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Executive Summary

Software engineering has developed a broad palette of improvement
approaches such as process assessment, software measurement, and quality
management. Most of these approaches have emerged in isolation from each
other, each having its individual strengths and weaknesses. A discipline of sys-
tematic improvement is needed that realises the customised integration of the
different improvement approaches according to the specific needs and charac-
teristics of a given software organisation.

In order to guide the customisation of improvement programmes, this paper
proposes three base practices of systematic improvement that are viewed essen-
tial for the success of every improvement programme: (1) Stabilising of work
practices, (2) gaining intellectual control over software development, and (3)
sharing and reuse of knowledge and experience. These base practices can guide
the systematic planning of improvement programmes without being restricted
to the limits of individual improvement paradigms. Furthermore, a framework
process and a support infrastructure for systematic improvement are presented.
The proposed concepts are supported through empirical findings and experience
from industrial improvement programmes.
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Introduction

1 Introduction

Since the late 1980-ies, improvement practices have become well established in
software engineering. However, a variety of different improvement approaches
such as process assessments, software measurement, and quality management
have been developed and deployed widely in isolation from each other. Since
these improvement approach have their individual strengths and weaknesses, it
can be argued that their isolated application is less effective than their well-bal-
anced integration.

This paper takes a view on improvement practices that goes beyond an individ-
ual improvement technique. It builds on the assumption that a customised inte-
gration of improvement techniques provides higher benefit to a software organ-
isation than the non-tailored, out-of-the-box application of one or few
individual techniques. The customisation of an improvement programme must
take into account the specific needs and characteristics of the software organi-
sation in which the improvement programme is to be set up.

Systematic improvement denotes a goal-driven and well-integrated set of princi-
ples, activities, and other measures that enable the effective management of a
software organisation’s improvement and change processes. It includes the cust-
omised integration of improvement approaches such as process assessment,
software engineering measurement, and quality management systems.

Base practices are a concept known from process assessment and process mod-
elling [ISO91]. They describe fundamental characteristics of a software engineer-
ing process that are viewed essential for the process fulfil its purpose. In this
paper, base practices are used for specifying the essential elements of systematic
improvement in a way that is independent of individual techniques and
approaches. They thus provide the baseline for the development of customised
improvement programmes and an improvement methodology that can guide
this customisation.

A particular need for emphasising the further advancement and establishment
of systematic improvement arises from the extraordinary high speed of changes
in the software domain. New paradigms and technologies appear quite fre-
quently. They are introduced rapidly into industrial software development prac-
tice. In addition, software products spread continuously into new fields of appli-
cation and become increasingly important for the success of operations in very
many business domains.
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Introduction

So, today, software engineering is continuously undergoing fundamental
changes that require the ongoing adaption and improvement of software engi-
neering practice. Systematic improvement aims to provide a stable yet flexible
framework that enables the well-controlled and effective management of the
change processes in software engineering.

The concepts presented in this paper are supported by empirical investigations
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2 Principles of Systematic Improvement

Systematic improvement has many facets. This section presents important princi-
ples of systematic improvement that illustrate and explain these facets of sys-
tematic improvement.

Goal-driven

Systematic improvement must be goal-driven. The relevant goals of improve-
ment initiatives, which often remain rather implicit, must be identified, defined
explicitly, and communicated among all relevant stakeholders of an improve-
ment programme.

Explicitly stated goals are not only important for guiding improvement planning
and action. They also are a prerequisite for evaluating the success of an improve-
ment programme and for identifying lessons learnt and experiences that can be
relevant for future improvement programmes.

Product and process together

Established improvement techniques tend to place particular emphasis either on
process improvement or on product quality improvement. Examples of process-
oriented approaches are software process assessments [ISO91] [PCCW93], qual-
ity management systems [Int87], and process modelling driven approaches
[BD95]. Examples of product quality focused approaches are software measure-
ment [GC87] and defect management approaches [BRW*94].

It can be argued that those improvement programmes are most effective and
efficient that pay sufficient attention to both process and product aspects.
Depending on the specific needs and characteristics of a software organisation,
the relative importance of product and process aspects can be different. It can
also change over the time during the course of an improvement programme and
while new improvement goals are arising.

A framework for integrating process and product aspects has recently been pro-

posed by the European applied research and technology transfer project PRO-
FES' [OBKS*99] [PRO0O].

1 ESPRIT Project No. 23239, PROFES (PROduct-Focused improvement of Embedded Software processes),
www.profes.org.
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Planned

Improvement programmes typically include the interaction of very many persons
and organisational entities over a long period of time. Sound planning of an
improvement programme is one of the most important prerequisites for the
ensuring that the improvement activities can be managed and maintain momen-
tum.

The various results of improvement planning should be documented through an
explicit improvement plan. An improvement plan should take care of the follow-
ing aspects:

e Specification of analytical measures and change actions

e Assignment of personnel

e Training and qualification of personnel

e Estimation of time and effort needed

e Establishment of technical infrastructure

e Checkpoints for monitoring and evaluation of progress and success

e Risk management and (basic) quality assurance measures for the improve-
ment programme

Controlled

Control of the improvement programme is required to ensure that the actual
activities are performed in accordance with the improvement plan, or that the
plan is updated when needed. Predefined checkpoints at important milestones
of the improvement programme facilitate monitoring and control.

Individual and organisational learning

Improvement activities include many opportunities for learning about software
development related aspects (e.g., product quality characteristics and root
causes of possible problems) as well as about the improvement practices them-
selves (e.g., what is the best strategy for introducing a common development
process in a geographically dispersed team?).

An improvement programme should include measures that trigger and facilitate
individual learning. It should also be ensured that the individual lessons learnt
are communicated and shared to make the entire software organisation benefit
from them.

Customised

Many software organisations differ considerably from each other. Root causes of
these differences can be found—among others—in the various business domains
(e.g., automotive systems, management information systems, office automa-
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tion, banking and finance, tourism), sizes and structures of the organisations
(e.g., SMEs, large multi-national holdings, project-oriented companies), and the
organisations’ histories (e.g., established software firms, rapidly growing start-
ups, industry firms that move gradually into the software sector).

Each such organisation has its specific characteristics and needs that require the
customised design of their software development practices, as well as the cust-

omised design of improvement programmes. Systematic improvement must pro-
vide measures for supporting this customisation.

Continuous

Improvement initiatives must not be designed as isolated short-term actions.
This is important for two main reasons: The first reason is that the software
domain is highly dynamic, changing very frequently. In order to be prepared for
forthcoming changes and be able to react immediately, a software organisation
should always have a basic improvement infrastructure in place. The second rea-
son is that improvement often requires relatively fundamental changes of estab-
lished software development practices. The sustained implementation of such
changes requires a considerable amount of time. It must be accompanied by
appropriate actions of systematic improvement over that entire change period.

The following sections present measures that support the establishment of these
systematic improvement principles within an organisation. At the core of these
measures are three base practices of systematic improvement (Section 3) that
can be realised in different ways through various improvement techniques (Sec-
tion 4). Their implementation and deployment can be facilitated through a
framework process of systematic improvement (Section 5) and through an
organisational model that defines the required roles and role interactions (Sec-
tion 6).
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3 Three Base Practices of Systematic Improvement

The essential activities needed to establish systematic improvement can be spec-
ified in the form of three base practices:

e Stabilise work practices
e Gain intellectual control over software development

e Share and reuse knowledge and experience

These base practices are the core building blocks of systematic improvement
programmes. That is, every software organisation that wants to establish sys-
tematic improvement needs to implement these practices in a manner that
meets the specific needs and characteristics of the organisation. It can thus
move beyond the limits of traditional improvement methodologies, which usu-
ally pay little attention to customisation and are often grouped around one
improvement paradigm only.

For instance, improvement methodologies that are based on process assessment
only can easily prevent an organisation from the timely establishment of a
focused measurement programme. At the other hand, a fixation on measure-
ment can delay the development of possibly needed quality management prac-
tices.

The three base practices proposed in the following are independent of specific
improvement approaches. They provide a baseline for guiding improvement
planning in a way that is well customised to the specific needs and characteris-
tics of a given software organisation.

Stabilise work practices

An important prerequisite for the manageability and efficiency of quality soft-
ware development is a minimum stability of the work practices. Different actors
within a software project should agree upon their common way of how to fulfil
the required software engineering tasks. This includes the congruence of the
processes and procedures followed as well as the agreement about the content
and form of documents and artefacts.

Congruent and stable (i.e., repeatable) work practices are important for
enabling the smooth collaboration and interaction of agents. A common under-
standing of work practices throughout the project team does also help to
change task assignments flexibly and accelerate the training on the job of new
team members.
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Appropriate means for developing stable work practices are the definition of
standard development processes and document standards for important work-
products and artefacts. However, such explicit definitions are not mandatory. It
can be sufficient that the team members agree about their roles and interac-
tions.

Gain intellectual control over software development

While the stabilising of work practices aims at ensuring the proper fulfilment of
technical tasks, the managerial aspects of software development and improve-

ment are addressed in the base practice gain intellectual control over software

development.

This base practice includes the following core tasks:

e Monitoring

e Control

e Estimation

e Simulation

Monitoring provides the baseline information needed for developing an under-
standing of the course of a software project. It is a prerequisite for taking the
right control actions. Estimation supports the planning of a software project. It
also allows for the definition of target values and checkpoints against which the
monitoring data can be compared and possible control actions can be triggered.

Simulation is a means for developing and verifying estimations as well as for
anticipating the effects of planned improvement actions.

Share and reuse knowledge and experience

Most software development work consists of intellectual tasks that are to be
performed by human actors. The base practice share and reuse knowledge and
experience aims at establishing and maintaining the qualification of the soft-
ware engineering workforce.

The knowledge to be shared includes the following dimensions:

e Basic knowledge needed for applying the required software engineering
technologies (e.g., programming languages, design and test methods, CASE
and configuration management tools)

¢ Knowledge about the business and application domain
¢ Knowledge about the product to be developed and user requirements
e Knowledge about the goals, risks, and status of the software project

e Experience (or know-how) of how to conduct the various work practices in
an effective form (e.g., lessons learnt, experience-based guidelines)
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There are various different means for sharing and reusing knowledge and expe-
rience. They can be purely human-based, or the can deploy latest communica-
tion and archiving technology. Examples of such technologies are:

Training and education of the workforce

Knowledge repositories and lessons learnt databases
Newsgroups and intranet-based discussion forums
Yellow pages and competence databases

Project evaluation and discussion meetings
Conferences and symposia

Nomination of information brokers

Integrated and customised knowledge management tool environments

This collection of possible measures for realising the sharing and reuse of knowl-
edge and experience shows that there is a wide spectrum of possibilities for
establishing this base practice. These measures can but need not include the use
of specific software tools. Although such tools can facilitate knowledge man-
agement and organisational learning considerably, they never can be effective
without appropriate methodological concepts being in place.
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4 Implementation of the Base Practices

The base practices introduced in the previous section can be implemented in
various ways. For a given software organisation, their implementation can be
customised (1) to meet the characteristics and constraints of the organisation
(e.g., resource availability, technical support infrastructure in place, maturity of
the software development practices), and (2) to contribute as effective as possi-
ble to the attainment of the organisation’s most important improvement goals.

This section briefly outlines the various technical means through which the three
base practices can be realised. This pinpoints to possible uses and integrations of
established improvement techniques, such as process assessment, process mod-
elling, software engineering measurement, quality management systems, tech-
nology transfer, and knowledge management.

Stabilise work practices

The stabilising of work practices is the base practice that is covered best by pro-
cess assessments, process modelling, quality management systems, and technol-
ogy transfer approaches. It is the traditional domain of software process
improvement.

Gain intellectual control over software development

Gaining intellectual control over software development requires the application
of software engineering measurement and possibly other kinds of focused
empirical analysis (e.g., pilot studies, case studies, inquiries). Another means for
deepening the understanding of software development practices is simulation
(e.g., following the system dynamics approach [AHM91]).

Share and reuse knowledge and experience

The sharing and reuse of knowledge and experience can be supported by the
various knowledge management approaches that become more and more avail-
able, by organisational learning techniques, or by strategies for training and col-
laborative work.

The emphasis on the three base practices of systematic improvement helps
ensuring that the enabling technologies of an improvement programme are
selected in a well-balanced manner. This approach contrasts the traditional set-
up of improvement programmes, that are typically driven by a single improve-
ment technique only (e.g., process assessment or quality management). The
selection and integration of appropriate enabling technologies should be per-
formed as part of a systematic improvement planning activity. A framework pro-
cess for systematic improvement that includes such an explicit planning phase is
presented in the following section.
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5 Framework Process of Systematic Improvement

Systematic improvement programmes include a variety of different activities. In
order to ensure that these activities are performed in and effective and efficient
manner, it is useful to distinguish two dimensions of a systematic improvement
programme (see Figure 1):

e The strategic dimension of systematic improvement

e The technical dimension of systematic improvement

The strategic dimension consists of three phases: (1) Improvement planning, (2)
improvement programme execution and control, and (3) improvement evalua-
tion. These activities should be performed in every systematic improvement pro-

gramme. They help ensuring that an improvement programme is successful and
performed with a minimum amount of overhead effort.

Strategic Dimension

— Execution and Control —

1 1
1 1
1 1
1 1
1 1
1 1
i i
: P|anning .'"""¢_ ............. ¢ ............. _¢ ..... - Evaluation :
1 i 1
1 1
1 1
1 1
1 1

j > A A ~.

Enabling Techn ologies
Technical Dimension

! N !
Frmemmemmem R AN i
i - : 1
i : SW SW ' i
! : Process Process : [
! ' ' 1
! : i i
I i-*Process Assessment Quality Management i
: ‘ Process Modelling Knowledge Management ’ :
: :-- SE Measurement Technology Transfer i

: ' I
i i
i i
i i

Figure 1: The strategic and technical dimensions of systematic improvement programmes.

Improvement planning includes the following activities: Characterisation of the
software organisation, goal setting, as well as identification and preparation of
improvement actions. It results in the design of a customised improvement pro-
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gramme. The execution of the improvement programme is accompanied by
monitoring activities, risk control, and learning about the software development
and improvement practices of the organisation. Improvement evaluation
includes: Evaluation of goal achievement, experience packaging, and planning
for continuation.

The technical dimension of the improvement programme addresses the struc-
ture of the customised improvement programme. Depending on the improve-
ment goals and characteristics of the organisation, the customised improvement
programme is designed as an integration of enabling technologies of improve-
ment, such as process assessment, process modelling, software engineering
measurement, quality management, knowledge management, and technology
transfer. It is this technical dimension of customised improvement programmes,
for which the three base practices of systematic improvement are essential
enabling factors. If they are not established sufficiently well, then the risk is high
that the improvement programme can not be performed as planned.
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6  Organisational Framework of Systematic Improvement

Systematic improvement programmes require the establishment of several roles
within a software organisation that should be supported by a technical infra-
structure for measurement and knowledge management. A recommended
infrastructure for systematic improvement programmes is shown in Figure 2.

Improvement )
Programme Information Flow
Sponsor >
Restlts Improvement Process Assessor
Programme Measurement Engineer
Staff
Improvement
Programme Results Data
Coordinator
Wts Results Measurement and Knowledge
L jpsieinizi - Management System
Data Programme —
Measurement and Measurement and
Results Experience Engineer Data Knowledge Repository
Data
Software
Engineering
Staff
Figure 2: The organisational framework of systematic improvement including arole model and a basic technical infra-

structure for measurement and knowledge management.

The improvement programme team establishes a bridge between the sponsors
of an improvement programme (often higher level management) and the soft-
ware engineering staff of the projects in which the improvement programme is
performed. This team consist of a co-ordinator, technical staff for performing
the relevant improvement techniques (e.g., process assessors, measurement
engineers, trainers, QMS experts), and a measurement experience engineer
responsible for (meta-)measurement about the improvement programme and
knowledge management of the improvement-related lessons learnt.

The core element of the tool infrastructure is the measurement knowledge
repository, which can—for instance—be a database, a spreadsheet application, or
an intranet-base repository. In addition, tools are needed for data collection
(e.g., paper forms or on-line questionnaires), for data analysis (again, database
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or spreadsheet applications), for data presentation, for storage of measurement
results (e.g., a document database or a web-based repository), as well as for

managing aggregated knowledge items (e.qg., lessons learnt, project evaluation
reports, or skill databases).
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Discussion

The distinction of the three base practices is substantiated through empirical
studies of software engineering as well as through the experiences from the
development of improvement methodologies and their application.

A study by El Emam has provided evidence that the process definition and the
process management dimensions of the emerging ISO/IEC 15504 standard are
independent from each other [El 98]. This substantiates the distinction of the
stabilise work practices and gain intellectual control over software development
base practices. The former corresponds with the ISO/IEC 15504 process defini-
tion dimension. The latter corresponds with the process management dimen-
sion.

The base practice share and reuse knowledge and experience has not been
addressed very explicitly in many traditional improvement approaches, such as
process assessments and software measurement. However, it must be assumed
to depend on the two other ones: The first two base practices require the estab-
lishment of consolidated information flows between actors (e.g., communica-
tion of a standars
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The dependencies between the base practices stress the need for adopting a
more holistic and integrated view on improvement activities as it is realised in
systematic improvement. For instance, it is not effective to limit an improvement
programme to standardisation activities only. Higher performance and manage-
ability of software projects can only be attained, if also the intellectual control of
software development and the knowledge sharing and reuse practices are
enhanced. At the other hand, an overly strong emphasis on knowledge man-
agement and qualification can only be successful, if accompanying measures are
taken for stabilising the work practices and for increasing the intellectual control
software development.

Possible benefits from integrating different improvement approaches within one
improvement programme have been illustrated through the pilot applications of
ESPRIT project PROFES [PRO00]. Improvement goals like system reliability and
time-to-market were improved in a well-focused and straight-forward manner.
The overhead effort of the improvement programmes was perceived very low.
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16

Three base practices of systematic improvement have been proposed that can
guide the development of customised improvement programmes, which are not
restricted to the limits of a single improvement approach. Instead, they allow for
the integration of several improvement approaches in a manner that meets the
specific needs and characteristics of a given software organisation.

The three base practices are:
e Stablise work practices
e Gain intellectual control over software development

e Share and reuse knowledge and experience
They are viewed essential for the success of every improvement programme.

For guiding the systematic planning, execution and monitoring, as well as the
evaluation of improvement programmes, a framework process has been intro-
duced that distinguishes strategic activities of an improvement programme from
technical improvement activities.

An organisational infrastructure for systematic improvement has been presented
that includes a role model for improvement programme teams and basic tool
support for measurement and knowledge management.

The presented concepts support the further development and deployment of
systematic improvement and the integration of improvement approaches in the
following ways:

e The concepts of systematic improvement establish a stable baseline for the
flexible and customised integration of improvement approaches. The im-
provement programmes that can be built on these integrations can be ex-
pected to be more effective than the usual non-customised improvement
strategies, which are based on one single improvement approach.

e The further deployment of systematic improvement programmes that inte-
grate different improvement approaches offers an opportunity to bridge the
still existing gaps between various branches of software engineering im-
provement. It allows for understanding better the strengths and weaknesses
of the approaches and fosters cross-community learning across the different
fields of improvement.

e The increasing understanding of different improvement strategies allows for
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developing a consolidated discipline of software engineering improvement
that subsumes the various different approaches developed so far. In turn,
such a consolidated improvement framework can provide an anchor for the
development of specialised improvement strategies. For instance, it can help
developing customised, domain-specific improvement approaches for small
and medium-sized enterprises, for automotive systems development, or for
internet software development.
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