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Abstract

Systematic monitoring, control, and evaluation of improvement programmes is
rarely performed. This paper introduces a monitoring and evaluation frame-
work for improvement programmes. It was first applied in the projects PROFES
and SoftQuali and is being further developed at Fraunhofer IESE. Results and
experiences from the application of the approach are presented.
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Systematic Improvement in
Software Engineering

1 Systematic Improvement in Software Engineering

Methods for the systematic improvement of software products and processes
have matured significantly in the past decade (cf. [11] [15] [2] [12] [8]). Im-
provement can now be considered standard industrial practice in software en-
gineering. However, in contrast to software development, the improvement
approaches are still lacking a well-developed management component. It can
be argued that failures or limited efficiency of improvement programmes are
due to this lack of management.

This paper presents a framework for the continuous monitoring and evaluation
of software improvement programmes that is based on experience in several
industrial improvement programmes over the past five years. This experinece
shows that the measurement of improvement activitites helps ensuring the
visibility, focus, and success of improvement programmes.

The approach has been developed and applied in collaboration with industrial
software organisations since 1995, first in the German national technology
transfer project SoftQuali [19] and in ESPRIT project PROFES [16] [17] [5]. Cur-
rently, this work is being continued and extended at Fraunhofer IESE. Results,
experiences, and lessons learnt from these initiatives have been published and
made available in the internet (cf. [17] [19]).

The monitoring and evaluation of improvement programmes require a view on
improvement that emphasises the strategic and managerial activities of an im-
provement programme. These activities can be grouped into three phases (Fig.
1): (1) Improvement planning, (2) improvement programme execution, and (3)
improvement evaluation. These activities should be performed in every system-
atic improvement programme. They help ensuring that an improvement pro-
gramme is successful and performed with a minimum amount of overhead ef-
fort.
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Fig. 1:

Strategic and Managerial Dimension of Improvement Programmes
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Structure of a comprehensive improvement programme, including a strategic and managerial dimension as
well as a tailored and project-specific improvement process.

In addition to the strategic aspects of improvement, there are the technical ac-
tivities such as process assessments, the introduction of new software engi-
neering technology, training measures, and the like. Usually, the specific goals
of an improvement programme and the given status of the organisation and
project require a tailored, project-specific integration of the various improve-
ment techniques.

For instance, in one case it might be most appropriate to conduct first a proc-
ess assessement, decide then about a collection of relatively small process
changes, and finally establish a measurement programme that proviedes proj-
ect management with timely and detailed information about important project
characteristics. In another case, the improvement programme might focus on
establishing a comprehensive quality management system and conducting the
needed training.

Fig. 1 depicts the structure of systematic improvement programmes. The stra-
tegic activities establish a shell around project-specific technical activities,
which can possibly involve a variety of different improvement techniques.

Enabling technologies for improvement programmes that are particular impor-
tant are:

1. Assessment: The idea of software process assessments was described first in
Watts Humphrey's book “Managing the Software Process” [11]. Since then,
several assessment methods have been developed. The most known are the
SEl's Capability Maturity Model (CMM) [15] and its latest version CMMi, the
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BOOTSTRAP assessment method [4] (developed in a European ESPRIT proj-
ect), as well as several company-specific methods (e.g., at Siemens [23]). In
addition, the forthcoming international standard ISO/IEC 15504 [12] is cur-
rently being developed. It is also known as the SPICE project.

Process Modelling: Process models [7] are most often used as prescriptive
process models in industry to introduce new techniques or methods, or to
prescribe how software development should be performed. Descriptive pro-
cess models can be used as an analytical tool in process improvement. But it
is hard to come up with improvement suggestions solely based on descrip-
tive process models. Some kind of reference model is needed for showing
which parts of an existing process should be changed in order to attain the
given improvement goals. For this reason, descriptive process modeling is
used most often during the early stages of an improvement programme for
describing the existing software engineering practices.

Measurement: One of the measurement approaches used most often is the
Goal/Question/Metric (GQM) approach [3] [21]. (For a comparison of GQM
with other approaches for defining measures see [18].) GQM can be used
for several purposes within improvement programmes. One such purpose is
the characterization of the situation at the beginning of an improvement
programme. Other purposes are the monitoring of project progress and the
identification of the root causes of quality problems.

The systematic evaluation of improvement methodologies and enabling tech-
nologies has been performed only seldom. Exceptions are the studies by
Goldenson and Herbsleb on the Software Engineering Institute's Capability
Maturity Model [9], the SPICE trials [20], the investigation by Stelzer and others
on ISO 9000 [22], as well as the SoftQuali [19] and PROFES evaluations [16].

Most of these studies investigate the effects of one improvement technology
only (e.g., process assessments). Efforts for investigating the interaction of dif-
ferent improvement approaches have been made in the SoftQuali and PROFES
studies. They have provided the foundation of the work that is described in this

paper.

The sections of this paper present a process for improvement programme
monitoring and evaluation (Section 2), introduce data collection instruments
that can be used for that purpose (Section 3), as well as discuss the approach,
present experiences from applying it, and outline future work (Section 4).
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Fig. 2:

Monitoring and Evaluation of Improvement Programmes

The systematic monitoring and evaluation of improvement programmes has
three main objectives:

1. Check the attainment of the improvement goals.

2. Support the management and control of improvement programmes.

3. Enable the learning about improvement technology.

Improvement programme monitoring an evaluation provides information that
is relevant during the execution of an improvement programme (project feed-
back for controlling the improvement activities) as well as for the entire soft-
ware organisation (organisational feedback for developing advanced improve-

ment capabilities) and future improvement programmes that will be conducted
in this organisation.

Important requirements on the monitoring and evaluation of improvement
programmes are that the activities are

Monitoring and Evaluation of Improvement Programmes

Identify and formulate goals

Set up Infrastructure

Plan and Adapt Data Collection, Monitoring, and Evaluation

Introduce Measurement to Stakeholders
Collect Data

Monitor Progress and Provide Feedback to Stakeholders

N AW N

Evaluate Data and Package Results

The steps for the monitoring and evaluation of improvement programmes

* Non-invasive to the project (i.e., causing little disturbance and overhead ef-
fort),

e Performed continuously, and
» Sustained over a longer period of time.

In addition, it is important that improvement programmes do not interfere
with the core software development activities.

Continuous data collection is needed for gaining a sufficiently complete over-

view of the improvement programme and for being able to react quickly to
environmental changes. Monitoring and evaluation should be addressed on a
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long-term basis, because improvement programmes do typically have a rela-
tively long duration. The longer the monitoring and evaluation activities are
performed, the higher they pay off.

The measurement, monitoring, and evaluation of an improvement programme
should follow the principles of the Goal/Question/Metric (GQM) approach [14]
[21] for goal-oriented measurement in software engineering. The original GQM
approach has been applied as an improvement technique for measurement in
software projects. However, it is also suitable for measuring the activities of
improvement programmes (meta-measurement).

The basic steps for monitoring and evaluating improvement programmes are
shown in Fig. 2.

2.1 Identify and Formulate Goals

The first step of the systematic monitoring and evaluation of improvement
programmes is the identification and explicit formulation of monitoring and
evaluation goals. These goals direct all subsequent actions. Their explicit for-
mulation ensures that all stakeholders share the same understanding of their
joint task.

The goals should be determined in collaboration with the sponsors and
stakeholders of the improvement programme, whose information needs are
the basis for goal identification. Example goals are to determine the total effort
spent for improvement activities or to identify the benefits of the improvement
programme. Effort is a core measure that should be tracked for every im-
provement programme (cf. Section 3.1).

Copyright © Fraunhofer IESE 2000 5
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Organisational infrastructure of systematic improvement programmes.

Set up Infrastructure

The main dimensions of the infrastructure are organisation and tools. The typi-
cal organisational infrastructure of a systematic improvement programme is
shown in Fig. 3. The improvement programme team establishes a bridge be-
tween the sponsors of an improvement programme (often higher level man-
agement) and the software engineering staff of the projects in which the im-
provement programme is performed. This team consist of a co-ordinator,
technical staff for performing the relevant improvement techniques (e.g., proc-
ess assessors, measurement engineers, trainers, QMS experts), and measure-
ment engineer responsible for (meta-)measurement about the improvement
programme.

The core element of the tool infrastructure is the measurement database,
which can be a database or spreadsheet application. In addition, tools are
needed for data collection (e.g., paper forms or on-line questionnaires), for
data analysis (again, database or spreadsheet applications), for data presenta-
tion, and for storage of measurement results (e.g., a document database or a
web-based repository).

Copyright © Fraunhofer IESE 2000



2.3

2.4

2.5

Copyright © Fraunhofer IESE 2000

Monitoring and Evaluation of
Improvement Programmes

Plan and Adapt Data Collection, Monitoring, and Evaluation

The objective of this phase is to set-up and prepare all instruments needed for
the measurement programme. This includes the identification of measurable
indicators for the previously set monitoring and evaluation goals, the construc-
tion or adaption of data collection questionnaires, and the definition of meas-
urement points (i.e., deciding what is to be measured when and by whom). It
is recommended to perform these activities according to the GQM approach.

The preparation of monitoring activities involves the definition of expected pro-
files of the measurement data for mirroring the actually collected data. In order
to facilitate the evaluation of the improvement programme, also the rules for
data analysis and interpretation should be defined during this early planning
stage.

Introduce Measurement to Stakeholders

The measurement-related activities and the monitoring and evaluation goals
should be presented to the sponsors and stakeholders. This is important for
ensuring that the measurements be accepted by the stakeholders of the im-
provement programme. Therefore, a briefing presentation should be con-
ducted. It should clarify the goals of measurement and the expected participa-
tion of the stakeholders. In the case that the organisation has not much meas-
urement experience yet, a briefing might not be enough. Instead, the proper
introduction of measurement might require coaching for the entire measure-
ment cycle until the first data analyses can be performed (i.e., learning by do-
ing).

Collect Data

During data collection, the nominated persons fill in the data collection ques-
tionnaires at the predefined dates and events. Then, they submit the question-
naires to the measurement engineer. The effort overhead for data collection
should be kept as low as possible, because the improvement programme is
usually not the primary task of the software engineering and improvement
programme staffs. So both the total amount and the frequency of data collec-
tion should not be too high.

During data collection, the filled-in questionnaires should be submitted to the
measurement engineer. The measurement engineer is responsible for validat-
ing the data (i.e., checking for completeness and plausibility), before it is coded
and inserted into the measurement database.



Monitoring and Evaluation of
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2.6  Monitor Progress and Provide Feedback to Stakeholders

This step starts when the first measurement data becomes available. The data
is analysed, fed back to the stakeholders of the improvement programme, and
used for controlling the improvement activities. Key actors are the improve-
ment programme coordinator (for the monitoring and controll activities) as
well as the improvement programme and software engineering staffs (for the
evaluation activities). The measurement engineer is responsible for providing
the needed data and information. It should be offered in an aggregated form
(e.g., tables or diagrams) that suits the way in which the data is to be de-
ployed.

Monitoring activities are usually based on a more or less continuous supply of
predefined data and information for the purpose of managing the improve-
ment programme. Evaluation and feedback by the technical staff have the
purpose to provide them with insights about their contributions to the im-
provement programme, to increase the staffs' motivation and morale, and to
provide a basis for continuous self-improvement. These latter evaluation activi-
ties should be performed in time intervals of about six weeks or at major mile-
stones of the improvement programme. They should best be conducted in the
form of GQM feedback sessions (cf. [14]).

2.7  Evaluate Data and Package Results

This step offers feedback about the improvement for the planning and execu-
tion of other improvement programmes. Its results are lessons learnt and reus-
able artefacts that facilitate the execution of future improvement programmes.
In addition, it includes the cost/benefit analysis of the improvement activities.
The main actors are the coordinator and the technical staff of the improve-
ment programme. Again, this kind of analysis is best performed as GQM feed-
back sessions. The results should be packaged thus that they can be reused
easily.

It can be necessary to install first a reuse-enabling infrastructure in the form of
an Experience Factory [2], before the actual packaging can be performed. Such
an Experience Factory includes an experience repository (Experience Base) as
well as the organisational structure and process definitions for managing this
experience (cf. [1]).

8 Copyright © Fraunhofer IESE 2000
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3 Data Collection Questionnaires

Data about past and ongoing improvement programmes is an important input
for the management and control of improvement programmes. It is the basis
for the monitoring, evaluation, and planning of improvement programmes.
This section presents instruments for data collection. The most important ele-
ments of an improvement programme about which measurement data can be
collected are:

» Process assessments,

* Process modelling activities,

» Goal-oriented measurement activities, and

» The installation and deployment of knowledge management infrastructures.

In addition, overall data and information about the improvement programme
can be of interest, which is not related to specific individual improvement
techniques. Examples of such data are the duration of the phases of the im-
provement programme (cf. Section 2) and the attainment of product and pro-
cess improvement goals.

Most elements of improvement programmes can be investigated with regard
to several different aspects:

» Effort of activities of the improvement programme

« Stakeholders' and sponsors' satisfaction with improvement programme
progress and results

» Attainment of improvement goals
» Lessons learnt from the improvement programme
» Reusable artefacts from the improvement programme

» Characteristics of software organisation, project, and improvement pro-
gramme

The following subsections present approaches for effort collection, for the
measurement of stakeholder and sponsor satisfaction, and for the characterisa-
tion of organisation, project or improvement programme. The evaluation of
goal attainment is addressed, for instance, in [5]. Approaches for the man-
agement of lessons learnt are presented in [13] and [6]. The identification and
processing of reusable artefacts from improvement programmes, such as proc-
ess models and measurement plans, spans a wide field that is outlined in [2].
These artefacts are a useful input for audits of an improvement programme as

Copyright © Fraunhofer IESE 2000 9
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well as for building a reusable document baseline that facilitates the execution
of future improvement programmes.

Each such aspect of measurement in improvement programmes that is pre-
sented in one of the following subsections can be characterised using the fol-
lowing facets: (1) The objects of measurement, (2) prerequisites for the appli-
cation of the measurements, (3) when and by whom the measurements should
be performed, and (4) how the data should be collected. For each measure-
ment aspect, suggested data collection instruments are presented.

3.1 Effort of Improvement Programme

Data about the effort of improvement programmes or the application of im-
provement techniques within these improvement programmes can be collected
relatively easily. It can be very useful for the management and control of im-
provement programmes. First, effort data from past projects helps developing
reliable plans of new improvement programmes. Second, the deviation from
the actual effort is an important indicator of problems with the performance
of the improvement programme. Effort deviations can then trigger root cause
analysis and the resolution of possible issues.

Using effort deviations as an indicator for general issues with an improvement
programme avoids that other indicators for possible problem classes must be
monitored. Most of these other indicators are more difficult to measure. In
addition, effort data is also an important input for the later cost/benefit evalua-
tion of improvement programmes.

Effort data is a key indicator of improvement-related cost. However, it should
be noted that data about time (e.g., milestone achievement) and duration
(e.g., period from the start to the end of an activity) can be similarly relevant
for improvement planning and monitoring. The measurement instrument pre-
sented below can be used also for measuring time and duration instead of ef-
fort.

The measurement instrument presented below can be used for tracking effort
data about improvement programmes per role and activity. It is based on the
effort reporting forms from PROFES [16] [5], which are an extension and re-
finement of the measurement instrument used in project CEMP [10]. A similar
approach that collected the data at the end of a measurement programme has
been developed in project SoftQuali [19].

1 O Copyright © Fraunhofer IESE 2000
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A Measurement Instrument for Effort per Role and Activity

Objects of measurement: All techniques and activities within an improve-
ment programme.

Prerequisites: (A) Process models of the techniques or activities to be meas-
ured; the list of activities must be complete and the activities must not intersect
with each other. (B) Role models of the persons involved in the technique or
activities to be measured. (Note: See Table 2 for suggested process and role
models.)

When and by whom to measure: |dentify the main actors or the roles that
should be responsible for measuring the processes or activities of interest.
These persons are responsible for data collection (cf. Table 2). The points in
time at which the data is to be collected depend on the process to be meas-
ured. Neither should there be too frequent data collection points, nor should
the time intervals between data collections be too long.

How to collect data: The structure of data collection questionnaires for effort
measurement is shown in Table 1.

Improvement technique:
Date of reported day:

Name of data provider:

Time Activity Roles involved Number of Duration of
(from / to) people per role | activity per role
Table 1: Design of data collection forms for measuring the effort of improvement programmes per role and activity.

3.2  Sponsor and Stakeholder Satisfaction with Improvement Programme

Assessing the benefits of a large improvement programme can be a particularly
complex and challenging task. However, a key factor of benefits that is impor-
tant for the further continuation of improvement initiatives is the degree of the
sponsors' and stakeholders' satisfaction with the performance and results of
the improvement programme. This degree of satisfaction has been measured
in SoftQuali. In the following, the applied approach is presented. Examples for
other kinds of benefit studies are [5] and [22].

Copyright © Fraunhofer IESE 2000 1 1
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Table 2:

12

Process Assessments'

» Identify and define GQM goals

»  Prepare and conduct GQM interviews

» Develop GQM plan

» Develop measurement plan

»  Perform data collection

e Perform data analysis and interpretation
» Package experience

Activities Roles
» Preparation Lead assessor
*  Opening briefing Assessor
*  Global site assessment (SPU) Manager
»  Project assessment (project) Software engineer
» Evaluation Facilitator
*  Project assessment review Other
*  On-site final meeting
* Prepare assessment report
* Review assessment report
e Other (please explain briefly)
GQM Measurement
Activities Roles
* Prepare measurement programme GQM Expert
Facilitator

Project management
Software engineer

Process Modelling

Activities
» Preparation and pre-study
* Interviews and modelling
* Review and approval

Roles

Modeller

Manager

Software engineer
Facilitator

Other

' Tailored to BOOTSTRAP 3.0 process assessments [4].

Examples of process and role models for important improvement techniques. Underlined roles should be

responsible for data collection activities.

In SoftQuali, customer satisfaction was analyzed by using the data collection
sheet whose structure is outlined in Table 3. Aspects like project management,
process improvement, reuse in future projects, know-how dissemination, cul-
ture, and product improvement were investigated by asking in-depth ques-
tions. For each questions, the answers can be provided on a four-step Likert
scale: Slight noticeable improvement, noticeable improvement, strong notice-
able improvement, and no improvement (see the columns on the right side).

Additional aspects of an improvement programme and associated questions
are listed in Table 4. Based on the answers to these questions, the customer
satisfaction or the benefit of an improvement programme can be derived.

Copyright © Fraunhofer IESE 2000



Table 3:

Data Collection Questionnaires

A Measurement Instrument for Satisfaction with Improvement Pro-
gramme

Objects of measurement: GQM measurement programme. It can also be
likewise applied to every other element of an improvement programme.

Prerequisites: No particular prerequisites.

When and by whom to measure: The measurements should be performed
at least at the end of the improvement programme. If the data collection is
performed repeatedly during the improvement programme, the data can be
used for monitoring and controlling the progress of the improvement pro-
gramme. The person responsible for collecting data about a GQM measure-
ment programme is the GQM expert (for measurement on other improvement
techniques see Table 2).

How to collect data: The structure of data collection questionnaires is shown
in Table3, which contains examples of possible evaluation criteria. Further crite-
ria are outlined in Table 4. The data can be collected through interviews, stan-
dardised questionnaires, or during a group discussion (e.g., an improvement
programme post-mortem meeting; cf. [11]).

Aspect Question slight Noticeable | strong no
noticeable | improve- noticeable | improve-
improve- ment improve- ment
ment ment

Project managment

In how far did the measurement
programme improve the
controllability of the project
with respect to ressources,
budget, and time constraints?

Awareness and dissemination of know-how

In how far did the measurement
programme improve the
management's attitude towards
goal-oriented measurement?

Process improvement

In how far did the measurement
programme improve the project
team's understanding of the
existing processes?

Outline of a questionnaire for the retrospective assessment of sponsors' and stakeholders' satisfaction with
an improvement programme.

Copyright © Fraunhofer IESE 2000 1 3



Data Collection Questionnaires

Table 4:

3.3

14

Product Improvements

Have the initially set product quality goals been achieved?
Are there additional product quality goals that have been achieved?
What are the assumed root causes of the achievements?

Process Improvements

Has the performance of some work practices become more consistent across the development
team members?

Have process definitions or process models become updated, refined, or enhanced?

Have more effective work practices been established?
Have project risks become less likely?

Systematic Improvement

Has the risk of the improvement programme failure been reduced?

Have improvement actions been identified and implemented in a more focused and systematic
manner?

Have business, product, and process issues been considered during improvement planning?
Has the extent of management involvement into the improvement programme been improved?

Findings, Awareness, Understanding

Has the team's knowledge of software and system been increased?

Has the team's awareness of the necessity for improvement been increased?
Team Building & Organizational Culture

Has the interaction and collaboration between the team members been improved?
Has the interaction and collaboration across the teams been improved?

A checklist of aspects and possible questions for evaluating the benefit of improvement programmes.

Characteristics of Software Organisation or Improvement Programme

At the beginning of an improvement programme, it is important to collect ad-
ditional data that describes the software organisation and the initial character-
istics of the improvement programme. This data is needed for the following
reasons:

. It provides the baseline for planning the improvement programme.

2. It provides the interpretation context for the data that will later be collected

for monitoring and evaluating the improvement programme

. It provides the baseline for deriving context factors using which lessons
learnt and other experience can be packages for reuse.

This kind of information can be collected very easily during the initial assess-
ment of an improvement programme. The following two tables summarise the
kind of information that can be collected for characterising the context of the

Copyright © Fraunhofer IESE 2000
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software organisation and the project, in which the improvement programme
is to be performed.

The information presented in Table 5 should be collected for each project par-
ticipating in the improvement programme. Together with the information that
is collected for characterising the organisation (according to Table 6), it allows
for deciding whether the project is typical for the organisation or not. This fa-
cilitates the monitoring, analysis, evaluation, and packaging of the improve-
ment programme.

Short description of the project

Planned start and end date of the project including planned effort and budget
Number of staff (and IT staff) of the project

Approximate number of users of the developed product

Expected lifetime of the product

Current phase of the project (e.g., requirements, design, implementation, testing etc.)

Importance of product quality attributes according to I1SO 9126 (e.g., functionality, reliability,
usability, efficiency, etc.) for the final product

Capability level for each assessed process category

Table 5. Characterisation of the assessed project

Name, location, country of the organisation

Target business sector of the organisation

Number of staff (and IT staff) in the organisation

Achieved certifications / capability levels of the company

Average number of people, duration, effort, and budget of typical projects

Customer satisfaction

Used software and hardware platforms, standards, development environments, and programming
languages

Table 6. Characterisation of the software organisation

Copyright © Fraunhofer IESE 2000
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Discussion and Future Work

This paper has presented an approach for the monitoring and evaluation of
improvement programmes in software engineering. A collection of measure-
ment instruments has been introduced. They can provide the data needed for
the monitoring and evaluation tasks. The approach is based on work that has
been performed over the past five years. It includes experience from several in-
dustrial projects and improvement programmes.

The monitoring and evaluation of improvement programmes provides the fol-
lowing important benefits that help ensuring the success of improvement pro-
grammes:

1. It helps gaining higher levels of control over improvement programmes.

2. It enables the development of a qualitative and quantitative baseline for
planning improvement programmes.

3. It provides deeper insight into the effectiveness of improvement method-
ologies that can be used for further enhancing the methodologies.

The presented approach shifts attention to the strategic and managerial as-
pects of improvement programmes. This complements the traditional focus of
software process improvement, which still too often is limited to the isolated
application of individual techniques. For example, many improvement pro-
grammes are based on either process assessments, process modelling, or
measurement.

We argue that software improvement can benefit from the integrated applica-
tion of these different techniques that is customised to the goals and charac-
teristics of the individual software organisation. Placing particular emphasis on
the strategic and managerial aspects of improvement programmes ensures
that improvement activities are systematically planned, executed, and evalu-
ated.

Results from the application of the approach have been presented in the
PROFES cost/benefit repository [17] and the SoftQuali handbook [19]. They in-
clude detailed effort models for BOOSTRAP 3.0 process assessments and GQM-
based measurement. Furthermore, they provide evidence of the overall rele-
vance and benefit of the presented principles of systematic improvement (cf.
Fig. 1).

Future work is needed primarily in three respects: First, guidelines for per-
forming strategic and managerial tasks of improvement programmes should be

Copyright © Fraunhofer IESE 2000
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developed further. Second, the baseline data for the planning, monitoring, and
evaluation of improvement programmes should be consolidated. For instance,
the existing cost and benefit models (cf. [17]) should be further validated and
refined. Third, a support infrastructure for improvement programme monitor-
ing should be established that includes effective visualisation tools and a re-
pository of data and information relevant to the improvement programme.

Copyright © Fraunhofer IESE 2000 1 7
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