: First Siemens's SPI corporate approach is introduced, highlighting how they are
using a large scale assessment methodology which combines the strengths of CMM and
BOOTSTRAP. in addition to that Siemens runs a large improvement programme OPAL which
transfers the assessment results into priority driven improvement projects. Then the application
of a goaloriented, measurement driven approach to software process improvement (ami) will
be illustrated through two case studies one coming from Alcatel armbadsene provided by
Objectif Technologie based on experiences with defence companies. The two insist on the
importance of linking the initiative to business issues. This session will include a panel
discussion organised by Colin Tully who is the ISCN management board member responsible
for establishing a SPIN of users in future.

Experience With Measurement Approaches

This session presents various methods for quantitatively analysing software processes and how
to use these measures for identifying besactices, potentials for improvements, and
bottlenecks. An experience study from Brameur discusses a basic set of metrics which can be
used for effective process management. Nowadays there are hundreds of metrics and hundreds
of researchers identifying further metrics, and Brameur will focus on a minimum set of metrics

to be used. A study from the Fraunhofer IESE Institute will deal with the GQM paradigm and
how to practically employ it for establishing an experience base. And Onion, an Italian
company dering advanced IT solutions, presents the results of an ESSI PIE which established
and measured guidelines for process improvement in Internet based information management.

Experience With CMM

This session brings together a group of experts who have long lasting experience with CMM.
Ken Dymond has published the book "A Guide to the CMM" and is well known as an SEI
lead assessor having worked in many different countries and continents. Eamonn Mac
Guinness of AlMware has experience with many CMM basagravements (some more
successful than others). Using the SEI CMM AlMware were assessed to 1ISO 9001 / TickIT
within 5 months of startip. Eamonn presents the IDEALsm method for achieving maturity

Paged



Introduction

increases with the SEI CMMsm. (IDEAL and CMM are service benchmarks of CMU).
Francois Coallier is the leading expert in Trillum and is the Vice President of Bell Canada,
and he will illustrate how Trillium is used as a CMM based benchmark for the Telecom sector.
Denis Roy is the director of ASEC (Appliedf8vare Engineering Center) in Montreal which

is a representative of SEI in Canada and which organises a Canadian wide improvement
programme.

Experience with Process Assessment and Improvement Models

Khaled El Emam was a lead researcher at CRIM in Montreal (he is now at Fraunhofer IESE in
Germany) who is largely involved in the SPICE trials evaluating and analysing the results from
the trials. He is also the editor of the Software Process Newsletter. He and Denis R.
Goldenson from SEI present the resdiom the SPICE phase 1 trials. Jean Martin Simon is a
senior consultant at CISI, France, and is largely involved in the SPICE project. He has
significant experience with process models based on the 1SO 12207 process modelling
standard which also formed the basis for the SPICE process model. He gives practical tips
about how to use SPICE. Pasi Kuvaja is the director of the BOOTSTRAP institute and
Richard Messnarz was a lead researcher in the ESPRIT project BOOTTSTRAP and closely
co-operates with Pasi Kujgmas a BOOTSTRAP lead assessor in industry. They present the
new version of BOOTSTRAP which is SPICE compliant and will discuss practical experience
with BOOTSTRAP.

Process Improvement Combined Approaches

Recently a consortium of ISCN members and partners have started a new initiative funded
under the EU Leonardo da Vinci programme. PICO (Process Improvement Combined
apprOach) develops a comprehensive set of tutorials that cover process improvement from
analysis to success. PICO is a modularised progbath does not rely on distinct methods

and tools. PICO seminars are based on learning by doing and will focususabfe
experience. PICO shall start a learning process in organisations affecting different target
groups from top managers to engineers. This will lead to the establishment of a self learning
culture and organisation.

Software Development Processes

Elisabeth Kauba from Siemens presents the results of an ESSI process improvement
experiment analysing the potentials of-Bse and how tomploy reuse strategies. Roman
Cunis from MAZ Hamburg presents the results of an ESSI process improvement experiment
which introduced object oriented methodologies and techniques into the organisation. Kurt
Walk (retired, manager of the IBM Vienna SW Lab) discusses about how to apply object
oriented principles not only to software but to organisational work processes and scenarios.
And Andrew Butterfield discusses about practical experience with the use of formal
approaches to achieve reliable software #mdrole of formal methods in software process
improvement.
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Introduction

ISCN (Internaibnal Software Collaborative Network) was formed in 1994. Its initial mission
was twofold: to organise annual conferences on software process improvement, and to create a
consortium of software process experts capable of providing a wide range of software process
consultancy services [2].

Successful conferences were held in 1994 (ISCN94, Dublin) and 1995 (ISCN95, Vienna).
These brought together three types of players: large users (companies with major software
process improvement programmes), methods peosidsmall companies offering specific
methods and techniques in process/product analysis, measurement, and improvement), and
individual experts (independent consultants, experts from companies acting on behalf of their
companies in ISCN projects, or academic researchers).

In 1995 ISCN established a business firm functioning as-ardioation office to secure
funding and to provide an organisational and management infrastructure for innovative
improvement projects on behalf of its members and partnersIB@N is currently organising

the 1996 conference (ISCN 96, Brighton), preparing a major book for publication next year,
and developing training material.

By the end of 1996, ISCN plans to extend its mission and mode of working. The intention is to
build a multifirm, multi-nation, multiindustry and mulkmethod learning organisation, in
which the partners are able to form collaborative groupings for problem solving and training
purposes on an aweded basis. The benefits sought are synergywiminreduced risk, rapid

skill development, and a culture in which partners are able to improve faster by working
together than they could on their own.

ISCN headquarters will act as both entrepreneur and facilitator. As entrepreneur it will play a
leading role in establishing, and securing funding for project consortia, among partners, to
solve problems arising in process improvement initiatives. Projects will, for example, develop
and fieldtest new methods or approaches, improve or integrate existing oneyetopdand
field-test training material for the acquisition of new skills.

Project funding will come from a mixture of internal sources (shared costs among partners),
and external sources (such as EU funding programmes). As facilitator, ISCN HQ will provide
infrastructure support for projects, in the form of (for instance) common processes and tools
for management, communication, reporting, meetings, and control.

The ISCN service portfolio already contains more than twenty different methods offered by
aboutforty partners. A number of projects have already been already launched or are at the
proposal stage.
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This article describes ISCN’s mission, goals, strategies, services and projects, and deals with
the structure of a technology transfer bridge between service and technology providers and
large users.

Mission, Strategy and Goals

The ISCN banner is variety and diversity. The mission of ISCN is to satisfy the needs of its
partner firms for highly qualified expert support of their software process ass#sand
improvement initiatives. There are several methods for software process assessment,
measurement, and improvement. ISCN encourages the combined use of such approaches and
methodologies by using effective teamwork and collaboration based eminvsituations for

all, the customers, the experts, and ISCN.

Trainings ,
Co-ordinating a SW
Competence and Service

Planning and
Setting up Ney
Projects

o

Services

Expert and Partner Pool

Customers / IT Market

Fig. 1: The ISCN Architecture

A key asset of ISCN is its pool of experts who represent a wide range of approaches and
methodologies allowing a synergetic combination of the skills most suitakike specific
requirements of the customer. ISCN has been and will be committed to the highest professional
traditions by applying quality assurance and continuous improvement to its own consulting
processes, while it is also ready teemgineer these processes if there is an opportunity for
better satisfying the needs of business partners.

In this spirit, ISCN exploits the capabilities offered by most recent information and
communication technologies to enable the most efficient organisation of itaaiivities, to

bring about radical changes in the ways customers are served. These technologies coupled by
its strong commitment allow ISCN to become a virtual part of its business partner’'s
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organisation. ISCN is by consequence an extended enterprise which stretches the traditional
boundaries of professional consulting.

ASP Congresses ABringing groups togeth AExpert Pool
AWWW Newspaper ADeveloping new ideas AWWW SW Competenc
ASPIN Meetings AEstablishing joint Pool
AISCN WWW Info proposals ACo-ordinating Office wit
A(_:(_"Ord'”?“”g defined Procedures
joint projects

Dissemination Collaboration Competence Poc

Establishing Compe-
tence Pool and Offer
Expertise to Industry

Creating a Softwar
Process Communit

Establishing Colla
borative Projects

Goal 1 Goal 2

Mission The mission of ISCN is to satisfy the needs of its partner firms for highly qualified exf
support of their software process assessment and improvement initiatives.

Fig. 2 : ISCN’s Collaborative Processes

ISCN pursues three major business targets (Fig. 2): Dissemination, Collaboration, and the
establishment of a Competence Pool. For each of theats ISCN has been developing
products and services for infrastructure support from 1994 up to now (see section 3).

Activities supporting the goal of ACreating

T1 SCN conferences about APractical | mpr ov e me
part of an annual Software Process Congress Hapevation with other major process
improvement conferences

1 a process improvement newspaper on WWW which containing three top articles from each
conference in which ISCN is inxeed

Activities supporting the goal of AEstablish

1 using the annual conference as a point for identifying new ideas and forming groups of
partners with shared interests

1 installing email and discussion groups and supporting the process of formulating new ideas
in project proposals

1 Co-ordinating and supporting the process of planning, estimating, and controlling the
projects.

1 Providing the partners with facilities for #p-date communication and quality assurance
procedures
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Activities supporting th

1
1
and project control.

1 establishing collaborative agreements with SPI experienced companies basedvan win

situations

e goal of MnAEstabl

designing and distributing an ISCN leaflet which contains a service portfolio
using defined procedures (ISCN process model) for expert selection, team establishment,

1 establishing a WWW pool of SPI experienced organisations

ISCN’s Infrastructure Support Processes

To ensure that the goals are achieved andthigatctivities related to the goals are efficiently

s hi

carried out a number of internal development projects have been performed between 1994 and
1996. These projects aimed at the development of process models [11] and software to
automate, support, and standardise best practise work processes for the required activities

outlined in section 2.

ASP Congresses ABring groups together
AWWW Newspaper ADevelop new ideas
ASPIN Meetings AEstablish joint proposal
AISCN WWW Info ACo-ordinate joint projec

Dissemination Collaboration

v W

AExpert Pool

AcCo-ordinating Office wit
defined Procedures

Competence Pool

O

AcConference Organisatiorf | ANetwork Quality
Workflow Manual Assurance Product
(COM 1.0 Product) - NQA Manual 1.0a

ANewspaper Organisatio - NQA HyperText 1.1
Workflow Manual 1.0 for Intranet

AIBOX Manual 1.0 - NQA Index for

AAdmin Tool 1.1 Windows NT 2.0

Fig. 3: Products Supporting the ISCN Collaborative Processes (see below projects)

The ISCN Procedure Manual Version 3.@escribes procedures such as integrationew
andrdination, and expert pool

members, team selection, project establishment
maintenance.

The Expert Skill Database Version 2.@as developed with Access 2.0 using the ESA PSS 05
Software Engineering Standards and automates parts of the ISCN proc&dgtesxpert’s
After the customer has described his

details are stored in the Expert Skill Database.

AISCN Procedure Manu
Version 3.0

AExpert Skill Database 2

ATunelT 1.0

problems/requirements the expert skill database supports the mapping of these customer

problem/requirements data onto expert skill dafhe dadbase also supports queries based on

restrictive data for engineers, consultants, trainers, and managers such as experience,
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publication range, cost, languages, etc. This way the database acts like an expert system
virtually representing the ISCN office.

The ISCN Conference Organisation Workflow Manual Version 1.0 (COMjescribes a
business and marketing driven approach for organising conferences. This approach is different
from organising academic conferences because it mainly focuses on principlesssuch
aggressive marketing, selecting top people and establishing an industry driven w«stitdop
event, and professionally designing and planning (including cost estimation) events. The
manual was used for ES5CN"95 in Vienna and is currently being employed for organising
ISCN"96:SP"96 in London/Brighton.

This Network Quality Assurance (NQA) project resulted in three products: 1.NUQw

manual Version 1.0a2. TheNQA HyperText Version 1.13. TheNQA Winword Macro

Version 2.0with a set of templates.

The NQA manual differentiates between software and quality system development procedures.
Four types of documents are used: planning documents, product related documents, quality
related documents, and maintenance related documents. For the work and document flows
guidelines and procedures are described.

The NQA HyperText brings the key aspects of the manual into an lotrénternet and
provides a computer supported index so that employees can inform themselves about required
standards and procedures. .eifgtesting is to be performed, what procedures are to be
followed, and which standards are to be kept, and which documents are to be produced, and
which metrics must be collected.

The Winword Macro is to be installed on a Windows NT server so that users of Winword are
provided with an NQA menu from which they can select proper templates for documents. The
templates also contain pdefined bookmarks for important terms

ADMIN version 1.1is an Xbased tool that runs on Linux/Unix supporting the follayvin
functions: building up collections for HTML pages, modification of this structure, automatic
generation of structure files, provision of an open tool database which can be easily extended,
including an overview of the established structure.

The current version of the ISCN home page at http://www.ieise/info has three clusters

of information: The ISCN Network, the ISCN Newsletter, and a pool of experienced SPI
companies who are members or project partners of ISCN.

The IBOX (Internet information BOX) manual version 1.0describes ISCN’s server
architecture, the business potentials and the networking approach, guidelines for how to
establish and use clients to access information, a documentation of the ADMIN 1.1 tool, and
HTML design guidelines. Currently a version 2.0 is being produced. It will form the basis for
a training that introduces ISCN members and partners tto-date communication and
management environments.

The Newspaper Organisation Workflow Manual Version 1describes a process model
market, design, and edit a WWW newspaper. The procedures of NOM and the ADMIN 1.1
tool are currently being used to design a WWW newspaper for the SP 96 congress (section
4.1).

Acknowledgements
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We gratefully acknowledge the support of the EU Comett programme for partly funding the
work on the ISCN Modelling, Expert Skill Database, Conference Organisation Manual, and
the Network Quality Assurance Procedures, and the support of the EU Leonardo programme
for partly funding the work on the Internet Infortieen Box and the WWW Newspaper.

Typical ISCN Projects

As outlined in the previous sections there are typical collaborative projects afwinwin
situations for three business targets: dissemination, collaborative projects sharing cost and
effort for product and service development in a consortium of members and partners,-and one
stop shopping consulting for large industry.

Dissemination

ISCN has recently set up a collaborative agreement with a group of process improvement
workshops and conferences finganising one large annual SP (Software Process) congress in
Europe. This strategic agreement resulted in the SP"96 congress in December 1996 in London
/ Brighton in which 4 conferences are-gperating.

1 ISCN"96- Practical Improvement of Software Processes and Products

1 SPI'96- Software Process Improvement

1 ICSP 4- International Conference on Software Processes

1 SPICE "96 (Software Process Improvement and Capability dEtermination)

This congress approach will be continued over the next few years. brghseisation we

follow a distributed and modular approach. Every conference establishes its leaflets,
programmes, and proceedings separately. The congresslioating board then integrates the
leaflets and programmes to set up one congress programme with parallel conferences that are
interfaced by plenary sessions. All partners share the dissemination, marketing,-sited on
costs, and distribute the profit by equal shares. Thus the risk is reduced, the costs for each
partner are cut down, and a congragproach seems to be more attractive.

Collaboration

PICO (Process Improvement Combined apprOach) Project
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Fig. 4: The Product Architecture of the PICO Project

APAC (Austrian Product Assurance Company) who has experience with the management of
aerospace projects is the project manager. ISCN acts as a techaicdihedor supporting the
project communication and the work package design. Project partners are the AlMware, ami
user group, APS Austria, Brameur, CISI, Hibernia, Leansoft Oy, arfletQd. Additional
partners contributing to a major book about process improvement are Alcatel, CRIM
Montreal, Colin Tully Ass., Festo, Fraunhofer IESE, lItaltel, K&M Technologies, Onion,
Siemens, and Sztaki.

The PICO [16] project is developing a comprehensive set of tutorials that cover process
improvement from analysis to success. PICO is going to be a modularised product which does

not rely on distinct methods and tools. PICO seminars will be based on learning by doing and

will focus on reusable experience.l®O will also promote the tools developed in BICO
ABenchmarking & | SO Combinedod. Toget her with
PI'CO partners are writing a major book nABe
Principles and Experienceo which wil!l be use
the training.

PICO will support the self learning processes of large companies (Fig. 5). Fig. 4 shows that
PICO is producing a complete service package (training modules, book, analysantbol,
consulting base) which can either be used to organise open workshops for SMEs or to train
training managers of large companies who implement a learning process in their own
organisations.
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TRAINING MODULES TARGET GROUPS Language
A Business Goals and Improvement Division Head, Company Head, Short and Siginificant
Strategies Workshop IT Executives Business Language

A Process Analysis Workshop

. Software Engineering Process Grou anager’s
A Goal Based Improvement Planning g g psManag

Consultants, Improvement Teams Language

Workshop
A Self Assessment Tutorial Project Managers, Quality Managers, Practitioner’s
A Workshop About Experience With Practitioners Language

the Implementation of Improvements
A Process and Product Measurement
Workshop

Fig. 5: The Learning Process Addressing Different Target Groups

The project started in December 1995, and it is planned to have a first presentation of the
approach at the SP"96 congress in London/Brighton in December 1996, to publish the book in
spring 97, and to carry out field tests of a first version of theingamodules in 1997.

PASS (Pay Roll Accounting and Settlement System) Project

The PASS project represents an ESSI process improvement experiment [14] carried out by
Memolux, a leading Hungarian Budapésised software company. ISCN is acting as a
European partner responsible for transferring the project experience and results back to the EU
and supporting the project in the establishment of a measurement programme and the
dissemination of results.

The project partners are ISCN supporting the dissgiom and exploitation in Europe,
Memolux as the software company performing the PIE, and Sztaki (the Computer and
Automation Institute of the Hungarian Academy of Sciences) as the software engineering
expert partner of Memolux. The project starts in autumn 1996, and will have a duration of
about 18 months.

The Component Software and Outsourcing Model

ISCN is currently establishing a strategicaperation with Eastern European organisations for
delivering high qulaity software at very competitive prices dustomers in Europe, Canada,
and the US.

ISCN is acting as a eordinator evaluating the capability of Eastern European firms, setting up
price lists and estimation procedures as a basis for the establishment of outsourcing contracts,
and coeordinating the projects. Those Eastern European firms who show sufficient capabilities
will receive modul contracts and develop software following quality procedures defined e.g. in
the NQA products.

Customers can contact ISCN who then selects a number of ERsterpean firms that can
deliver the product with the required quality within the defined budget frame. This model will
lead to products and services which can be developed and offered at very competitive prices.
A new ISCN director’s position has been estalished for working on this market potential. First
procedures and prices will be presented by beginning of 1997.
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Consulting

At the time being rather large companies are interested in ordering sets of services (service
packages) from ISCN. In a big Geamcompany, for instance, ISCN conducted a Bootstrap
assessment analysing an SPU with 3 projects. Within three months the assessment was
performed, a maturity profile was calculated and evaluated, and an action plan comprising a set
of 6 improvement projects was installed [13].

The implementation of one of the improvement projects required further training in the fields
of process modelling, as well as analysis and establishment of effective work scenarios. In the
assessment, for example, we found thatise is a key aspect in this organisation butaip

then it had been based on personal contact rather than a defined work scenario. So the
organisation ordered a process modelling training to learn how to identify activities,
workflows, roles, results, and resources, how to conduct interviews, and how to design a
model which is applicable to the organisation and establishes an effeeatise peocess.

During the implementation of the improvement projects the organisation realised that the
objectives of themprovement projects must be made measurable to be able to evaluate if the
goals have been achieved. Here it is of key importance that the goals are consistent with the
company’s business goals. This is why the GQM approach (using the ami approach) was
employed to establish a metricated goal tree in which the projects” goals were the leaves of the
tree and the company’s business goals represented the root [1].

We are still continuing coperation with this customer and are approaching SPICE [7]
complianceand combining the assessments with the goal driven ami approach [5].

At present the ISCN service portfolio comprises over 20 different improvement methodologies

and any combination is available in a service package. (see http://www-igdidihfo under
ISCN/Services).
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ISCN Membership

ISCN membership is generally available on a personal basis. HoweveRERSONAL
MEMBERSHIP usually leads to the involvement of the expert’s organisation into ISCN’s
activities. ISCN also establish€ORPORATE MEMBERSHPS with organisations based on
win-win agreements:

1 An organisation may offer its services through ISCN’s service portfolio and if successful
customer contacts are established via ISCN, ISCN earns a provision based on a marketing
agreement.

1 An organisation may provide ISCN with a license to offer a service. ISCN uses certified
experts to perform the service for customers. Then either ISCN pays a license fee or the
license provider earns parts of ISCN’s turnover related to the services sold.

1 An organisatio may establish a collaborative agreement with ISCN to participate in
projects and initiatives of ISCN members and partners who share effort and cost to develop
products and services.

This means that ISCN emphasises a business driven approach in which it earns profit if its
corporate members profit via ISCN. The above corporate membership requires that at least
one representative of the organisatiorm key contact to ISCN has gone through the
certification procedure for ISCN experts.

Examples of wirwin agreements are:

If ISCN does a Bootstrap assessment together with Leansoft Oy, a full member of the
Bootstrap Institute and a partner of ISCN, ISCN does the marketing, does the assessment
either together with Leansoft (sharing the profit) or using certified assessors form the experts
skill database (paying a certain percentage back to Leansoft).

Companies offer training (e.g. TickIT, SEI, etc.) through ISCN’s service portfolio. If the
marketing is successful ISCN establishes the contact and the dsuaim# earns 10 to 15%
provision.

ISCN forms groups of partners who perform projects together and ISCN does part of the
expert work and supports project-oadination and dissemination.

Currently a new type of membership for large users is being discussed. This membership might

include

9 access to the products and services on which the ISCN infrastructure processes (section 3)
are based

i a tailored and adapted service package for large users based on the service pool of well
experienced SPI organisations angberts

1 an annual workshop of large companies in which SPI experiences are exchanged and
possible joint strategies are discussed.
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Status of Member- and Partnership

At present individuals or companies and organisations are involved with ISCN in three ways:
as members, partners, or supporters. Members are experts who have gone through the ISCN
expert certification procedure (providing references from projects, training, etc. for certain
expert fields) and represent their organisations in different ISCleqtso initiatives, and
conferences. Partners are organisations who perform projects with ISCN (Leonardo, ESPRIT,
ESSI, collaborative agreements) but whose experts have not gone through the ISCN
certification procedure so far. Supporters are organisations who mainly support ISCN in its
activities (e.g. partly funding the dissemination, partly funding projects, field testing results of
projects, etc.) but are not partners in a project consortium with ISCN.

The ISCN Management Board Certified members are:
consists of:

1 Micheal Mac an Airchinnigh, Trinity  § Gualtiero Bazzana, Onion, Italy
College, IRL 1 Mikos Biro, IT Consult, Hungary
1 Colin Tully, CTA, UK 9 Christophe Debou, ami User Group, Belgium
1 Miklos Biro, IT Consult, HU 1 Ken Dymond, Process Inc., US
1 Richard Messnarz, ISCN 1 Eamon Mac Guiness, Aimware, IRL
I Richard Messnarz, ISCN, IRL
9 Fran O'Hara, €BET, IRL
1 Hans Scherzer, APAC, A
1 Jean Martin Simon, CISI, F
1 Cynthia Wise, Process Inc., US
Project Partners are: Supporters are:
1 APS Austria, Bernhard Posch, A 1 FESTO, Gerhard Rutschek, A
1 Brameur, Eric Trod, UK 1 FUEVA, Juan Vincente Garcia Manjon, E
1 IVF and SPICE, Alec Dorling, S 1 Objectif, Annie Combelles, F
1 Q-SET, Anne Downey, IRL 1 Politecnico di Torino, Maurizio Morisio, Italy
1 Hibernia, John Stewart, IRL 1 Siemens, Axel Vélker, Thomadehner, Tilo
1 K&M Technologies, Andrew Messer, D
Butterfield, IRL 1 etc. (more than 15 additional ones)
1 Leansoft Oy, Pasi Kuvaja, Fin
1 Meetings Management, John Herriot
UK
1 Memolux, Janos Ivanyos, HU
9 QUEST, Susanne Lanzerstorfer, A
1 Sztaki, Miklos Biro, HU
1 University of Paderborn, Wilhelm

Schéfer, D
Here the partners of 3 additional collaborative projects are not listed. The projects start with
beginning of 1997, so the group will increase very soon.
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Fig. 6: The ISCN Service Portfolio, 1996

The Business Driven Sustainable Growth Model

The current situation in IT industry shows that most management failures are due to inefficient
capacity planning [8] [10], and in many cases the cost are underestimated, the market is more
competitive tha expected, and the identification and establishment of new business which
should bring return on investment (ROI) becomes a game theory problem [17].

| SCN pursues an approach which could be des:
model O. | SCN started off with a small team
sector. The first demand we identified was to establish a discussion platform for industry to
exchange knovhow in the fields of process analysis, process modelling, processviempent

planning, and implementation of improvement. This led to the ISCN conference series about
APractical | mprovement of Software Processes
key player under the ISCN name took the role of the conference organiser and programme
chair. From the conferences we identified an industry demand for accessing a pool of process
improvement experts and implementing combinations of different improvement approaches
which led to the establishment of a service pdictfand an expert pool, and it was sufficient to

have a ceordinating manager who in addition to the conference organiser worked under the
ISCN name. From the combined consulting projects new project ideas emerged and we
identified the need for forming groups of partners who share the effort for product and service
development. Due to the fact that this is a large collaborative business potential ISCN was
established as a business firm with managesrdmating the expert pool and projects etc.
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This means that ISCN did not invest more than the available budget and business demand, but
by identifying more and more industry demands and business potentialsdhéirating firm

has grown step by step [3]. And this leads to a bottprdefinition of the institute’s structure
driven by the customer and business demands.

Cost
A

d = gpare budget
= profit for further
investment

income = budget =

o > Time

phase 1 is a starting
requirement t0 = start of phase 3

Fig. 7: The Sustainable Growth Model
A business firm following the sustainable growth model runs through three major phases:

1 Phase 1 = kick Off phase: The eatprocess can only be started if a first business demand is
identified and can be exploited.

1 Phase 2 = growing phase: With the exploitation of one business demand the income is used
to identify the next business demand and exploit it. Due to the fact that each exploitation
leads to a new business line of the firm all the income is invested in further employment.
This way the organisation grows for some time with zero profit, but it is continuously
growing with nearly zero risk.

1 Phase 3 = profit phase: As@vas the different business lines have led to a stable institute
architecture with reliable business partners the growth parameter is stabilised and the
income is grows faster than the employment rate which leads to profit.
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Future Goals

ISCN’s future goals are to work on collaborative concepts, to identify and exploit further
business potentials, and to adhere to the m
be directly influenced and driven by customer, market, and member demands.

As outined above the collaborative bridge between large users, methodology providers and
experts will be a key challenge in the future and we believe that such anatioh, multi

method, and muklindustry based approach will fit the European market very well.
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India: New Software Opportunities
M. D. Rao

Abstract

The Indian software industry provides the twin advantages of lower cost and high quality software
development. Several international organisations have already reaped the benefits of this by outsourcing
development projects to India, by setting up a joint venture with an Indian business group or by setting up their

own subsidiary office. With the recent economic reforms taking hold, tti@rineconomy is undergoing a

major transformation. The software industry has been growing at a rate of 50% over the last five years. The
potenti al of the Indian industry and marketplace ha
raison de etrds to change that and be an enabler of increased alliances and joint ventures in software between
European and Indian organisations.

The business environment in India

India has attracted widespread attention as an emerging market. With a popflationt 900 million, India

is the second most populous country and the fifth largest economy in the world by purchasing power parity. It
is a country of immense, yet unrealised potential. This makes it one of the most exciting emerging markets in
the world.

In addition, India is a stable parliamentary democracy with an established legal system, vibrant capital market
and a mature financial system. The country has had a mixed economy: the government took responsibility to
provide infrastructure, whiléhe private sector flourished in other, diverse industry segments. English is widely
spoken in the country, and is the business language throughout urban India.

Realising the need to accelerate growth, the government has been moderating its policy to provide increasing
freedom of entry, investment, location and operation. Privated importantly, overseasparticipation and
investment in core sectors is now welcome. Whereas a few years ago, the air traveller was obliged to fly the
solitary domestic caier Indian Airlines, he now has a choice of travelling another-&difzen private
operators; automobile giants such as Daewoo, FIAT, Ford, General Motors, Mercedes Benz and Peugeot are
busy implementing plans with Indian partners to catch up with Suzhld lone overseas player to operate in

the Indian market till recently. Other global giants across industry sectors have also announced investment
plans of hundreds of millions of dollars for their India operations. But it is the telecom industrydtesttisg

the most excitement. The challenge and rewards of tr
limited facilities into a system on par with the best in the world, has seen giant telecom vendors the world over,
without exception, establish a presence in India.

Many international entrants have eagerly leveraged their Indian connections to not only address emerging
opportunities in India, but to source products and services to make them more competitive in other markets.
India is attrative to international business because in@a only a market, but also a partner for global
competitive advantageMr. Jack Welch, chairman of General Electric summarised this best when he said, in
an interview to Business India,

A . We are going to see I ndia as otrhwhole narr&yl ofect ual |
global busmesses .We are going to be in every business that ware in the US, and we will invest
heavily. o

An overview of the Indian IT industry

As India integratesvith the world economy, it is rapidly adopting the work culture of advanced countries:
automation, and the use of information technology have ceased to be regarded as luxuries. The realisation that
information and communications are mission critical has created a demand fafs$tegart technology, that

feeds upon itself.

Page?l



ISCN"96 Proceedings, Brighton, Metropole5 ®ecember 1996

Being relatively late in embracing information technology has had its advantages for India: the installed base of
just over a million computers comprises mainly-e@ mpat i bpes o awadr Kiost ati ons and
hardware vendors from all over the woddCompaq, Dell, Digital, Fujitsu, Hewlett Packard, IBM, Silicon
Graphics, and Sun are entrenched in the market, and offer products just days after they are launched overseas.
The rate of growth expected to accelerate with the ongoing economic liberalisat®already an impressive

40% over the past five years. Indeed, the low installed base of computers is a powerful indicator of the promise
this industry holds.

Open platfoms has encouraged the use of software popular in developed IT markets: Windows, NT and Unix
are major operating system environments; Novell is the predominant networking software; the database pie is

shared by Oracle, Informix, Ingres; and the same CASE tools, object oriented development software and other
development environments in vogue in the west, are favourites here.

A look at the Indian software industry

An exploding domestic market

The past two years have seen the emergence of software ag @onajduent of the Indian IT industry. As the
chart below shows, the market has grown at the breathtaking rate of 50 % over the past five years.

The Indian domestic software market (Rs billions) CAGR 50%

Fig. 1 Source: NASSCOM
Popular computing environments
Because India embraced information technology later than the industrialised world the computing

environments popular in India are current, and Aopen
common in India.
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Software Development Platforms (% companies surveyed with platform expertise )
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PC-Based
Midrange
Mainfrarne

Source: NASSCOM

Fig. 2

Indian software companies have skills in diverse hardware platforms as the following table shows.

Popular hardware platforms (% companies surveyed with platform expertise )

% Companies Hardware Platform
98 PC
84 LAN / Novell
83 UNIX
75 AS/400
73 IBM Mainframe
71 DEC
67 HP
62 Sun
57 Unisys
57 MAC
57 RS 6000
50 Tandem
Fig. 3 Source: NASSCOM

This compatibility in environments is a big advantage for international companies interested in the Indian
software market whether to promote their products, or to outsource products and services from here.

Major application segments

The manufacturing industry is presently the largest consumer of IT products. Of the other major application
segments, the financial services segment shows great promise. The rapid ongoing modernisation of stock
exchanges, banks (India has a networ&vefr 60,000 branches, most of which use manual systems) and money
markets augurs well for the sustained development of software solutions for this sector. Important market
segments for software and services are listed below.

Important software segments (% companies surveyed in segment)

% of companies

Application segment

74

Banking
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70 Manufacturing
70 Retail & Distribution
68 Communication
67 Transport
61 Government
55 Insurance
50 Hotels
50 Others
25 Defence
Fig. 4 Source: NASSCOM

Winning the confidence of clients overseas

It has become evident to companies all over the world that working with India helps create a competitive edge.
While it accounts for a small share of the global software market, Indian softweaialy through servicesis

being increasingly used worldwide. The chart that follows endorses the growing popularity of Indian software:

Indian software exports (USD million) CAGR 35%

8007

1991-92 199293 1993-94 199495 199596

Fig. 5 Source: NASSCOM

Ed Yourdon,qpt ed i n NASSCOMdés 1996 Strategic Review obser
selling expertise in managing entire projects; the cost and identity of individual software engineers has become

al most irrelevant . o

This is borne out by the chart below: Indian companies now execute a significant part of their contracts from
India, whereas as recently as in 1990, companies here were almost invariably just subcontractors for skilled
personnel. Another noteworthy trend is the joint development in Indisoftivare packages for software
product vendors overseas.
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Software exports increasingly done from India (% 1990 & 1995)
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This phenomenon has been made possible by several factors, including: the ready availability of a skilled
workforce conversant with English, and with popular IT environments and project management; an emphasis
on software and quality processes; major improvements in telecommunications infrastructure; and sustained
government incentives for safare units through lower duties, fiscal incentives and infrastructure.

Skilled Manpower

The education system in India is well developed. A string of technical institutions provide engineering
education in various disciplines with specialised courses in computer and software engineering, computer
applications, and related topics. The private sector plays a major role in supplementing the needs of the
software industry. A host of training institutions have been established for developpagtisex in
computer programming languages, system analysis etc. Such institutions are given accreditation by the
Department of Electronics, Government of India, to ensure quality education.

The National Association of Software and Service Companies (NASSCOM) has estimated that about 55,000
IT professionals, with varying skills, enter the workforce every year.

This system continuously reinforces a workforce of several thousand already experienced in executing projects
worldwide, n software as diverse as those on old IBM mainframes to the latest in ASIC firmware development.
Quiality in Indian software

The incentive for global organisations to look at India for software development is now no longer just lower
cost; it is also high quality. A steadily growing sense of the importance of formal approaches to software

engineering and software quality management pervades the Indian software industry. The industry is actively
implementing systems to meet ISO 9000 requirements antptove software processes.
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The quality movement in the Indian software industry started in early 1993 with the ISO 9000 wave. Large
numbers of software organisations embarked on this journey to improve quality systems. Today over 30
companies have been awarded 1ISO 9000 certification, and another 60 organisations are working towards it. It
is likely that in the near future India will have the highest number of 1SO 9000 certified organisations outside
of the UK.

The movement got another impetus ireld993 with the assessment of Motorola, India in Bangalore as an
SEICMM level 5 organisation a distinction achieved by very few organisations worldwide even today!
Several Indian organisations, most of them of US origin, have since gone in f@MM¥#Ileither directly or

over and above the ISO 9000 certification.

The Bootstrap method for software process assessment was initiated in India by-@erlmam project in
1991. Due to lack of sufficient marketing this did not catch on in the Indian marleemtRethere have been
some initiatives to revive this in India thereby providing an alternative teC8EW for software process
assessment.

There is considerable participation from Indian organisations in the SPICE project: 20 organisations have
responded to the Call for Participation. (3SE is the Local Trialer@mator for SPICE Phase 2 trials in
India.)

Outsourcing: How India compares

The many advantages described have made India one of the most popular partners to outsource software
services fom. A 1992 study by Maxi/ Micro funded by the World Bank, of China, Hungary, India, Ireland,
Israel, Mexico, the Philippines and Singapore rated India a very close second to Ireland. A weighted score for
each country was arrived at by assigning an individual score to each of the following 12 parameters (weights of
each parameter are given in parentheses): Segment expertise (6); Labour cost (4); Labour supply (4); Ease of
business (3); Ease of visas (3); English speaking (3); Technical competence (3)joBd&caaining (2);
Government incentives (2); Security (2); Telecom infrastructure (2); Domestic market (1). The chart below
indicates the relative positions of the countries considered:
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Countrywise ranking of competing countries in software/ services exports

30

Ireland
India
Singapore
Israel |
Philippines
China
Mexico
Hungary

Fig. 7 (Source: World Bank report by Maxi / Micro Inc.)

In the years since then there has been a concerted drive to make the industry an even more attractive choice for
outsourcing. The results are encouraging: initaaidto the rate of growth, Indian software companies have
been able to gain the confidence of their clients in their ability to undertake projects at home.

Capers Jones, in his papérl nt er nati onal S o fdatedaMaeh 2B,e1896 h pnavidek ia n g 0 ,
comparison of the programmer costs per function point, andttideliver for 1000 function points, between

ten large software producing countries. As is seen in the charts below, India is a very attractive partner for
companies seeking global compiethess through software alliances.
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International programmer cost comparison
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Software transnationals in India

Most major global players in Information Technology have a significant software presence in India. Several

transnationals are following suit for their requirements diouse software services. Some of these are:

Some transnational companis with software operations in India

1 AT&T 1 Hughes

1 Alcatel 1 IBM

9 Bellsouth 1 Krupp

9 British Aerospace 1 Matra

9 British Telecom 1 Microsoft

1 Bull I Motorola

i Citicorp 91 Olivetti

1 Digital Equipment 9 Philips

i Ericsson  SGS Thomson

1 Fuijitsu 1 Siemens

1 Hewlett Packard 1 Sprint

1 Hughes I Texas Instruments
Fig. 10

Paradigms for working with the Indian market

Different approaches have been used successfully by companies overseas to develop markets in India, and to

outsource from India. Three types of operagiane:

Through Indian companies on a contract basis

Companies such as Compag, General Electric and Swiss Air have established offshore development centres in
soft wa rlegicat extensians i e s .
of the development groups located in the US or Europe with teams of professionals dedicated to working for the

the facilities

requirements of a single client

of Il arge I ndian

for its software requirements.

A variation of this approach is for an

international organig¢eon to have an alliance with an Indian software organisation for a specific project.

Using this approach work has been done in India for organisations such as London Underground, SNCF and

Telesoft.

Through joint ventures with Indian companies

Financial partnerships with Indian business houses are a second alternative. Some successful joint ventures of
this kind in the software industry are Tata Unisys,

Telecom, BAeHAL and Usha Matra.
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By establishig their own office in India

Large organisations like Motorola, Origin (Philips), SGS Thomson and Siemens have set up wholly owned
companies in India, and source their software for global markets from them. Smaller companies are following
this trend: examples are the CAD software company Visionics of Sweden, and LEC in the financial services

sector, of Denmark.

Major software centres in India

Bangal ore in South

ndi a

has

come

t o

be

ooked

upon

chief mnsiderations in the choice of a location for transnational companies: the availability of good technical
manpower, proximity to quality educational and research institutions, telecom infrastructure, accessibility to
overseas travellers, accessibility to the domestic market, the business and social environment, and climate.
However, several other cities in India have much to offer companies looking to establish software operations in

India: transnationals may be found in different Indian cities. The tadtmv shows the distribution of the

headquarters of the top 200 Indian software companies:

Locations of the top 200 software companies in India

City Number of
Companies

Bombay 68
Bangalore 56
Delhi 30
Hyderabad 16
Madras 15
Calcutta 8
Pune I

Flg 11 source: NASSCOM

The Government of India has recognised the importance of the software industry in India, and is actively

promoting it.

Making contemporary hardware and software available to the industry in India is critical usettoé IT in
India, and for the development of the industry. Import duties have been progressively broughttdstems
duties on software are now a mere 10%. With the major vendors competing keenly for a share of the

burgeoning market, products are available in India almost as soon as they are announced anywhere else in the

world.

The government also offers several fiscal incentives to software export units, such as tax holidays, and duty

waivers. In addition, zonesof which software technology parkse an example, have been set up to provide

computing and datacom infrastructure to software export units. In addition, procedures for setting up such

operations has been simplified. The map below indicates the locations of software technology parks in India.
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Software Technology Parks in India
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3SE: Europebs Window to India

An enormous potential exists for cooperation between Europe and India in software, for the several reasons
discussed. Opportunities can be harnessed in different waypdzur organisations can increase
competitiveness by outsourcing high quality, lower cost services from India; explore new markets in India and
neighbouring countries; collaborate on projects and products for markets in third countries; outsource projects
in India- such as Year2000 software conversietfsat would otherwise consume-lmouse resources that could

be better utilised on other tasks.

3SE has been established by the European Commission and the Government of India to promote such
cooperation btween the EU and India in the field of computer software.
3SE helps European organisations to:

1 identify appropriate Indian companies to outsource software from

1 locate partners to jointly address business opportunities in third country markets, whether for products or
services

1 find the right distributor for their products in India
1 source Indian software products for distribution in Europe and globally

1 help establish operations in India by providing information on local laws and regulations, business
practices, and the like. 3SE also assists companies with legal procedures and in obtaining clearances
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Companies of diverse sizes in Austria, Belgium, Germany, Italy, the Netherlands, Sweden and the United
Kingdom have used these services to advantage. Recent examples are: a British company that offers solutions
in Geographical Information Systems that is negotiating a business arrangement for software outsourcing with
a company we identified for them; an Italian bank that finalised a joint venture witmpaoy we had
shortlisted for them to initially develop software forhiouse, and later for commercial purposes; and a large
German conglomerate establishing a software research subsidiary, for whom we have helped incorporate the
company in India, obtain government clearances, locate and lease office and residential accommodation,
coordinate recruitment, and identify suppliers of equipment.

M.D.Rao may be contacted at:
3SE, 8th Floor, DJCC, Hudson Circle
Bangalore 560 027, India
Ph: ++91.80.2211143 ax: ++91.80.2211152
email: mdr@3seblr.soft.net URL: http://www.3seblr.soft.net
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Software Process Engineering Activities in Québec
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Claude Y. Laporte obtained in 1973 a first degree diploma in physics and mathematics at
Collége militaire royal de Sakitean.He was also sponsored by the Department of National
Defense to pursue graduate studies in scieimd@980, he obtained a master in physics at
Université de Montréal, then, in 1986, a master in Appliegriges from the Department of
electrical and computeengineering at Ecole Polytechnique de Moalttréle was an officer in

the Caradian Armed Forces and a profeséar over 10 years at College militaire royal de
SaintJean. From1988 to 1992, he was involved in the feasibility study that ledh&o
implementation of the Applied Software Engineering Centre. He left the Gankdrces in

1992 at the ranlof major. Since then, he has joined lBen Aerospace where he <o
ordinates software and systems process engineering activities. He is the president of the
Montreal Software Process Improvement Network (SPIN)

Abstract

This pagr is divided in three parts. The first part will present the Applied Software Engineering Centre, its
history, its mission,and theservicesoffered. The second part will preseatbrief profile oforganisationghat

have undertaken to improve software processiising mainly the Capability Maturity Model developed by

the Carnegie Mellon Universitoftware Engineering Institutd@he third part will present lessons learned in
process improvementhis paper is an update of a presentation given on tbesion of a workshop held at

GMD, a German software research centre. (Laporte 1993, 19953.

Key Words

Software Engineering, Applied Software Engineering Cenfr@pability Maturity Model
Software Engineering Institute, Trillum, Management of Changesftware Process
Improvement Network, Camélia.
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1 Introduction.

We often hear of problems in software intensive systems. Typically the problems are: systems
t hat do not me et customero6s requirements,
mairtenance and unmet development schedule and budget. The U.S. Department of Defense
reports (DoD 1987) that after two decades of unfulfilled promises about productivity and
quality gains from applying new software methodologies and technologies (e.g. tools), industry
and government organisations are realising that their fundamental problem is the inability to
manage the software process. In this paper we will present software process improvement
initiatives undertaken by private and public organisations &h@c.

2 The Applied Software Engineering Centre

The Applied Software Engineering Cen{tdSEC) was created as a result of an agreement
between the Computer Research Institute of Montréal (CRiM)ix Canadian corporations
committed activein the developmenand maintenancef software for critical applications:
Bombardier, CAE Electronics,Keops Informatique, Lockheed Marti®erlikon Aerospace
andSpar Aerospace

An action had been undertaken in 1988 in the form of a feasibility study financed by 13
companies and th&ederal andQuébec governments, with the participation of the College
militaire de Saint Jearwhich confirmed the role and importance of software engineering in
improving the productivity and competitiveness of Canada's industr

Encouraged by these results, the studyods spo
aimed at creating a software engineering centre, the mission of which would be to assume a
leadership role the technological level and to assist industry, where suctpentise is

required, to improve theicompetenes in software engineering. In 1991, thdpplied

Software Engineering Centbeecame a division of CRIM.

ASEC was created to respond to an urgent need expressed by the industry in Canada, which
facing a challenge the outcome of which will be decisi&hough information technologies

have become an overriding factor of productivity and innovation in all sectors of activity and
although demand for more and more complex software has increased in aui@eatay, the

lags in terms of software development as well as the lack of qualified personnel are seriously
hampering our i ndustryds progression. l n th
product friability and system failure due to software bugs are innumerable. Even worse, in
certain critical applications, these problems can have serious repercussions on public security

or result in significant financial or social losses.
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The mission entrusted to the Applied Software Engineering Certvgisvide access tand

training inthe best software engineering managerial and technical solutions. Its target clients
compriss companies and agencies that rely on information technology to improve the
productivity and quality of their services and produ&SEC offers four main categories of
servicesservices related tsoftware engineering processch as software processsessment,
auditing of suppliersd cavarpnessoenavwtecanlogiestbgg advi
means of appropriate tdties, as well as implementation of and relevant support to specific
interest groupsASEC is also part of a network of similar centeebsidisedby the federal
government.

ASEC signedin December 1995 a eoperation and resear@dgreement with the Software
Engineering Institute (SEI) of Carnegie Mellon Universityn accor dance with t
international agreement, ASEC is not only ableuttiset he SEI 6s assessment
assess the maturity of the software process engineering, dutaisfer to industry in a more

efficiently way methods and technics permitting to improve software development and
maintenance practices.

Unt i | now, the fACapability Maturity Model 0o (
considerably its usage for the Frerggreaking community. Fortified by its strategic agreement

with the SEI, ASEC jointly with organisationsfrom France (CEGELEC, Dassault
Electronique, the French Department of Defence, Snecma Elecma and THo&&Epand

other from Quebec (Bombdier and HydreQuébec) as well as the federal and Quebec
governments (respectively I ndustry Canada an
Science et de la Technologie) the translation into French of the Capability Maturity Model
developed by the SEI. ASEC also participates in the creation of software Web site in French.

This Web site will comprise not only French translations but also information conceived and
circulated in French through all Frerspeaking communities.

3 Software Capability Models developed in Québec.

Since 1982 (Coallier 1995), Bell Canada has also been developing a Software Capability
Maturity Model to assess the processes of its telenaritationsystems suppliers in view of
reducing risks. Trillium is now part of the
Trillium insists on the selimprovement of software manufacturing processes as an approach
allowing to improve the quality and reliability of telecommunication systems and reduce their
operation and maintenance o st s . Thi s i S critical when c
telecommunication network depenais more than fifty millionlinesof code
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Trillum was developed by Bell Canada, Nortel and Bell Northern Research. Although strongly
inspired by the CMM Model, several requirements were drawn from the 1SO, Bellcore, IEEE
standards as well asofn the criteria related to theaitom Baldrige National Quality Award.

A major difference between the CMM and Trillium is thiae¢ latter contains key process areas
which varyon a fivelevel scale (road map) contitgrto CMM where each key process area
lies at one capability level only. The Trillum model also comprises practices that are not
covered in the CMM.

A FranceQuébec project, started in 1992, deals with the adaptation of the Trilium model and
with the creation of an evaluation method based on the-EBAnethod for use, namely, in

the information software sector. The project comprises mainly the translation in French of the
Trillum model, the addition of @ctices related to the information systems sector, and the
change of terms in order to be compatible as much as possible with the ISO 12207 Software
Life Cycle Process standard. The result is named the Trlamélia model. Some domains,

road maps, and practices have been added to cover more extensively the development,
maintenance and operation of information systems. They are: business prem@gaeering,
architectures, financial lifeycle analysis, data management, producengneering, and
opemtions. An evaluation method was created and embedded in a 3 to 5 day course. The
method is named Camélia. Within this method, a questionnaire of more than 100 questions,
based on the trilliur€Camélia model, has been created as a tool to have a first overview of the
maturity of the organisation evaluated. The TrillkGamélia model was tested both in Québec

and in France, in 1995 and in 1996. It should be published soon.

4 First Experiments with the Maturity Model

A first exposure to the software processessment methodology developed by the Software
Engineering Institute (SEI) was done in Montréal in the summer of 1989. Two members of the
technical staff of the SEI conducted a atay workshop aEcole PolytechniqueMontreal.

The workshop was attended by 50 persons. The participants came mainly frowe,defen
aerospace and finance organisatjoas both the private and public sectors. During the
workshop, the participants answered the SEI questionnaire, that was used to conduct formal
assessments (Hummy 1987). The questionnaires were compiked the results were that

93% of the participants to this workshop worked for organisations at the initial maturity level
(level 1) and the remaining 7% were at the repeatable level (level 2) of the maturity scale.
Although the assessment ofganisatons c cor di ng t o the SEI 6s app
far more stringent, these results remain nevertheless indicative of the situation prevailing at
that time.
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As a comparison, the United States conducted simitakstops and gathered data from 113
projects (Humphrey 1989). The assessment workshop results as of January 15, 1989, indicate
that the majority (86%) of the participants reported projects at the initial level (level 1).
Fourteen pecent (14%) of the participants reported projects at the repeatable level (level 2)
andone per centl(%o) reported projects at the defined level (level 3).

Following the tutorialheld at Ecole Polytechniquesome organisations decided to
conduct software process assessmerdsiraprovement activities. The following section will
presentorganisationsthat hae performed software processsessmentand improvement
activities

5 SomeSoftware Processimprovement Experiences in Quéec

The data published here have been supplied bgrinisationshemselves and not by ASEC,
since the latter has to respdoe ttonfidentiality of the assessments ddayetheorganisations
Moreover, we will only be discussing tleeganisationshat have undertaken the improvement
of their processs utilising either the CMM, a model, or arssessment method associated to
the software capability maturity model such as TriliuBecause of space limitations, process
improvement activities related to the ISO 9000 standard will not be discussed.

5.1  CAE Electronics - Fighter Aircraft Maintenance Group

In 1990, CAE Electronics, in collabation with Bombardier decided to go ahead in
performing a Softwar e Proassessment Astlroe. A gnoodpn t us i
CAE Electronics is responsiblerfthe maintenance of the software of the Canadian Armed

F o r dightersaircraft CF18 fleet. For this assessment, it was decided that the assessment
team would be composed of r erganisatomas wedl Bbsi ves f
representatives from the assessgdanisation The onsite assessment was performed in
February of 1991 and the action plan was published in September. The costs of process
assessment and improvement activities (Lambert 1992uamenarised below (Table.1This

division ha also performed, in collaboration with ASEC staff, in the summer of 1994, an
assessment using the new method developed byHie This method is called CBAPI

(Capability Maturity Model Based Avpraisalinternal Procestmprovement). We know that

the group responsible for the maintenance of the fighter airevaisassessed at maturity level

2, hence mastering all objectives of the 6 key sectors of the CMM. The assessment has also
showed that several objectives of level 3 were reached.
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Assessment traing and consulting cost: Cdr640,000
Labour:
Training 160 hours
Onssite assessment 240 hours
Action plan elaboration 500 hours
Action plan implementation 2,500 hours

Table 1: Assessment and Improvement Costs

5.2 Lockheed Martin Canada

In 1991, Lockheed Martin Canad@rmerly known as Paramax Systems Canadkgided to
perform an SEI assessment. Lockheed Martin Canada is an organisation mainly responsible for
the development of the Canadian patrol frigate's computer system. The 2 million ls@msrce

of code softwarewere developed by a large team of ov200 engineersgeographically
dispersed in Canada and in the United States. Since 1991 Lockheed Martin Raznadan
improving its processes using the SEI's CMM, TQM (Total Quality Management) and ISO
9000 principles.

5.3  Hydro-Québec- Automatisation Group

In 1993, four organisations performed SEI assessments. The first organisation is the province
of Québec's electricity supplier: Hyd@uébec. Its automatisation department conducted an
in-house assessment using the SEI question(idinenphrey 1987) This department, staffed

with 17 peopleat that time, isnainly responsible for the development and maintenance ef real
time embedded software that controls thetégad slectrical network.

5.4  Oerlikon Aerospace

The second organisation that conducted an assessment in 1993 is Oerlikon Aerospace (Laporte
1996b). This organisation is responsible for the production of adefénce antiank system.

The software engineering department, staffethwiver 25 people, is responsible for the
maintenance of the weapbrsoftware the command control and communicatieny st e mo s
software simulation software and instrumentation software. Thaitmassessment was done

in collaboration with the customer and the Applied Software Engineering Centre, in the spring

of 1993. The action plan was completed in Deceni893 and the process improvement
activities were initiated in January 199%he action plan aims at implementing within Oerlikon
Aerospace level 2rad 3 practices i n compgheioggansaionwi t h t
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planning a reassessment, in collaboration with the Applied Software Engineering Centre, in
1996.

Oerlikon Aerospace has also undertaken, in 1995, a systems engineering improvement
program. The effort was started by performing an internal assessment using the Systems
Engineering Capability Maturity Model (SEMM) (Bate et al., 1995) and the SEMM
Appraisal Method (SAM). A beta version of the systems engineering process has beszh defin
and pilot projects are being conducted. As pilot projects are using the new process, practices
are identified and incorporated into the process description. A parallel effort is also conducted
to integrate the systems engineering process to iheesoftware engineering process.

5.5 Montréal Trust (Scotia Bank)

The third organisation that performed an assessmém ldontréal TrustMontreal Trust has

been, since then, acquired by the Scotia Bank. Montreal Trust used ta Hfege of financial

and trust services. It administerassets of $64 billion. The esite assessment was done in
spring of 1993 and the recommendations were presented to management in fall of 1993.
Montréal Trust was assessed as a strong level 2vaadxpected to readével 3 by the end

of 1994.

5.6  CAE Electronics - Energy Control Department

CAE Electronics is the fourth organisation that performed an assessment in 1993. CAE
Electronics mainly develops and manufactures a wide range of military and civilian simulators.

In September, the Energy Control System Department, staffed with 90 software engineers,
performed an assessment of its processes in collaboration with a custéBenses the 1ISO

9000 standard as an objective and the CMM as a guide to implement practices compliant to
the 1ISO standard.

5.7 Hydro-Québec- Research Institute

The management responsible for the Network Technologies (DTR) of #ydr@ b e c 6 s
research institute (IREQ) has undertaken to improve riggsses in 1993 (Lafledrighe

1996) This initiative follows the basics of several development models, particularly the CMM.
At | REQ6s, the improvement is done by establ
of the requirements, the development plan and the typical mandate, related to software
engineering and system engineering fields. By the end of 1996, the DTR should ensure a
repeatable development process and be able to supply process descriptions and/or
documentary standards for each step of development, as well as umbrella actpitiasiing

and projecttracking, configuration management and quad$gurance support. It is also
foreseen to perform an assessment of the processes in 1996 and -dhialogh assessment
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in 1998. The DTROs imedpraess, i.ev @ level &ccdrding forthg a d e
CMM, by 1999.

5.8 IST Group

In 1994, the IST Group started a process improvement initiative using the S:PRIME
assessment method (this method is described further in this text). This initiative began by a
training session in 1994pllowed by a series of assessments in 1995 in Toronto, Quebec and
Montreal. An action plan was approved in May 1995. The initiative permitted to identify the
best practices, to complete their descriptions and tratiséen in other sectors. Eaclcsor

could customisethe practice to its own requirements. One of the objectives aims at obtaining
the 1SO certification in 1996.

59 Ericssonbs Tot al Business I mprovement Pro
In 1994, the company Ericsson undertook an improvement pro@viamafferi 1996) The

ISO certifications had been obtained in 1993. The initiative followed a reflection on the
challenges to be faced by companies waride. Following this reflection, it was decided that

the software <capabilities were among the coc
assessment wasalisedin Montreal by a team of experts belonging to the mother company. It

is interesting to underscore here that Ericsson conducted over twenty assessments on its
various sites. The assessment radthsed was very sirail to CBAIPI. Elements were added

to it, from the assessment methodrdeatl| €d @aHuc
that wee not covered by the method CBRI. The companydresees to conduct a second

CBA IPI assessment in 1991 will be using the S:PRIME method to assess the progress

made between two major assessments.

5.10 Canadian Marconi Company

Canadian Marconi Company (CMC) has a wide range of domains and applications, and the
domains are organised in buesss units distributed over a number of sites in Canada and in the
United States (Sayegh 1996). The objectives of the software process effort are: to address the
needs of all business units; to ensure-inuyom all entities; and to optimise cost effectiveness.

At CMC, software process improvement is managed as a project and a management steering
group provides oversight and verifies the progress of the effort. A process improvement
project is started by performing a CBA IPI assessment with accreditecdsSE$sors and
establishing a software engineering process group. A software process has been defined with a
minimum set of requirements addressing the needs of the business units. Each business unit
tailors the process by adding practices as
terminology, has been used such that processes are easy to use and unambiguous.

Page40



ISCN"96 Proceedings, Brighton, Metropole5 ®ecember 1996

In 1994, Canadian Marconi Company initiated its process improvement program. A first CBA
IPI assessment was performed, at the Montréal lsjtehe Applied Software Engineering
Centre. An improvement plan was developed and approved in April 1995.

5.11 R®g i -ealadlie dulQdédexs ur anc e

In 1996, the Management Information System (MIS) department internal to the Régie de

| 6 a s s-maladiendc ®uébec (RAMQ) decided to initiate an improvement program by using
the result of the Camélia project. The effort started by performing an assessment (Bistodeau
1996). Two assessments were conducted under the supervision of ASEC and the Treasury
Board of the Québec government: one for the development and the maintenance processes of
the information systems, and one for the operation processes. The first assessment evaluated
about 300 practices related to development and maintenance while the second evaluated about
150 practices related to the operations of information systems. The action plan based on these
two assessments should be completed by the end of October 1996. This action plan will be
inserted in the overall enhancement plan inside thedéf&rtment.

5.12 Bombardier- Mass Transit Division

In previous train systems, sslgstems were controlled through eleetnechanical devices.

They were developed and tested individually and then integrated on the railway car. Today,
not only subsystems are more complex, but they are controlled by software and they often
communicate between each other. Moreover, once defined, requirements are often modified.
This has led the mass transit division to define a software development process (Bélanger
1996) In addition, since many components are acquired through suppliers, subcontracting
management practices were defined. An assessment was also performed using the S:PRIME
method.

6 Process Related Activities

6.1 Montréal SPIN

Montréal is the host of a SPIN (Software Process Improvement Network). Essentially, a SPIN

is an interest group composed of software professionals from industry, government, academia,
professional organisations, and consulting agencies. The SPIN provides a forum for the free
and on exchange of information on software process improvement. The SEI provides some
support to the SPIN (Marchok)n fact, the SPIN in Montréal is part of an international

net wor k of i nterest groups cal | &etworkosSThé N f or
199% SPIN directory listed 42 U.S. and92nternational SPIN organisations. The Montréal

SPIN was founded in 1993. Its mission is to facilitate the understanding, the adoption and the
deployment of proven or innovation solutions for software procesoiraprent.Each year,
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the SPIN organisegvents such asutorials, workshopsand round tables. The SPIN is
affiliated to the Aplied Software Engineering Centrile meetings are generally held at
ASEC facilities. In addition, the SPIN benefits from the administrative services offered by
ASEC (e.g. mailing, reservation, accounting).

The cceoperation betwen the MontreabPIN, ASEC,the SEland the International Council

on Systems Engineering (INCOSE)vgarise to an irrnational symposium osystems and

sditware process improvemenentitled Vision96, wabeld in Montreal in ©tober 1996. This
symposium wagimed at gathering managers, professionals and contributors intervening in the
continuous implementation and improvement of systeamd ®ftware processes. It
represented uni que opportunity to perfect partici
sharing their experience and concerns on subjects such as investing, stakes, filskangro
international trends irprocess improvemen@ver 238 pesons from 10 countries attended the
symposium.

6.2  Software Engineering Standards Interest Group

ASEC also hosts an interest group that focuses on software engineering standards (GINIGL).
More specifically, this group is very active in the KSBPICE project (International Standards
OrganisationSoftware Procesdmprovement an@apability Determination (Paulk 1994b). In
collaboration with the interest group, ASEC participate the first field trials of this
forthcoming ISO standard, in 199Blore than35 internationabrganisationgarticipated in

these field trials, of which one took place in Quebklydro-Québeé s Aut omat i s a:
Department, i.e. 35 peoplgarticipatel to the field trials.An action plan was developed
following the assessment: it integrates both the concepts of the SPICE model and those of the
SE-CMM model (Systems Engineering CMM). The second SPICE field of trials will begin in
May 1996 and will last 12 months. Again, the GINIGL and ASEC will play a major role in the
co-ordination ofthe field of trials in Canada, Central America and South America.

6.3 S:PRIME Assessment Method

Since there is close to 500 small or medium businesses that develop software in Duealsec

felt that these organisations could not afford the resources of performing a CBA IPI
assessment angtill be able toset aside resources needed to address the findings of the
assessment. A CBA IPI typically requires around 1500 pemsons on the part of the
assessed organisation. Also, an organisation that dbawvetirhouse assessors must add the

cost of a certified assessor who will spend at least ten days in the preparation and the conduct
of the assessment. Therefore ASEC, in collaboration with industrial padegetoped a risk
evaluation method based essentially on the CMM key process areas. The method is called
Software: ProcessRisk Identification Mapping andEvaluation (S:PRIME). The result of
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S:PRIME assessmenbnsists in an identification of the risks tbeganisatioror the project

are faced withas well as in an identification of the CMM practices that should be improved or
introduced in theorganisationor project in order to preverthese risks (Poulin 1996). The
method typically takes 100 stdfburs to perform the assessment of an organisalane an
organisatiorhas been trained, it can perform by itself folopy S:PRIME assessments in order
to track action plan progression or identify other areas of priority.

The method consists in administering two questionnaires. A first questioisnaimewvered by
managers in order to identify their perception of the level of risk in their project(s). Seven risk
categories are addressed. They are risks related to: requirements, design and production, the
development environment, the development process, management, personnel, and external
constraints. The taxonomy of these risks constitutes the result of the work performed by the
SEI these past years. A second questionnaire is answered by practitioners assigned to the
assessed project(s). This queshaire addresses level 2 and 3 key process areas of the CMM
augmented with two practices: customer service and organisation culture. An algorithm
computes the expected value of the risk level for each risk category and each practice area.
Figure 1 illustrates graphical results generated by the software tool.
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Figure 1. Typical results of a S:PRIME assessment

So far, twenty two S:PRIME assessments have been perfaimégudch two in Chile and one

in France.The method has also been translated intenéim and Spanish. The method is
supported by a software tool in order to facilitate the capture, the analysis and the presentation
of the date gathered during an assessment. An action planning approach also complements the
S:PRIME assessment.

6.4  Personal Software Process

The Personal Software Process (PSP) is a framework for doing disciplined software
engineering. The PSRas developednder the direction divatts HumphrefHUMPHREY

1994 1999 of the SEI The PSP consists ictivities similar toseverhkey sectors of the

CMM. Essentially, PSP shows professionals how to use measurements and statistical methods
to plan and control their worldt also helps them to make accurate plans, to estimate the
accuracy of these plans, and to track their performahioey learn to define, evaluate and
improve a software process that is tailored to their own evolving personal needs. This helps
them to evaluate and progressively improve their own performance. CAE Electronics, in
collaboration with McGill University, ndertook a pilot study to see if the PSP could be
adapted to their organisation (Shostak 1996). Twenty eight volunteers participated in the
study. The approach was to provide the PSP lectures and then allow the volunteers to apply
the techniques in their job.

6.5 Risk Assessment for Investment Decisions

An organisation, Telsoft Ventures Inc., with a software venture capital of $78.2 million uses a
process maturity assessment as one indicator of risk level before making substantial
investments in organisans (Mayrand 1996). Other issues evaluated are: financial health,
technology created, market, technology and product maturity, and management maturity. A
first process maturity is performed before a decision is made to invest in the target
organisation. Then, once the investment is made a detailed process assessment is conducted,
and an improvement plan is defined and executed. A joint assessment, based on Trillium, is
performed. One of the goals, in performing a joint assessment, is to train the esmplbyee
organisation. The improvement plan usually starts by documenting actual processes. Then,
support and requirement processes and customer interfaces are defined. Finally, the
development process is formalised and formal reviews are introduceakssBesments are
conducted initially at 8nonth intervals.

Table 2 lists organisationgown by the author, thatre actively involved in software process
engineering activities. So far, most assessments were performed by large organisations, using
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the SEk approach. ASEC perfoad at leastfive SEI assessmentsince April 1994 and

expects to conduct another fire19%-97. Since in Québec the number of small and medium
organisations outnumbers the number of large organisations, we expect a growing use of
S:PRIME method. Finally, since it is expected that SPICEbgibme and ISO standard in

1998, t is possible thabrganisationschoose to wait two or three years before deciding
whet her to adopt this type of a&salsopessident or
that the SEI decides to map itsaturity modelto the SPICE framework. It is worth
mentioning that the SEI is collaborating to the development of a System Engineering
Capability Maturity Mode(SE-CMM). This CMM is usinga framework nearly identical tine

SPICE framework for the mapping of maturity lev@siteet al.,1995)
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Organisation Sector Year |Activity
CAE Electronics and Deferce 1991 | SEI- SPA(1)
Bombardier
Lockheed Martin Canada Deferce 1991 | SEI-SPA (1)
Hydro-Québec Utility 1993 | Internal assessment
using CMM
Oerlikon Aerospace Deferce 1993 | SEI-SPA (1)
Scotia Bank lflontréatTrusf) | Finance 1993 | SEI-SPA (1)
CAE Electronics Energy Managemer 1993 | SEI- SPA(1)
Hydro-Québee IREQ Utility - Research | 1994 | Internal assessment
using CMM
Ericsson Telecommuni 199 | SEI- CBA IPI (3)
cations
CAE Electronics and Deferce 1994 | SEI- CBA IPI(4)
Bombardier
Canadian Marconi Company | Deferce 1994 | SEI- CBA IPI (4)
M3i Network 199 | S:PRIME (5)
Management
Hydro-Québec Utility 1995 | SPICE
Automatism
IST Group Information 1995 | S:PRIME
Systems
BombardierMass Transit Transport 1995 | S:PRIME
Division
CRIM Research & 19% | S:PRIME
Development
RAMQ Information System{ 1996 | Camélia (6)
Note: 1. SEI- SPA: Software Engineering Institute Software Process Assessment

with third party.
2. Internal assessment using CMM conducted without participation of third
party.
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3. SEI-CBAIPI: SEI- CMM basedassessment: Internal Process
Improvement with third partyogether with additional jcctices

4. SEI- CBAIPI: SEI- CMM basedassessment: Internal Process
Improvement with third party.

5. S:PRIMESoftwareProcessRisks|dentification,Mapping ancEvaluation

6. Camélia: Based on Trillium with practices for Management Information
Systems

Table 2: Software Process Activities in Québec

6.5 Software Engineering Management Research Laboratory

This laboratory is located at lted bynprofessors i t ®
Alain Abran. Its mission is to develop, for our software engineering community, the analytical
models and measurements instruments to enable them to improve their dwuaisiog
processes in order to meet their business objectives. The laboratory is funded partly by Bell
Canada and the National Research Council of Canada. One field of research is the
development of an evaluation and improvement model for software maintenance processes
(Zitouni 1996). The model is largely inspired by the KAMor software. Since the CMM is
heavily developmenbriented, it does not necessarily apply to maintenance. The project will
identify, describe, structure and model the components of the proposed model and insert them
in a CMM-like structure. The present version of the model is composed of 21 key process
areas, 63 goals and 312 practices spread from level 2 to level 5. It also includes a glossary of
112 words specific to the maintenance domain.

7 Lessons Learned

These assessments enable us to leantain lessonsKely to be used by other organisatianms
companies in the future.

Lesson 1: Set Realistic Expectations for Senior Management

Appropriate expectations must be set prior to embarking on a process improvement journey.
The trap consisting in communicating to management the idea that the initiative will be easy,
fast and inexpensive has to be avoided at all costs. As a first step, a top management member
realises the benefit that attaining a maturity level can represent for his orgadisation
competitiveness. As second step, a project manager or an external consultant states, in order
not to upset the top management, that this objective is easily attainable. As a third step, top
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management gives managers the mandate to attain this objective in a very short lapse of time.
During the assessment, the managers face countless a string of findings. Findings that had been
known by developers for a long time, but remained ignored due to the mode of management
that consists in dealing continuously lwthe problems creatdde. fighting fires) in a clumsy

way at times, by managers. Top management, that had maybe already announced its objective
to its peers from other organisations, realises suddenly that this objective will take a lot more
time and resources than what had been estimated. At that time, three reactions are possible.
Top management may accept the findings and confirm that it will continue to support the
objectives announced. It may announce discreetly that it will be lowering its eégedtinally,

it can deny everything and renounce to implement an action plan to correct the deficiencies
highlighted by the assessment. This decision could have a destructive effect on developers,
since they know for a fact that the deficiencies they had been deploring for a long time are now
known by everybody and will remain ignored for a long time.

The lesson to be remembered is to prepare a first action-pgame sort of a brief appraisal

of the situation status preferably by someone who istriavolved in the sector targeted and

to assess the time and resouroesessary to assessiagd writing and implementing the

action plan. One has to remember top management does not like bad surprises. Moreover, it is
better not to proceed to an assessment if it is not intended to deal with the findings. As a
matter of fact, once the problems are identified and publicised within the organisation, if the
management decides not to act, it then sends a very bad message to practitioners.

Lesson 2: Secure Mnagement Support

A second lesson for CMM level tirganisations consists in realisinat the assessment

findings target the deficiencies of project management processes. It is necessary to create an
environment where the management is ready to invest in the implementation of processes
rat her than blame its manager s; in other wo
process, not the peopl eo. This is one of t he
senior management representatives so ttiey can show understanding and full commitment

when these findings are publicised within the organisation.

Beside senior management by it is essential that middle management and first line
managers become champions of the process improvement probinendevelopers must
receive very clear signals announcing that the changes advertised will be implemented and that

they themselves will have to adopt new practices.

Lesson 3: Establish a Software Process Engineering Group
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The Software Capability Matuity Model suggestshe formation of a Softwar&ngineering
Process Group (SEPG) foryaorganisation heading toward leve(Rowler, 1990. Even for a

level 1 organisation it would be better that a smalumber of persons becomes active in
process activities a couple of months before thsitnassessment. The SEPG should take this
time to familiarise itself with the Capabilty Maturity Model and associated process
improvementmethods andools. Ideally, in a large organisation, there should be ongérhél

person on the SEPG while the other members could be assigned ortim@édsis. Beside

their technical competencies, the members of the SEPG should be selected based on their
enthusiasm for improvement and the respect they have within the organisation.

Lesson 4 : Start Improvement Activities soon after an Assessment

With regards to the development of the action plan, the organisation should capitalise on the
momentum gained during the assessment period. The organisation does not have to wait for a
completed action plan to start process improvement activities. Some improvement activities
can begin soon after the completion of thesia assessmenthe implementation of certain
improvements is an important motivation factor for all members odithenisation

During the assessment, it is recommended to collect both quantitative and qualitative data (i.e.
indicators) which will be used later to measure the progressalised One could obtain data

on non respected budgets and schedules, or needbar degree of satisfaction of the
customers regarding product quality level. Since senior management will have made
investments, it is very appropriate to be able to demonstrate that these investments have been
profitable.

Lesson 5 : Train all Users of the Processes Methods and Tools

Once the processes defined, it is essential to train all users. Otherwise, all related documents
will end up getting dusty on shelves. It is illusory to think that developers will study, by
themselves, new processesaiidiion to their work load. faining sessiom also servas a

message that therganisationis going ahead and will require that its developers use these
practices. During the training sesspn i t is necessary to indicat
good will, errors are bound to happen while using new practices. This will help reducing
developersé | evel of anxiety in their wusing
resourceperson be available to help developers when the latter face obstadles w
implementing new practices.

Lesson 6 : Manage the Human Dimension of the Process Improvement Effort
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The author also wishes to make the reader aware of the importance of the human dimension in

a process improvement program. The people responsible for these changes are often extremely
talented software engineering practitioners, however not too welpps in change
management skillsThe reason for this is simple. During themining, they focused on the

technical dimension and not on the humapeat. However, the major difficulty in the whole
improvement program is precisely the human dimension. Also while preparing the technical

part of the action plan, the change management elements have to be planned (Laporte 1994).
This implies, among other things, a knowledge of (1)ahe g a n i kistoty with neGasds to

any similar efforts, successful or not , ma d
motivation factors; (4) the degree of emergency perceived and communicated by (a) the
management(b) theor gani gasi@eomb6sand (c) the management
is convinced that the success or the failure of an improvement program has more to do with
managing the human aspect than managing the technical aspect.

Lesson 7 : Process I mprovement Requires Addi
In an organisation that truly wants to make substantial gain in productivity and quality, a major
cultural shift wildl have to be managed. Such

skills. The profile of theideal software process facilitator is someavith a major in social

work and a minor in software engineerifithe implementation of processes implies that both
management and employees will have to change their behaviours. With the implementation of
processes, management will need to change frr
participative mode. As an example, if the organisation truly wants to improve its processes, a
prime source of ideas should come from those who are working, a@aily basis, with the
processes, i.e. the employees. This implies that management will need to encourage and listen

to new ideas. This also implies that the decision making process may have to change from the
autocratic style, e. g. A do what you are to
i deao. Such a change requires support and ¢
aut hority of the manager who has to change
should change fromei ng t he technical Afheroeso that c
and unheard in management 1issues to work in
make improvement.

Also, the first few months of the introduction of a new process, a new practice or a new tool,

both management and employees must acknowledge that mistakes will be made. Unless a clear
signal has been sent by management and a fs:
situation, empl oy ees Theirdsdlt is thatinat enly the drgaresation mi st
will not learn from them but other employees will make the same mistakes again. As an
example, the main objective of the inspection process is to detect and correct errors as soon as
possible in the software process. Management has to accept that in order to increase the errors
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detection rate, results from individual inspections will not be made public, only composite
results from many inspections (e.g. at least ten inspections) will be made public. Whee this rul
is accepted by management, employees will feel safe to identify mistakes in front of their peers
instead of hiding them. The added benefit to correcting errors early in the process is that those
who participated to an inspection will learn how to avoid these errors in their own work.

Facilitating such a change in behaviours requires skills that are not taught in technical courses.

It is highly recommended that theeqple responsible for facilitating change be given
appropriate training. The author recmends a course given by the SEI, the title of which is

i Ma n aTechnofpgicalCh ange o . For lack of such a cours
two books that may facilitatthe management of changthe first one (Block 1981) gives
advisedo anybody acting as internal consultant; the second one (Bridges 1991) gives the steps

to be followed for writingand implementinga change management plan.

8 Conclusion

The Software Engineering Institute's Capability Maturity Model as well as Trilium and SPICE
models have been used successfullysbgneorganisations in Québec to conduct assessment

and to put in place process improvement programs. As more organisations perform similar
activities we should be in position to verify if these activities will have an impact on software
productivity andon organisationd pr ofkitrmdlilly,t yl et s r emember t
process includes a human dimension which, at times, has a bigger impact than the
technological dimension, should it be neglected during theawement phase.
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Introduction

The objective of this paper is to encourage the mutually beneficial cooperation between software and systems
development organizations of Hungary and otbeuntries. The Strengths, Weaknesses, Opportunities and
Threats (SWOT) are analysed from the perspective of the possible exploitation of achievable financial,
operating, marketing, and production leverages with Hungarian software firms. The benefits for cooperating
partners are the following for example: highly educated workforce, cultural proximity, relatively low cost.
Nevertheless, cooperation is difficult to initiate because of perceived threats arising from the former neglect of
the development of a glity culture. This paper highlights the emerging trends in the Hungarian quality scene,
and introduces a new opportunity for establishing mutually beneficial cooperation projects. The idea is to make
use of ISCN as a coordinating agent with the role of assessing and improving the quality systems of potential
Hungarian partners, reducing in this way the risks of other partners to cooperate with them.

In the following we give an overview of the Hungarian information technology market in general and the
software market in particular in order to introducing the environment in which Hungarian software firms are
operating. A short SWOT analysis of Hungary in the software development area is presented next, followed by
the results of a survey of the quality awareness of Hungarian software producing firms.

The Information Technology Market

Size of the Hungarian Information Technology Market (1993)
US$ 610.4M

Relative Size of the Submarkets

Figurel.
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Hardware Installations (1994)

Figure 2.
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The dominance of DOS based PC6s is primarily due

market penetration was determined by the past CoCom restrictions on the transfer of high technology.

Driving Forces of the Market

Figure3.
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The Software Market

Estimated Revenues of the Hungarian Software Industry from th&oftware and Services
Market (1993)
US$ 112.2M

Estimated Relative Revenues of #h Hungarian Software Industry from the Submarkets
of the Software and Services Markgr993)

Figure4.
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Estimated Relative Revenues of the Hungarian Software Industry from th8ubmarkets
of the Packaged Software Mark¢1993)

Figure5.
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Estimated Relative Revenues of the Hungarian Software Industry from th8&ubmarkets
of the Professional Services Markét993)

Figure6.
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Estimated Export Revenues of the Hungarian Sitware Industry from the Software and
Services Marke{1993, forecast for 1995)

1993: US$ 25.5M 1995: US$ 32.9M

Dynamics ofExport Revenues of the Hungarian Software Industry from theSubmarkets
of the Software and Services Markgt993, forecast for 1995)

Figure?.
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The growth of packaged software exports is due to the emergence of new technologies requiring relatively low
investment, like CD ROM applications.
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The growth of professional services is a natural phenomemompanying general recovery and the
accumulation of professional experiences.

The former magnitude of body shopping was a consequence of one of the weaknesses of Hungarian industry:
the relative lack of local managerial skills and experiences. The difficulty of finding enough managers to
handle large projects locally, made body shopping the only mutually profitable possibility for foreign firms to
exploit the highly educated but low cost workforce. Attempts to resolve this problem by temporarily igvolvin
foreign experts often lead to strong dissatisfaction because of recommendations ignoring local conditions. A
successful and also mutually profitable solution is a joint venture where local technical knowledge is combined
with foreign managerial experience on a long term basis. An alternative or complementary path to success is
large scale investment into management related training including quality management.

Driving Forces of the Market

Figure8.
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SWOT (Strengths, Weaknesses, Opportunities and Threats) Analysis from
the Perspectives of the Four Possible Levers of a Firm

Levers are means used by a firm to multiply its resources. It is fundamentally the use of levers which can be
accounted for the differences in profitability among firms. The four possible levers of a firm are the financial
lever, the operating lever, the marketing lever, and the production lever.

Hungary, as one of the emerging economies in Central Europe, has a number of general stobundjtits én

highly educated workforce able to assimilate new skills rapidly, and able to produce high quality goods at
relatively low cost for export. For the same reasons R&D capacity is high as well. Large projects mean new
opportunities for both foreign and domestic ventures. These projects are becoming urgent because of the limited
possibilities of the earlier economic system.

Operating leverage is the relative change in profit induced by a relative change in volume. Because of the low
operating costshe Hungarian software industry has a high operating leverage, by consequent it can generate
more profit than its less leveraged competitors as soon as its volume reaches a given level.

A weakness, already introduced in the previous section, is the relative lack of local managerial skills and
experiences. This problem has impact on both the production and marketing leverages.

Production leverage is the rate of growth of profits resulting from cost declines. Production leverage can only be
achieved if manageemt is able to properly organize production. Quality management is an important part of
this organization.

The two main ingredients of marketing leverage are higher prices and innovative distribution. The achievement
of any of these goals requires advanced market management skills.

As far as production and marketing leverages are concerned, Hungary is making efforts in training managers to
the necessary skills that were unheard of in the former economic system. The possibility of making use of
financial leverage, that is having and exploiting debt capacity, depends on the advent of general economic
recovery and lower inflation, which is a rather letegm process.

Quality Awareness in Hungary

The general Hungarian Quality Scene is best characterized by the increasing numbe3Qdfd ®ertifications
depicted on the figure below.

Figure9.
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Up to now however, there are very few software development organizations which have achieved 1SO 9000
certification. We have infanation about some of them being in the process of developing their quality systems.

As far as the capability maturity of software development firms is concerned, we assessed some software
companies with the help of the BOOTSTRAP software process assessment methodology which is the market
leader in Europe. According to our assessments, the maturity levels of assessed software producing units were
between 1.25 and 2.75.

In order to getting a broader picture of the quality awareness of the Hungarian softiuestey, we created a

short questionnaire. Companies were asked to reply voluntarily and anonymously. Completed forms were
forwarded to us by various means (Internet, fax, mail). The replies received were statistically analyzed.
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88 percent of respondents knew about ISO 9000 standards, 38 percent knew the BOOTSTRAP methodology. A
few have heard about CMM, SPICE and TicklT methodologies and standards, other methodologies were not
well known. The demand or requirement for formal certification has not becbwieus yet. The majority of
respondents (8%) does not or rarely requires formal certification to 1ISO 9000 from their subcontractors.
Usually they are not required to have formal certification as a subcontractor, either. At the same time, the
majority of respondents feel the need for the formal certification of their quality management system. Some of
them are planning a certification or are currently undergoing one. The initiations of quality management are
present almost everywhere.

The second half dhe questionnaire is directed towards the specific areas of quality management. Questions
are asked about the level at which processes of a specific area are accomplished or the existence and level of
detail of certain documents. Answers could be chosen from a range of four levels. Results are of course not
precise enough to conclude at some general maturity level, but are satisfactory to make comparisons between
awareness in the various quality areas. The following chart shows the results of this panuégtionnaire.

Level 1 means, the process or task is not performed or the documentation does not exist, level 4 means that the
process is fully performed and the documentation is complete.

Figurel0.
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The coordinating role of ISCN

ISCN is an lIrish firm whose key asset is a pool of experts who represent a wide range of approaches and
methodologies allowing a synergetic combination of the skills most suitable to the specific requirements of its
customers. ISCN is bgonsequent well positioned to vitalize a coordination model where mutually beneficial
and reduced risk cooperations could be established with Hungarian and other Central and Eastern European
software developing firms.

The coordination model is based on the following process:
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- ISCN cooperates with the Computer and Automation Institute of the Hungarian Academy of Sciences (MTA
SZTAKI) in establishing an expert skill database across Central and Eastern European countries using a
Procedure Quality Manual faertifying experts.

- MTA SZTAKI uses the expert pool to evaluate the capability of Hungarian and other Central and Eastern
European firms and to register those who have a capability maturity level above 2.5. This means a satisfactory
level of cooperation risk for partners who may also obtain more detailed maturity profiles if necessary and
agreed by all parties.

- ISCN and MTA SZTAKI promote the outsourcing cooperation and support the establishment of the
corresponding contracts.

The above model makes ibgsible to exploit the opportunity of higher production leverage for Hungarian and
other Central and Eastern European firms and of higher operating leverage for partner firms.

Conclusion

The maturity level for quality software development of Hungarian firms is changing rapidly. ISCN is ready to
play the role of coordinating agent in establishing mutually beneficial and reduced risk cooperations with
Hungarian software developing firms.

Even though most of the analysis concerned Hungary only, it is claasithilar processes are going on in

most Central and Eastern European countries. In order to satisfying the specific needs of its customers, ISCN is
also ready to mobilize its relationships in these other countries with high software development potential.
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Abstract

The Siemens Process Assessment has been presented

Maturity Model (CMM) of the Software Engineering Institute (SEI) [3]. The focus of this paper is on the

connection between results of the asseessment and the succeeding improvement program.

The following topics will be discussed:

1 The structure of results which come out of an assessment includes an action portfolio which is an
important link between assessment angrovement.

9 Six basic aspects for successful improvement programs are explained. The first one is to manage an
improvement program as a real project.

1 Finally experiences with improvement projects will be discussed. Seven improvement rules are listed to
successfully bridge the gap between assessment and improvement as well as to role out improvement
measures within an organisation.

Introduction

The Application Center Software is part of the Siemens Corporate Research and Development located in
Munich. Our nain task is the enhancement of the quality and productivity of, SBystems and
Construction Engineering within Siemens divisions and Siemens Operating Companies world wide. The
focus is on the underlying processes, the quality
Main products of the Application Center Software are the Siemens Process Assessment and the support and
coaching of process improvement programs within Siemens divisions.

The Siemens Software Process Assessment which has destoped by ACS has been presented in detail

at the ISCN'94 [6]. It is based on the SEI Capability Maturity Model (CMM) and the BOOTSTRAP results.
Furthermore 1SO 9000and special comparrglated aspects are considered [1,2,3,4,5]. By the Siemens
Process Assessments an overall maturity level is computed for reasons of international compareability and
for setting global goals. Main effort is spent on

1 elaborating detailed profiles and descriptions of strengths and weaknesses throughout 23 key process
areas,

deriving recommendations for improvement actions,

clustering, priorizing, classifying, scheduling the recommendations to generate a stable basis for an
improvement program.

f
f

1 postal address of the author: Siemens ZEE T ACS, OtteHahn-Ring 6, D81739 Munich, Germany
phone: ++ 49 89 63646470, fax: ++ 49 89 63@14424.
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Departments:

Application Center Software A Evaluation of
processes and
architectures

Azl A Optimization of
Strengthening of both the market position and the innovative processes and
capability of these business fields for which software is of architectures

strategic importance.

Goals
about 40 employees in

A Optimization and Innovation of development and Munich and Erlangen

engineering processes
A Evolution of system architectures
A Giving support to the improvement programs in the business fields

Range

A Assessment and improvement techniques for processes of the system and plant
business

Assessment and improvement techniques for system architectures
Risk assessment and solutions for critical projects
Just in time training programs

To Do o

Figure 1: Profile of Application Center Software

The focus of this paper is on the support of the Siemens divisions when they start and perform their
improvement programs and on the experiences with the coaching activities. Based on the structured
recommendations from the assessment the Siemens division starts an improvement piughans w
coached by improvement managers of the Application Center Software. Steps for starting an successful
improvement program are:

to identify the strengths and weaknesses of the Siemens division,

to structure the recommendations following identified potentials,

to build manageable clusters of activities,

to define a measurable, realistic and motivating goal of the improvement program,

to provide strong support and visible sponsorship by the (senior) management,

to start the improvement program by a kafkmeeting.

=A =4 =4 -4 -8 A

Action Focused Assessment Approach

The Siemens Process Assessment approach is put under the umbrella of the Siemans topi at i ve (6t i

optimized processesb) [ 8] . Goal of this initiative |
company for reaching top positions on the global market. For details of the Siemens Assessment Approach
see [8].

The main focus of the Siemens process assessments is on process improvement. The process improvement
measures are closely connected tdieitly declared needs, requirements and business goals of the assessed
organisation. Therefore 23 key process areas (see figure 2) covering the main aspects regarding
organisation, process, project management and engineering have been defined in order to be able to give a
complete, detailed and structured result to the assessed organisation. The key process areas define the scope
of the improvement measures. In the following, we will explain the most important items of final result
reports given to the asssed organisation as well as to the assessed projects. The assessment results of the
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projectsbé processes (esp. findings and recommendat i
organisation by making them anonymaus.

organization project engineerin
and ressources management g 9
*  organizational structure Project planning *  requirements
*  training *  project tracking and management
*  communication oversight *  design and
* technology *  quality assurance architecture
management *  configuration management *  coding and
* interfaces to marketing  Subcontractor management realization
sales and service * risk management *  construction
*  quality management engineering

* integration and
system testing
* interfaces to

definition and maintenance g;%iﬁ@nénd
O NG PIOBESS installation
acceptance testing
process definition *  operation,
process measurement maintenance and
*  process improvement service

Figure 2: 23 key process areas of the Siemens Process Assessment approach

For each key process area a detailed strength and weakness profile (see figure 3) shows the maturity and the
improvement potential. Specific findings and recommendations for each key process arearadetteihe
requirements of the organisation and listed in the final report.

The measures (usually about 50) are listed in a measures catalogue. They are connected with a priority (A,
B, C), estimations of the effort needed to realize the recommended action and a time frame on the
realization / implementation of the recommendations. The priorization and the estimations are done by the
assessment team. The assessment team usually consists of two assessors of ACS and additionally up to two
assessors by thesessed organizatich.

Additionally special criteria (e.g. action is relevant for ISO 9001 certification; action is relevant for
reducing timeto-market) depending on the assessgdanisationand on its goals help to define an
organisation specific dimension for defining the improvement program (see figure 3).

2Making the results of the pr oj e cdtmpae theprojects enskeys eval u.
process area level. A direct comparison is not beneficial to a motivating and constructive atmosphere

between the colleagues in the projects which are in the same boat when they are going to improve their
processes.

3 Each assessor have to successfully pass a CMM training and a training on the Siemens Process
Assessment. Both trainings are led and done by ACS.
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Quality Assurance
Process :

“ Legend: A The project leader sho|

2s otential to prepare a Quality M
2 has to be considered.
. ctual maturity level - A The project leader cont
configuration managen|
d The quality assurance

“ . should be under config|
i  Strength-/Weakness - Profile| ..

Maturity Level

high

priority of the
proposed measures

impact of measures
for business goals

high

I Action portfolio

Measure Priority
d Installation of a feedback process A
d Introduction of reviews for customer requirements documents A
d The project quality assistant should review th quality assurance plan B
d The project plan should contain the quality assurance plan incl. resources A
& Measures for Quality Assurance

Figure 3: 3 steps during the assessment towards an improvement program (e.g. key process area
6qual ity assuranceb6)

Naturally, overall maturity | evelosr gfamri staté opi68j @ato(
given. The overall maturity level is in generand especially for the managergery helpful but not a key

result when the organisation wants to improve its development process. The improvement is not based on
the overall maturity level but on the recommendations of the assessment team which are derived from the
weaknesses and which are in line with the needs and goals of the assessed organisation.

To come to an higher level of abstraction and a condensed view of the measinekey process areas

clusters are defined which cover a number of interrelated measures. We call these clusters action clusters.
Usually about 10 action clusters are agreed between the assessment team and the management of the
assessed organisation. They play a key role in this phase of the Siemens Process Assessment. Action clusters
are mainly built by clustering some key process areas. For instance, action @tgatésationinclude

measures belonging to the key process aoeganisational structug, communication training. Action

clusters can also be built across the borders of the key process area columns (we call them key process
themes). Each recommendation is located in no more than two action clusters. Experience has shown that
two action clusters sufficiently consider the impact of a measure on the improvement program.

The action clusters are positioned in a portfolio which expresses the necessity for implementing measures
belonging to an action cluster (see figure 3). Two preconditions Ineustet to build the action portfolio:

first, the measures are priorizedone dimension and second, the managers give their input to the
importance and impact for their business when measures of an action cluster will be implemented in the
organisation the other one dimension.

The action portfolio shows the connectivity between the ranking of action clusters by the assessment team
and the ranking of action clusters by its management considering the goals of the business, the vision and
the strategy oftte assessed organisation. The action portfolio is used as a filter to identify actions with
highest benefit and impact on succeeding improvement projects (see figure 4) .
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$ strengths and weaknesses
of assessed projects and
organization (process)

work packages

[ action portfolios i
AT
A=
— ol —= ~
(@) /|)//

catalogues of measures
Figure 4: The action portfolios are a filter for the definition of the work packages.

Improvement program - improvement project

The work packages are a very sound basis for a succeeding improvement program. They include actions
which have the highest impact on the process improvemdtar. having the work packages defined the
improvemet program has to be managed as a project to be successful. This means that

1 a project leader has to be appointed,

9 adequate resources, budget, and time have to be available for the improvement project,

1 mentors for the work packages have to be nominated (mentors are senior managers with a very visible
and strong support for the improvement project, e.g. open door policy, capability to make and support
decisions in accordance to the goals of the improvement project),

1 a measurable goal for the whole projectdefined and is agreed by the project team (process
improvement team) as well as by the project board (the process improvement board controls the
improvement project and supports decisions that influences the process in the organisation; the mentors
mentiones above are members of the board),

1 planning of the project must be based on the agreed goal and on estimations about size of work,

1 and finally, it is highly recommended that results are measured.

Let me pick out one of these factors: a very importanbfdor the success of an improvement project is the

visible and strong support by the senior management. Senior management should follow an open door

policy, should provide not only mental support but strong financial and a-bble¢p-decide support.

Experiences from our improvement projects show that this point is often underestimated and as a

consequence to this high effort is spent with only minimal result and/or frustrated team members.
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mentors:

managers who decide on actions regarding the
improvement program and give strong impact on the

program
A to decide on the strategic goal of the A to be the head of the improvement

improvement program program / project ("own the change")
A to nominate the change agents A to inform all people involved in the

program / project about its content and
progress

A to show continuous and visible interest

A to support change agents when they solve
the problems

A to make available needed resources

A to authorize the process improvement
program / project

Figure 5: Mentors have an important role during the improvement project

This sounds comprehensible and very easy to implement. But in daily work, the view of the managers is

directed to operational goals. Improving the process is not a short term goal for the company. Thus many

conflicts appear when they themselves nominated to a mentor. Let me list some examples:

9 cost reduction vs. increasing quality costs (quality is not for free),

9 customer visit vs. meeting with the improvement board,

1 reducing number of organizational instructions vs. fixing documented procedures,

T foll owing planned projectds schedules vs. training
It is obvious that not all conflicts can be solved following the improvement project. But the managers should

be aware of their arguments why they decide for or a

Structure of improvement projects

Improvement projects usually follow 4 phases mentioned below:

1 planning of the project,

9 definition of goals and pilot applications,

1 piloting the selected projects and

1 roling out established procedures which areadticed in the selected pilot application throughout the
whole company.

A to define goals of the A to show status quo A to train A 80 modify process
improvement project A to modify A to realize and to ocumentatlon

A to start the procedures and coach procedures A to train
improvement project makle tt)rllem in pilot projects A to realize optimized

A to build the process available A to measure results, procedures in
improvement team A to select pilot to give feedback departments

A to plan working projects and t%optlmlze A to measure results and
packages in detail A to plan pilot procedures to control progress

applications A to prepare role out
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Figure 6: 4 phases of an improvement project

There are three options for the participation of the Application Center Software (ACS) in business field

specific improvement programs at Siemens:

1. Especially large organisations with sufficient qualified resources are able to plan and implement a
program - sometimes- without external help. In this case a deadline for reaching substantial
improvement goals is fixed and a reassessment fakes after this time. The reassessment is usually
asked for by the organisation itself.

2. In other organisations there is often a lack of knowledge about special topics where weaknesses have
been identified in the assessment. In this case the ACS has standard concepts available for some topics
which can be adopted to organisation specific requirements and can be introduced quite fast (e.g.
configuration management, formal inspections, risk management, QA for external deliveries, defect
prevention, project pinning and tracking, requirements management, metrics). This also includes just
in-time training and coaching activities. For other topicsogeration with technology deparmtens of
our central research labs is available.

3. For smaller organisations the availability of resources and expertise for an improvement program can be
a problem. In this case the whole program is planned, managed and realized by ACS.

Experiences with Process Improvement Projects

Up to now more than 70 predhysSienmenasdProgessdssessnems Fohnaoste been
of them an improvement program started soon after the assessment has been finished. The following
branches (examples) are covered by assessments as well as improvement programs:

telecommunications (switching, mobiles, devices)

power supply and power distribution

automation

traffic systems

medical systems

automotive control systems

installation systems

air control systems

workstation development (operating systems)

The assessments have taken place at companyrsidestria, Brasil, France, Germany, Italy, Switzerland,

U.K. and USA.

= =8 =4 -4 -8 -8_-4_-9_-9

Regarding the improvement projects which succeed after an assessment we have made the following
experiences:

+ The improvement project should be started immediately after the assessment has been finished.

If the time slot between the assessment and the improvement project is too large the motivation to start
decreases dramatically because of daily work is getting continuously more important. The management has
to be convinced once agaia $upport strongly the improvement project. We try to start the improvement
project by a regular kick off meeting within at least two months after the assessment has been finished.

+ Detailed results of an assessment are a sound basis for an improvement project.

The number of recommendations elaborated during the assessment are typically quite high @boat 50
measures depending on the number of assessed projects). This seems to be a disadvantage according to the
acceptance of the overall assessment résiilit comes the other way round. Because of the action clusters
which are proposed by the assessment team and which are agreed by the management of the assessed
organisation the recommended actions can be presented in a more compact way.

A rough planning of the improvement project during the assessment (typically at the end or after meaures
have been settled) also increases the acceptance and willingness to improve and also supports the existing
motivation of the employees to start an improvement prajetime. This motivation is based on the action

focused approach of our process assessment.
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+ Participants of assessments support the improvement project themselves.

The employees who are directly involved in the assessment have the possibility to propose improvement
activities and measures regarding their own work environment. These improvement proposals are directly
put into the results of the assessment. They clearly see the advantages of improvements and of activities
which overcome barriers and makents easier. The more extensive developers are interviewed the higher

the acceptance of the recommended improvement activities is.

It is helpful to involve in the process improvement team (project team of the improvement project)
colleagues who have been participated in the assessment, champions who have deep technical experience
and expertise as well as opinion leaders who are key persons for getting wide support within the
organisation.

+ Success has to be measurable.

The improvement project is successfuthe improvement actions which are realized lead to significant
increase of efficiency in daily work. This means that every person involved in a pilot project at least must
get the feeling (measurable?) that his work can be done more efficiently caused by the improvement actions.

* increasing the maturity level of 0.75 ﬁ
during a 18 month improvement project Je-
Initial _

effect: back to profit

¢ planning and controling of versions every 6 months

high predictable quality regarding system releases and costs
increasing the quality leads to higher acceptance in the market

new product generation introduced in time at an important exhibition
passed ISO 9001 certification

(o O N

improvement key issues:

¢ process definition and process improvement

¢ project planning, project tracking and oversight, risk management
¢ requirements management, test phases

¢ quality assurance, configuration management

Figure 7: Example of an successful improvement project within Siemens.

The success of the whole improvement project has to be measurable (e.g. ISO 9001 certification passed) (see
figure 7). A measurable goal for the improvemprdject has to be defined (e.g. reaching level 3 within 24
months; measured by an-assessmentreduction of test cycle time by factor n, reduction of development

costs to n DM, reduction of error rates after delivery fewer than 50 dpm (defects per million); the last 3
goals could be measured by introducing a metric system).

But metrics in general is a problem. Often the organisation does not have collected data correctly and
completely for a goal leading approach. A clearly defined connection betweén ajodne company
(strategic goals, operational goals) and goals of the improvement project must exist. This is a base for a
guantitative tracking of the success of the improvement project.

+ External coaches help to speed up the projectods

pr

The i mprovement managers of the ACS are considered

or when they manage improvement projects in Siemens divisions. It is helpful to have external coaches
because they are not integrated in daily work and in prablef the organisation. Additionally they have

the possibility and acceptance to gap bridges between established groups of developers in order to come to
agreed results and decisions. The continuous support of external coaches can be decisive for the success of
the improvement project.
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+ The whole organisation should be kept informed about the status of the improvement project.

It is essential that all people who are directly and indirectly involved in the improvement project are
regularly kept informed abouthe planning, status and the goals reached (success stories) of the
improvement project (e.g. by sending out newsletters every two or three months, by organizing open
discussion sessions where everyone gets the possibility to ask questions and crititisand without
managers, to propose new improvement actions). The culture of change must be visible to everyone in the
company.

+ Established improvements in pilot projects can be lost.

Improvements have to be introduced step by step. Pilot projectsligables candidates for establishing
improvement actions in a smaller environment. Coaches have to be aware of spreading effects and
experiences of improvement actions across the border of the pilot projects. In other case improvement
actions in pilot projects grow and bloom but die after the project has been finished.

It is a main part of the improvement project to plan how to role out all improvement activities throughout
the whole organisation.

Conclusion

It seems that our experiences made are only prahlbut not more. This is not quite true. Assessments as
well as improvement projects bring fun although daily improvement work is hard. We have learned that
improvement projects become a success if at least the improvement rules mentioned above are strictly
considered and realized.

Quality is not for free, improvement neither. In average the costs of an assessment based improvement
project (including assessment, investment, training, project team of the organisation, introduction of
measures) are about7%o of the development costs of the organisation. The other way round improvement
projects lead to an increase of efficiency of about 30% witk3ny2ars.

It is difficult to measure cultural change. But process improvement makes cultural change necessary in
order to be competitive and successful in changing markets.

I would like to give specials thanks to Thomas Mehner and Axel Volker for fruitful comments and
discussions as well as for their reviews of the draft version of this paper.
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The Software Process Improvement (SPI) field is loosing credibility along the time.
This is due partly to a misuse of the main concepts, partly to a too theoretical talk
from the SPI suppliers. The critical phase i.e. to devise an action plan based on th
assessment findings and the business strategies is being underdocumented. This
article intends to give more insight into this problematic and to describe how the
application of a goabriented approach likemi® can support the action planning
phase of an SPI programme.

Introduction

The major Software Process Improvement (SPI) conferences and forums have highlighted
the lack of improvement planning strategies. What the SPI community has been documenting
so far almost exclusively relates tize assessment process and the model to evaluate against.
Several methods (Bootstrap [HMK94], SPICE [KIT96], ...) have been derived from the
original SEI work (Capability Maturity Model, assessment process) [CMM93a, CMM93b,
Hum89].

But, when you actually coordinate such SPI initiatives, the real issues situate at the end of
the assessment: translation of the assessment results into concrete improvement actions namely
improvement action planning. And this exercise is much more tricky than trying to cover
straigthly not existing and deficient CMM practices. This is what we will try to address in the
present article by introducing themi® approach (Application of Metrics in Industry), one
possible strategy for structuring improvement program, driven by goals and metrics [DFH95,
DKR94]. What has to be avoided is that the SPI group is disconnected from the projects, like
the quality assurance group often was.

After detailing the problematic i.e. tihito br
act i o msi®@methdadhvié be described in the context of SPI. Then two case studies from
industry will highlight software process improvement initiatives where the applicatiani®f
concepts has positively triggered the action planning phase.
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Problematic: to bridge the gap between assessment and
iImprovement actions

The 956 SEPG (Software Engineering Process
the recent European SEPG conference in Amsterdam confirmed that two third of the SPI
initiatives in the US did fail, meaning their impact on the organizational performance was low
or unexisting (no statistics do exist in Europe so far due to the much lower number of
organizations committing to such program but
the conclusion that 2/3 of the initiatives do not come to the end properly even if they do not
fail). The two main reasons were the changes of business situation (basically, organization
bought by another, merge between two groups, ...pterthird and the lack of management
sustain for another one third. This lack of senior management support is mainly due to a lack
of visibility towards potential benefits and actual return on investment in industry but also to an
inadequate way of handling such programs which are viewed more as a theoretical exercise
than a critical item for the business. Other reasons mentioned for tiseiccess are:

1 Mid management resistance to change; on the one hand, they are asked from their boss to
improve produavity and on the other hand, from project to obtain more resources to reduce

del aywh ats ot Mie h.eThdir cancertdéveloprireht s more linked to the margin
observed on projects than to the SPI effort.

1 SEPG not having the right skiksanother consequence that the management does not take
the initiative so seriously

1 SPI not managed as a project (one of the most important project) with clear objectives
1 Late action plan: momentum is lost both at management and practitioner level.

1 No real linkswith business objectives.

In fact, to our mind, the latter issue causes most of the trouble: Software Process
Improvement is not perceived as a business issue.

Whose fault? There is usually an overemphasis on the assessment process, maturity
guestionnaire, maturity profile and the Capabilty Maturity Level (CMM). The ISO 9001
Syndrome (to document a posteriori processes/procedures for sake of certification) starts to
apply for the SEI CMM/Maturity level. Concepts are sometimes misused when utilized for
A cteirfication purposeso. This happens and hur
exist some organizations respectively senior managers who do perform right, who do
understand the concepts (actually the same what was called some years ago total quality
management ) and do apply it effectively and
organizations that are living it everyday. When a CNidsed assessment is performed, the
purpose is quickly welinderstood (organizational structure for imprment already exists),
people expresses their satisfaction with their quality system, management has to admit that the
investment upfront was high but worthwhile (they measured it). There also exist ISO 9001 or
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even TickIT certified organizations that perform crash actions just before the certification to
cl ean up t heir qgual ity system. A software
immediately while interviewing practitioners: just an overhead activity, shelfware procedures
and instructions, ... Andne of their main concerns relates to the commitment of management

for an SPYetanotheiiritiatisét.i ve: A
To summari ze, Itds time to be pragmatic. S
engineering gurus fAchallengedo the software

apply scientific principles to software engineering. This statement applies now for too many
SPI experts taking things from book as granted without thoughts and wise interpretation.

To get rid of this theoretical repation, activities related to business issues have to be
performed at given point in time along a software process improvement program: at the
starting point of the initiative, during the assessment, during the action planning phase and
periodically during the implementation. Some strategies have recently come up i.e. the SPICE
process improvement guide [P1G95], the SEI Ideal model [PeR94], the ISPI Action Focus
Assessment [CKP96] [TAK96] and thami approach (goal and metrics driven) which
combined with GIM assessment has proven some efficiency. The later will be discussed next
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Figure 1. ami® activities in SPI context

Origin.

ami® (application of metrics in industry) was a twear project which started in December
1990 under sponsorship of DG XllI of the Commission of the European Communities through
the ESPRIT program promoting the use of measurement in software developheegbal of
the project was to develop a practical approach for implementing software measurement and to
validate it on a variety of projects all over Europe [DLS93]. The approach is described in the
ami® handbook [AMI95]. Theami® paradigm (Assess, Analyze, Metricate, Improve) is
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similar to the Shewart cycle (plan, do, check, act) for process improvement (rEfgurtel).

ami® has taken this cycle, based on common sense principles, and developed it for software
measurement. Themi® method is a stepwise, iterative, incremental, -go&nted procedure
coupling together a modbhsed process assessment technique with a quantitative approach to
software development issues from the viewpoint of the process, product and resoui®es.

has been extensively described in [Deb94].

ami® applicability in SPI

The main bottleneck in the majority of SPI programs has been the strategy to adopt after
running a capability assessment. Tami® concepts ad framework (Assess, Analyze,
Metricate, Improve) although defined for implementing software measurement, can be easily
applied for structuring improvement program: gdalen, supported by metrics. As a matter
of fact, measurement should play a major role in any SPI initiative:

1 Provide a quantitative basis of comparison for future changes

1 Help in better understand the issues that may or may not have been identified in the
gualitative analysis (assessment) e.g. high cost of certain activities may makeotite
improvement targets

1 Make decision making process less risky.

The 4ami® activities are tailored next in the context of an SPI program

Assessment

The first step deals with the assessment of the software development environment for
defining software process goals. Weaknesses and critical parts of the software development
process are first pointed out. From those findings, consequences and business objectives as
emphasized by the management, software process goals are defined (stépeggrchy of
top level goals is being considered depending on the maturity of the development process.
Before setting up "changeo goals (e.g. to in
should envisaged "understanding” goals e.g. support of estimation process with historical
data). The assumption behind improvement goals is that the process is well defined. Then a
validation of goals against the assessment conclusions, the timescale and the dedicated budget
is performed to avoid too ambitiogsals to be set up (step 3).

Analyze

The aim of the second activity is to build acadled goatree to visualize the relationships
between business objectives, software process goals, high level improvement activities and
related followup metrics. The process is based on the Goal/Question/Metric paradigm
[BaR88]. When software process goals are defined (e.g. make reliable estimates, achieve full
traceability), one should try to identify viewpoints (who is a playing a role in achieving this

goal) and enties they manage in this context (e.g. estimation process, estimation review). For
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each viewpoint, questions on the entities in the context of this goal will be set (e.g. how
accurate is the estimation process, are concurrent estimates performed). Then software process
goals can be broken down into sgdbals that may be improvement activities. This process is
performed until single improvement actions that can be instrumenting through metrics are
reached. After having verified the consistency of the ¢ségp 5), metrics are derived at all

levels of the tree with the help of questions (step 6). The results are a documented goal tree
and the associated set of metrics. With some background information, an improvement action
plan outline can de produced.

Metricate

The metricate activity encompasses three steps:

1 Writing the measurement plan which is the reference document for collection and analysis of
data and for ease of tracing of these tasks (step 7)

1 Collecting the data (step 8)
1 Verifying the data (step 9)

Several types of metrics can considered here:

1 Overall performance/efficiency metrics to establish a measurement baseline to measure
impact of actions on daily business

1 Metrics to be used for roatause analysis of the problem, and consequently the
establishment of a detailed action plan.

1 Metrics to followup closely the piloting of new process.

Improve

The exploitation of measures has to be performed in reference with the goals defined in the
analyze activity. Improvement activities are implemented adidwieup by metrics with
regards to impact on business, project and/or process performance.

Case study 1

This case study only covers the assessment and action planning phaami® leencepts
like goal tree have been applied later in the process to overcome the issues of senior
management commitment. The following four main lessons learned will be illustrated along this
case study:

1. Involve management upfront by having them investigating business and software related
goals as well as crititareas.

2. After the assessment, start building a goal tree together with the main actors based on
both inputs of management vision and assessment findings.
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3. Do some initial roetause analysis driven by metrics on problems before doing detailed
action planning.

4. start to attach upfront metrics to the different levels of goals to collect baseline
measurement for measuring changes.

Assessment

The decision to have a software development capability assessment based on the CMM
framework came from corporateanagement who initiated a compamigle software process
improvement program. The assessment was a-thee& exercise (refer tigure?2), 2 weeks
of interviews and derivation of findings and initial recommendations, 1 week where the
assessment team together with the SEPG sets the ground for the action planning.

No surprise. The assessment revealed weaknesses in most of the management practices
from level 2. At the end of the second week, the results were pregentieel organization.
This was followed by a soalled executive session with the management team to discuss the
results and set priorities. This session is essential since driving the 3rd week contents. The team
(composed of members of the local organization and external and corporate consultants)
started to ask questions about priority areas (project, findings) to concentrate on as well as on
business objectives. Unfortunately, the team was not successful for collecting these
information. The managemewas not prepared to this session (just a theoretical introduction
to SPI some weeks ago) They just have been overloaded with a bunch of problems, They did
not have the necessary time to evaluate in depth the situation. The only message (driven by
consultants) was to concentrate on level 2 issues like project management and requirements
engineering.

. Project leaders Interview of senior management, m
K'Ck'_Off filling in management, project leaders and
meeting capability practitioners
Week 1 guestionnaire
/Preliminary Feedback sessii Presentationt Executive
findings, with project organization session with
Week 2| consequences an leaders and managemen
recommendations practitioners team
/ Presentation
to
Week 3 ACTION PLANNING START-UP managemen
team

-

Figure 2: Schedule of assessment
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? Lessons learned 1: The management even exposed to SPI conceptshsheulocen
briefed upfront what they have to do concretely during the assessment, before and after. The
Aideal 6 talk from SPI suppliers did not bri
critical areas, that are the customers of the SPI project. If the last project failed to deliver the
product on time due to a deficient configuration management system, this should drive the
forthcoming actions towards the current release. If a platform development starting up now
is critical for the survival ofthe organization, then the emphasis should be first in
requirements engineering of this project!! SPI should not be viewed as an independent team.
Furthermore, business management should be involved.

Due to this low input from the third week has been more or less a theoretical exercise.
Findings were translated into goals for the working groups, consequences -catledo
expectations (what to expect if the goals are met), and finally recommendations into
implementation steps following a generic schemair{ing, collect data, analyze data, devise
new processes, pilot, deploy) . Even some ¢
provided. At the end of third week, the management was presented with the results and got
hungry. Their impression was that the team has done a rewriting of the first presentation
(actually partially true) with little added value. Their expectations might have been too high as
well.

Two lessons could be drawn out:

? Lessons learned 2: Bringing the management to show a rough taaticn plan without
having investigated the details of the problem was not appropriate. What could we expect
from management? confirmation that we were on the right track?: not with the level of
information that was provided. The link to business goals was completely missing, a list of
improvement goals per KPA (Key Process Area) were available when proliemed
goals would have been more appropriate.

? Lessons learned 3: Providing an overall schedule & effort estimation for the next year was
very muchdoubtable. In a software project, it is of usual practices to start with a high level
plan and effort estimation and then as soon as requirements gets further analyzed, do some
detailed planning. The authors are not sure that this approach is also fully applicable for SPI
project. At the beginning, requirements are much too vague and no history is available. A
better strategy would be first to differentiate across the issues what is from the first sight
short, mid or long term and the associated level @frief{low, mid, high, depends on
analysis). Then for each major finding, a detailed 1waaise analysis should be performed (if
necessary further collection of metrics), describe the target process or vision (where do |

want to be) and then do a detailed planning for the next 3 to 5 months and some high level
milestones for a onrgear period.

Analyze

Something had to be done very quickly, otherwise like 2/3 of the worldwide initiative, it will
fail to provide impact on the organization early enough to keementum and consequently
organizational commitment. Corporate experts examined the current status of the program.

The results of the action planning week needed to be reengineer in a goal tree starting with
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business goals. Business management was brought together with the R&D management in a
brainstorming session to define business goals and brainstorm initial software process goals.
The current concerns of the president of the division were twofold:

1 Decreasing quality and delays have caused customeisaszon and penalties.

1 A critical project to recover customer confidence who threaten to reduce the market share,
was starting.

Three mid/long term goals were agreed among the management team, dealing with quality
improvement and reduction of delays through better estimation and visibility on progress. A
short term goal was raised as well, making t
of the SPI initiative.

A first priority list for SPI goals was produced by ranking assessment findingedagy to
previously defined business goals. The president of the division emphasized typical
management practices like risk management and a better relationships between marketing and
R&D department. Players or viewpoints for the second round were also selected per business
issues:

1 Quality: R&D management, marketing, system, QA, SEPG, Integration/validation team
1 Project management: R&D management, planning, SEPG

For each session the AGuinea Pigo project
follows:

1 Definition of priority software process goals through identification of major entities and
related deficiencies which improvement would contribute to the business goal.

1 Write down a set of questions that clarifies the current status qualitatively and quantitatively
(data collection phase followed the 1st session).

1 Derivation of high level improvement actions.

1 Validation of the resulting goal tree and prioritization of actions with the project leader:
Does it make sense for his project and vhen

For instance, for the quality goal:

The major entities were marketing requirements definition, technical requirement definition,
review of requirements, validation test definition. Some assumptions were made and had to be
verified after the session:

1 Majority of major defects due to uncomplete or untestable requirements
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1 Not enough time spent in initial project phases compared to industry average. Exit criteria
was not formalized.

Those assumptions were documented with questions and metrics to collect. After all, two
software process goals were selected, dealing with feasibility of marketing and technical
requirements. Typical actions were related to approach the requirement phase in a more formal
way (numbering, fields like performance, ...), applying inspections on requirements documents,
formalizing exit criteria including having full validation test cases defined, ...

Business objectives (long/mid)

- : : Have visibility of project
Decrease Project Delays I Ensure right level of quality I status

at handover

Software process
Goals / \ / \ / \

Improve effort Improve estimates J [Ensure feasibility Ensure feasibility -

estimation by by using historical of marketing and testability of Have risks Have rqrts
upfront estimate DB and expert requirements technical detected earlier Jf |traceable across

of size opinions requirements the life cycle

High level / \
Improvement
Activities I:I 2) (1) Requirements (3) Risks
(shortto long Estimation
term)

Ensure project XYZ stars with a good requirements basis I

Business objectives (short)

Number of risks
Number of customer detected and
problem reports after mitigated
Planning accuracy acceptance g
Follow-u wth regards to Percentage of
W-Uup - Schedule Number of change requirements
metrics - Effort requests to requirements traceable at a
- Size _ (marketing, technical) due given phase of the
To be analysed with to unclear specification software life cycle
requirements and related rework effort
stability

Figur
e 3: Goal Tree

After several session and data analysis, a final goal tree coveringdsusinjectives, related
software process objectives, high level actions to implement and metrics to check that the
objectives are met (Figure 3) was built and presented to management for approval. Finally the
management could obtain a clearer view of the program, how it stands towards dalily business.
Now the SEPG and other experts could go through detailed action planning in parallel with the
i mpl ement ation of some Aquick fixesd that wc
R&D community. An imporant aspect was to tackle the investigation not around KPA but
around problem areas. The KPA approach although useful during the assessment is too
restricted during the action planning, hiding cr$%A issues (e.g. traceability).

? Lessons learned 4: Metrics were defined at the same time than the goal. Then collection
mechanism could be put in place rapidly. The management decided to refine goals with
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guantitative targets. Due to the variety of projects, those targets were set up for each major
product rangeor markets. This was more appropriate than setting up objectives for the
whole organization which would be longer to achieve and consequently less motivating for
the project staff.

Bringing back the SPI program on track had to do with linking it to daily business issues:
business goals, measurement of performance to evaluate changes, taking critical projects as
SPI customers. The measurement program will allow to keep the SPI initiative alive together
with continuous management follemp. A more detailedaion plan is now to be worked out
and implemented alike any software project.

Case Study 2

The second case study is an interesting one in the sense that it demonstrateathié® the
approach can really solve the problem of deriving efficient actions. It also highlights the role of
linking SPI to business goals.

The company is a defense market actor of one of the European countries (for confidentiality
reasons we are not able to give more precise details and even if authorized, more itiietails w
not add value to the example). The software development staff is about 70 people, less than
10% of the total number of employees.

Software is one component of the systems which encompass several other specialities. The
company started a process assessment according to the CMM Model in 1994 and was assisted
in doing that by one of the most famous US authorized organization. All the participants
reported about the professional features of the assessment instruments used and about the skills
of the assesss. To follow up with the assessment results, a brainstorming seminar was then
organized by the company in order to formalize action plans addressing the main weaknesses
observed. This was organized within a 3 months delay which was fitting one of the key success
factors of SPI.

But despite this efficient start and some observable improvement by the end of 94 (new
procedures in place), the SEPG was not completely satisfied and the senior management was
slightly loosing confidence in being able to achievwgnificant progress without a more
structured and tacked approach. At this stage discussions were initiated ami®vcan
overcome the problem and the final decision was made on the following arguments :

1 ami® helps in defining quantitative achievable process targets; furthermore, when they have

been defined, the G/Q/M concept embedded into the method ensures that, at any stage, the
tactics are aligned with the strategy,

1 detailed actions are derived in order to match initial gaald be cost effective rather than
being CMM compliant,
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1 indicators are defined at the same time to monitor actions and continuously track progress
towards targets; interim assessment might be skipped without trouble.
CMM training and assessment basedS&it method $PA or CBAIPI) produce consensus
among the whole organization on what the major process bottlenecks are, in CMM terms, to
achieving the business goals.

Agreement from every level and all groups within the organization on what process
improvenents to undertake systematically is gained. These are the improvements that would
benefit quality, productivity, and timeliness most directly as seen by the people who know the
current process.

Extensive use of the G/Q/M paradigm as described ianhi® method is cost effective to
succeed in defining actions. Steps 4/5/6 of the method (From goals-gmalsb Verifying the
goal tree, From sufoals to metrics) are applied combined to the assessment findings:

Each class of participant (to wim 1 or more sugoals have been allocated), reviews the
assessment findings and answers the following questions:

1 Is there a relationship between the-glal and the main proces®aknesses observed?

1 What type of activity could we implement to reach the-gabl? Is it a short term or
mid/long term corrective action?

1 What type of action would be effective and efficient in performinggsosd?

1 What type of metrics data would show progress on the action and toward {tpead@b

As soon as the list of actig is established and validated against the business goals, the
complete plan may be prepared. Effort, schedule and owner of each action has to be identified,
all figures have then to be compiled before achieving a final check against business goals,
overall budget and time frame initially fixed. Priorities may still have to be put in order to fulffill
SPI budget constraints. Detailed action plan is completed with the list of metrics to track the
goals achievement; for each metric, an exploitation schemevided i.e. some scenarios to
react in case of deviations observed from the initial target.

The above initiative conducted from fall 1995 up till now has largely demonstrated these
benefits.

Assessment

Because the CMM assessment had already been achieved prior to our work, assessment

was centered on the primary goals definition for SPI1. Our consultant met about 10 key people
in the organization structure according to a guided schema to understand and later formalize :

1 the role of the software componenttibh e mar ket strategy and t
it,

1 the reasons for initiating SPI : expectations, links with mid term organization strategy,
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1 the quantification of the targets.
Along the interviews, 3 main observations were made :

1 one year after the CMM assessment some priorities for improvement were changed,

1 the understanding of the key players differed regarding the role of software in the business;

This type of interviews raise discussions which help to prepare the changes in the process
and sensilise on the CMM concepts. This phase will, by the end, be considered as a good
catalyst to enable SPI.

Analyze

The analysis phase was dedicated to the de:
devel opment costo and the definition of t h
devel opment cost was split i ntodwhichmstdat er m
certain extent already decrease of overall @osind into a long term goal which was

considering a real decrease of the initial budget dimilar systems. This decomposition
resulted into :

Reduce development Cost

1. Manage the stability of requirements \

1.1 Reduce the number of change requests

2. Acquire the knowledge of costs \

2.1 Analyze the reliability of initial estimates
2.1.1 Identify the deviations and origin

2.2 ldentify how the effort is split along the life cycle phases
2.2.1 Define effort /phase
2.2.2 |dentify rework effort
2.2.3 Identify the availability of resources

For each sub goal, actions were definesibad on t he assessment resu
. A Acquire the knowledge of costsoOoO as an ex

Following the assessment, it was decided to refine the estimation procedure on the basis of
a collection of past experiences: this refinement addressed the definition of the structure of the
repository for experiences and some mechanisms to reuse this experience. A second action was
initiated for the tracking procedure. Therefore it was decided to help software leaders in their

analysis of the deviations order to reduce the risk of not adapted or no corrective actions at
all.
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The last step of this phase was the definition of indicators. Continuing with the same
example, the SEPG came out with the following indicators:

1 the deviation rate for an homogeneous group of pro{€tisire4)

254
204
15+
O type A

10+ } O type B

5_- L L

0 i i i f

Q195 Q295 Q395 Q495

Figure 4: Deviation rate

1 the deviation rat® for a specific projecd observed at each phase of the development
(Figureb).
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Figure 5: Deviation per phase

These two indicators were extremely helpful to give visibility in the deviations for projects
and to initiate analysis of the reasons for deviation: external occurrence or unrealistic initial
estimate or difficulty not forecasted etc.

Metricate

The improvement/measurement plan being completed, these metricate stage could start. The
plan was first deployed on 3 pilot projects talidate the mechanisms for data collection and
exploitation. The observation period was 3 months with some data collected regularly, some
collected when reviews were organized at the end of a development phase and some by the end
of the project (this last category has not been verified during the prototype phase). Together
with the mechanisms we wanted to consolidate the budget estimation for the improvement and
measurement.
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This pilot phase was also judged very positive as far as it raised motivation &neong
participants who then communicated their enthusiasm to the rest of the software community.
Some minor adaptations were necessary in the measurement plan in order to get a completely
adapted collection mechanism and to avoid duplication with the existing global system for cost
management.

Conclusions

This experiment proves that there is a real need in assisting SEPG in deriving action plans
from the assessment results. It is not an easy task and without a step by step method there is a
big risk of devidion and, at the same time, to loose all the buy in raised during the
collaborative work of the assessment. The other main risk is to be too strongly guided by the
model and to forget the link with the goals for improvement.

Many organizational units are looking for a certain maturity level by a given time and if you
ask to some of the key players the justification for it, he/she will be unable to find a reasonable
one. Furthermore, senior managers are usually not motivated by a maturity level but by more
economical factors linked to the business.

Therefore, a translation is necessary between business goals and process improvements
which will hopefully result into measurable products benefits. This translation is
straightforward when themi® approach is used.

Conclusion

Those two case studies have shown the necessity to link any software process improvement
program to business goals and to follow it up closely with indicators related to the initial goals.
Those simple principles have been aodeldom followed by the SPI actors. One reason lies in
the lack of emphasis on those issues from SPI suppliers. It might be also related to the inherent
characteristics of engineer to tackle any problems as it was a technical problem. SEPGs,
Working groups are composed of technical people that have been awarded to low or mid
management position according to their technical results. At leRebfithe CMM layer, we
are dealing with managemerlated issues: estimating, planning, controlling, trackiotgsr
and responsibilities, commitment, ... Maybe that does not excite engineers enough?
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Abstract

One of the key objectives of effective process management is to ensure that the results of any changes made
may be measured to verify that they have resulted in improvements to performance and quality. This requires
the establishment of a set of key performance indicators (KPIs) which are related to business goals as well as
an associated set of project performance measures which provide the quantitative information from which the
KPI values are determined. The KPIs can then be used to help idgpiytunities for improvement and to
guantify the improvements required.

This paper discusses the practicalities of establishing a measurement programme to support effective process
management related to software development and maintenance, based on a simple hierarchy -of method
independent KPIs for software development, a set of managegiated questions which the KPIs can answer

and 20 easyo-use project measures which use quantitative information commonly available from such
projects. Models for aabining these measures to provide the answers to the questions and to demonstrate
achievement of KPIs are outlined.

This approach will assist a software measurement programme to be used successfully as a management tool to
identify improvement opportunities which are linked to management goals. It is based on work done in
developing the METKIT training package, part of an ESPRIT project to develop educational materials on the
use of measurement in software engineering.

Lastly, the compatibility of the appach with international models such as CMM and SPICE is discussed.
Introduction

The approach to implementing a measurement programme to support software process management
described in this paper was developed as and extension to the METKIT project, partially funded by the
Commission of the European Communities as ESPRIT project 2384. This project developed a set of 20
training modules on process i mpr ov e nReferencealh d fi Me
Also a Measurement Starter Kit was depeld to provide direct assistance to organisations wanting to

set up a software measurement prograifftederence 2].

The approach is intended to generate quantifiable information of particular use to management. Its
philosophy is that measurement should provide quantifiable information aligned to business goals. The
METKIT approach is derived from leading companies in Europe, USA and Japan who have already
used measurement successfully.
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The Fundamental Questions

To manage its business processes sstully, an organisation needs to be able to answer a number of
fundamental questiongo ensure that relevant and useful programmes are implemented:

1 Where are we?- what is our current capability believed to be

1 Where do we want (or need) to go? what improvements are desired (or required)
from the current level of capability

1 How do we get there?- what extent of change will be necessary to achieve any
improvement

1 Have we got where we wanted to be?will the programme help to demonstrate that
desied improvements have been achieved?

1 How do we compare against the competition? will the programme allow
benchmarking of performance and capability against industry standards and other

organisations?

This requires the establishment of a set of key performance indicators (KPIs) which are related to
business goals as well as an associated set of project performance measures which provide the
guantitative information from which the KPI values are determined. These can then be used to assist in
identifying opportunities for improvement and to quantify the improvements required and achieved.

Software devel opment and maintenance may be reg:
are the major key to their effective process management and improvement.

The questions listed are also the basics for setting up any measurement programme to support process
management and should be approached in the same sequence. If measurement cannot indicate current
performance (Awher e ar eatenat impoovethénis havei been achiaved ort de
provide a basis of comparison as part of a benchmarking exercise.

Problems and Barriers

To establish an effective measurement programme, a number of problems and barriers to progress will
need to be tackled, such as:

lack of management commitment

imprecise or inappropriate objectives

unclear linkage to business and management goals
differing management and staff expectations
assessment criteria not defined

lack of feedback

concerns about misuse of information

cultural change needed

willingness to continue in the longer term

=4 =4 =4 -8 -8 -8 -8 -8 9

Any one of these problems and barriers can cause the programme-taokgjiist functionally, but in

terms of management success. The programme may generate information, but it does not get acted
upon.Ensuring that the programme and its objectives are clearly linked to business and management
goals is the key barrier to be tackled

While management is unlikely to objeper seto any initiative to improve software development
performancet he key t o success i s -laaseniornmganagem prefefabdyeat ut i v e
board level, who is prepared to support its defined goals, take overall responsibility for the programme,
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provide sufficient resources and act as the focal point for communication in both directions between the
programme and senior management.

An iterative approach to a measurement programme

Any approach to measurement will need to be iterative, since it is very likely that the programme will
need adjustment after ifgst period of operation also management goals change with time and the
projects to which the programme is applied will change.

Figure 1 represents a recommended structure for setting up and maintaining a measurement programme.
Important steps are devising success criteria both for the programme as a whole (and agreeing then with
the executive sponsor) and establishing the individual KPIs and measures from projdsts
establishing a feedback mechanism from which the scope and goals of the progifirbmegalidated

and if necessary adjusted.

Figure 1. The Basic Steps An lterative Approach
1. Establish Scope and Goals

1 appoint an executive sponsor
2. Define KPIs, Measures and Models

| devise success criteria

| explain the programme
3. Set up Data Collection Infrastructure

| develop feedback mechanism

4. Set Base Lines and Targets for KPIs
1 perform management reporting
Establishing a Measurement Programme

The rest of this paper explains in more detail eight major steps of this approach, withgrarticul
emphasis on Step 3, which establishes the KPls, measures and models for analysing the
measurement information obtained from project work.

Step 1Appoint an Executive Sponsor

From the business point of view, this is the key stejithout an effective sponsor the programme is
unlikely to have a long term future. The sponsor shouldlbaderwho is:

1 committed to change

1 dynamic

9 a strong motivator
and who will set challenging but realistic targets. These targets refer to both the establishment of the
measurement programme (e.g. obtaining measurement data from all development projects within 6
months) and, even more importantly, to the business goals that it achieves (e.g. demonstrating a 10%
improvement in productivity or a 50% reduction in delivered software faults).

The other key player is the measurement programme leader or manager, who will be responsible for
establishing and running the programme and achieving the targets agreed with the executive sponsor.

Step 2Establish Scope and Goals
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This gep determines, with the approval of the Executive Sponsor, the scope and goals of the
programme. The practicality of these goals can b
the answers required on the basis of quantitative, objective measures.

Examples of practical, businesdated goals include:

assess the productivity of development projects

identify where changes can improve productivity

assess the effectiveness of reviews and testing

determine the effort spent on rework

identify trendsin defects

determine what factors affect the accuracy of estimation

It is important that the programme is clear on the extent to which these goals are long term or short
term (or even oneff). If the ability of a measurement programme to deliver meaningful results is
uncertain, then the only viable goals may be the first-twod without any specific commitment by
management to make any changes. Once these goals are found to be viable, then the goals can be
respecified for a second iteration of the peagme, (e.g. reduce error rates by 50% within 12 months
from the initial levels detected by the programme).

= —a & _a _a _2a

Step 3Define KPIs, Measures and Models

The measurement programme needs to set up an initial framework which can be extended and
enhanced as the programme develops and as business goals change. The following steps represent a

process for first establishing a measurement pr
set of KPIs, questions, metrics and models:
1 define Key Performance Indicato(&PIs) in line with current Business
Goals and Needs
1 develop a set of questions relating to the KPIs so that you can measure
1 where you were
1 where you are
1 how you have improved
1 define metrics to capture the relevant data
1 develop models for combining the metrics that enable the questions to be
answered

A sample set of initial KPIs, questions, metrics and models is described below.
Key Performance Indicators

Figure 2 provides an example set of KPIs relating to business goals of productivity, quality and
edimation. These KPIs have been chosen since they address issues of direct concern to the business
and hence senior management.

Figure 2. Key Performance Indicators
Productivity Function Points per person month
Cost per Function Point Count
Quality percentage effort spent on rework

percentage effort spent on reviews
effectiveness of reviews

effectiveness of systems testing

average effort to correct defects found during
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development

percentage bad fixes during development
Estimates Estimated 8. actual effort (variance)
Estimated vs. actual timescale (variance)

(Function Points can be replaced by lines of code or other recognised measures of software size)

These KPIs are intended to be both independent of any specific development method (including life
cycle model) and capable of being determined by simple measurements made during project work. The
only prerequisites for their usage are:

software output is measurable (in this example as a Function Points count)

reviews are performed whi@re capable of detecting and recording errors

the time and effort for work performed by projects is estimated first

basic project records are obtained for time and effort spent, defects found and rework

=A =4 =8 =4

Any software development process which meets the requirements of ISO9001/TicklT or corresponds
to Level 2 of the CMM model for process capability should satisfy theseeguésites and so should
be able to generate these KPIs.

Typical Questions

Current Performance

Figure 3 below lists a set of quessowhich address the KPIs identified above (see Figure 2). These
guestions focus on current performance, prior to any attempt at improvement. Quantitative answers to
these questions, which describe the current situation and level of performance, are derived from
detailed measures obtained from project work (described later)

Each question is uniquely numbered (Q1.1 to Q1.10) to provide traceability to the individual project
measurements and to each KPI.

Figure 3. Typical Questions

Productivity Q1.1 Whats the productivity of the projects?
Q1.2 What is the cost of productivity?
Quality Q1.3 What percentage of effort is spent on rework?

Q1.4 What percentage of effort is spent on reviews’
Q1.5 How effective are reviews?

Q1.6 How effective is systems testing?

Q1.7 What is the average effort to correct defect fol
during development?

Q1.8 What is the percentage of bad fixes during
development?

Estimates Q1.9 How accurate are project effort estimates?
Q1.10 How accurate are project tsnale estimates?

Improvement Related

A further set of questions (Q2.1 to Q2.6) linked to the KPIs can be used to analyse the need for
improvement based on current and recent performance. Like the perfoiimaaeckquestions (Q1.1 to
Q1.10), the answers will de derived from the set of 20 measures applied to project work.
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Figure 4. Further Questions (improvement related)
Productivity Q2.1 What factors affect productivity?
Quality Q2.2 Which development phases generate mos
defects?

Q2.3 What pecentage of defects found during
development are corrected?

Q2.4 Which modules cause most operational
failures?

Q2.5 What is the breakdown of effort across
development phases?

Estimates Q2.6 What factors affect the accuracy of estimal

Commonly Used Measures

Once the required KPIs have been identified, together with the associated questions, a set of
guantitative measures to be provided by projects can be defined. By afiessicing the measures to

the questions (and hence the KPIs), a minimamwehich is sufficient to satisfy the needs of the
measurement programme can be defined. (Some of these measures will relate to more than one
guestion.)

Figures 5 and 6 provide a sample set of basic measures (M1 to M20). These measures should be
readily obtainable from any project which has processes in place for estimating, planning reviewing
and recording progress.

Measures M1 to M11 (Figure 5) focus on product size and development time and effort.

Figure 5. Commonly Used Measures 1

M1 | Size (Funcoin Point Count, KLOC, etc) | Q1.1, Q1,2

M2 | Development Cost Q1.2

M3 | Actual Effort Q1.1,Q1.3,Q1.4,Q1.9, Q2.5
M4 | Estimated Effort Q1.9

M5 | Actual Phase Effort Q1.9, Q25

M6 | Estimated Phase Effort Q1.9

M7 | Actual Elapsed Time Q1.10

M8 | Estimated Elapsed Time Q1.10

M9 | Effort spent correcting defects during | Q1.3, Q1.7
development
M10 | Effort spent on reviews Q14

M11 | Effort spent correcting defects during fij Q1.1, Q1.3, Q1.9
3 months of operational use

Measures M12 to M20 (Figure 6) focus on defatrtoduction and removal.
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Figure 6. Commonly Used Measures 2

M12 | No. defects introduced during a phasg Q1.5, Q2.2
M13 | No. defects detected during a review | Q1.5

M14 | No. defects detected during a phase | Q1.6, Q2.3
M15 | No. defects present at review from Q15
earlier phase
M16 | No. defects corrected during phase | Q1.7, Q1.8, Q2.3
M17 | No. defects caused by bad fixes Q1.8

M18 | No. defects per module found during | Q2.4

operational use (per period)
M19 | No. operational faults found attributabl Q1.6
to developrant (per period)
M20 | Size of module Q2.4

Those measures which are phase related (M5, M6, M12, M14, M15) should be obtained for each
project phase, particularly where a standarddifele model is used for projects. This will help to
allocate defects to phases and hence identify some of the factors concerned with quality (see Q2.2
above)

Example models for answering questions

Quantitative answers to the questions (and hence KPI values) can be provided by combining the
measures MMM20 as appropriz. Figures 7, 8 and 9 below provide a set of example models for doing
this.

Figure 7. Example Model for Answering Questions 1
Q1.1 | Project Productivity Size M1
Actual effort M3
Q1.2 | Cost of Production Size M1

Development cost M2
Q1.3 | % effort spent on rework 1003 Rework effort M9
Project effort M3
Q1.4 | % effort spent on review| 1003 Review effort M10
Project effort M3
Q1.5 | effectiveness of reviews | No. defects detected M13
by phase No defects introduced M12
No. defects present from earlier phase
Q1.6 | Effectiveness of System| System Testing Defects M14*

Testing All Testing Defects M14** + Faults M19
Q1.7 | Effort to Correct Defect | Rework Effort M9

Defects Corrected M16 ***

Q1.8 | % Bad Fixes During 100 x Defects caused by bad fixes M17
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Development (Defect Defects Corrected M16 ***
Propagation Ratio)

Figure 8. Example Model for Answering Questions 2

Q1.9 | % Accuracy of project
effort estimates
(Effort variation) 100 x Project effort M3- Estimated effort M4
Project effort M3

(Phase effort waation) | 100 x Actual effort M5- Estimated effort M6
Actual effort M5

Q1.10 | % Accuracy of project | 100 x Actual time M7- Estimated time M8
timescale estimates Actual time M7

Figure 9. Example Model for Answering Questions 3

Q2.2 | Defectprone phases Phase defects introduced M12

Total phase defects introducadi12
Q2.3 | % Defects corrected 1003 Total phase defects qectedd M16
Total phase defects detecté&M14
Q2.4 | Modules with most Operational module defects M18
operational failures Module size M20

Q2.5 | % Effort across phases | 1003 Phase effort M5

Project effort M3

Q2.1 and Q2.6 cannot be answered by a simple model, partly because time will be needed to build up a
database of project data sufficient to start an analysis. Typical factors will contribute to Q2.1
(productivity) are:

project timescales

amount of rework

accuacy of project size estimates

complexity of project

time for systems testing

time for analysis and design

unplanned changes to requirements

novelty of project

size of project team

experience of staff

stability of project team

use of new tools and methods

=4 =4 =4 =8 -8 -8 A 88899

While many of these factors can be expressed in terms of the measures M1 to M20, a few of them (e.g.
novelty of project, use of new tools and methods) are difficult to express as a measure. At this point
more sophisticated estimation models can be appliech can take into account the likely impact of
these harder to quantify factorsin effect these tools make available data and analysis from the
software industry as a whole rather than just the organisation which is setting up the measurement
programme.
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Step 4Establish a data collection infrastructure

A consistent and reliable means of collecting project measures is needed. The measurements M1 to
M20 are intended to be already available from projects, and so the work needed is mainly collecting

Afi-l i neo from existing project records and analys
therefore maximises the likelihood of theiraperation.

The programme infrastructure should enable the following questions to be answered:
1 who collects data?
1 when is it collected?
1 where is it collected from?
1 how is it collected and validated?
1 who analyses and presents the results?

Step 5Explain the Programme

The programme and its objectives need to be explained, in particular to the project staffl Wwho
providing the data used by the programme and eventually will be involved in the resulting improvement
initiatives. Once the programme has been approved by the Executive Sponsor, a series of short
meetings should be arranged to expthmprogramme, its objectives and how it will work.

1 Workshop for managers
1 Workshop for project teams and developers
i Training for staff in measurement and analysis

As the programme proceeds, staff need feedback, incentives and recognition for their contribution.
Reslts of the measurement programme and consequent proposals for process improvements should be
discussed as openly as possible with staff before being implemented. As well as helping to ensure
improvement are understood and supported, this also helps to demonstrate the impact and benefits
being achieved by the programme. Questions which should be answered by the programme at this point
include:

1 do teams understand the purpose of the programme?
1 do teams support the programme?
1 do teams know what is expectediioém?

Step 6Devise Success Criteria

The measurement programme nheeds to be reviewed periodically, to ensure that it is functioning
effectively and that it is generating information directly useful for assessing achievement against
business goals:

1 is the right information being generated at the right time?
1 what is the quality of the information?
1 have baselines and targets been set for each KPI1?
1 have we got quantifiable information to aid decision making?
1 has information been acted upon?
1 is it understood Wen to act on the information?
1 has feedback been provided?
One of the key factors in a measurement progr amn

see the quantifiable information as assisting decision makiegually, the extent to which this
information has been acted upon to improve processes and provide tangible benefits will be an
i mportant indicator of the programmeds value.
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Step 7Set baselines and targets for KPIs

The KPIs represent the information on which management willraictheerefore will be linked directly

to business goals. From the viewpoint of improvement, baselines and targets need to be set to provide
the basis for answering the two most important questions:

Where are we™here do we want to get to?

As the measurement programme proceeds, it will itself feedback to provide fuller information on the
answers to both these questions. To assist this process, the programme should:

1 identify when projects provide data and when data is assessed

1 establish annual (or more figent) baselines and targets, derived from quantifiable
information

1 assess performance against baselines and targets

1 use data generated in firs63months to set initial baselines

1 base initial targets on achievements of known improvement programmes

1 review and revise baselines and targets when measured information becomes available

Initial expected values (or ranges) of the KPIs can be established on the basis of available evidence,
judgement and perception. This starts the iterative process of estallistissessing the current
performance revealed by guantitative measurement.

Step 8Develop a Feedback Mechanism

A feedback mechanism needs effective methods of presenting and reporting results. Figure 10 shows
how project status can be reported in terms of achievement of targets such as cost and time and the
extent to which project requirements have been met (e.g. as determined by project reviews or testing).

Figure 10.  Project Status Reporting

Project A Red X OK OK
Project B Green OK OK OK
Project C Amber ~ ~ OK
Project D Red ~ X X
etc.

Project X Green OK OK OK

An example of a more quantitative form of reporting is provided in Figure 11, for Development
Capability. Various indicators of development capability are expressed on a graduated scale. The
further the rating from the centre the more improvement is required. Distance from the centre can
either represent the percentage by which the target has failed to be achieved or a graded rating from
flaccepttadbl funacceptabl eod. Successive charts can
the effects of process improvement initiatives.

Figure 11. Example 2- Development Capability
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The eight measures are:

conformance
resources

tools and techniques
hardware

software

effort

timescales
documentation

=4 =4 =8 -8 -8 -8 -8 -9

and can be plotted graphically as eight axes of a Kiviat diagram. This type of representation can also

be a feature of process improvement approaches such as SPICE, where the desired process profile is
comparedvi t h t hat determined by assessment of the de
to a measurement programme described in this paper can be made consistent with the type of
mechanism which can contribute to an organisation demonstrating capability {agsssdtment or
independent assessment against future SPICE or equivalent standards.

Process Maturity and Management

Process improvement models such as CMM, Bootstrap and SPICE define levels of organisation and
maturity and ays paoioxtesd q@arearsioc A kMeasur ement i s
at the lowest levels (0,1) and have limited applicability at medium levels (2,3). They are essential at the
highest levels (4,5). The models indicate the processes expected at each level and, hence, the
measurements possible. Effective process management is possible from medium levels upwards.

Conclusions

This paper has described how a software measurement programme can be based on a small set of Key
Process Indicators (KPIs) linked tamagement goals and simple project measurements and models for
converting the resulting values to KPIs. This approach was developed for the METKIT training
packages and Measurement Starter Kit, which have been purchased by over 100 organisations in
Europe and elsewhere since its launch in 1993. It provides a simple but powerful means of obtaining
and analysing software project measurements linked to business goals as an essential step to process
improvement.

*k k kkkkkk k%
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Practical Guidelines for MeasurementBased Process
Improvement:

Lionel C. Briand, Christiane M. Differding, and H. Dieter Rombach®

Abstract

Despite significant progress in the last 15 years, implementing a successful measurement program for software
development is still a challenging undertaking. Most problems are not of theoretical but of methodological or
practical nature.r this article, we present lessons learned from experiences witlorgereied measurement.

We structure them into practical guidelines for efficient and useful software measurement aimed at process
improvement in industry. Issues related to setting measurement goals, defining explicit measurement models,
and implementing data collection procedures are addressed from a practical perspective. In addition, guidelines
for using measurement in the context of process improvement are provided.

Keywords: softwae measurement, Goal Question Metric paradigm, process improvement

Introduction

Software measurement is widely recognized as an effective means to understand, monitor, control, predict, and
improve software development and maintenance projects. However, effective software measurement requires
that a great deal of information, models, and decisions be documented. Thus, it is a particularly difficult task
for people who do not have extensive experience with software measurement. We provide here structured
guidelines to address the issues most commonly encountered when planning and implementing a measurement
program in the context of process i mprovement. Thi s
measuring software development products and processes in the context of continuous improvement programs.
Measurement is introduced in software organizations to gain quantitative insight into the development
processes and the developed products. This is important in order to understand better theatdvetopess,
to identify problems and improvement opportunities. Measurement activities are commonly referred to as
measurement programs. A measurement plan specifies the why, what, how, and who of a measurement
program.
Goaloriented measurement is the definition of a measurement program based on explicit and precisely defined
goals that state how measurement will be used. In addition, explicit models have to be defined to support the
derivation of questions and measures from the goals in a traceablmmamdiguous manner. Geadiented
measurement helps

1 ensure adequacy, consistency, and completeness of the measurement plan.

1 provide traceability between improvement goals, measurement goals, and measurement itself.
9 stimulate a structured discussion and promote consensus about measurement and process
improvement.

Our guidelines are defined in the framework of the GQM paradigm [BW84, BR88, Rom9l, Bas93].
Nevertheless, it has to be noted that we do not always comply with the original GQM definitions amatetempl
since we adapted them based on experience and projec

1a complete version of this paper is published as Technical Report of the International Software Engineering Network
(ISERN-96-05).

S L. Briand and D. Rombach ({briand, rombach}@iese.fhg.de) are with the Fraunhofer Institute for Experimental Software
Engineering, Sauerwiesen 687661 Kaiserslautern, Germany. C. Differding (differdi@informatikkirde) and D.
Rombach are with the Software Engineering Group, Department of Computer Science, University of Kaiserslautern, D
67653 Kaiserslautern, Germany
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Goaloriented measurement is performed through six major steps which are briefly described below. For more
details, sedGHWO95]. The process steps will be used as reference points throughout the paper so that the
guidelines we provide can be mapped back into this measurement process.

Step 1: Characterize the environment Identify relevant characteristics of the organization and of the
project(s) to be measured. Typical questions areatind of product is being developed? What process is
being used? What are the main problems encountered during projects?

Step 2 Identify measurementgoals and developmeasurementplans. Define the measurement goals based

on the information gathered during Step 1. For each measurement goal derive the important attributes to be
measured by involving project personnel and/or management. Document the definition of the measures and
their underlying motivations in the measurement plan.

Step 3: Define data cdlection procedures For all measures identified during the second step, data collection
procedures have to be defined, i.e., how and when the data has to be collected and who will. cbdlect it
optimize data collection procedures and limit data collection effort, the development process is a major element
to take into account.

Step 4: Collect, analyze and interpret data Collect project data, analyze them and interpret the analysis
results with the help of project personnel and management.

Step5: Perform postmortem analysis and interpret data. Analyze the data further to identify, at the project

level, the lessons learned from the entire projeat addi t i on, project data are us
data to identify specificities and explain differences.

Step 6: Package experienceStructure and store data analysis results, lessons learned, and related documents
concerning the project and its measurement program in a reusable form.

Section 2 addresses the issues related to defining neleneasurement goals in an organization. The structure

of GQM measurement plans, as we see them, is described in Section 3. Their implementation and all related
practical issues are discussed in Sectioektion 5 provides some insight into the interpretation of analysis
results. Finally, Section 6 identifies typical measurenfirsed actions for improving the development process.

Definition of Measurement Goals

In this section, we introduce a modifed version of the GQM goal templates to guide théiodefiri
measurement goals and discuss the main factors influencing their definftimsection provides guidelines
regarding Step 2 of the process for goaénted measurement defined above.

Applying GQM Templates to Define Measurement Goals

Practice has shown the importance of specifying a measurement goal precisely since the selection and definition
of suitable and useful measures and modidtpends strongly on the clarity of these early decisions [B&C
BR88]. GQM provides templates for definingemsurement goals in a precise way. This section describes the
important aspects of these templates and provide examples. GQM templates structure a measurement goal
based on five dimensions:

1 Theobject of studyefines the primary target of the study, i.e., the process or product that will be analyzed.
Examples of objects are themtire development process, phases fiketem testand documents like the
design documendr the final project deliverahle

1 Thepurposeof the study expresses why the object i analyzed. Common purposes, in increasing order
of difficulty, are:

1 Characterizationaims at forming a snapshot of the current state/performance of the software
development processes or products.

1 Monitoring aims at following the trends/evolution of the performance/state of some processes or
products.

1 Evaluationaims at comparing and assessing the quality of products and the efficiency/effectiveness
of processes.

1 Predictionaims at identifying relationships between various process and product factarsimgd
these relationships to predict relevant external attributes [Fen91] of products and processes.

1 Control andchangeaim at identifying causal relationships that influence the state/performance of
processes and producEontrol consists in influencing the course of a project in order to alleviate
risks. On the other han@hangeimplies modifying the process from project to project in order to
improve quality or productivity.Changerequires usually a finer grain understanding of the
phenomena undetwusly thancontrol.
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1 Thequality focusstates the particular attribute of the object of study that will be characterized, evaluated,
predicted, monitored, controlled, or changed. Examples for quality focuses are cost, reliability, correctness,
defect removal, changes, user friendliness, maintainability, etc.

1 The viewpoint identifies the roles or positions of the people who are going to use the output of the
measurement program, e.g., who interprets the data collected and uses the prediction models.plénese peo
are expected to provide strong input into the definition of the measurement program. Examples for
viewpointsare project leader, developer, system tester, quality assurance manager, user, management, etc.

1 The context of the study specifies the environment in which the study will be performed and
correspondingly determines how generalizable the results will be. The information contained in the context
is used to make environmental influential factors explicit, e.g., team structure and experienceja@pplica
domain.

These five dimensions specify completely a measurement goal [BR88]. An example of a measurement goal
using the GQM goal template is:

Analyzethe final product

for the purpose otharacterization
with respect taeliability

from the viewpoint othe tester

in the context ofProject X

Every measurement goal can be expressed using this template. Goals should not cluster more than one purpose,
quality focus, or viewpoint. Even though they may require similar data, this is likely to credtsicon
regarding which data are needed for which goal.

Factors Affecting the Definition of Measurement Goals

The definition of measurement goals is influenced by two categories of factors related to improvement goals
and the development process in place. Software development organizations may have various kinds of
improvement goals, e.g., reduce their cycle time and/or cost, improve the quality of their software, gain more
control over their projects. From suthprovement goaJone may deriveneasuremergoalsthat help achieve
these improvement goals, e.g., identify costly or errorprone actvities, identify the main sources of critical
defects. In general, measurement goals may be ddrivedmprovement goals in order to:

1 provide relevant information to better manage projects

1 provide relevant information to determine potential areas of improvement
9 assess new techniques, methods, and standards quantitatively

Table 1 providesa structured overviewf the impactof improvementgoalsand the development pregson
measurement goaldRkows contain the five goal dimensions. Columns contain aspects of the improvement goals
and development process affecting the goal dimensions.

Knowledge concerning thdevelopmenfrocessess neededn orderto deive relevant measuremeissues

Process descriptions inclugbases of developmenhe activities that are taking place during phases, the roles

and positions involved in activities, and the development artifacisluced.Assessments based on some
descriptive model fothe process can help identify problems precisely and therefore help run a well focused
measurement program. Such assessments can be performed through structured interviews, questionnaires, and
defect causal analysis [BBB4]. Indeed, they might point out issues to be investigated further through
measurement. For example, do specification errors have costly consequences? Are most faults detected early? Is
rework a substantial percentage of the development 2fl8BEiIR96] contains a detailed discussion luittable.

Practical Constraints

This section illustrates constraints ostaring a measurement prograrand establishing higpriority
measurement goals.

Types of Goals

There are various environmental constraints which determine the types of goals which can realistically be
achieved with measurement:
Resources
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The scope of the measurement goal has to be adjusted to the resources dedicated to process improvement and
measurement. One way to do so is to limit thewpointsconsidered and theontextof application of
measurement.

Organization Maturity

The maturity of organizations has an impact on the definition of measurement goals. (Maturity is meant in the
SEI Capability Maturity Model sense [PC3¥3].) In cases where the practices and processes in place are
unstable, characterization goals will provide less accurate results because variability will introduce uncertainty

in characterization results. For example, developers will misclassify fault introduction phases because fault
introduction phases mean difent things to different people. However, it is important to note that data from
unstable processes may be sufficiently reliable to partially or fully satisfy improvement goals.

State of Measurement and Process Modeling

Not any measurement goal can be achieved by any organization at any stage in their measurement program and
process modeling activities. For example, it is often necessary to staghaitdcterizationor monitoringgoals

before evaluation, prediction, controlpr changegoals. An organizain that does not understand how its
resources are spent, what its most urgent problems are, and what the main causes of those problems are, should
not assess new technologies. In order to construct a useful prediction model for process management, the
organizationdés processes have to be wunderstood from
prediction goals are not achievable then control or change goals are out of reach since no relationships can be
clearly identified.

Factors

Goal Dimersions | Improvementgoals Development ppcess

Object of Study | Object of study should focus on 9 _Use process model tdentify possible
productsor processethatneed to be objecs of study

betterunderstood 1 Definitions of the Objecs contained in
process model can be used
Purpose Purpose must be adapted to thesl | Purpose must be adapted to:
of understanding of problenis the 1 Maturity of organization
organization. _Stability of the process

9 Control ovemprocess conformance

Quality Focus Quality Focus shad be consistent | Quality Focus should address the most
with the prioritiesof the corporate urgentweaknesses related to the proceg
improvement prograrfmarketforces
company image,..).

Viewpoint Depending on the improvement goal § From the roles involved in the

one determines the activities the mo]  dewelopment processjéntify the

in need of measurement. The persol  viewpoints to consider

who performs the activities is the | The descriptive process model conta
selectediiewpoint. These activities a|  a cefinition of the tasks associated wi
identified by specifying which are thg  these viewpoints

most serious management and
technical problems.

Context 1 Choose projects that are the mog Determine the scope of measurement
in need of improvement program by selecting a set of projects W
9 Choose projects that are key to tl 9 similar process
success of the organization 9 similar application domain
{_Consider the resources dedicateq or focus on phases andiaities in need
process improvement to determin for improvement
the context

Table 1: Overview of factors influencing the dimensions of GQM goals
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Number of Goals

In general, it is a good strategy to start with a small number of goals, gain experience, and then develop the
measurement program further. The larger the number of measurement goals, the higher is the cost of
measurement. This is especially true for the first goals of a program. It is important to demonstrate that
measurement is useful to everybody in the organization, from both teclamidaihanagerial viewpoints. In

other words, the measurement goals should address some of the issues raised by all categories of personnel at
the project or organizational level. Everybody (highel managers, project leaders, technical leaders, and
developers) should feel they have something to gain in supporting such a measurement program.

Summary Table: Types of Constraints for Goal Setting

Resources dedicated to process improvement

Depth of understanding of the current processes

Stability of theprocesses

Viewpoints (managers, developers,...) involved in the measurement program

= =4 =4 =4

Construction of a GQM Measurement Plan

GQM measurement plans contain the information that is needed to plan measurement and to perform data
collection and analysis. This section explains the elements and the construction of GQM plans and refers to
Step 2 of the measurement process: Identify goals and develop measurement plan.

Components of GQM Plans

A GQM plan consists of a goal and a set of questions, models, and med$rgdan defines precisely why

the measures are defined and how they are going to be used. The questions identify the information required to
achievethe goal and the measures define operationally the data to be collected to answer the questions. A
model uses the data collected as input to generate the answers to the questions. The various concepts are briefly
discussed in the following subsections.

Questions

The questions identify the information required to achieve the goal and the measures deftimalpethe

data to be collected to answer the questions. A model uses the data collected as input to generate answers to
guestionsAn exampl e of a Whwdstiisont hweo ud wa Ibiet yi dAfqualitye qui r em
evaluation model of requirement documents would be required to answer this quéstiaity, GOM plans are

composed of a large number of questions EBRIBF proposedcategoriesof questions which can be used as

quidelines.

Measures

Measures are operational definitions [JSK91] dfilaites such as the quality focus and the factors that may
affect it. Goals and questions may be defined without providing a specific operational model for attributes such
as productivity or complexity. The next step is to provide operational definitions for those attributes so that they
can be measured. Some attributes are actually based on several more elementary attributes, e.g., productivity,
which is based on product size and effort. Therefore such attributes need to be operationalized through models
that have as parameters more basic measures, e.g., Defect -BeNsitgber of defects/LOC.

Defining a measure also includes defining its measurement scale and its value range. The scale is needed to
guide the selection of analysis procedusese the data is collectetihe range gives information on what data

values are expected and may help detect abnormal values. For interval and ratio scale data, the measurement
analyst has to specify the unit of measurement. For nominal scales and ordinabktiaté®d range, the
measurement analyst has to state precise semantics of all possible values. For example, assuming there is a
measure capturing the testerds experience, the scal e
High, Medium and Low experience levels. As an example, the High, Medium, Low scores may be defined,
respectively, as having developed functional test cases for more than five systems, at least one system, and
never. Intervals or scores should be defined so that measureméistsieew variability across the scale. When

data are collected through surveys and/or interviews, then their reliability should be studied carefully by
assessing the measurement instrumengs, questionnaires, before the start of the measurement program.
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Models

During the definition of GQM plans, different kinds of quantitative models have to be defined for the following
reasons:

1 GOM plans have to be operationalizddherefore, the various abstract attributes of the artifacts being
studied, e.g., mainit@ability, reusability of software components have to be defined in an operational
way. We refer to such models descriptivemodels. Building descriptive models is a matter of
capturing expertds and practitioners6é intuition
terms what defect density is.

1 The way quality or productivity comparisons and evaluations will be performed has to be defined
precisely, i.e., how does an object or a set of objects compare to another object or populatiots of objec
with respect to a given attribute (i.e., theality focu$ or rather, to be precise, one or several of its
measures. We refer to such modelgealuationmodels. For example, is a component overly complex
or difficult to maintain based on its internal characteristics? Such decision functions can be built based
on

1 expert opinion and captured decision algorithms that are based on intuition and
experience.
9 the analysis of historical data related to actual decisions.

1 The way predictions will be performdths to be definedrecisely. Therefore, several questions must
be considered:

1 What will the functional form of the models be? Should the models be linedifrean,
univariate/multivariate, or take into account interactions between covariates?
What model building technique will be used? Is multiple regression analysis adequate?
What explanatory variables will be used to predict the dependent varkadreXample,
will system size, team experience, and application domain be sufficient to predict system
cost?

We refer to models describing these aspectpredictive models. Many techniques may be used to
build such prediction models such as:

1 Regression analysis [BTH93, BMB94]

1 Inductive algorithms, e.g., classification trees, Optimized Set Reduction [BBH93]

1 Neural networks [KPM92]
Such models are usually of limited scope and are based on assumptions that are specific to the environment
where they are defined. It is important to define descriptive, evaluation, and predictive models during the
definition of the GQM plan since they will drive, to some extent, the definition of the measures to be collected
and the definition of data collection procedures. For example, models may impose requirements on the type of
measurement scale needed (e.g., complexity must be measured on an interval scale since a-lbagegksion
predictive model will be used) or on the reliability of the data collection (e.g., high reliability is refprirad
measure since it is expected to be one of the main predictors in many predimtiets). [BDR96] contains a
more detailed discussion of these models and how they are combined to be used for different measurement
purposes.

f
f

Summary Table: Types of models

1 Descriptive models operationalize attributes.
1 Evaluation models are decision functions based on attributes.
1 Predictive models predict external attributes of the object of study.

The Construction of GQM Plans

GQM plans tend to become large and complex because they include a great deal of information and
interdependent concepts. Twainéls of documents provide support in constructing adequate GQM plans:
abstraction sheets and descriptive process models.

Abstraction Sheets

GQM plans are constructed by defining and combining questions, measures and models based on the
viewpoint® exper i ence ( sviewpoirBdoesndat nerd t@2seela)l the dethile of the GQM plan.

The GQM plan is constructed by the measurement analyst basedwn teew p expeniende.sTo support the
structured interaction of the measurement analyst witlvigvgpoint,a simplified view of GQM plans has been
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designed [DHL96]. The documents are called GQM abstraction sheets and are used specifically for the purpose
of facilitating interactions witlviewpoints
In order to capture the experience of thiewpoints the GQM abstraction sheets are used as support
documentation during interviews. Their components, referred tpiadrants cover the issues thatewpoints
need to address during interviews. Abstraction sheets may be viewed as structured guad@ivadset the
viewpointsinto the definition of the measurement plan. The GQM abstraction sheet completed in interviews is
a major input when constructing the GQM plan since this is the main way of integrativigwipeint® goal s,
experience, and feedback.
The suggested layout for the components of a GQM abstraction sheet is shown in Figure 1. In the following, the
content of each quadrant is described:
1 Quality focus:This quadrant is intended to capture thewpoint® i nt ui t i quality about t
focus e.g., effectiveness, and help provide an operational definition for it.
1 Baseline hypothesiShis quadrant specifies what is expected byileapointswith respect to the
measures and models that define goality focus For example, if thguality focusmeasures the
distribution of defects across classes of faults,bhseline hypothesisould specify the expected
distribution of faults across classes. The values of this expected baseline can be based on data that
have been collected during earlieojects or.if there are no relevant data, on the estimation and
intuition of theviewpoints
9 Variation factors:This quadrant captures the factors that are believed byiglgpointto have an
impact on thequality focus
1 Impact on baseline hypothesiBhe expected impact of thariation factorson thequality focus
are captured here. Evewariation factormust relate to thguality focus The stated relationship
betweenvariation factorsandquality focusmust be testable. For example, the size of atsfased
as inputs by an activity could be consideredadation factorof t he acti vitybés ef f
the impact on théaseline hypothessoul d be stated as: AiThe | arger
costly the activity.variatibmfacwriséhe maiatioe for includipgatleet o f  t
factor in the process or product definition category of the GQM plan.

Quiality focus: Variation factors:
What is module quality? What influences quality?
e.g., # faults detected e.g., module copiexity
Baseline hypothesis: Impact on baseline hypothesis:
What is expected? How is the baseline influenced?
e.g., <5 faults per module e.g., highly complex module
implies more faults

Figure 1: Structure of the abstraction sheet

A descriptive model for a quantitative attribute would require the definition of a measurement scale and precise
semantics. For example, testing effort will be computed in petaga and will include the following activities:
defining test cases, running test cases, dhgdest outputs, and writing test reports. Such activities would be
precisely defined by a descriptive process model.

Once abstraction sheets have been completed, a first assessment of the size of the measurement program can be
performed. Measurement analysts and users may decide to restrict the scope of the program, i.e., by restricting
the number of viewpoints and the application context, in order to decrease the number of variation factors to be
considered. In addition, factors judged as secondary mésftout.

In addition to being used as an instrument to support interviews during the definition of GQM plans,
abstraction sheets may be used to show a simplified view of the GQM plan to project personnel. This will make
any discussion of the GQM plan easier.

Using Descriptive Process Models

In the context of a measurement program, descriptive process models are needed for the following reasons:
1 The definition of a measurement program and its data collection procedures requires knowledge of
the proces under study.
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1 Designing unintrusive measurement programs that fit into the actual process [BDT9®6BRBC
a crucial requirement.
1 The data collected will not be interpretable and amenable to process improvement if analyzed in a
vacuum, without a good qualitative understanding of the process [BBC+96, BBK+94].
9 Discussions, decisions about changes, and communication of improvement decisions in an
organization will require some widebccepted model of the process under study.
The information items of dedptive process models relevant to defining a GQM plan can be classified into at
least three categories:
1 Definitions of phases and activities, and the data/control flows that relate them.
9 Characterization of produced artifacts and their various states (e.g., under the form efrarstdien
diagram) during the development process.
9 Positions and associated roles in the organization, i.e., responsibilities with respect to activities and
produced artifacts.

Summary Table: Components of a GQM plan

God(s)

One Abstraction sheet per goal
Questions

Models: descriptive, evaluation, predictive
Measures

= =4 =4 -4 =9

Implementation of GQM Plans

Based upon GQM plans, specific data collection procedures are designed in a way so that reliable data can be
collected in the environment and process under study. This section provides guidelines for their definition. In
addition, practical issues, which are crucial for the successful implementation of measurement, are discussed.
This section refers to Step 3 and Step 4 of thesmement process.

Defining Data Collection Procedures

After measures have been defined for each GQM goal, they have to be mapped to precise data collection
procedures that provide the required level of data reliability at low cost. When developing the data collection
procedures, decisions concerning the point in time, the responsible person, and the best means for data
collection have to be made. The descriptive process model provides an important input for these decisions.
[BDR96] contains a more detaileliscussion of these aspects.

When to collect the data

According to the measurement purpose and data collected, three main types of strategies can be adopted for
data collection: periodically, at the beginning/end of activities and/or phases, and when an artifact has reached
a certain state.

These strategies support, respectively, three categories of application of measur®toeittring and control

of software development projects, process improvement (within or between projects), support of quality
assurance activities. Table 2 shows for each of these strategies the measurement purpose they support, examples
of typical data to be collected and the main inputs needed from the descriptive process model to design
collection procedures.

Who Collects The Data

Another question is to determine who can and/or should collect the data, and whether a tool can automate the
data collection. If the answer is no, then subjectivity in measurement cannot be avoided. In this case, several
criteria can be adopted to detene the right person(s) to collect the data: expertise, bias, access, cost,
availability, and motivation.

Therey are three main categories of measurement instriméndls, questionnaires, and structured interviews.

The decision about which instrument to usspehd on the information collectedTools can be usefbr
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objective artifact measurgg.g., LOC), questionnairesind structured interview®r process measurés.g.,
effort spent on an activitygnd subjective measures (eunderstadability of the requirements.)

Collection strategy Measurementpurpose | Examples Inputs needed
Periodically monitoring and control ol % of modules tested Level of granularity of
projects cumulative effort over updates, e.q., weekly,
time monthly.
Beginning/End of process improvement: | defect detection rates ar| descriptive model céctivities
activities Identification of cost of testing activities |and artifacts used or
inefficientandbr produced by processes
ineffective activities
Artifact States quality assurace support] effort spent onnspection,| statetransitionsdiagramsof
Identification of defect |what is the observed products
prone or costly quality?
components

Table 2: Strategies for designing data collection procedures

How to Collect Data

Thereare several issuesf importancefor the acceptancef guestionnairesit-is-mpertant-thatfForms filled

out by project personnel should be designed so that each person has to fill out only one specific form at a time.
For a better acceptance of the dataemibn procedures by personnel, the forms should be adapted to the
terminology, procedures, and tools (e.g., SEEs, CASE) used in the project.

Filling out the forms eut-should be perceived as a natural part of the various activities, and should not be
considered as an overhead by the management or personnel.

Table3 summarizeshe most importandecision criterisconcerningdata collectiorprocedures

Type of decision Decision criteria

When to collect the data Application of measuremenite., monitoring prediction, control, quality
assurance.

Who collects the data P e o p &perfise bias,data acesscost, availability, motivation

How to collectthe data Tools available, Procedures ahdols used in the project

Table 3: Decisions concerning data collection procedures

Practical Issues

An important principle of the GQM approach is that the project personnel who collects and uses the data
participates actively in both the definition and the interpretation of the data. Thus they realize that thd collecte
data is used to address their own needs and are motivated to provide reliable data. The participation of project
personnel should cover the following activities:

1 Goal setting: The measurement goals should concern developers as well as project and quality
assurance management, so that the different project viewpoints are represented by the measurement
program.This will increase the chances for acceptance because it serves the interests of all parties
involved.

1 Measurement planning?lanning, i.e., the defition of questions, models, and measures, requires
the participation of project personnel. Thus, project personnel and management will be involved in
all important decisions about measurement. This increases chances of acceptance because it will
ensure that the measurement program is-seeted.

9 Data collection forms and proceduresThe data collectors should be involved in testing and
reviewing the forms. Pretesting of the forms will provide evidence of the reliability of the data
collected or the lacthereof.

1 Interpretation of data:Despite the fact that measurement specialists have to analyze the data,
sometimes using sophisticated statistical techniques, the interpretation of the results must be
performed in close collaboration with tivéewpointsand, possibly, the people who collected the
data. The results of the data analysis performed by the measurement specialists are presented to and
discussed with theiewpointsand, eventually, the data collectors in feedback sessions.

The project personnehvolved in measurement must be trained in several topics in order to ensure wide
acceptance for measurement and to get reliable data. The main topics to address by training are the following:
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The purposes of the measurement activities
Fundamentals of the GQM approach
Relevant issues concerning reliability of the collected data
1 The data collection tools, for a more efficient and reliable tool usage
A discussion of commitment, training, and tool issues can be found in [BDR96].

= =4 =4

Data Quality Assurance Procedas
When the data has been collected, it has to go through a quality assurance process before it can be stored or
analyzed. The quality assurance process addresses the following issues:
1 There may be data collection forms with missing data.
1 Data collection forms may contain outliers to be checked or values that are out of range.
1 Various dependencies between data collection forms and developed artifacts have to be checked for
consistency.

Analysis, Presentation, and Discussion of Measurement Data

This sectiondiscusses the types of data analyses that may be relevant in the context of software measurement.
Furthermore, recommended strategies for the dissemination, and interpretation of analysis results are discussed.
The activities described in this section are part of Step 4 in theogeated measurement process.

Comparison of Quality Focus Data with Baseline Hypotheses

The data collected can be used to build quantitative baselines for the development projects of the organization.
It is usually interesting toompare actual baselines to the expected ones (i.e., baseline hypotheses as defined in
abstraction sheetssee Section 3.2.1). This will allow the measurement analysts to:

1 Explain these differences and determine whether they are symptomatic of a problem.

9 Trigger discussions with developers, project leaders, and management.

1 Show the usefulness of measurement by identifying departures from expectations
It should be noted that the quantitative baselines and their comparison to the baseline hypotbesssitee
based on the various models defined in the GQM plan (i.e., descriptive and evaluation models). For example, if
one question asks about the distribution of effort acpbsses, the collected data are aggregated according to
the descriptive model for effort distribution. This allows for the computation of the actual distribution of effort
across phases. Then this quantitative baseline may be compared to the expected one (i.e., baseline hypothesis)
through inference testing by comparing distributiansgl assessing the significance of their differences.
Significant differences between the baseline hypotheses and the actual data lead to issues that should be
addressed in feedback sessions. Moreover, they are likely to trigger further investigation of the data in search
for factors that explain the differences. For example, if the testing phase detects more defects than expected, the
analyst would look at the quality of the documents (e.g., the documents may be of poor quality) and look at the
testing tebnique (e.g., it may be more effective than usual). It should be noted that such an analysis of the
baselines is a required component of the preparation for feedback sessions. Feedback sessions will help select
the most probable explanations among plausible alternatives.

Variation Factors: Validation of the Variation Hypotheses

Depending on thpurposeof the GQM goal, the following strategies are applied:

1 For prediction purposes, thariation hypotheseare tested by answering the following question:

Did the variation factors have the expected impact ongthadity focu® If the expected impact
cannot be verified, then excluding the variation factor from the data collection should be carefully
considered. Otherwise, the identified relationships may be used to build new or more reliable
models for project management, quality assurance, etc.

1 For control and change purposassuming that the variation factors have already shown to be of
some impact, the analysis concentrates on determining whether orsniotplaict is due to a causal
relationship between the quality focus and the variation factors.

It should be noted thatariation factorsare not relevant in the case of characterization since this purpose
focuses exclusively on providing a snapshot of the development processes and products, e.g., distributions of
effort across phases or components across complexity levels.
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Objectives of Feedback Sessions

The major objective of the feedback sessions is to interpret the data analysis results with thetheelp of
viewpointsand the additional project personnel who has the necessary expertise. Therefore, the results are
presented to the session participants and possible interpretations are discussed. The presentation and discussion
is structured according to the stated GQM goals. Improvement possibilities concerning the development process
or changes of the project plan may be considered by the participants. Moreover, the measurement program may
be evaluated. If participants are not able to use the data, thisenexplained in different ways:

1 The results are not presented in an adequate form to the participants.

1 The data may not fit the stated measurement goal, i.e., the defined measures do not adequately

capture the attribute that one purports to measure.

1 There may be some relevant information missing, i.e., some extraneous factors are not measured.
During the initial phases of a measurement program, these issues have to be considered carefully, because they
ensure the completeness, consistency, and réfjabil a measurement program. After a few projects, the
measurement program should stabilize.
Subsequently to the feedback sessions, one should refine the data analysis, and, if necessary, the GQM plan and
the collection procedures, based on newly acquired insights.

Summary Table: Objectives of Feedback Sessions

1 Interpret trends identified by the data analysis
9 Take corrective actions concerning the project, process, or measurement program
9 Assess andefine the measurement plan

Organization of FeedbaclSessions

Once the data collection has started, feedback sessions should be held periodically, e.g., intervals between
sessions should be a matter of weeks. Their preparation consists of the following activities:

1 Data analysis.

1 Layout of results in comprehensible and intuitive ways.

1 Identification of alternative interpretations.
The participants of the feedback sessions arevithgpointsof the GQM goals and the people who collected
data. Both groups are important for the interpretation of the data arlikely to be affected by process and
data collection changes that may be decided during the feedback sessions [GHW95].
The presentation material should be structured according to the GQM plans and contain at least all the issues
identified by the analysis. The material should be distributed to the participants well before the feedback session
so that they have a chance to look at the results beforehand.

Summary Table: Organization of Feedback Sessions

1 They are held periodically
i Participants are datllectors, viewpoints, and measurement analysts
1 Presentation material should be distributed well in advance

Interpretation of Results

The analysis results are interpreted by ¥i@vpointsand, in some cases, the data collectgiewpointswill

know how to use the results according to their objectives, and the data collectors know how well the data they
provided were actually collected and whether they are suited to the objectivesviEheints For example,

the viewpoint may draw false conclusionfsom the small number of failures being reported, if the data
collectors do not object that not every failure identified during test has been reported due to time pressure.
Theviewpoints(and only them) can draw conclusions from thsults that are highly dependent on the context

of the measurement program and therefore more likely to be accurate. The underlying rationale leading to
conclusions and all related explanations must be documented. This is necessary in order for those conclusions
to be questined and refined later on if inconsistent or complementary conclusions are drawn during subsequent
feedback sessions.

The interpretation of the data should lead the identificatioweaknesses of the processes in place and the
discussions of possible improvement strategies.
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Establishing a Process Improvement Action Plan

Our goal in this section is to provide a structured overview of measurdrased improvement opportunities
and how to proceed with them. In the context of a-goalen measurement programessons learned based on
a thorough data analysis and interpretation lead to various opportunities for improvement. A non exhaustive list
of typical recurring opportunities is provided below:
1 Identification of unsuitable or low quality development artifacts

1 Identification of erroiprone and/or inefficient activities
1 Interfacing problems between phases
1 Management problems

The identification of improvement opportunities is based on existing descriptive process models and on a
careful analysis of the dishution of effort and defects across phases, activities, and artifacts. In general, one
should look at the following aspects:

9 differences in proportion between categories of defects according to their type, origin, cause, etc.

9 associations between defect categories and
- phases/activities and life cycle products where introduced
- phases/activities where detected
- various productsé part s, €. g., Subsystems
T activitiesd and phasesé relative effort and dur
Once problems have been clearly identified, the sefoclsound and economically viable solutions starts.
However, new technologies and methods should be introduced with care in an organization. Any method,
technique, and language should always be carefully evaluated before using it across the organization. Different
types of empirical investigations may be used. The two main ones can be briefly and informally described as
follows:

I Case StudiesOne or a small number of pilot projects are monitored. The new technology is
introduced on all pilot projects wittut any control on influencing factors. There is usually no
ficontrol & project where the new technology is no
Results are interpreted by relying heavily on interviews and a careful qualitative analysis of the
process. When data are collected, which is recommended, comparisons to the measasedent
baseline may be performed.

1 Controlled experimentsThe size of the sample (usually individuals) under study allows for the
derivation of statistically significamesults. The new technology is introduced on a part of the sample,
the other part being used for comparison. These parts are selected randomly. The factors influencing
the impact of the new technology are largely controlled for.

The descriptions above are a rough but relatively representative generalization. These two types of investigation
represent the extreme points of a range of empirical research designs. Many intermediary strategies exist and
may be better suited, e.g., quasperimental designs $K91].The two types of investigation have different
drawbacks, strengths, and therefore purposes. We will briefly discuss them in the following paragraphs:

Case studies:
1 Strengthslow cost, can be easily performed in a real field setting, useful to identify new issues to be
investigated, suited to understand the why and how of phenomena.
1 Weaknessemo statistically significant results can be obtained, many threats to the validity of the
conclusions that can be drawn, more difficult to perform well (egncerning data analysis) and
requires high application domain expertise, difficult to ensure that the results are generalizable.

Controlled Experiments:

1 Strengths:statistically significant results, causal relationship may be demonstrated, effects of new
technology may be more precisely estimated.
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1 Weaknessesigh cost, difficult to perform in field setting, only useful for (dis)confirming well stated
hypotheses and theories.

One effective strategy is to combine the use of controlled experimentg draining exercises and case studies
on pilot projects. Because these two investigation strategies have complementary weaknesses and strengths, if
consistent results are obtained, each investigation

Conclusion

Setting up a successful measurement program for process improvement is a necessity but challenging
undertaking. The reasons are multiple. Measurement needs to be performed from various points of views,
encompasses numerous attributes, models, and interdependencieenbdtvem. Furthermore, many
psychological issues have to be addressed to increase chances of success.

For this reason, goariented measurement combined with explicit modeling (e.g., process, quality, etc.) can
greatly help structure and provide rigor to the measurement plan. This in turn allows for completeness and
consistency analysis of the plan. In addition, communication among the measurement program participants and
users is improved, because supported by clear and explicit documentation.

In this mper, we have provided practical guidelines to all the steps required to address the issues mentioned
above and to increase the chances of measurement to lead to actual process improvement. Additional guidelines
concerning the implementation of the measurement plan (collection, analysis, interpretation) are given within
the context of the GQM paradigm.

Future work includes formalizing better the structure and content of the measurement plan so that better
automated support can be provided. Thus, the coritpleil be easier to cope with for the measurement
analysts and improved guidelines will be available for data collectors.
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Abstract

This paper presents the outcomes of a process improvement program, caljifdo&dss Improvement In
Internet service providing), run at ONION.

It covers the following aspects:

1 the status of software engineering practices at the beginning of the improvement program, in terms of
ONION development activities and weak/ strong process areas;

1 the improvement plan define raise the maturity level and, above all, the development/ maintenance
capabilities of the software producing unit;

9 the steps in which the improvement program was organized, with emphasis on Testinghénd
activities;

innovative means for handling the Quality Management System with the support of a company Intranet;

results achieved and lessons learnt.

=

Keywords
Software Process Improvement, Testing, Configuration Management, QMS, 1SO 9000, Internet, WWW
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Business Motivation

Onion Company Profile

Onion is a privately owned company based in northern Italy, offering advanced IT services; the
company is specialised in the fields of Communications, Technologies and Consulting, always
trying to keep a strong link between technology and business goals.

Onion is pursuing the following business areas:

1 COMMUNICATIONS: Distributed Computing and Networking applications, Telematic
Services, Internet/ Intranet Service Providing, Internet Access Providing

1 TECHNOLOGIES: Security Management, Inntva Multimedia Applications,
Information Technology Transfer, Information System Rightsizing

1 CONSULTING: Business Process -“ngineering, I1ISO 9000 Quality Management
Systems, Food and Drug Administration (FDA) Computer System Validation, Software
Process Improvement.

More details can be found at the WeWide-Web: http://net.onion.it/

Business Needs

Though being a young SME, Onion is very committed in strengthening its business capabilities
through software process improvement.

Onion is intensively workig in a technology environment which is evolving very rapidly.
Nowadays, companies are more and more reliant on information which straddle national
boundaries. Multinational corporations need their communication and information exchange
capabilities to function efficiently in a global business environment.

To this aim, recently two forces of technological change have created a shock wave through
the communications and computing industries and shaped the blueprint for the Information
Highway.

First of all, in telecommunications, transmission is evolving from copper wire to fibre optic
cable, along with a new generation of telecommunication switches and embedded software.
The virtually limitless capacity of optical fibre has substantially eliminated capacity or
bandwidth as a constraint. Moving the large amount of information required for sound, videos
or images has become increasingly rapid and efbsttive.

The second technological breakthrough is the availability to convert text, sound, images, video
and other content into a common digitised format. This fact makes it possible to connect all
communication systems into a single vast network.

Internet is today the best known electronic network and, even if a lot of work still remains to
be done, it represents how the new communication technologies have become more accessible.
Internet already offers, albeit in embryonic form, most of the services and technologies that
should make a substantial step ahead to our quality of life: you can make a telephone call,
watch a video, listen to an audio, shop, learn and, of course, communicate. Many are the
benefits that derive from this situation and the combination of abundantolstinformation

and its instant availability through a fast, efficient and ubiquitous electronic network gives
companies the power to make economical use of the resources they need

This Al'T revolutiono is fundamentally affect
the key technical strengths for competition.

The experiment and the baseline project

At Onion software development is a key factor for communications and technologies
services/products; software related activities can be classified into the following three classes:
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software development for tuey IT solutions: in this case software development follows
a traditional waterfall life cycle with usage of C++ and Visual Basic as development

languages;

service providing on Internet (e.g.: Web server information publishing, support to
cust omer sO0 -opd rcanpany Intmets, sappdrt to order processing and

inventory management,

et c.

i n

t his

service and is developed with innovative languages like Perl, VRML, Java, etc.;
development of multimedia applications: in this case software development cannot follow a
standard waterfall model, but has to face with fast prototyping, Rapid Application

Development (RAD) and integration of software with multimedia assets.
The Process Improvement program described in this paper focusbd sacond application
domain, in which a typical project is characterized by the following phases

definition of service requirements with the customer;

collection of assets to be included in the service;
definition of the home page for the service;
definition of search keywords;

setup of the service structure;

development of prototype;

testing of prototype;

review of the service prototype with the customer;
completion of service development;

testing;

fixing of failures found;

acceptance with the custome

insertion of service in production environment;
link of the service with most known searchers.

The Process Improvement Experiment

The starting scenario

Findings of a selfassessment

Onion conducted a software process-asffessment resulting in a maturity not aligned with

the company strategies. Apart from the numeric grading, the assessment was very important in
raising the consciousness about process improvement needs and in singling out key process
areas that should be addressed first.
In the following the situation at the start of the improvement project is summarised from a
technical, business, organisational, cultural point of view.

T

Technical issues

case

The selassessment, combined with a portfolio analysis of business needs, brought to the
identification of the following areas for improvement, with reference to SEI CMM Level 2

Key Process Areas (KPASs), in decreasing order of impact onto business goals:
a) testing: testing was conducted by the developers, without adoption of any consolidated

technique an wi t h Il nsuffici
effectiveness had room for improvement;
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b) software configuration management: there was provision neither for versioning, nor for
change management; this caused a low productivity, a high degree of regression testing
and an insufficient reise of objects; such issues applied to software code, technical
deliverables and also to published assets (pictures, photos, fims, forms, etc.).

Strong key process areas at the start of the improvepragram included Quality

Assurance, with the presence of a Quality Manager committed to the enforcement of good

engineering practices. Also requirements management was felt as satisfactory, especially in

Rapid Application Development, where the -lifgcle involves prototypes discussed with

customers quite early and frequently. Project management also showed good foundations.

9 Business issues

From a business point of view, *Pdssumed as pilot projects two of the most important

developments undergoing in thempany, in order to deploy the improvements as soon as

possible in the core business areas, to take immediate advantage of the expected benefits.

Concerning company capabilities, positive results from Process Improvement were expected

in product reliability and development productivity/ timeliness; such issues were tracked by

a set of quantitative indicators.

1 Organisational issues
Organisational issues at the beginning of the experiment were marked by a focus on

technology and on peoptlriven processeddence t he processes migh

hoco or fAchaotico with focus on shdong ter
term issues. The assessment also highlighted the organisational strengths that would have
constituted the basis for process improvement, in particular: attention paid to training;
adoption of a rough measurement system to track projects; consciousness of need for
improvement and positive attitude towards it; competent and creative people, with a good
mix of technical, managediand commercial profiles; statd-the-art technology.

1 Cultural issues
The willingness to improve of the whole development structure brought to the deployment
of improvement actions in a positive framework, without resistance from the staff.

The Improvement Plan

After the assessment, an action plan was devised in order to increase the software
development/ maintenance capabilities of the software producing unit.

The bulk of the improvement was planned to cover up to December 1997, accompanying the
companyfrom the incubation period, through ta&#f and growth consolidation. The plan has
three main steps covering two years of elapsed time:

1 short term improvement efforts (from June 1995 to December 1995)

It was decided to strengthen training issues by means of the definition of a training plan
(customised for various professional skills) and to enforce project management;

1 medium term improvement efforts (from January 1996 to December 1996)

This phase has the goal to address configuration management amgl issstes that both
require significant investments in technology and effort to begetnd deployed;

1 long term improvement efforts (from September 1996 to December 1997)

This phase will focus on the drafting of the documents constituting the Quality Management
System (QMS) of the company, allowing for ISO 9000 registration.

As a consequence of the assessment, it was decided to focus on Process Improvement actions

characterised by the following characteristics: highestgffayrelevance for all the busess
lines of the company; direct applicability and pragmatic feasibility in the medium term.
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The key process areas exhibiting such characteristics were identified as being the following:
configuration management (CM) and testing; for both of them, therBject looked at both
the definition of rules and the alignment of projects.

Approach with respect to business needs

Technical implementation of the experiment
The phased worklan of the project was defined taking into account the following strategy:
1 the Improvement Program shall be based on top of running pilot projects;

1 to handle the average length of projects and to track the trends of results, the application of
the PlarDo-CheckAct (PDCA) scheme was planned ;

{1 each workpackage of the PIProgram was defined as a major gliNgsion of the project,
ending with a verifiable end point;

1 project management was clearly identified also in terms of resources;
sufficient room was devoted to dissemination activities;

1 sufficient roons was also devoted to quantitative measurement of results (in particular:
effectiveness analysis and quantitative evaluation of Return On InvestReéxm}.

=

In accordance with the goals of the overall improvement plan, the required status of software
processes at the end of the improvement progrrehalibe summarised as follows:

1 definition of processes and adoption of tools for the KPAs of testing and configuration
management;

1 adoption of the defined practices and of the tools in tHg haitine work of projects;
alignment of the staff to the defined methods, practices and tools;

1 increased maturity of the measurement system, tracking the most relevant indicators for the
business of the company;

1 beginning of formalisation of experiences gained by means of standard operating procedures
constituting an initial kernel of the company QMS.

=

The maturity level of the company at the end of the Improvement Program was planned to be
not too far from level 2; this would be a big success for tharasgtion because in this case

we would have achieved a stable process with a repeatable management control level, by
initiating rigorous project management of commitments, costs, schedules and changes.

In particular the improvement program was planned to bring close to level 2 for the KPAs
directly affected by the improvement actions. In particular we expected significant
improvements in the following practices: Life Cycle Functions: testing; Supporting Functions:
configuration management; Process Reld&edctions: process control; Technology: tools for
configuration management and testing. Moreover, the Improvement Program was planned also
to affect positively higher maturity level key practices, likewise: process definition and process
measurement.

What is felt as most important in any case is not the fact of reaching a full level 2 for all
practices but rather to have full alignment between the defined practices and the daily routine
work within the projects; in this case in fact it will be possiblénprove company capabilities

by means of a bottomp continuous improvement suggested and enforced by the whole staff
and not just toglown driven by the management.
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The improvement steps

The steps in which the improvement program has been organised can be summarised as follows:
Evaluation of the state of the art methods and tools

Procurement of the selected technology

Training on technology and underpinning methods

Definition of rules on how to apply the selected methods and tools to the pilot projects
Definition of quantitative measures to track the effectiveness of the improvement program
Application of the selected methods and tools to the pilot projects

Collection and analysis of quantitative data from the program experiment

Analysis of Return On Investment

9. Transfer of the lessons learnt to the whole staff

10.Transfer of the results into the standards operating procedures
Particularly important was the initial technology survey, that brought to:

1 the evaluation and procurement of CM tooling (through: seleatif candidate toekits,
design of a checklist containing the most important aspects to be evaluated, comparative
evaluation using the checklist, procurement);

1 the evaluation and procurement of testing tooling (through the same approach described for
CM);

1 the drafting of a final report summarising the tools evaluated and giving a rationale for the
procurement decision.

The changes that were made to the technical environment in terms of equipment, tools or other

software introduced specifically for the pess improvement activity are summarised in the

following:

1 adoption of a WWW Workbench including advanced authoring and testing features, as well
as basic Configuration Management features;

1 adoption of a WWW Test Environment covering almost all the needs that were defined at
the beginning of the technology survey;

1 adoption of a CM environment particularly suited for document and asset management,
oriented also towards 1ISO 9000 document and data control rules;

1 setup of a WWW environment for the managemeithe Quality Management System.
are reported most substantial

© No gk~ wNRE

made.

Improvement actions deployed
The Web Site Testing Procedure

Testing improvements

Concerning testing, improvement actions included, among others: test design methods
(reference documents, methods for extracting test cases, etc.), practices for unit test, practices
for integration test, practices for system/ acceptance test, methods for problem notification and
tracking, tesreporting.
This resulted in much than before

among which the following were
reckoned as particularly important
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HW!/software

E R

Test classes and levels

The following test levels were defined depending on the applicdtomain, either Programs
(classic software development) or Web Sites.

Programs Web Sites
Module Testing Syntactic Testing
Integration Testing Security Testing
System Test Service testing

Tab. 1- Test levels for various classes

While not detailing here the meaning of the testing levels associated to Programs (for
references, see [BACH] or [BEIZ]), a few words are needed for test levels of Web Sites.

Syntactic tests have the goal to check the basic correctness of Web Sites, from a syntactic
pointaviev, a structur al point of view (in partic
a performance point of view (in particular looking at the number and size of pictures).

Security tests have the goal to validate the security mechanisms and security enforcing
functions, with particular emphasis on the reserved and restricted areas; when looking for
security of critical systems, the usage of ITSEC [CECL1] and ITSEM [CECZ2] guidelines can be
extremely valuable.

Service tests have the goal to validate hesru | t i ng service from an u:
adopting a blaclox strategy without any assumption on the underlying architecture and
implementation choices.

REQUIFEMENTS s Service t
N\
DESIGN oo Security testing
Implementation - Syntactic testing
/7
Web Site

Fig. 1- The V-cycle applied to WWW development

The Web Site checkist

In addition, a standard chetikt was devised for all Web Sites, to be applied both for

acceptance purposes and for regression testing activities. Suli$t testers aspects likewise:

9 stylistic problems (spelling errors, particular tags, use of obsolete-uparkartialar
contentfree expression, empty container elements, etc.),

1 lexical problems (use of character sets, formatteigted problems, using white spaces
around element tags, etc.),

1 syntax problems (illegal elements, illegal attributes, unclose container elements, malformed
URLs and attribute values, etc.),
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image related problems (bandwidth consumption, images syntax, etc.),

document structure problems (both in tables and in forms),

portability problems (accessibility by various browsers and platfornak-op inside
comments, use of single quotation marks for attribute value, use of specificumaudt
supported by all browsers, liberal usage of file naming, etc.),

1 structural integrity problems (no index file for a directory, dead links, limbo pages, etc.),
1 security problems.

= =4 -4

The Testing Procedure

The adoption of supporting tools [IMAG] [BOWE] allowed to -sgt a test factory running
almost automatically the following sequence of test classes:

check the document for spelling errors;
perform an analysisf the images;

test the document structure;

look at image syntax;

examine table structure;

verify that all hypetlinks are valid;
examine form structure;

1 analyze command hierarchy.
For more details on the Onion approach to testing in the Internet domain, the interested reader is referred to
[BAZZ].

= =2 4 A4 A4 -4 A

O-0O based Configuration Management

Configuration Management improvements

Concerning Configuration Management, issues addressed included, among others: process
management (lifeycles for various objectssar roles, triggers, security control, etc.), release
management (versioning, object control, dependency management, build managerudnt, bill
materials, variant and parallel releases, etc.), change management (status handling, report
handling, etc.) [MARK].

The following detailed activities were fulfilled:

1 definition of rules for applying methods and tools within the pilatects

1 application within pilot projects;

1 derivation of guidelines for compatwide configuration management, for inclusion within
QMS standard operating procedure.

and

An Object-Oriented approach to CM

The ONION Configuration Management strategy was based on an Object Oriented approach.
This relies on the cameration that every entity implemented during the development of Web
projects must be treated as an object. Moreover, every action that can be performed on that
object must be considered as a method applicable to the object.
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This strategy very well fits in the complex world of entities that the Web based projects must

be able to manage. Such strategy allows also a high degree of flexibility because it is not
mandatory to highlight in the very beginning the whole set of objects which will be used; rather

it is possible to start with a small set of objects and methods and to take advantage of the
possibility to define new objects and methods every time that this is needed.

Every entity belongs to a basic class called
inherited by every object descending from the class, namely: Owner, Description, Location,
Class, Version number, Construction date, Verification date, Approval date, Responsible
person, Copyright, Access Control List, Configuration Contratha@. On top of this basic

class, others were defined, including: Order; Web Site; Program; Document; etc.

Documentation management

Concerning document control, an integrated environment was adopted [LIBR], fully aligned

with ISO 9000 requirement. This modular system was very useful in the light of agitiag

QMS since it provides extensions for the management of several ISO 9000 requirements (e.g:

tool calibration, keeping of Quality Records, Supplier List management, etc.). In particular the

toolkit was very easy to introduce thanks to its strong integration with the Microsoft Office

environment for the drafting of documents.

The most relevant features that proved to be suited for the specific environment were:

1 configuration identification (the definition of codes for the unambiguous identification of
document and their related version allowed to constantly know the state of each document);

1 document management (handling several classes of documents, including: internal

documents, external documenisx,fletters, contracts, Quality Records, etc.);

a review and approval scheme based on agteps mechanism;

a document matrix (identifying the responsibilities for preparation, review and approval of

documents);

the management of document distribution (for sake of confidentiality and security);

the automatic management of document status, version, change history and authors;

the management of company templates for all standard operating procedures and forms to

be used in the company;

meeting managemefwith tracking to closure of all action items);

tool calibration (keeping under control all the calibration activities);

time management (computing effort spent by project, work centres and work category);

supplier management (keeping a supplier accredited list, with all relevant information);

non conformity management (opening and tracking to closure of corrective actions).

= =

= =4 =2
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An Intranet based Quality Management System

The basic architecture

The idea of settingp a company Intranet designed for thenagement of the Quality
Management System came across by observing that new technologies lead to more efficient
and dynamic communication and thus to new infrastructures and work procedures for projects.
Moreover, business process models are designed, information systems are established on
Hypermedia platforms, and total quality management (TQM) gets a new vision when all
effective processes of the organisation are made visible and accessible to the employees via
Hypermedia and Internet systems.

Henceforthit was decided to manage the Quality Management System with a WWW support,
as part of the compaswide Intranet.
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This involved the porting of documents in the WWW environment, the definition of access
rules, the creation of hypeextual links across objects, the creation of modules through
electronic forms, the linking with the mail systems etc.

Intranet as the future for QMS environments

The main advantages of a WWhidsed Quality Management Systems have been experienced

to be the following:

1 availability & large: all people can have a direct, dfsiendly access to all the items of the
QMS;

1 traceability: the hypetextual mechanisms embedded in the WWW are particularly suited

for managing references within and across documents of the QMS, allowing to browse

through the complex structure of a Quality Management System and to keep under control
the overall architecture of the system;

maintainability: only the most recent version of QMS documents is always availalbie;on

distribution: thanks to access ¢mi list, the distribution of controlled copies is greatly

facilitated;

1 deployment: the availabilty of elne forms (e.g: for tool procurement, anomaly
management, training registration, supplier evaluation, etc.) is a powerful support to the
deployment of the defined practices in the daily routine work;

1 effectiveness: the integration with the development environment (e.g.: templates linked with
the appropriate word processor, forms linked with the appropriailefor posting)
provides a straightforwd way to information circulation within the company.

The experience has proven to be very positive and thus now the company considers the WWW

as the principal environment for the development, tuning and maintenance of the QMS, from

where to automatically derive the few paper copies that still are needed for the certification/
surveillance audits.

= =4

The Impacts and the Experiences gained

Quantitative goals and measurement plans

The following activities were foreseen for tracking the effectiveness of thev&@eftProcess
Improvement Program:

{ process assessment;
{ process metrics;

1 analysis of Return On Investment.

As far as quantitative measures are concerned, a small core set of basic metrics directly related
to the business goals of the company was collected, inciyaliogects that did not benefit of

the improvement actionsprojects in which additional practices were piloted and projects in
which the new practices had become daily routine work.

In so doing, it was possible to have a considerable datapset which a managemehy-

metrics activity was performed. The set of indicators collected is summarised in the following,
together with the quantitative goals defined (values have been set basing on the experiences
gained from earlier projects).

Indicator Definition Target
Goal

Timeliness for the customer Planned service development time/ actual time > 80%

Reuse % of common software modules-used > 50%
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Fault density Faults/ KLOC <1

Testing effectiveness Faults in testing/ Total faults >80%
Software Productivity LOC/ persoamonth >250
Asset Productivity Html pages/ persemonths >150

Tab. 2- Quantitative indicators

Impacts at company level

Results and lesson learnt are considered in the following from the following perspectives:
1 technical;

1 business;

1 organisational;

1 cultural.

Technical impacts

From a technical point of view, the following main achievements can be stated:

1 selection and procurement of tools;

1 definition of a draft Quality Manual;

1 definition of guidelines for testing and CM;

1 deploymeat of enhanced practices from the pilot projects to the daily routine work;

1 performance of training and internal dissemination activities.
From a software engineering point of view, the following can be stated:

1 the introduction of more systematic testing methods and tools is of paramount importance
for level 1 SMEs and can be done with success in short time;

1 the introduction of configuration management requires more care, both from a
methodological and a cultural point of view;

1 the development of WWW basadultimedia applications cannot be ruled under a classical
waterfall model but rather requires fast prototyping and Rapid Application Development
approaches, that the company is setting as the next target for improvement.

Business impacts

From a business point of view it was perceived that the adoption of more mature software
development/ maintenance practices results in increased confidence by the customers, which is
expected to be reflected in positive returns from the market.

Moreover, the following lessohas been learnt: whereas customers are wiling to reckon a
direct value for testing activities, this is not always the case for configuration management
activities which are normally considered as an unavoidable overhead which should not be
charged onto them; this pushes very much on the adoption of approaches whose cost/ benefit
ratio is positive from a productivity and timeliness point of view.

Organisational impacts

The project was run in eoperation between the communications/ technologies department
and the consulting department, which has specific skills and experiences in software process
improvement. Due to this organisational peculiarity, the project allowed to transfer internally
the process improvement culture previously owned only by a subset of people. This resulted in
higher company integration, which is a key element for the strategic projects that the company
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runs with major customers, requiring a strict combination of technical and consulting
capabilities.

Moreover, due to the several intetions across people, the project facilitated a more clear
definition of roles within the company. At the same time, the company is more and more
experiencing the adoption of a paradigm or.i
dynamic allocations and resource sharing across projects, rather than the permanent assignment
of technical staff to a predetermined area/ group. This, albeit being more complex from a
resource management point of view (which is more and more done at company level, letting
the detailed activity planning/ tracking at Project Level), is felt as very fit for SMEs
confronting with a fast changing market. To this respect, Has contributed to the
strengthening of the positive mood and feel that is needed in a company willing to adopt a
Aresource pool 6 approach.

Cultural impacts

Involvement of the people was positive, without major resistance in adopting new tooling and
methods; a clear evidence of this is the fact that Project Leaders, besides their involvement in
the pilot projets, autonomously decided to apply the new testing methods also to products
already in field, for sake of sanity/ regression checking.

Still some barriers are present in the application of more rigorous configuration management
methods and in test execution tracing/ problem report management. This is due to the fact that
such activities are sometimes foreseen as a project overhead which does not bring to tangible
results in short terms and there is the risk that they get assigned a low priority when time
schedule pressure is high.

In order to overcome this problem, we are looking at the definition of WWW based support
forms in order to facilitate the uptake of such practices by adopting a work style that is already
familiar and accepted by the technical staff.

Another way to attack this issue is to stress internal dissemination of the enhanced practices by
means of workshops held by the people who experienced the new solutions (this is felt much
more convincing for the déevelopers than a fit
Moreover, an effort is undergoing to consider such activities in the light of continuous
improvement, with a mediwiong term plan consisting in ISO 9001 certification, which
represents for the company a challenging goal.

Several additional skills have been acquired by the project staff as a result of the experiment
(e.g.: high level knowledge of ISO 9000 and Software Process Improvement principles;
knowledge of testing methods and techniques; knowledge of configuration management
principles; indepth kmmwledge of the procured tools); the nature of the experiment implied
also considerable changes for the professionals involved, in terms of their way of working,
their skills and disciplines, etc.

The impact of the experiment on human factors can be summarised as follows:

1 people showed enthusiasm in using new tools;

1 people accepted the idea of systematic testing (not just debugging) and independent
verification and validation;

1 people positively experienced the usefulness of project guidelines, provided ates
pragmatic and built as much as possible bottgnirom the handsn experience;

1 people were a bit reluctant on the adoption of more rigorous activity tracing methods, when
this was not felt as directly contributing
welcome.
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Experiences achieved and future goals

This section provides a summary view on the usefulness of the Process Improvement program
itself, identifying the strengths and weaknesses of the adopted approach and the overall benefit
for the organisation.

Strong aspects can be considered the following:

1 deployment in two pilot projects;
1 involvement of people from different departments;

1 combination of technical and methodological aspects.

The following aspects show room for improvement:

1 parallel activation of two improvements (testing and CM) onto a small organisation at a
time; this is good at rule definition level but is not easy at project level, where improvements
have to be managed with care in order not to overwhelm the project ataibhto keep in
any case the planned goals and schedules;

1 management of project guidelines within an overall framework; this was not foreseen at the
beginning but resulted soon to be a need for the company that thus defined a first draft
Quiality Manual adherent to ISO 9001 before getting to the definition of detailed guidelines.

In the overall, the Plproject is felt as very successful; nevertheless, if we were to repeat it, we

would make specific changes to our approach in order to overcome the twifiedien

weaknesses, mainly: more accurate timing of deployment of improvements in the daily routine
work and definition of company rules adopting a-thgwn approach.

The issue of Process Improvement deployment is felt as critical, since for SMEs intensive

software process actions might bring to disruption of the normal company activities. It is our

opinion that this should not happen, provided that the improvement actions are seen as a

significant part of a global Process Improvement approach that the wpngbeuld

continuously apply.

In any case, in order to avoid risks, the following provisions can be put forward:

9 care has to be taken in the detailed planning of the improvements in order to avoid the
overlapping of the most effort consuming activities;

1 improvements shall be extended to other projects adopting a bofi@pproach, that is to
say introducing additional practices in a controlled way and under the responsibility of the
Project Leader, only after they have been discusses with and accepted ibyadived
designers;

1 the measurement of quantitative results obtained by the pilot projects has to be the major
criteria for deciding the deployment of additional practices into the normal company
activities;

1 internal training and dissemination must have a big emphasis.
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Abstract

The SPICE (Software Process Improvement and Capability dEtermination) project aims to deliver an
international standard on software process assessment. Unique among software engineering
standards efforts, there is an empirical trials activity as part of the SPICE project. The first phase of
these trials was completed in calendar year 1995. During phase one, data was collected to evaluate
design decisions of the SPICE framework and the usability of the core SPICE documents. In this
paper we describe these assessments and present an evaluation of some of the documents based on
35 assessments conducted during phase one of the SPICE trials. The results indicate that the SPICE
framework is in general sound, but they also highlight some potential weaknesses. Since the
completion of these trials, the SPICE documents have been revised taking the trials results into
account.

Introduction

The objective of the SPICE (Software Process Improvement and Capability dEtermination) Project is
to deliver an ISO standard for software process assessment. More information about SPICE may be
found in [1][2][3][7][9][10]. As part of this project there are a set of empirical trials [4][8]. These
empirical trials are scheduled to be completed in three broad phases. The first phase was completed
in calendar year 1995. Its results were based on several sources of data, including a series of
guestionnaires completed by both assessors and assessees from 35 assessments conducted world-
wide, project problem reports and change requests, and the actual rating profiles forthcoming from
the assessment. The focus of phase 1 was on evaluating the design decisions of the SPICE
framework, and the usability of version 1.0 of the core SPICE document set8. The results from phase
1 were used to help identify strengths and shortcomings, and inform decisions about the content of
the document set prior to standardization.

In this paper we describe the assessments conducted during phase 1 of the SPICE trials and
present an evaluation of the core document set from the experiences of 35 assessments. This is
based on the work done by the authors and reported in the phase 1 trials final report [11]. The results
indicate that the SPICE model and rating framework are in general sound and have been found to be
useful and usable, but they also highlight some potential weaknesses. As of this writing, the
weaknesses have been taken into consideration in developing version 2 of the SPICE document set.

In the next section we describe the method that was used for data collection and data analysis.
Section 3 presents the detailed results. Section 4 concludes the paper with a summary and with an
overview of the subsequent phases of the SPICE trials.

* The views stated in this paper are those of the authors and do not necessarily reflect the positions of their
employersor their funding agencies.

a The work reported in this paper done by EI Emam in the SPICE project has been supported, in part, by the
Applied Software Engineering Centre (ASEC) in Montreal.

b The Software Engineering Institute is sponsored by the U.S. Department of Defense.

6 Some assessments in phase one of the trials also used earlier versions of the documents than version 1.0.
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Research Method

The SPICE trials are a collaborative effort amongst a substantial number of people around the world.

In order to manage the data collection effort on a global scale, four regional centers were set up to

coordinate data collection in each region. These regions were: the Pacific Rim, Europe, Canada, and

the USA In most regions, assessments using the SPICE documents were conducted in 1995. During

each of these assessments a set of questionnaires’ were administered. For the purposes of this

paper, we obtained responses from two groups of people: (i) lead assessors who were in charge of the

trials assessments, and (i) the sponsors of the assessments in the Organizational Unit (the

organi zation or part of the organization that was be
assesseesd perspectives respectively. I n total, ques:
before the response deadline. Of these, 20 were conducted in Europe, 1 in Canada, and 14 in the

Pacific Rim.

Document Name8 Brief Description

Baseline Practices Guide (BPG) This document defines at a high level the
fundamental software activities and their
capabilities structured in 5 levels. The activities
are divided into five process categories:
customer-supplier, engineering, project,
support, and organization.

Assessment Instrument Guide (AIG) Defines the requirements for a conformant
assessment instrument.

Figure 1: Brief description of the core SPICE documents whose evaluations are presented inethis pap

The objectives of our analysis of the questionnaire responses as presented in this paper are twofold.
First, to describe what actually happened during the phase one assessments. Second, to present an
evaluation of some of the core SPICE document set. The evaluation results for the documents
described in Figure are presented in this paper.

The results presented here are the percentage of responses to various questions®. These results are
shown in the form of histograms. To evaluate the documents, we identify the proportions of
respondents who are supportive (as opposed to critical) of either the SPICE design decisions or the
claim that the documents are usable. A supportive response is one:

i that says something positive about SPICE, and/or

i that will not require any changes to the draft SPICE documents (i.e., the ones that

were used during the phase one trials assessments)

We have also made a distinction rmdteweers ubweory i s/edpal
This distinction helps make clear the extent of support for SPICE. For example, assume that a
guestion asked t he respondent s t o express their e X
assessment i mproved awareness of software process i s
engineersi, and t hat it had the foll owing four re.
ADi sagreefi, and AStrongl Figur®i s atghree e ASt rAosngs lyowhng r ier i
responses would be considered supportive of SPI CE,
responses would be considered to be critical of SPI C
category would be considered to be Avery supportiver
would be considered to be Amoderately supportived of

fi
i

Supportive Responses | Critical Responses

7 Copies of these questionnaire may be obtained directly from the authors.

8 The names, structuring, and organization of theC&Ptlocuments have changed since the completion of
phase 1 of the SPICE trials. In this paper, however, we will continue to refer to the documents as they were
used during phase 1 of the trials.

9 An inferential analysis of this data has been performed and is presented in [5].
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Very Supportive Responses | Moderately Supportive Responses

Disagree

Strongly Agree Agree Strongly Disagree

Figure 2: Types and examples of response categories.

For the histograms presented in the results section of this paper, it will be noticed that the number of
responses differ considerably. The reasons for this are mainly that: (i) for different questionnaires, we
received a different number of responses, (ii) for different questions, there were different numbers of
missing data (i.e., the respondent did not answer the question at all), and/or (iii) responses to
particular questions excluded the respondent from the analysis for other questions (e.g., if the
assessor did not use the Assessment Instrument Guide for preparing and/or during an assessment,
then that assessor was excluded in the analysis of certain questions that assume that the Assessment
Instrument Guide was used).

It must also be recalled that such an extensive empirical evaluation of a software process
assessment framework and/or model, as being conducted in the SPICE trials, has not been
conducted befor e . Therefore, it is difficuldt to ¢
studies. In the few exceptional cases where precedents exist, this comparison has been made in the
presentation of our results.

Results

Description of the Assessments

The SPICE documents provide general guidance for conducting assessments. The activities defined
in the documents19 are summarized in Figure. As seen in Figure , most of the assessment activities
defined in the SPICE documents were performed during most of the assessments. However, in less
than 70% of the assessments were the Averify
performed. The former may be due to the fact that existence ratings were performed in a smaller
number of assessments (when compared with adequacy ratings).

During the assessments, the most commonly used type of assessment instrument was a paper
based checklist followed by a computerized spreadsheet (Figure ). Apart from the spreadsheet, it was
rare that any other form of computerized instrument was used. The instruments that were used were
developed mostly by the lead assessors themselves (Figure ). Very few of the assessors (only 35
percent) used the exemplar instrument provided by the SPICE project.

Most of the information that was collected during the assessments was through interviews followed
by the review of documents or interim work products (Figure ). No assessors used assessee self-
reports, and very few collected data prior to the on-site visit (12%).

1wWe have excluded ACollecting and verifying
performed in any assessment.
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Activity Brief Description!

Define and review the assessment inputs The assessors should review the assessment purpose,
scope and constraints to ensure that they are consistent and
that the assessment purpose can be fulfilled, responsibilities,
and any extended process definitions.

Select process instances This involves mapping the organizational unit's processes to
the BPG model and then selecting instances in a manner that
would satisfy the assessment purpose.

Identify assessment risk factors Risk factors could include changes in commitment of the
sponsor, unplanned changes to the structure of the
assessment team, organizational changes, and lack of
confidentiality.

Brief the Organizational Unit's personnel The briefing should include an overview of the assessment
purpose, scope, and constraints, the conduct of the
assessment, and how the assessment outputs can be used
to provide the most benefit to the organization.

Verify ratings Supporting documentation and records are collected to verify
the ratings made.

Determine Derived Ratings Derived ratings are based on an aggregation of actual ratings
for process instances.

Validate the ratings This would include comparing the results with those from

previous assessments of the same organizational unit,
looking for inconsistencies in the ratings of related processes,
and feedback sessions of preliminary findings to the
organizational unit.

Present the results to OU management The assessment findings are presented to organizational unit
management and the sponsor.

Figure 3: Brief description of some assessment activities.
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Percentage of Assessments

No. Activity Percentage of

Assessments
(1) Verify existence ratings (existence is a fpaint rating scale that can be d$e an assessment) (20/34) = 59%
(2) Determine derived ratings (23/35) = 66%
(3) Identify assessment risk factors (30/35) = 86%
(4) Verify adequacy ratings (adequacy is a fpomt rating scale that can be used in an assessment) (31/35) = 89%
(5) Present the assessment results to OU management (31/35) = 89%
(6) Validate the ratings (31/35) = 89%
(7) Select process instances (34/35) = 97%
(8) Brief OU personnel (34/35) = 97%
9) Define and review the process inputs (i.e., purpose, scope, cosstresponsibilities, and extended (35/35) = 100%

process definitions)

Figure 4: The activities that were performed during the assessments.

11 These are only brief descriptions of the activities to aid the reader in interpreting the chagtsledds of
the activities are in the SPICE documents.
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No. Type of Assessment Instrument Percentage of
Assessors
(1) Computer Based Flat File (0/17) = 0%
(2) Computerized Checklist (0/17) = 0%
(3) Computerized Expert System (0/17) = 0%
(4) Computerized Questionnaire (1/17) = 6%
(5) Computerized Relational Database (1/17) = 6%
(6) Computerized Scoring (5/17) = 29%
(7) Paper Based Questionnaire (7/117) = 41%
(8) Computerized Spreadsheet (10/17) = 59%
(9) Paper Based Checklist (11/17) = 65%
Figure 5: Type of assessment instruments used by the assgessors.
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Percentage of Assessors

No. Developer(s) of the Assessment Instruments Used Percentage of

Assessors

@)

Organizational Unit representative(s)

(0/17) = 0%

()

Third party tool builders / vendors

(A17) = 1%

(€)]

Supplied as an exemplar from the SPICE project

(6/17) = 35%

“

Experienced assessors(s)

(15/17) = 88%

Figure 6: The developer(s) of the assessment instruments that v&}ﬂa us
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No. Method for Collecting Information Percentage of
Assessors

(1) Assessee self reports (0/17) = 0%

(2) Data collection prior to osite visits (2/117) = 12%

(3) Group Feedback sessions (6/17) = 35%

(4) Document or interim work product reviews (7/117) = 41%

(5) Interviews (17/17) = 100%

Figure 7: The method(s) that the assessors used to collect information during the assessment.

Overall Evaluation

The assessment sponsors' overall perceptions are generally quite positive towards SPICE. Almost all
of them agreed that the benefits of their assessments were at least "on balance" worth the expense
and time their organizations expended (Figure ); almost 40 percent said their assessments were
"more than worth the expense." Almost 80 percent of the assessment sponsors agree that
awareness, "buy-in," and support for process improvement improved among their organizations'
management as a result of their assessments. However, only 65 percent agree to a similar question
about their technical staffs, and relatively few chose the "strongly agree" response option to either
guestion about commitment to SPI resulting from the assessments.

Overall, the experienced assessors are somewhat more positive towards SPICE than are the
assessees, but they too tend to qualify their responses (Figure ), indeed more so than do the
assessees. Almost all of the assessors say that the organizational unit personnel were satisfied with
the results of their assessments; over 80 percent think that the assessments improved awareness of
SPI issues among the engineers in the organizational units that were assessed. Perhaps most
pertinent from a SPICE perspective, 85 percent of the experienced assessors characterize the SPICE

approach as being at least somewhat better than "other assessment methods12" with which they are
familiar. Once again, though, relatively few of their answers (less than 25 percent to all three
guestions) fall into what we have classified as responses that are "very supportive" of the SPICE
document set and the phase 1 trial assessments.

Accuracy of Assessment Results

As seen in Figure , the assessment sponsors are generally quite satisfied with the accuracy and
actionability of their assessment results. Over 90 percent of the assessors report that their
assessments provided valuable direction for process improvement in their organizations,
characterized their organizations' strong points at least "reasonably well," and that their SPICE
process profiles accurately described their organizations' major problems. Once again, though, the
assessees do express some reservations. Over 20 percent of them say that the process profiles were
only "generally accurate" within the scope of their assessments. Well over 30 percent of the
assessment sponsors report inappropriately identified "problems" in their process profiles; a similar

proportion say that their profiles failed to identify problems in the scope of their assessments.13

12 SPICE does not define a complete process for conducting an assessment. It does provide guidance however.

B3There may be question wording problems though. AAn
modifiers.
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We can compare some of the results obtained for SPICE with those obtained in another surveyl4 of

users of the CMM [6]. When asked about how well t he
maj or problems with the software process, 98% respo
accuratelyn categori es. This is comparable to the 91
In additio n when asked how well the assessment characteri

of the respondents to the CMM survey chose the Avery
This percentage is comparable to the 93% obtained from the SPICE questionnaires. Therefore, at
least by these two criteria, the results from the phase 1 assessments are comparable to those
obtained from a previous process assessment model survey.
Here, the assessment sponsors are more supportive of SPICE in its phase 1 incarnation than are
the assessors. Figure summarizes the assessors' responses to two general questions about the
accuracy and actionability of the phase 1 assessments. The "supportive" responses do approach 80
percent in both instances. However, rather few of the assessors chose the unequivocal response
option ("strongly agree").

0 10 20 30 40 50 60 70 80 90 100
Percentage of Responses

Il \Very Supportive Responses
1 Moderately Supportive Responses

No. Question Supportive Critical Response Percentage
Response Categories Categories Supportive
Q) The assessment i mp+4 @\ | Strongly Agree 9 Strongly Disagree (17/26) = 65%
and support for process improvement among § Agree 1 Disagree
the organi zationds f
(2 The assessment i mpmgq Strongly Agree I Strongly Disagree (19/24) = 79%
and support for process improvement among § Agree 1 Disagree
the organi zationos
) Were the benefits of the assessment worth tif § More Than Worth the 1 Not Worth the (31/32) =97%
expense and the time expended? Expense Expense
1 On Balance Worth the
Expense

Figure 8: Overall evaluation of the SPICE assessment by the assbssees.

14 This survey was done at least one year after the assessment was conducted.
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0 10 20 30 40 50 60 70 8 90 100
Percentage of Responses

Il Very Supportive Responses
[ Moderately Supportive Responses

No. Question Supportive Response Critical Response Percentage
Categories Categories Supportive
1) The assessment improved awarenesy | Strongly Agree  Strongly Disagree (24/29) = 83%
software process issues amongthe | § Agree 1 Disagree
organi zational un
2 Compared to other assessment methd  SPICE Is Much Bter | § SPICE Is Much Worse (29/34) = 85%
with which you are familiar, how | SPICE Is Better on 1 SPICE Is Worse on Balance
would you characterize the SPICE Balance 1 SPICE Is Neither Better Nor
approach? Worse
(3) The organizationg { StonglyAgree f Strongly Disagree (28/29) = 97%
were satisfied with the results of the | § Agree 1 Disagree
assessment

Figure 9: Overall evaluation of the SPICE assessment by the assessors.

General Evaluation of the BPG

The BPG document describes the SPICE architecture. The SPICE architecture is two dimensional.
Each dimension represents a different perspective on software process management. One dimension
consists of base practices. A base practice is defined as a software engineering or management
activity that addresses the purpose of a particular process. Base practices are grouped into
Processes, which in turn are grouped into Process Categories. An example of a process is Develop
System Requirements and Design. Base practices that belong to this process include: Specify System
Requirements, Describe System Architecture, and Determine Release Strategy. The other dimension
consists of generic practices. A generic practice is an implementation or institutionalization practice
that enhances the capability to perform a process. Generic practices are grouped into Common
Features, which in turn are grouped into Capability Levels. An example of a Common Feature is
Disciplined Performance. A generic practice that belongs to this Common Feature stipulates that data
on performance of the process must be recorded. Base and generic practices can be rated during an
assessment.

The experienced assessors express reservations about this version of the BPG after having used it
in their phase 1 assessments (Figure ). All of them do agree that the BPG was in fact useful for the
assessments about which we queried. However fewer than half of them chose the more strongly
worded response alternative. Two-thirds of the assessors said that additional processes or common
features should be included in the BPG. Very few agree that the BPG provides sufficient direction for
scoring the practices.1®

The assessees tend to have generally positive attitudes towards the BPG (Figure), although they
would not have used it as extensively as the assessors. Almost seventy percent stated that there were
no important missing areas in the BPG (question 1). The BPG does allow for extending the practices
through the generation of application/sector specific practice guides. The majority of assessees felt
that the process improvement order implied in the SPICE framework was valuable. Almost all of the

15 This question may overstate dissatisfaction with the BPG. It could be interpreted to mean that the BPG does
not adequately define the practices. It coldbanean that scoring is the domain of another SPICE document:

the Process Assessment Guide, which explains how to rate practices. Therefore, this result does not necessarily
indicate that the BPG was not achieving its purpose.
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assessees (ninety two percent) felt that the BPG provides real hope for long term process
improvement.

0 10 20 30 40 50 60 70 80 90 100
Percentage of Responses

Bl Very Supportive Responses
[ Moderately Supportive Responses

No. Question Supportive Critical Percentage
Response Response Supportive
Categories Categories

(1) | Did the software process profile f No f Yes (20/32) = 62%

inappropriately identify anything as a
problem(s)?

(@) Did the software process profile fail tg 1 No 1 Yes (21/32) = 66%
idertify any problems within the scope
of the assessment?

3) To the best of your knowledge, how | T Very Accurately | 1 Not Very Accurately (29/32) = 91%
accurately did the software process | 1 Generally

profile describe Accurately
major problems within the scope of th
assessment?

(4) How well did the assessment 1 Very Well 1 Not Very Well (29/31) = 93%
characterize t he [T ReasonablyWel
points?

(5) The assessment provided valuable | T Strongly Agree 1 Strongly Disagree (29/31) = 93%
direction about the prioritiefor process| 1 Agree I Disagree

improvement in the organization

Figure 10: Assessees' impressions about the accuracy of the assessmedt results.
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0 10 20 30 40 50 60 70 8 90 100
Percentage of Responses
Bl Very Supportive Responses
[ Moderately Supportive Responses
No. Question Supportive Critical Percentage
Response Response Supportive
Categories Categories
1) The assessment provided valuable direction| § Strongly Agree i Strongly Disagree (23/31) = 74%
about priorities for process improvementinth ¢ Agree 1 Disagree
organizational unit
2) The assessment helped management iglentiff § Strongly Agree 9 Strongly Disagree (25/33) = 76%
important strengths and weaknesses in their| §  Agree 9 Disagree
organizational unit
Figure 11: Assessors' impressions about the accuracy of the assessment results.
0 10 20 30 40 50 60 70 80 90 100
Percentage of Responses
Il Very Supportive Responses
[ Moderately Supportive Responses
No. Question Supportive Critical Percentage
Response Response SUpportive
Categories Categories
(1) The BPG provides sufficient direction for scoring t{ § Strongly Agree 1 Strongly Disagree | (7/28) = 25%
practices 1 Agree 1 Disagree
2) In your opinion, are there any processes or comm § No 1 Yes (8/24) = 33%

features whiclare not covered in the Baseline
Practices Guide and should be?

(©)

Overall, the BPG was useful for this assessment

1 Strongly Agree
1 Agree

1 Strongly Disagree

9 Disagree

(34/34) = 100%

Figure 12: Assessors' overall evaluation of the BPG.
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30 40 50 60 70 80 90 100
Percentage of Responses

I Very Supportive Responses
[ Moderately Supportive Responses
No. Question Supportive Critical Percentage
Response Response Supportive
Categories Categories
1) There are important areas that the BPG does not| { Strongly Disagree 1 Strongly Agree (13/19) = 68%
address 1 Disagree 1 Agree
@) The SPICE Baseline Practicesi@aiprovides 1 Strongly Agree  Strongly Disagree | (20/25) = 80%
valuable direction about the order in which proceg § Agree 9 Disagree
improvements should be made
3) Because of its comprehensive nature, the BPG 1 Strongly Agree 1 Strongly Disagree | (23/25) = 92%
provides real hope for long term process 1 Agree 1 Disagree
improvement
Figue13:AssesseesO6 overalll evaluation

Evaluation of the Al Guide

Much of the analyses presented thus far were based on questionnaires meant to be collected at the
end of each of the phase 1 assessments. The Al Guide was not available throughout most of phase
1, and there was concern about over-taxing the good will of the assessors. Hence the following
analyses are based on a single questionnaire that was created for distribution to each experienced
assessor after the completion of all of his or her phase 1 assessments.

The experienced assessors' responses to nine general questions about the Al Guide are
summarized in Figure . Their reviews are somewhat mixed. First of all, notice that large majorities
agree that the Al Guide meets its most basic requirements (questions 7, 8, and 9). They agree that
the Guide does in fact provide useful help for developing an assessment instrument, that the
coverage of the indicator set is adequate, and that the Guide is compatible with the other two core
SPICE documents. However, fewer (71 percent) think that the guide is helpful for selecting an
existing assessment instrument (question 6), and fewer than two-thirds agree to a series of assertions
(in questions 1 through 5) about the clarity and usability of the Al Guide.
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0 10 20 30 40 50 60 70 80 20 100
Percentage of Responses
Bl Very Supportive Responses
[ Moderately Supportive Responses
No. Question Supportive Critical Percentage
Response Response Supportive
Categories Categories
1) Without the availability of an Al Guide an | 1 Strongly Agree 1 Strongly Disagree | (9/17) = 53%
assessment is/would be more difficult to | T Agree I Disagree
conduct
2) The Al Guide is/would be usable in terms | 1 Strongly Agree 1 Strongly Disagree | (10/17) = 59%
time scale and effort for developing a new| T Agree 1 Disagree
assessment gtrument
3) The Al Guide is/would be usable in terms | 1 Strongly Agree 1 Strongly Disagree | (10/17) = 59%
time scale and effort for selecting an T Agree 1 Disagree
assessment instrument
4) Without the availability of an Al Guide an | 1 Strongly Agree 1 Strongly Disagree | (10/17) = 59%
assessment is/would be more difficult to | T Agree 1 Disagree
prepare for
(5) The Al Guide is clear and easy to 1 Strongly Agree 1 Strongly Disagree | (11/17)=65%
understand T Agree 1 Disagree
(6) The Al Guide is/would be helpful in 1 Strongly Agree 1 Strongly Disagree | (12/17) = 71%
selecting an Assessment Instrument I Agree 1 Disagree
©) The Al/Guide is/would be helpful in 1 Strongly Agree 1 Strongly Disagree | (16/17) = 94%
developing and assessment instrument I Agree I Disagree
8) The coverage of the indicator set in the Al| T Strongly Agree 1 Strongly Disagree | (16/17) = 94%
Guide is adequate . Agree 1 Disagree
(9) | The Al Guide is compatible with the BPG | T Strongly Agree 1 Strongly Disagree | (16/16) = 100%
and the Process Assessment Guide . Agree 1 Disagree

Figure 14: Evaluations of the Al Guide overall by the asses[sors.

Conclusions

The SPICE trials do show that it is possible to provide empirical evidence that can inform decision
making for an evolving, prospective international standard. In the spirit of continuous improvement,
the phase 1 trials identified a number of areas in need of modification in the first version of the SPICE
documents. As planned, the phase 1 of the SPICE trials was completed in time for a critical decision
point in the standardization process of the SPICE document suite. This was a ballot by the member
national bodies on the documents. The results from phase 1 of the SPICE trials were used as input
into this process, whereby the phase 1 trials report was made available to all member bodies prior to
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the ballot deadline. We are aware of at least two bodies who made explicit reference to the results of
the trials in their comments.

Phase 2 of the SPICE trials is currently on-going. These trials will continue to evaluate the SPICE
document set in actual industrial use. During this second phase, version 2.0 of the document set will
be used. Version 2 of SPICE is also an ISO Preliminary Draft Technical Report (PDTR). The
expectation is that the phase 2 trials will provide some further results in time for the PDTR ballot in
1997. Particular attention will be paid to:

1 evaluating the criteria for establishing the conformance of process models and
assessment methods to the SPICE framework (for this, different conformant assessment
methods and models will be used);

1 how well the SPICE processes and generic practices are grouped, and whether they are
expressed in an appropriate order;

1 evaluating the benefits of increased capability as measured by the SPICE Capability
dimension;

1 evaluating the extent to which different rating teams in fact make equivalent judgments;
and

1

evaluating the effort required for SPICE-based assessments

At this writing, we anticipate the participation of several hundred assessments in the phase 2 trials.
Phase 3 of the trials will attempt to expand participation even wider, and will concentrate on gathering
evidence about the business value of software process improvement using the SPICE framework.
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Abstract

After 3 years of intensive work and international collaboration, The future ISO/IEC standard for software
process assessment has progressed toward a second version, baselined in May 96. The v2 of SPICE (Software
Process Improvement and Capability dEtermination) gives to the software community a new model and a
framework to assess the software processes. These components areeatbdutidsy the second phase of the

SPICE Trials. To help those who want to use SPICE v2 as a tool for managing Quality, this paper describes the
process model and the capability rating, and gives some suggestions and advice based on practical assessments
feedbacks.

Key-words :Software Process / Process Assessment / SPICE / Quality

Introduction

In mid'93, the SPICE (Software Process Improvement and Capability dEtermination) project
started to develop a working draft for the software process assessmelairétan behalf of

ISO. A model for assessing the software processes, as well as guidance documents for process
assessment, process improvement and capability determination were established in June 1995
as the first version. They correspond now to theated SPICE version2 which has been
delivered as Technical Reports to ISO during the end of 1996. Refer to [IE 97] for a full
description of the SPICE project and deliverables.

At the same time, trial phases have been planned in order to experimentpilis ofiproject

as soon as possible. This original approach in the standardization process consists in 3 Phases.
The software community was asked to experiment the process model and the assessment
framework during the Phase 1 Trials. The results are analyzed in [SP95], [WO96], [EL96], and
[MA96]; they have been largely used to undertake the evolution of the process model for
version 2.

The Phase 2 Trials has now started on the basis of the new version of SPICE. This gives again
the opportunity to experiménhe future standard and to contribute to the improvement of the
current process model and assessment framework described in the SPICE document set.

In this paper, we first give an overview on the SPICE components. Then the results of SPICE
assessments experiments are then described, in terms of feedback to give some practical
recommendations and advises.
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SPICE's Key Concepts

In this chapter, we only give some of the main characteristics about SPICE to define the
context of the assessment experiment. fEfierence documents and better, the original SPICE
document set give a full understanding of the SPICE assessment approach. As for other model
for software process management, SPICE considers that the assessment process is one of the
fundamental means to manage software quality improvement and supplier's capability
determination. The Figure 1 shows that the processes are assessegdiabyiedd assessor
according to anodelusing someguidance The results of the assessment are used as inputs for

3 processmprovement : an initial assessment gives the initial capability of the process
and shows its strengths and weaknesses; later the results of the improvements
initiative are confirmed with an other assessment.

3 capability determination : the assessment results allows the customer to identify the
risk and the capability of the supplier.

In Figure 1,Part xreefers to the SPICE document set (see below 2.1).

Part8 | Capability Process Part 7
(guide) | determination improvement | (guide)

Part A} 4

(requirements) Process
Part 4 \?( Assessment

(guide) \
Process Model * Assessment model
(re Ei?étrﬁents) Qualified indicat s id
q 5SSESSOF indicators guidance
Part 6 Part 5
(quide) (guide)

Figure 1: SPICE framework and components

SPICE is not only a process model [IS96a]. For satisfianthe formal requirements of the
project, some other components have been developed to give guidance [IS96c] for the
assessors so that they can satisfy to the requirements of a SPICE conformant assessment
[1S96b]. This should also make the assessments reliable and comparable.
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SPICE Components

The SPICE deliverables is a set of 9 documents, currently with the status of Technical Reports.
Some of them are intended to beco8tandard and other will remain with the status of
Guidance. (Similar approach cae found with ISO9001 standard and 1SO930§uidance).

The document set contains :

3 Part 1 : Concepts and introductory gufdgormative),

Part 2 :A reference model for processes and process capability (normative),
Part 3 :Performing an assessment (normative),

Part 4 : Guide tperformingassessmen{gformative),

Part 5 :An assessment model and indicator guidance (informative),

Part 6 : Guideo qualification of assesso(mformative),

Part 7 : Guide for use in process improvengeriormative),

Part8 : Guide for use in determining supplier process capailityrmative),

3 Part 9 : Vocabularginformative).

PR PR P RPRR

The Part 2 [IS96a] describes the two dimensions of rdierence modet the process
dimension and the capability dimension with its 6 levels. It gives a reference framework for the
existing assessment methods, so that their assessment results can be input in the SPICE
framework to be compared together. SPICE also givessessment mod@696d], that can

be use by itself, to perform assessmehte Part 3 contains the requirements to perform a full
SPICE conformant assessment. The Figure 2 shows how the reference model is embedded in
the assessment model.

ASSESSMENT MODEL

(Part 5)
PROCESS DIMENSION CAPABILITY DIMENSION
Process categorie§ | REFERENCE Capability levels
MODEL
Processes (Part 2) Process Attribute
Indicators of process| Assessment | Indicators of process
Performance : indicators Capability :
Base practices Management practices
Work Products Attribute indicators
(characteristics)

Figure 2: The reference model and the assessment model
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