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Project success demands that process performers have accurate, up-todate information about the activities they should perform, any constraints upon activity performance, and guidance about how to effectively and efficiently perform their activities. The goal of this chapter is
to describe support for people-oriented capture, display, and use of
process information that experience has shown is highly beneficial. The
chapter reviews several state-of-the-art approaches for supporting people-oriented process performance, illustrates challenges of providing
this support, and presents experience from practice. We describe different kinds of process knowledge and discuss a method for collecting one
kind of process knowledge – measurement data – in a goal-oriented
way. We present different ways to display process information in order
to satisfy information needs of people involved in a software development project, including the generation of process documentation, rolebased workspaces, and control centers for software development. Furthermore, we illustrate how process information can be used to support
process performance through the use of not only workspaces and control centers but also process enactment and experience management.
The approaches presented in this chapter can be seen as a contribution
towards supporting people-oriented software development.

1

Introduction

Well-designed, accurately-performed processes are critical to the successful conduct of an organization’s projects. This is particularly true
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when developing large systems by carrying out many, highly interdependent, activities. Some activities are quite simple but others, such as
project planning, coordination, cooperation, control, and improvement,
may be quite complex. Some activities may be “algorithmic” (defined by
concrete procedures) and some may be “creative” (stochastically undetermined). Some may be performed by teams of developers; others may
be enacted by machines. All activities must contribute to meeting the
project goals which will vary across projects.
As a result, the processes must be designed for effective, efficient,
and accurate performance in a wide variety of contexts. Three particularly difficult challenges are:
The conduct of development processes cannot be completely automated because performance is largely human-based and, therefore,
has to deal with non-deterministic behavior of human process performers. This often causes problems such as non-predictable deviations or confusion regarding roles and responsibilities.
Contexts characterize a project’s environment and consist of organizational, technical, and personal characteristics that influence the
project’s processes and their performance. The relationship of the
context and the processes is often quite hard to understand, especially
for the development of large-scale, complex systems. This makes it
difficult for process performers to obtain the necessary or appropriate
information and assess the impacts of different contexts.
The contexts vary between projects and even within projects. Because
development activities are context-dependent, the processes need to
be adapted to different contexts and this adaptation is often quite difficult. In addition, the processes may need to be adapted “on the fly”
during project performance. Rapid context switches often lead to unnecessary rework when context switches are insufficiently supported.
The development of large and complex systems that may include
hundreds of hardware and software components is quite complex because
of these challenges. Other complexities occur in small, team-based development projects. Many problems are related to the fact that software
development is largely human-based. People need help in meeting these
challenges. This includes customizing process information to specific
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needs for different contexts. Necessary process support includes improved communication, detailed reasoning about process features, guiding people when performing processes, improving both processes themselves and their results, and automating process steps to gain deterministic process behavior1, 2. People-oriented process support requires managing large and complex processes contexts by reducing the cognitive load,
supporting long-living processes by providing mechanisms for context
switching, and supporting collaboration by applying team-based and
multi-disciplinary approaches.
The goal of this chapter is to describe support for people-oriented
capture, display and use of process information that experience has
shown is highly beneficial. The chapter reviews several state-of-the-art
approaches for supporting people-oriented process performance, illustrates the challenges of providing this support, and presents experience
from practice. Most of the approaches and examples stem from the software engineering domain; i.e., the processes are “software development
processes”. However, much of the material in this chapter can be applied
to “development processes” from other domains (such as development
processes for mechanical systems) or other – business-oriented – process
domains within an organization, such as marketing and sales processes.
1.1

General Concepts

People-oriented process support requires mechanisms supporting the interface between processes and people; this is, in essence, the focus of this
chapter. The concepts of role and agent are fundamental to discussing
these mechanisms and are therefore explained in this sub-section.
A role definition indicates the role’s purpose with respect to the process. In essence, role definitions define the parts that people play as they
participate in carrying out the process. Role definitions are analogous to
the part definitions found in a script for a theatrical production. An important aspect is that the role definition is specific to the process. If role
definitions in different process descriptions have the same name, then
this is incidental. The purpose, scope, and nature of the role are solely as
specified in its definition for the specific process.
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Just as people play the parts in a theatrical production, people play
roles in process performance. To specify that a person is playing a role,
we say the person occupies the role. Further, we do not talk in terms of
specific people (Bob, Michele, or Pete), but rather talk in terms of agents.
The net effect is that there are two levels of abstraction reflecting two
very useful separations of concern. The role vs. agent abstraction allows
the separation of a concern for what a person must do when participating
in a particular process from a concern for what the person must be able to
do as an employee who may be assigned to participate in various processes. This separation of concern is highlighted by noting the difference
between a role definition, which is process specific, and a job description, which is position specific and usually fairly neutral about the specific processes the employee will be assigned to.
The agent vs. person abstraction allows a separation of concern for a
general spectrum of qualifications, abilities, and experiences
as typically indicated in a job description
from a person’s specific qualifications, abilities, and experiences. This abstraction has two important sideeffects. First, it allows a group of people to share a particular position.
An example is a System Administrator position which is often
filled by assigning a group of people who each work part-time in this
position. The other side-effect is that it becomes possible to think of filling a particular position with a tool, effectively automating the position.
An example is a Request Filter agent that filters incoming requests
into several different “bins,” a capability that is necessary for a variety of
processes and may quite often be automated.
A role definition must treat three different aspects of the role as part
of a process:
Responsibilities: the role’s obligations and permissions with respect
to the process; for example create financial report, assure
project success, and can access employee records.
Activities: the role’s participation in activities, perhaps accompanied
by time sequencing information; for example, gather the requirements and develop the design.
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Abilities: skill and experience requirements for agents who occupy
the role; for example, trained in using Word and familiar
with the Delphi approach to brainstorminga.
These three aspects of a role correspond to three different approaches
to supporting people during process performance. All three approaches
allow agents to find and focus on an activity they must carry out; the
three approaches vary with respect to the view presented to the agent as a
starting point. In a responsibility-based approach the agent starts with a
view that emphasizes its responsibilities. In an activity-based approach,
however, the starting point reflects a collection of inter-related activities
and the agent selects one of the activities that the role participates in. Finally, in an ability-based approach, agents start with a view indicating the
capabilities needed to successfully occupy a role and the agent may select an activity that requires a specific capability. In this paper, we focus
on responsibility and activity-based approaches.
People-oriented process support needs to consider the human characteristics of individuals and teams. These characteristics comprise motivation (i.e., the stimulus a person has about achieving some result), satisfaction (i.e., the fulfillment of a need or the source or means of enjoyment), skills (i.e., knowledge and training), and experience (i.e., practical
knowledge and experience resulting from observing or participating in a
particular activity).
Process support should be customized to human characteristics and it
should recognize that it can influence these characteristics. The motivation of a highly experienced developer, for example, could be decreased
by prescribing finely detailed approaches to carrying out activities. The
skills of an inexperienced developer could be amplified by providing detailed guidance for an activity.
Human characteristics may have a major influence on the results of a
development project. The following empirical findings and hypotheses
a

These statements could appear in a job description to specify criteria for evaluating potential employees. Here, they are being used to specify the criteria for
some agent assigned to the role. These are analogous uses, but the first concerns
an agent’s general skills and experience whereas the second concerns the skills
and experience needed for a specific process.
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(discussed in “A Handbook of Software and Systems Engineering”3) are
related to skill, motivation, and satisfaction and can be applied for designing people-oriented process support. According to Kupfmüller’s law,
humans receive most information visually. It is important to consider that
not all senses are involved equally during the reception of process information. The predominance of the visual system could be exploited for
displaying process information via pictures, graphs, or signs. Krause’s
law states that multimodal information is easier to remember than singlemode information. Including multimedia capabilities in process support
could utilize this finding. Miller’s law, defined by the psychologist
George Miller, says that short-term memory is limited to 7 +/- 2 chunks
of information. This indicates how much the complexity of processes and
contexts needs to be reduced for displaying them adequately to process
performers. Many other empirical findings should be considered when
developing people-oriented process support, for example: human needs
and desires are strictly prioritized (Maslow-Herzberg’s law); motivation
requires integration and participation (McGregor’s hypothesis); and
group behavior depends on the level of attention (Hawthorn effect).
These empirical findings and hypotheses should be carefully considered when providing people-oriented process support because adherence
or non-adherence to them is a major determiner of success or failure.
1.2

Contents

The chapter is organized into three parts regarding capturing process information, its display, and its use. Section 2 addresses the collection of
different kinds of process knowledge and discusses the Goal Question
Metric (GQM) paradigm as a goal-oriented method for collecting process-related measurement data. Section 3 deals with the different ways
process information may be displayed in order to satisfy process performer information needs. In the section, we discuss the generation of
process documentation, role-based workspaces, and control centers for
software development. Section 4 illustrates how process information can
be used during process performance. In the section, we discuss the importance of not only workspaces and control centers but also process enactment support. In the section, we also discuss experience management
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issues; that is, various ways in which process information can be used to
improve future process performance. In each Section, we discuss related
work and future trends as appropriate. Finally, section 5 gives a brief
summary of the material in this chapter.
Fig. 1 gives an overview of the sections in terms of their relationship
to a simple development process and its major roles.
Process Goals and Characteristics

2.1 Collecting Process
Knowledge
2.2 Collecting
Measurement Data
3.1 Documentation
Generation for Roles
3.2 Role-based
Workspaces
3.3 Software Project
Control Centers

4.1 Using Role-based
Workspaces
4.2 Using Software Project
Control Centers
4.3 Process Enactment
Support

4.4 Experience
Management

Process Planning

Process Documentation

Process Engineer

Process Auditor

Documentation
Engineer

Project Management
Execution

Project Manager

Developer

Quality Assurance
QA Manager

Experience Base
Quality Manager

Fig. 1. Section Focus with respect to a Simple Development Model (not addressing all Planning and Enactment Issues).

2

Capturing Process Information

Access to information about a process is critical to its effective, efficient
and accurate performance. This information comes from many sources:
process designers, process performers, customers and other stakeholders
concerned with the outcome, and corporate executives interested in the
degree to which the processes support achieving the organization’s business objectives. Once collected, the information is typically organized
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into process handbooks, with different handbooks rendering the information as needed for particular roles (for example, a Developer Handbook and a Process Auditor Handbook).
In this section, we the first define various kinds of process information. After briefly discussing the collection of these kinds of process
knowledge, we then address the collection of measurement data (one
kind of process knowledge) in more detail.
2.1

Collecting Process Knowledge

There are many different, but inter-related, kinds of process-related information:
Process Assets: templates, checklists, examples, best-practice descriptions, policy documents, standards definitions, lessons-learned, etc.,
useful during process performance.
Process Definition: information about a specific process including:
the activities to be performed, the roles that agents occupy when performing the activities, the artifacts used and produced during activity
performance, the conditions that reflect progress, and the assets pertinent to the process.
Process Status: information useful for controlling or tracing process
performance in terms of activity sequencing, role/agent assignments,
the degree of artifact completion, the usage of assets, etc.
Process Measurement Data: information characterizing a particular
performance of a process in terms of the expended effort, performance of the personnel, resource utilization, etc.
Project-specific Data: information created during a process performance including: specific documents created and worked on during the
project, records of group meetings, white papers discussing various
design options, lessons learned, etc.
In the following sections we discuss the collection of each of these
kinds of process knowledge.
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Process Assets

Process assets may be collected from several sources. Standardization
efforts4 not only define the standard but also provide example templates
and checklists as well as examples of good (and bad) uses of these assets.
Definitions of Process Maturity Frameworks, for example the CMM5, are
also often the source of templates, checklists, and examples of good or
bad artifacts. Framework-oriented sets of assets are also commercially
available (for example from pragma6 and the FAA7).
Corporate-wide process definition groups are normally responsible
for developing assets supporting the organization’s processes. This primarily includes templates, examples and checklists. It also includes the
definition of best practices as they should be practiced within the organization.
These process definition groups are also frequently responsible for
assuring that the organization’s process assets are influenced by the experience gained during project performance. This includes collecting new
templates, checklists, examples, etc. It also includes collecting lessons
learned. Finally, it includes updating existing assets to reflect experience
in using them.
Many organizations have devoted considerable effort to collecting
their assets, and making them readily available, in a corporate-wide
Process Asset Library (PAL). A PAL organizes the assets according to
various cataloguing dimensions. These dimensions reflect the assets’
general characteristics (their general types, the application programs
needed to use them, reactions stemming from their use, their pertinence
to various types of projects, etc.). An asset’s pertinence to specific processes may also be used as a cataloguing dimension. In the following,
however, we indicate that process definitions may provide better, rolespecific as well as process-specific, “doorways” into a PAL.
2.1.2

Process Definition

Information about a process may be collected in several ways. Typical
alternatives are observing real projects, describing intended activities,
studying the literature and industry reports, and interviewing people in-
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volved in a project. These approaches to gathering process knowledge
are varied and may be combined in many ways. All of the various ways
result, however, in one of two distinctly different kinds of process definitions: descriptive process models and prescriptive process models.
Descriptive process models describe processes as they take place in
real projects, i.e., descriptive process models are the result of observation. Descriptive models describe how a particular software system was
developed, are specific to the actual process used to develop the system,
and may be generalized only through systematic comparative analysis8.
They can be used for analysis purposes and are often the basis for understanding and improving existing practices. Descriptive process models
can be used as a baseline for improvement programs and they can be a
basis for identifying strength and weaknesses. Descriptive process modeling is a good means for obtaining a process description that accurately
describes the real process. This helps gain a deeper understanding of the
process, a prerequisite for effective process measurement and assessment.
For conducting descriptive modeling, Becker, Hamann, and Verlage9
propose a two-phase procedure consisting of eight steps. The set-up
phase comprises the configuration of the process modeling approach.
The steps in this phase are performed relatively infrequently. The execution phase concerns a particular use of the process. All steps in the execution phase should be performed for each inspection of a particular use.
An enumeration of the phases and steps is:
Phase I: “Set-up”
o Step 1: State objectives and scope.
o Step 2: Select or develop a process modeling schema.
o Step 3: Select (a set of) process modeling formalisms.
o Step 4: Select or tailor tools.
Phase II: “Execution”
o Step 5: Elicit process knowledge.
o Step 6: Create model.
o Step 7: Analyze the process model.
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o Step 8: Analyze the process.
One approach to descriptive modeling, regardless of how it is conducted, is multi-view modeling (MVM)10. In this approach, the underlying idea is to reduce process description complexity by eliciting roleoriented process information (e.g., from the point of view of a Tester or
a Requirements Analyst) because people are unable to look at complex processes as a whole and usually focus on information relevant only
to their roles. Because roles collaborate, there is typically an overlap of
process information in different role-oriented views. Experience has
shown that different people occupying different roles in a project often
have a varying understanding of the overall process. MVM permits information from different role-oriented views to be integrated to develop a
consistent, comprehensive descriptive process model.
MVM supports the elicitation of role-oriented process models, the
analysis of similarities and differences between these models, the analysis of consistency between different models, and finally the integration of
various views into a comprehensive process model. Benefits of this approach are: it considers the perspective and experience of individual persons or teams, it supports role-oriented modularization of complex process models, it supports the identification of inconsistencies and inefficiencies between role-specific process views, and it allows the reuse of
role-specific views.
In contrast to a descriptive process model, a prescriptive process
model defines guidelines, frameworks and details for a new approach to
carrying out the process (Scacchi8). It specifies how activities should be
performed, and in what order. It also establishes conditions that can be
used to guide or track process performance; this is discussed in the very
next section. Finally, it establishes contexts in which process performers
may effectively, efficiently and accurately satisfy the responsibilities for
the roles that they occupy; this is discussed in section 3.2.
2.1.3

Process Status

Process status information characterizes the state of process performance.
The fundamental notion is process element state: a measurable attribute
of some process element. For example, an artifact’s state might be
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drafted, approved, or rejected. As another example, the state of an
activity might be suspended, active, or completed. A statement

about a process state that can be used to control the process or characterize progress is called a condition: a Boolean expression referring to the
states of process elements. An example condition is Design Document
approved and Coding Standards identified. The validity of a
condition changes over time as a result of events: actions that establish
new states for process elements (or perhaps merely re-establish their existing states). An example event is design review finishes which
might establish the state of a Design Document as either approved or
rejected and thereby affect the validity of conditions defined with respect to the state of the Design Document.
Status information may be collected by the techniques identified in
previous sections (for example, by interviewing process performers). The
most important purpose is to collect information about the possible states
for process elements (for example, the possible states for a Financial
Report artifact). This is often simplified by identifying states for types
of process elements, for example, by indicating that all artifacts may
have the states drafted, approved, or rejected. Another purpose of
status information collection is to identify the conditions needed to assess
progress and activity pre- and post-conditions useful for controlling
process performance. A third purpose is to identify the events that
change process element states and affect the validity of conditions; the
events are normally strongly tied to points in the definition of an activity
at which the events occur.
Once collected and used as part of a prescriptive process definition,
status information may guide the collection of data about the actual
status at various points during process performance in order to check that
the actual performance matches the intended performance. Collection of
actual status information during process performance requires instrumentation of the performance-time support system. Amadeus11 is an example
of a system providing this instrumentation; it uses scripts to control data
collection and these scripts can be developed using the status information
in a prescriptive process description.
The status information in a prescriptive process definition may be
used to control, rather than merely track, process performance. This use
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of status information to support process enactment is discussed is section
4.3.
2.1.4

Process Measurement Data

Process measurement data are collected during process performance and
characterize special aspects of the process, related products, and resources, especially quality-related aspects. Example quality-related aspects include: the effort in person-hours a certain developer spent on a
certain part of the process, the performance in lines of code per hour of
the coding personnel, or tool usage in hours. Process measurement data
provides quantitative information about process performance to complement the qualitative status information.
While project status information is collected in order to track or control the state of the overall project, measurement data are usually collected in order to control certain quality aspects. A project manager
would basically be interested in the former and a quality assurance manager in the latter. Therefore, status information and measurement data
provide qualitatively different, but complementary, views of process performance.
To control a software development project, it is crucial to know what
measurement data have to be collected relative to defined measurement
goals of the project. We address this issue in more detail in section 2.2.
2.1.5

Project-specific Data

Project-specific data are created by carrying out the process. For example, performing a Create Design task will create a Design Document that is a specific instance of the Design Document artifact specified in the process description. Project-specific data are collected during
process performance as the agents occupying the process’ various roles
create and modify the specific artifacts produced during process performance.
Project-specific data provide a concrete record of the effects of a
process performance, complementing the status information and measurement data characterizing how these effects were obtained. Most im-
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portantly, this includes the intended results of the process. It also includes other documents such as records of project meetings and white
papers discussing various design options.
2.2

Collecting Measurement Data

Measurement data are needed to analyze quality aspects of a project, the
software development process used by the project, the products it produces, and the resources it uses12. Examples of measurement data are: the
effort of the process Create Requirements in person-hours, the complexity of the product Requirements Document in function points, or
the cost conformance of the project Building Automation System
in US dollars above or below the planned costs.
But how can we decide what to measure and how to interpret the collected measurement data? Basically, we may distinguish two types of
measurement approaches. The first one starts with measurable observations and relates them to measurement objectives and goals. We call this
approach bottom-up because it starts with concrete measures and ends up
with abstract measurement goals. The second type starts with the definition of a measurement goal and derives concrete measures from it. We
call this approach top-down because every measure is derived and interpreted in the context of a specific goal. Starting with a measurement goal
eases the development of adequate, consistent, and complete measurement plans.
One top-down approach is the Goal Question Metric (GQM) paradigm developed by Victor Basili and David Weiss13. Its main idea is to
define a measurement goal and systematically derive questions and finally metrics. The approach can be applied to software processes, products, and resources and gives guidance on how to derive metrics in a
goal-oriented way.
Before describing this approach in more detail, it is important to define some basic concepts:
A software entity is a specific process, product, or resource pertaining
to a software development project for which measurement data are
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being collected. For example, Create Requirements, Create
Design, Coding, and Testing are process entities.
An attribute is a characteristic of a specific entity. For example, the
length of the product Code is a product-related attribute.
A metric is a (numerical or enumerated) scale that characterizes an
attribute of a specific entity. For example, the length of product Code
can be measured as lines of code (including or excluding comments).
Measurement is the process of assigning certain values (defined by
the metrics) to attributes of software entities.
Measurement data is the set of concrete data for all metrics measured
during the performance of a software development project.
Some metrics can be measured directly, whereas others have to be
computed from other metrics. We call the first direct and the latter indirect metrics. For example, the indirect metric simple design complexity for an object-oriented system may be computed from the direct
metrics number of classes and the number of relationships
among classes.
2.2.1

Definition of GQM Plans

The first step in setting up a measurement plan using the GQM paradigm
is to define all of the goals for a measurement program. Each GQM goal
definition consists of five different components14:
The object defines the central node for measurement, namely the object we want to analyze. For example, a certain process, product, or
resource, or even the overall project may be a legal measurement object.
The purpose describes the intention we have in setting up a measurement plan. For example, we want to characterize, improve, control,
predict, or simply analyze the measurement object.
The quality focus defines the characteristics of the analyzed object we
are interested in. For example, reliability, usability, security, safety,
scalability, performance, efficiency, or maintainability of the measurement object.
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The viewpoint describes the perspective from which a quality aspect
is analyzed. For example, a developer, the project manager, the quality assurance manager, or the customer. This component is especially
important to supporting people-oriented measurement; it helps in
identifying the different groups of people interested in the collected
measurement data and in avoiding needless data collection.
The context defines the environment where measurement takes place.
Usually, measurement data highly depend upon the context they are
collected in, and the results that are obtained are not transferable to
different environments. For example, effort data originating from a
development project for embedded systems is probably not transferable to web-based application development.
An example of a measurement goal definition is: Analyze the inspection process for the purpose of improving with respect to efficiency from
the viewpoint of the quality assurance manager in the context of company A’s implementing the automation system BAS 2004.
The second step in setting up a GQM-based measurement plan is to
derive questions for each measurement goal. Answering these questions
should support assessing the measurement goal. We distinguish between
two types of questions: Questions regarding the quality focus of the
measurement goal and questions regarding variation factors, i.e., factors
that influence the values of the quality focus measurements. The latter
type of question can further be divided into questions regarding processes (for example, process conformance, domain understanding, and so
on) and questions regarding products (for example, logical and physical
attributes of products such as size and complexity, development costs,
and changes). Questions illustrating a quality focus are:
How many defects are in the requirements document?
What is the distribution of the defects with respect to a set of defect
classes?
How many defects were found when inspecting the requirements
document?
How much does it cost to fix all the defects found in the requirement
document?
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On the other hand, questions that influence the quality focus measurements and therefore address variation factors are:
Process-related: How experienced are the developers? What kind of
inspection technique is used?
Product-related: What is the complexity of the requirements document?
If a question is too complex to be answered directly, we may refine it
to a set of simpler, more specific, questions. For example, we can refine
the question regarding requirements document complexity to the following three, very specific, questions: How many functional, non-functional,
and inverse requirements and design decisions are listed? How many use
cases are included? The composition of the answers to the more specific
questions leads to answering the original, complex, question.
After defining all of the measurement goal-related questions (and refining them), we are able to derive some metrics that help in answering
the questions. This is the third step of the GQM approach. We can define
more than one metric for a single GQM question. For example, regarding
the question concerning developer experience, we can measure the number of years employed for each developer, the general degree of experience (e.g., high, medium, low), or the developer’s experience with a
certain requirements analysis tool. As mentioned, each metric has values
along a certain scale and the scale indicates which values may be combined, and in which ways, to get valid results. For example, we may add
the rework effort for every developer of the requirements document (because the values are on a rational scale), while values of the general degree of developer experience may not be added (because they belong to
an ordinal scale and the result of adding high and low is not defined by
the scale).
An important question is, “How can we find a set of relevant measurement goals and derive questions and metrics?” An enhancement of
GQM uses abstraction sheets15 to identify components of measurement
goals and to analyze the quality focus and its variation factors in more
detail. In essence, an abstraction sheet summarizes a GQM plan. An example is shown in Fig. 2.
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Object

Purpose

Quality Focus

Viewpoint

Context

Requirements
Inspection
Process

Characterize

Efficiency

Quality
Assurance
Manager

company A’s building
automation system
BAS 2004

Variation Factors

Quality Focus
QF1: Number of included defects
QF2: Distribution according to defect
classes
QF3: Percentage found during
inspection process
QF4: Total rework effort in hours

VF1: Experience of developers
VF2: Inspection type

Impact of Variation Factors

Baseline Hypotheses
QF1: 100
QF2: 40% omission, 30% ambiguous
information, 20% incorrect fact,
10% miscellaneous
QF3: 20%
QF4: 1000 h

VF1 high
=> QF1 low
=> QF4 low
VF2 perspective-based
=> QF3 high

Fig. 2. Sample of a GQM Abstraction Sheet.

As shown in the figure, an abstraction sheet consists of five different
sections. The first section (at the top of the example sheet) gives an overview of all the components of the measurement goal. The second section
identifies direct metrics related to the quality focus. Not all metrics defined in a GQM plan are represented on abstraction sheets, only the most
important ones. The third section identifies variation factors; that is, metrics that influence the values of quality focus metrics. (These two sections appear in the center of the example sheet.) The fourth section defines predicted values for the metrics defined in the quality focus section;
that is, it identifies expected values hypothesized before collecting the
real measurement data. These data can be used to control the measured
quality aspects of the project during project execution. The fifth section
indicates the expected impact of variation factors for the metrics identified in the quality focus section. (These two sections appear at the bottom of the example sheet.) An abstraction sheet is usually constructed
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during structured interview sessions with all of the measurement program’s stakeholders. The GQM viewpoint helps in identifying the interests of different project (and organization) roles and in inter-relating different measurement needs.
2.2.2

Application of Measurement Plans

After defining the measurement plan (e.g., a GQM plan), the next step is
to select techniques and methods for collecting the measurement data.
This includes assigning persons responsible for data collection and validation. The tasks that are necessary to perform data collection are called
data collection procedures. Van Solingen and Berghout12 suggest that at
least the following questions must be addressed when setting up data collection procedures:
Which person should collect which metric?
When should a person collect a metric?
How can measurement data be collected efficiently and effectively?
To whom should the collected data be delivered?
We can distinguish between data collected automatically by a tool,
such as lines of code or design complexity, and data that have to be collected from people, such as effort in person-hours for a certain process.
Experience has shown that, in general, the most valuable information is
that collected from people rather than by tool-based analysis.
Data can be collected from people through manual (paper-based)
forms or electronically (e.g., via web-based forms, e-mail, or spreadsheet
forms). The greatest advantage of an electronic data collection system is
that the collected data may be used for project control purposes (if interpretation and analysis of the raw measurement data can be automated).
Data can be collected when special events occur (such as when a project milestone is reached, at the end of major activities, or upon completion of important products) or continuously at periodic time points (e.g.,
every day or once a week). The best collection strategy to use for a metric depends on several factors, such as the collection approach (automatic
versus manual data collection), the metric being measured, and the people entering the measurement data.
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Displaying Process Information

The information needs of the people involved in a software development
project varies according to the roles they occupy. A Project Manager,
for example, needs different process information than a Developer. The
former will be interested in the state of the overall project (e.g., a list of
all uncompleted tasks), while the latter is most interested in process information regarding specific development activities (e.g., how a certain
activity has to be performed). The goal of this section is to illustrate a
variety of ways process information can be presented and how different
project roles may benefit from different presentations. First, we describe
the generation of process documentation in order to support different
project roles. Secondly, we discuss role-based workspaces displaying
process information in an organized, role-specific, manner. Finally, we
describe control centers for software development as a systematic way
for interpreting and visualizing measurement data.
3.1

Documentation Generation for Roles

Process documentation is generally thought of as information that helps
process performers do the “right thing” at the “right time.” As such it
defines the work that should be done, dependencies among work packages assigned by the project manager, the responsibilities of the various
roles, the conditions that control the sequencing of the work, the conditions that can be used to track progress, etc. Process documentation is
most usually organized according to a logical decomposition of the work
that must be done with chapters for major phases, sections for major activities within each phase, and sub-sections for specific tasks.
Process documentation content and organization reflect task-related
questions posed by project members, agents who are assigned to a project and responsible for carrying out the process. Typical questions are:
What do I have to do to perform a task? Which tasks am I responsible
for? How can I determine whether or not I have successfully completed a
task? Where can I find a particular template?
Across all the roles in a process there will be many questions of many
different kinds. For each kind of question, there will be one or more
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views that help in answering questions of this kind. For example, an activity decomposition view helps in asking questions about the interdependencies among activities and an artifact lifecycle view helps in answering questions about artifact state sequences.b
The information needed to answer some role’s questions is typically
documented in handbooks. The use of handbooks for software development processes has been recognized widely as beneficial in order to perform systematic, traceable projects. Nevertheless, software developers
generally face problems in using the handbooks typically provided for
software development processes. The reasons for these problems include:
The handbooks are lengthy, perhaps hundreds of pages, and often not
very well structured, thus complicating information retrieval.
The handbooks are frequently out-of-date. Because new versions are
difficult and time-consuming to produce, they are infrequently developed.
Formal notations may be used to achieve high degrees of precision;
graphical representations may used to increase the understandability
of descriptions using these notations. Process descriptions are, however, usually informal. Among other things, this makes it hard to customize the processes to match the characteristics and needs of a specific project.
The dynamic behavior of the process is not well-specified, again because the descriptions are informal. Ambiguity is common, and different agents have different understandings of the behavior.
The consistency, clarity, and completeness of informal software process descriptions cannot be easily ensured. Costly, lengthy reviews are
therefore needed to assure consistent, clear, and complete handbooks.
These reviews are frequently not done.
Even more problematic is that one handbook cannot conveniently
meet the needs of all the roles having questions about the process and its
b

In paper-based documentation, one view is, of necessity, used in the body of
the documentation and other views are provided in appendices. In web-based
documentation, all of the various views may be provided as “top-level doorways” into the process information.
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performance. Many handbooks are needed, each oriented towards some
role’s domain of questions. This severely complicates the maintenance of
an organization’s process descriptions because changes and additions
have to be accurately and consistently made to a possibly large number
of handbooks.
The notion of Electronic Process Guides (EPGs)16 was developed to
address these problems. The general purpose of an EPG is to guide software developers in doing their tasks by providing fast access to the information they need (e.g., to activity and artifact descriptions, to assets
such as checklists, etc.). As implied by its name, an EPG provides online, internet/intranet descriptions of the process. However, rather than
merely being electronically provided versions of paper-based handbooks,
EPGs are extensively hyper-linked to facilitate navigation through the
information about the process. Moreover, EPGs are automatically generated from information captured, non-redundantly, in a process model.
Because they are automatically generated, the maintenance of a consistent set of handbooks is much easier and less error prone – any change to
the information in the process model is automatically reflected in all the
handbooks (once they are regenerated). This makes it much more feasible to provide a set of handbooks with each essentially filtering the information and rendering it in a way most meaningful to some role’s
questions. Finally, the process model may be formal, rather than informal, and this introduces a rigor that not only precludes common errors
(such as using two different names for a process element) but also enables checking the consistency and completeness of both the dynamics
and the specification of the process. As a result, EPGs provide up-todate, accurate, consistent and complete information about a process
packaged into the different forms needed to support the different roles in
a process. Experience has shown that this considerably enhances the efficiency and effectiveness of process performers.
To explain EPGs further, and indicate their value, we describe two
tool suites which have been developed to provide an EPG capability. The
first is the SPEARMINT®/EPG tool suite developed at the Fraunhofer
Institute for Experimental Software Engineering (IESE)17. The second is
the Process Management Capability (PMC) tool suite developed at
TeraQuest Metrics (TQ)18. Both were designed to provide support for
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managing large process models and the automated generation of online
documentation of process handbooks from these process models. They
share many common characteristics, but differ in terms of some of the
capabilities they provide. In the following, we first describe their common characteristics and then their key differences.
In both cases, the primary objectives were to: (1) support the development of a process model, (2) eliminate common errors, (3) support
analysis of the completeness and consistency of both the process and its
descriptions, and (4) support the generation of a handbook providing
process performance guidance. The tool suites took similar approaches to
meeting these primary objectives:
A well-defined, Entity-Relationship-Attribute style, process modeling
technique is used to capture process information. The process model
reflects the elementary “information chunks” pertinent to many different question domains (for example, an information chunk that
identifies all the roles participating in a task).
A well-defined data-storage format is used to capture, nonredundantly, the basic “elemental facts” of which information chunks
may be composed. For example, the fact that a specific role participates in a specific task would be stored as a single, elemental, fact although it may appear in many different information chunks.
An editing tool allows a process engineer to capture and maintain the
information about a process by establishing and modifying the elemental facts. The editor allows the process engineer to change a set of
inter-related facts about the process in a well-coordinated way. The
editor may also enforce process modeling rules, for example, the rule:
every task must have at least one participating role. Finally, the editor allows some degree of customization of a process
model through the definition of additional process-element attributes.
A publishing tool supports the generation of a set of web pages which
constitute a process handbook.
A viewing tool supports the generation of reports (most often also in
the form of web pages) supporting a process engineer’s work. This
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includes, for example, reports concerning inconsistencies and incompleteness.
The differences follow from the fact that the SPEARMINT®/EPG
tool suite is focused on the process engineer’s need to easily model and
analyze a process during its development whereas the PMC tool suite is
focused on the process engineer’s need to customize an EPG’s look-andfeel to the needs and desires of a particular organization. As a result, in
the SPEARMINT®/EPG tool suite:
The editing tool uses a graphical notation for describing processes. It
distinguishes the following types of process elements: activities, artifacts, roles, and tools. The notation allows graphically denoting relationships among the process elements as well as the attributes defining the elements’ measurable characteristics.
The viewing tool supports a wide variety of software development
and process engineering views. These were defined specifically to
support distributed process planning by providing the appropriate representations for reviews.
In the PMC tool suite, however:
The process model (and editing tool) may be customized to an organization’s specific process architecture, i.e., the notions used to describe the organization’s processes. The tool suite is based on the
Collaborative Process Enactment (COPE)19 generic process architecture which defines process entity categories (activities, roles, artifacts,
conditions and assets) as well as some basic attributes and relationships. It may be customized to reflect an organization’s process entity
types, their attributes and their relationships.
The publishing tool is controlled by templates for the various kinds of
web pages that appear in a generated handbook. Each template describes the format for the page and identifies the elementary facts that
need to be retrieved to generate an instance of the page. A template
also describes the computation needed to infer information
for example, information about the flow of artifacts among tasks
from
the elementary facts. Multiple sets of templates could be used to gen-
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erate multiple handbooks differing either in their look-and-feel or in
their role orientation.
Taken together, the two tool suites have been used to create webbased documentation for more than two dozen processes (examples are
discussed in several papers20, 21, 22, 23; additional examples may be found
at http://www.iese.fhg.de/vincent/examples). Most of these have been
software development processes; a few have concerned an organization’s
business processes. The experience gained in preparing these EPGs has
indicated that both the modeling/analysis enhancements provided by
SPEARMINT®/EPG and the EPG-customization enhancements provided
by PMC are necessary (and, as a result, the two tool suites are currently
being integrated). The experience has also demonstrated the benefits of
the EPG approach to process documentation: processes may be developed more rapidly; common errors may be precluded; consistency and
completeness may be more extensively and accurately verified; and the
time/effort required to maintain and deploy accurate, up-to-date process
descriptions is reduced.
Two additional, potential advantages have been noted but not yet
fully realized in either tool suite. First, process models are an appropriate
means for storing software development knowledge. In general, reusing
experience is a key to systematic and disciplined software engineering.
Although there are some successful approaches to software product reuse
(e.g., class libraries), all kinds of software-related experience, especially
process-related experience, should be reused. Process models can be used
to capture process-related experience, and this experience can be stored
using various structures for an experience repository (e.g., type hierarchies, clusters of domain specific assets). Second, an EPG-based approach to process development allows several kinds of (automated)
analyses, which may be performed before the project starts, during process performance and in a post-mortem fashion after project termination.
Process models can, for example, be analyzed statically (e.g., to check
for consistency) or dynamically (e.g., to check the flow of artifacts across
their interface). The latter is important during the modeling of the interfaces of distributed processes.
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Role-based Workspaces

Process handbooks, whether they are created by hand or by using an
EPG-based approach, certainly provide the ability for an agent to effectively, efficiently and accurately occupy an assigned role. The major reason is that they contain the information that agents need to answer questions they have before starting to work on, or while working on, their
assigned tasks.c
Agents also need the ability to focus their attention on the information
pertinent to a specific task or a specific question. Locating and organizing the needed information can be extremely difficult no matter how well
a role-specific process handbook is designed. In this sub-section, we introduce an approach for focusing on the information pertinent to a specific task. The aim of this is to effectively support project members.
When focusing on supporting project managers, a different approach is
needed. We discuss this different approach in more detail in section 3.3,
when talking about project control.
3.2.1

Role-based Workspace Purpose

We define a role-based workspace to be a working environment supporting an agent occupying a role during process performance. A workspace
has three major intents. One is to provide access to the documents, tools
and assets the agent needs to perform tasks. The second is to help the
agent assure that his/her work is satisfactory. The third is to facilitate
collaboration with other agents occupying other roles. The first two are
discussed in the remainder of this section. The third is discussed in section 4.1.

c

Up to this point in the chapter, we have talked in terms of processes being
composed of activities. To discuss role-based workspaces, however, we use the
notion of tasks. Tasks differ from activities in that: an activity is composed of
tasks, a task is an assignable work package, and a task is (almost always) assigned to one role with the role having responsibility of assuring that the task is
successfully carried out. We make this distinction because role-based workspaces are intended to help agents complete their assigned tasks in the context of
activities carried out by some group of agents (i.e., some team).
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A workspace is analogous to a desk in a physical working environment. On or in the desk will be the documents the agents are working on,
the tools they use in doing and checking their work, devices for communicating with other agents, and items that help the agents organize their
work. More specifically, a workspace corresponds to a desk dedicated to
one of the agent’s assignments, and an agent would have several desks,
one for each of his/her assignments. This indicates a primary benefit of
workspaces: the elimination of context-switching overhead. To switch
contexts
to switch from working on one assignment to working on
another
the agent moves from one desk to another; and when turning
attention to an assignment, the agent finds the desk associated with this
assignment the same as when he/she last left it. Further, because the desk
is assignment-specific rather than agent-specific, much of the overhead
associated with delegating or re-assigning work may be eliminated.
To better support today’s rapidly growing information-intensive
workforce, many of the items on/in a desk are typically moved to a computer. Workspaces can be viewed as an attempt to move as many items
as possible (as well as reasonable) off the desk and into the computer.
The resulting benefit is again a reduction of overhead effort. Providing
electronic access, and allowing automated support, eliminates many assignment-specific overhead activities (for example, searching through a
pile or file of documents) and greatly simplifies others (for example,
finding the tools needed to work on a document).
3.2.2

Role-based Workspace Organization

A role-based workspace may be either specific or generic. Both focus on
a particular project and a specific role for that project. A specific workspace additionally focuses on a specific task (or small subset of highly
coupled tasks) that agents must carry out when occupying the role. Generic workspaces, on the other hand, reflect information pertinent to all
the tasks in a project that are pertinent to the role.d
d

Workspaces provide access to task-, role- and project-specific information.
When working on a task, an agent additionally needs access to relevant personal
and corporate-wide information. Relevant personal information includes the
agent’s schedule and to-be-done list, information that is typically stored in an
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An agent accesses a specific workspace by selecting a task (or a
strongly coupled subset of tasks). This creates a more narrowly scoped
workspace reflecting just this task (or subset of tasks). The agent uses
this specific workspace to carry out the work needed to perform the
task(s).
An agent opens a generic workspace by first selecting a project to
work on and then selecting a role within that project to occupy. The projects that the agent may select are constrained by the allocation of the
agent to projects. The roles that may be selected reflect not only resource
allocation decisions by the project’s manager but also any roleoccupancy constraints specified in the role’s definition. As an example of
the latter, an agent may not open a generic workspace that requires
knowledge of a specific analysis tool if the agent’s description does not
indicate that the agent has this knowledge.
When a workspace is opened, information relevant to the specific
agent, the chosen role and the chosen project is assembled and displayed
in an organized way. The displayed workspace reflects all the aspects of
the process relevant to the role. The contents and organization of the generic workspace reflect information about the agent’s abilities, skills and
preferences.
3.2.3

Specific Workspaces

Specific workspaces provide the basic, fundamental support for working
on assignments. In the simplest situation, only one agent is working on
the task. Frequently, however, two-or-three agents may collaboratively
work on the task. In this section, we discuss the simplest, single-agent,
situation. The more complex, multi-agent, situation is discussed in section 4.1.
Fig. 3 depicts an example of a specific, single-agent workspace.
agent’s PDA. Relevant corporate-wide information includes: contact information for other personnel, information about training courses for various tools and
techniques, and the identification of personnel who have volunteered to mentor
with respect to various tasks or tools. Here, we assume that access to this information is provided outside of a workspace (for example, in an organization’s
corporate-wide knowledge base).
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Fig. 3. Example of a Specific Role-based Workspace.

This example illustrates the basic items that constitute a specific workspace:
Task Descriptions: Descriptions of the steps involved in carrying out
the task as well as inter-dependencies among the steps. This provides
the agent with the basic information about what has to be done when
carrying out the task.
Advice: Guidance concerning how to carry out the task successfully,
including lessons learned and the experiences of agents who previously occupied the role. This allows the agent to benefit from previous experience in carrying out the task.
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Artifacts: Descriptions of the artifacts that the role works on when
carrying out the task as well as links to the actual artifacts needed
when or resulting from performing the task. This information allows
the agent to understand the task, and review the result of performing
it, in terms of its effect on the artifacts used and produced during task
performance.
Tools: Descriptions of the tools the agent needs in performing the
task as well as links to the tools’ documentation and the tools themselves. This information allows the agent to efficiently access the
tools and consult tool documentation. It can also guide the agent in
choosing among a collection of alternative tools.
Assets: Descriptions of relevant templates, checklists, etc., as well as
links by which to download copies of these assets or view policy,
guideline, standards and reference documents. This information provides the agent with a task-specific “doorway” into the usually very
large collection of assets the organization has accumulated over time.
3.2.4

Generic Workspaces

A specific workspace provides the basic support an agent needs to rationally carry out a specific task. A generic workspace, on the other hand,
is role-specific but does not pertain to any specific task. It reflects information about the role in general and the full complement of tasks in
which the role participates. Its major intent is to help agents occupying
the role to properly achieve the role’s purpose in a process and properly
function as a member of the project team performing the process.
Fig. 4 and Fig. 5 illustrate a generic workspace. These figures show
that, to assist agents, a generic workspace includes information about:
Responsibilities: Descriptions of the role’s overall obligations and
permissions with, where possible, links to the tasks, artifacts, and
other process elements pertinent to meeting the obligations within the
constraints levied by the permissions. This helps the agent understand
and focus on his/her responsibilities.
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Task List: A list of the tasks for which the role is responsible. As new
tasks are assigned they are added to this list. The list provides the role
with a continuously up-to-date agenda for his/her work.
Process Documentation: A structured collection of links into relevant
parts of the process handbook. This allows the agent to efficiently
consult the process description as needed in the course of his/her
work.

Fig. 4. Example of a Generic Role-based Workspace (Responsibilities and a
selection of assigned Tasks).

This information not only helps agents plan and track their work, but also
helps them better understand the constraints upon their work and the rationale for this work as part of the overall process being performed.
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Fig. 5. Example of a Generic Role-based Workspace (Artifacts and Assets related to viewed Tasks).

3.3

Software Project Control Centers

The complexity of software development projects is continuously increasing. This results from the ever-increasing complexity of functional
as well as non-functional software requirements (e.g., reliability or time
constraints for safety critical systems). The more complex the requirements are, the more people are usually involved in meeting them, which
only further increases the complexity of controlling and coordinating the
project. This, in turn, makes it even harder to develop the system according to the plan (i.e., matching time and budget constraints). Coordination
issues are usually addressed by Computer Supported Cooperative Work
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(CSCW) systems which ease communication among project members
and support document sharing. CSCW support is further discussed in
section 4.1. The focus in this section is on support for controlling a project.
Project control issues are very hard to handle. Many software development organizations still lack support for obtaining intellectual control
over their software development projects and for determining the performance of their development processes and the quality of the produced
products. Systematic support for detecting and reacting to critical project
states in order to achieve planned goals is usually missing24.
One way to support effective control of software development projects is the use of basic engineering principles25, 26, with particular attention to the monitoring and analysis of actual product and process states,
the comparison of actual with planned states, and the initiation of any
necessary corrective actions during project execution. Effectively applying these principles requires experience-based project planning27; that is,
the capture of experience from previous projects (such as activities,
measurement plans, and baselines), and the use of explicitly defined
models reflecting this experience, in order to plan a project. Furthermore,
it requires the collection, interpretation, and presentation of measurement
data according to a measurement plan; that is, the establishment of measurement-based feedback mechanisms in order to provide stakeholders
with up-to-date information about the project state. Moreover, it requires
experience packaging after project completion so that future projects are
influenced by the experience gained in previously-performed projects.
In the aeronautical domain, air traffic control systems are used to ensure the safe operation of commercial and private aircraft. Air traffic
controllers use these systems to coordinate the safe and efficient movement of air traffic (e.g., to make certain that planes stay a safe distance
apart or to minimize delays). The system collects and visualizes all critical data (e.g., the distance between two planes, the planned arrival and
departure times) in order to support decisions by air traffic controllers.
Software project control requires an analogous approach that is tailored
to the specifics of the process being used (for example, its nondeterministic, concurrent, and distributed nature).
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A Software Project Control Center (SPCC)24 is a control system for
software development which collects all relevant data to project control,
interprets and analyzes the data according to the project’s control needs,
visualizes the data for different project roles, and suggests corrective actions in the case of plan deviations. An SPCC could also support packaging of data (e.g., as predictive models) for future use and contribute to an
improvement cycle spanning a series of projects.
Before discussing existing SPCC approaches, we first discuss the notion of “controlling a project”. Controlling a project means ensuring the
satisfaction of project objectives by monitoring and measuring progress
regularly in order to identify variances from plan during project execution so that corrective action can be taken when necessary28. Planning is
the basis for project control and defines expectations which can be
checked during project execution. The gathered experience can be packaged for future projects after project completion in order to support organization-wide improvement cycles. All corrective actions needed to
bring a project back to plan – that is, all steering activities – are explicitly
included in the notion of “controlling a project”.
A Software Project Control Center is a means for interpretation and
visualization of measurement data during process performance and therefore supports controlling a project. An SPCC has a logical architecture
that clearly defines interfaces to its environment, especially to all project
members relying on SPCC information, and a set of underlying techniques and methods that support controlling a project.
From a more technical perspective, an SPCC utilizes data from the
current project (e.g., the project’s goals, characteristics, baselines, and
measurement data) and experiences from previous projects (e.g., information captured in quality, product, and process models) and produces a
visualization of measurement data by using the incorporated techniques
and methods to interpret the data. An SPCC is a general approach to project control and is not necessarily tool-supported. But in order to successfully, efficiently carry out control activities such as monitoring defect
profiles, detecting abnormal effort deviations, cost estimation, and rootcause analyses of plan deviations, a certain amount of tool support is
necessary and inevitable.
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In the following we highlight two SPCC approaches addressing different objectives. The first deals with integrated approaches; that is,
SPCC approaches that are tightly integrated into the project’s performance and act as a focal point for all project issues and organizational improvement efforts. The second deals with goal-oriented data processing
and visualization; that is, presenting data regarding different project
needs and supporting different project stakeholders.
3.3.1

Integrated Controlling Approaches

Integrated SPCC approaches are tightly integrated into every project’s
performance and are actively used to gain experience for future projects.
Such approaches are normally used by organizations to improve the maturity of their software processes and practices and establish organization-wide standards.
One example is NASA’s Software Management Environment
(SME)29, 30, which was developed by the Software Engineering Laboratory (SEL)31, 32 at the NASA Goddard Space Flight Center (GSFC). The
main aim of this SPCC is to support the manager of a software development project by providing access to three information sources: (1) The
SEL Database holding information from previous projects; that is, subjective and objective process and product data, plans, and tool usages. (2)
The SEL Research Results database holding different models (such as
growth or effort models) and relationships between certain parameters/attributes (described with quality models). Primarily, this information may be used to predict and assess attributes. (3) The SEL Management Experience database holding information about project management experiences in the form of rules within an expert system. The rules
help inexperienced managers analyze data and guide re-planning activities. For example, this database includes lists of errors and appropriate
corrective actions.
All this information is input for an SME, which uses it to perform
management-oriented analyses fostering well-founded decision-making.
Experience gained during project execution may lead to changes of the
information. This feedback mechanism enables the SME to work with
up-to-date information.
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Goal-oriented Data Visualization

A Goal-oriented SPCC approach (G-SPCC) is a state-of-the-art framework for project control developed at the University of Kaiserslautern
and the Fraunhofer Institute for Experimental Software Engineering
(IESE)33, 34. The aim of this approach is to present the collected data in a
goal-oriented way in order to optimize a measurement program and effectively detect plan deviations.
The purpose of the G-SPCC approach is to support agents occupying
roles. Project control is driven by different role-oriented needs. We define control needs as a set of role-dependent requirements for obtaining
project control. A project manager needs different kinds of data, data of
different granularity, or different data presentation modes than a quality
assurance manager or a developer. For example, a manager is interested
in an overview of the project effort in order to compare it to previously
defined baselines, while a developer is interested in the effort she/he
spent on a certain activity. As another example, a quality assurance manager is interested in the efficiency of a certain inspection technique,
while the project manager is primarily interested in a list of defects and
how many defects have to be fixed in order to release a product to the
next project phase. In general, control-oriented information needs differ
between more management-oriented project roles (such as a project manager or a quality assurance manager) and more technically oriented roles
(such as a tester or a programmer). The first group is more interested in
charts presenting an overview of the overall project, while the second is
more interested in activities within the project. However, it is important
to note that control-oriented information needs may vary, significantly,
within these groups.
Fig. 6 gives an overview of the G-SPCC architecture. It shows that
measurement data is collected during project performance and interpreted with respect to the goals and characteristics of the project as well
as project plan information (e.g., baselines, number of project members,
and developer skills) and control needs (e.g., the kind of control technique that should be applied, and tolerance ranges). The outputs of this
interpretation (performed by SPCC functions) are displayed by a set of
SPCC views, each providing role-specific insights into the process (e.g.,
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insights suitable for project managers, quality assurance personnel, or the
development group). The SPCC interpretation and visualization process
is supported by an experience base in order to reflect data from previous
projects and store experience gathered after project completion.

Project
Management
Control
Control
Needs
Needs
Goals
Goals and
and
Characteristics
Characteristics

Quality
Assurance

Development
Group

SPCC
SPCC
Functions
Functions

Views
Views

Experience
Experience Base
Base

Project
Project
Plan
Plan
Measurement Data

Fig. 6. The G-SPCC Architecture to Support Different Project Roles.

The G-SPCC approach is based on the Quality Improvement Paradigm (QIP)35 and consists of the following steps:
First, project stakeholder control needs are characterized in order to
set up a measurement program able to provide a basis for satisfying
all needs.
Then, measurement goals are defined and metrics are derived determining what kind of data to collect. The GQM paradigm is used to
derive these metrics and create a set of data collection sheets that are
assigned to certain process steps. The process is modeled using
SPEARMINT®/EPG (described in section 3.1).
Next, a Visualization Catena (VC) is defined to provide online feedback on the basis of the collected data. The VC includes a set of control techniques and methods corresponding to the measurement goals.
For example, a suitable Tolerance Range Checking technique may be
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included to detect baseline deviations. A VC also includes a set of
views to visualize project data.
Once the VC is specified, a set of role-oriented views are defined to
support control of the project. As measurement data are collected, the
VC analyzes and visualizes them accordingly. For example, an SPCC
function detects baseline deviations and a corresponding view displays them.
Once a deviation is detected, its root cause must be determined and
the VC adapted accordingly. A baseline deviation, for example, can
lead to new or adapted measurement goals and baselines. In this case,
new VC components are defined for an existing VC or existing components are changed or removed.
After project completion, the resulting VC may be used to improve
future VCs, software development processes, and baselines. For example, views of the generalized effort progression can be used to improve the baselining of future projects or process efficiency views
may be used to enhance the definition of process steps.
The benefits of the G-SPCC approach include: (1) improvement of
quality assurance and project control by providing a set of custom-made
views of measurement data, (2) support of project management through
early detection of plan deviations and proactive intervention, (3) support
of distributed software development by establishing a single point of
control, (4) enhanced understanding of software processes, and improvement of these processes, via measurement-based feedback, and (5)
preventing information overload through custom-made views with different levels of abstraction.
4

Using Process Information

The purpose of this section is to illustrate how displayed process information may be used to support process performers in doing their work.
First, the usage of role-based workspaces (introduced in Section 3.2) is
discussed, including their customization and personalization as well as
coordination and collaboration issues. Second, some sample control
techniques based on a Software Project Control Center (introduced in
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section 3.3) are discussed. Subsequent to this, two sections briefly address more advanced concepts, namely the improvement-oriented organization of experience (including process information) and support for
process enactment (that is, providing more proactive support for enacting
a defined process).
4.1

Using Role-based Workspaces

Previously, we discussed role-based workspaces as a way to collect and
organize the information pertinent to an agent when occupying a role and
performing some task. In this section, we first discuss the tailoring of
role-based workspaces to meet the needs and capabilities of specific role
occupants. We then discuss the various ways in which role-based workspaces may provide significant support for coordination and collaboration, helping an agent perform more effectively, efficiently and accurately as a member of a project team.
4.1.1

Customization

Different agents will have different capabilities stemming from their differing levels of education, training and experience. Effective role-based
support requires that role-based workspaces may be customized to match
a role’s specific capabilities. Customization involves:
Varying the content: Inexperienced, novice agents need more support
than experienced, expert ones. For example, guidance might be included in a novice’s role-based workspace but not included in a rolebased workspace for an expert. Also included in a novice’s, but not
an expert’s, workspace might be: detailed rather than synoptic descriptions of the tasks; explanations of required skills; an indication
of the factors affecting successful task completion; as well as other
information.
Providing access to available support: Novices will also benefit from
being able to easily access support for their work. This could include
an indication of professional development courses related to a role’s
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required skills. It could also include an identification of role-related
mentors accompanied by their contact information.
Varying the display of information: Agents will vary with respect to
their basic approach to solving problems. An often-noted, and very
major, difference is that between graphically-oriented problemsolvers versus textually-oriented ones. This implies that different
modes should be available for displaying process-related information.
For example, an activity decomposition structure might be displayed
as hierarchically indented text or graphically as a tree.
Varying the organization of information: Another often noted, and
also major, difference among agents is whether they approach problem-solving in a bottom-up (inductive) or top-down (deductive) manner. This also implies that different information-display modes should
be available. For example, drop-down lists might be available to allow the agent to navigate through the information in a top-down (deductive) manner.
Obviously, information about an agent’s capabilities is needed in order to provide customized role-based workspaces. Much of this information can come from providing agent profiles identifying expected collections of capabilities and having the agent identify the most appropriate
profile when establishing a role-based workspace. Alternatively, the program which establishes a role-based workspace could hold a preprogrammed dialog with the agent to obtain information affecting the
workspace’s content, organization, and rendition.
4.1.2

Personalization

Agent capability differences will also lead to different patterns of rolebased workspace usage. In addition, agents will accumulate – over time –
their personal arsenal of resources they have found useful in carrying out
their work. Finally, agents will gather observations and advice about how
to effectively, efficiently, and accurately carry out the work.
Therefore, effective role-based support requires that agents be able to
personalize their role-based workspaces. Personalization involves:
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Re-defining the content: It is impossible to predict all the ways in
which role-based workspaces should be customized to meet individual agent needs. It should be possible for agents to delete information
from and add information to the workspace.
Re-organizing the display: It is also impossible to predict all the ways
individual agents will want to position the information displayed in a
workspace. It should be possible for agents to combine, split and reposition the information within the role-based workspace’s display.
Adding assets: Agents will, over time, accumulate many personal assets they have found valuable in performing their work. It should be
possible for agents to add these assets to their workspaces.
Annotating the displayed information: In analogy to writing marginal
notes in a paper-based process handbook, it should be possible for
agents to add notes to pieces of information in their workspaces.
Supporting personalization along these lines requires a variety of
workspace support capabilities. Many of these capabilities imply the inclusion of a variety of ways to display information on desktops and
within windows; providing these capabilities depends on the capabilities
provided by the support system’s underlying operating-system contexts
(e.g., MS 2000 vs. MS 2003). Others concern the manipulation of information provided by web page displays. Regardless of how they may be
achieved, the capabilities include:
Tracking of desktop and window contents and organization accompanied by reconstitution of the configuration when the desktop or window is re-opened.
Drag-and-drop manipulation of information displayed on a desktop
and within windows (for example, repositioning text or other elements within the display).
Drag-and-drop manipulation of information displayed within web
page displays (for example, repositioning the items in some graphic
included in a web page).
Annotations of documents and web-pages (for example, providing
text input boxes within a web page).
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Dynamic changes to information display modes (for example, changing from a drop-down list to a tiled set of windows).
All of the cited example capabilities are provided by current, state-ofthe-practice technology. In fact, current technology might support even
more extensive capabilities and even more effective workspace personalization. Empirical studies of the possibilities, and their importance, is
needed to determine what can be provided and its value.
4.1.3

Coordination

A major benefit of role-based workspaces is that they can support the
coordination of work either by an agent over time or among a group of
agents carrying out inter-related tasks. By coordination we mean the effective, efficient, accurate performance of tasks in an orderly fashion as
affected by inter-task constraints. We discuss this benefit in this section.
A very simple case of coordination concerns the ability of an agent to
easily switch among the various roles he/she may occupy. An agent may
have several generic and specific workspaces, perhaps from different
projects, open at some point in time. However, only one specific workspace and its relevant generic workspace will be active. This helps agents
work on assignments in a well-focused way. It also helps them rapidly
and efficiently switch among their various assignments. Current operating-system contexts fully support this context switching.
More significant is the support role-based workspaces can provide for
organizing and guiding an agent’s work within the context of a process.
A particularly useful, yet quite simple, situation is helping the agent focus only on those tasks that he/she may work on. As indicated previously, the generic workspace includes a list of the tasks the role is responsible for or participates in. This list may indicate which tasks are
enabled
may be worked on
and which tasks are blocked
may
not be worked on because some pre-condition is not satisfied. This allows the agent to quickly focus his/her attention. (Fig. 3 provides an example of displaying information about the enabled status of tasks.)
Additional support along these lines may focus on other aspects of
carrying out the tasks. This support relates to the status of the tasks and
can include:
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Condition Checkers: These are tools the agent may use to check the
completeness, correctness and accuracy of his/her work. Process descriptions will often identify, usually in the terms of the status of artifacts, conditions that must be achieved, for example, that a Design
activity must result in a well-organized Design artifact. To the
extent that the Design being well-organized can be checked by
analyzing the Design, the agent can receive assistance in checking
this condition.
Events: Often, conditions may not be checked in an automated way.
For example, the condition that a Design document is correct is
usually checked by a combination of desk-checking and design reviews. To support task enabling and blocking, the fact that the Design document is correct needs to be recorded. A role-based
workspace should provide the ability to record the satisfaction of
conditions so that this information may be used to coordinate the
agent’s future work.
Task Dependencies: It is often the case that the tasks being performed
by one agent are enabled by the work completed by other agents –
this is, in fact, the most usual situation. Therefore events, in general,
lead to the enabling of tasks in a workspace. This leads to changes in
the enabled/blocked status of the tasks in some other workspace. Active “announcement” of status changes – for example, by some visual
or aural signal such as those typically used to announce “you have
mail” – will help the agent keep up with changes to his/her work.
In summary, one major purpose of coordination capabilities is to allow
agents to assess the completeness and accuracy of their work.
Another major purpose is to coordinate work across several tasks being carried out by several agents. This requires capabilities that allow
agents to signal each other about the status of their work. This could lead
to quite extensive coordination support. For example, if a task is blocked,
the agent might use the Process Documentation items in a generic workspace to track back through pre-condition/post-conditions to locate
predecessor tasks and then use a Task Status Query to get information
about the source of the blockage. If necessary, the agent may then interact with other agents (using capabilities discussed in the following sec-
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tion) to collaboratively understand and solve problems inhibiting progress. This allows the agents to collectively work in a very focused way,
making their collective work more effective and efficient.
There is an additional possibility for supporting cross-agent coordination. In the task list, additional information may be displayed about enabled tasks to indicate tasks for which the satisfaction of one or more
pre-conditions has been re-established since the agent previously completed the task. This flags tasks the agent might have to re-do because
some process element, probably an artifact, has been changed. The agent
may open specific workspaces for these flagged tasks, use task dependency information in the workspaces or process handbooks to understand
what has changed, and carry out the task again as needed.
4.1.4

Collaboration

Inter-agent coordination support is particularly valuable when the agents
are geographically distributed. Event-based enabling of items on task
lists provides significant coordination support in this case. But much
more is needed – the agents additionally need support for the collaboration that, were they geographically co-located, would be accomplished
by organized or informal face-to-face meetings and discussions of their
work and any problems which arise.
Two possibilities arise when considering collaboration within a group
of geographically separated agents. One case – synchronous collaboration – occurs when the agents can all work at the same time. In the other
case – asynchronous collaboration – the agents must for some reason
(availability, time zone differences, etc.) work at different times. We discuss the use of role-based workspaces to support synchronous and asynchronous collaboration in the remainder of this section.
One of the major goals of work in the field of Computer Supported
Cooperative Work (CSCW) has been to support geographically distributed teams working synchronously. (For a general introduction to CSCW
work, see the overview by Grundin et al.36.) CSCW work suggests that
this support includes at least the following basic capabilities:
Agenda: A meeting agenda provides both a plan for a specific realtime meeting and a place to record decisions and action items.
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Audio: Support for communication by voice.
Shared Windows: Display of information at multiple various workstations with changes made by the “owner” of the displayed information
propagated to the displays.
Shared Whiteboard: A window displayed on all the workstations that
all participants can modify using drawing/text capabilities they would
typically use in writing on a whiteboard in a meeting room.
Real-time Chat: Broadcasted and directed, person-to-person, transmission of commentary to allow participants to record their thoughts
and share them with others.
Additional capabilities may be included to support specific needs. For
example, a video image capture/display capability might be added to allow broadcasting of a (physical) whiteboard in one of the agents’ offices.
These basic capabilities could be added to a specific workspace to
support synchronous collaboration. CSCW work to date, however, provides a much simpler solution. This work has led to many distributed
meeting systems, several of which are commercially available. Because
these focused and integrative solutions exist, generic workspaces do not
have to be extended to provide the capabilities. Rather, they may be used
in tandem with these other solutions.
Representative commercial products are Microsoft’s NetMeeting37
and Teamware’s Pl@za38. Another example is the eWorkshop system
developed at the Fraunhofer Institute at the University of Maryland39.
These distributed meeting systems may be used to provide the needed
agenda, audio, shared whiteboard and real-time chat support. An example collaboration support window, resulting from using the eWorkshop
system, is shown in Fig. 7.
Collaboration across tasks additionally requires substantial support
for coordinating the mutual influences and constraints among the tasks as
specified in the process definition. For example, the process description
might indicate the flow of artifacts among tasks by indicating how the
tasks produce and consume the documents. As another example, the
process definition might specify, or at least imply, precedence relations
among the tasks.
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Collaboration across tasks may be supported by the following basic
capabilities:
Asynchronous Communication: Mail-style interactions among the
agents.
Shared Document Spaces: A shared file structure that all of the agents
can access and modify.
Threaded Discussions: A means to raise questions about, add support
to, and refute comments about some issue as well as spawn new issues.
Premeeting
Info.
Link
Agenda
Display
Window
Whiteboard
Window

Message
Board

Attendee
List
Window

Chat
Log
Link
Input Panel

FAQ Link

Fig. 7. Example of CSCW Support for Role-based Workspaces.

E-mail is the normal approach to supporting asynchronous communication. An example system developed to provide shared document spaces
is the Basic Support for Collaborative Work (BSCW) system40. Threaded
discussions about documents are also supported by BCSW. Support for
threaded discussions in general has affected the support provided by
most currently available commercial systems. CSCW work has led to
systems
Teamware’s Pl@za is, again, an example
that integrate
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support for asynchronous communication, shared document spaces, and
threaded discussions into systems that support distributed meetings.
4.2

Using Software Project Control Centers

Section 3.3 introduced Software Project Control Centers (SPCCs) as a
primary means to support project control and discussed how to provide a
role-oriented visualization for gathered measurement data. The focus of
this section is on how an SPCC may be utilized by a specific project role;
that is, what kind of concrete support can be provided. Before we give
examples of this support, we first address the basic purpose of project
control; i.e., we address the purposes of an SPCC application.
The following discussion uses concepts adapted from the Software
Management Environment (SME) approach29:
Monitoringe refers to observing a project’s state and progress by observing attributes, or combinations of attributes, of the project’s processes, products, and resources.
Comparison uses archived data from completed projects or nominal
performance guidelines to judge the progress and health of the current
project.
Analysis focuses on (1) examining the monitoring results, and (2) applying information about a project’s context to identify the probable
causes of deviations from the nominal performance guidelines.
Assessment analyzes, with weighting, information about the project to
form a judgment of project, product, and process quality.
Prediction extrapolates information about attributes of a project’s
processes, products, and resources from the current project status to
assess the future project behavior. In general, prediction always requires some kind of mathematical model. Fenton and Pfleeger41 define prediction as identifying relationships between various process
and product factors and using these relationships to predict relevant
external attributes of products and processes.

e

In the SME approach this is called observation.
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Module A Module B Module C Module D
Planned Value (PV)
Earned Value (EV)
Actual Cost (AC)
Schedule Variance = EV - PV
Cost Variance = EV - AC

20
20
18
0
2

40
30
32
-10
-2

30
10
17
-20
-7

10
0
0
-10
0

Total
100
60
57
-40
-7

Table 1. Earned Value Sample for Module Costs in Thousand US Dollars.

Planning defines baselines or a nominal value for certain measures.
In addition, it focuses on assessing (alternative) planning decisions
and their effects. This is the basis for further dynamic re-planning
during the execution of the project.
Guidance proposes a number of courses of action according to a specific situation or an identified problem. Based on these proposals, a
manager might be able to initiate corrective actions and take steps to
improve or enhance the development process. A developer, on the
other hand, might use guidance as assistance for harmonizing his/her
own performance with respect to the overall process and given project goals.
The core of an SPCC is the set of integrated project-control techniques and methods. These methods usually cover different purposes,
such as monitoring project attributes, comparing attributes to baselines,
or predicting the course of an attribute. The most advanced support includes assessing the overall state of the project and guiding a project participant through corrective actions if a project differs from its plan. Assessing a project’s overall state may be achieved by Earned Value Approaches42, which identify important key factors for assessing the overall
project state. Project participant guidance may be achieved by building
upon experience from previous projects.
4.2.1

Assigning Overall Project State

The Earned-Value Approach is a management technique used to assess
the current state of a project. It was first defined at the end of 19th century
when engineers decided to determine cost efficiency by comparing the
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actual cost (AC) of work performed with the earned value (EV) and the
planned value (PV).
Table 1 illustrates the basics of this approach: It concerns the control
of the costs (measured in thousand US dollars) of creating four software
modules, A to D. For each module, we have planned values derived during the planning phase and the actual costs determined by data collection
procedures. As work is performed, the earned value of this work is
measured on the same basis as for the planned values. Several techniques
may be used to compute the earned value for a certain work package;
these are beyond the scope of this chapter. However, to provide a simple
example: if a work package is complete, its earned value is equal to the
planned value, whereas, if a work package has not started yet, its earned
value is zero. For example, in Table 1, module A is complete, work on
module D has not yet started, and one-third of module C’s planned value
has already been achieved.
When controlling a project, project managers are interested in the
schedule variance (that is, the earned value minus the planned value) and
the cost variance (that is, the earned value minus the actual cost). In the
example shown in Table 1, and with respect to the point in the project
reflected in the table, work for 40,000 US dollars remains to be done, but
7,000 US dollars have been expended without any recognition of its
value. A simplistic conclusion is that the project plan has been violated.
An earned-value conclusion, however, would compare the actual cost
with the planned values and not indicate a plan violation.
4.2.2

Experience-Based Approach

The first technique we address in this context is the Sprint I approach43,
, built upon clustering algorithms to dynamically adapt the prediction
of key project attributes during project execution. Sprint I is not a pure
approach to project control according to our definition because it predicts
project attributes before the project starts and, therefore, covers planning
as well as performance concerns. However, the Sprint I approach provides an example of how a project manager might use experience from
previous projects in order to control an on-going project. The prerequisite
for a successful application of Sprint I is that a software development

44, 45
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organization has performed a number of similar projects and measured at
least one key attribute (e.g., effort per development phase) for each of
these projects. Additionally, there is the requirement that the context for
each of these projects (i.e., the boundary conditions such as organizational, personal and technical constraints) has been characterized.
Briefly, the technique is as follows: First, context-specific measurement data from former projects is analyzed in order to identify clusters.
Based on the context of the project to be controlled, the technique selects
a suitable cluster and uses the cluster curve (the mean of all curves within
a cluster) for predicting the attributes to be controlled. During the performance of the project, the prediction is modified based on actual project data. This leads to an empirically based prediction and, as a result, to
flexibility for project and context changes.
The second experience-based approach to applying SPCCs was developed in the context of NASA’s SME. It capitalizes on experience
gained in previously-performed projects. Doerflinger and Basili46 describe the use of dynamic variables as a means to monitor software development and provide guidance in case of plan deviations. The core notion is to assume underlying relationships that are invariant across similar
projects. These relationships are used to predict the behavior of projects
with similar characteristics. A baseline for a certain project attribute
(such as the effort in person-hours) is derived from measurement data for
one or more completed projects within the same context. The baseline is
used to determine whether the project is in trouble or not. If the current
values of a variable fall outside a tolerance range (i.e., a predetermined
tolerable variation from the baseline), the project manager is alerted and
has to determine the possible reasons for the failure. A number of tables
list possible reasons for deviations above or below the tolerance range for
each measured project attribute. If a particular reason appears more often
than some other reason, the former is assumed to be more probable than
the latter.
4.3

Process Enactment Support

So far, we have focused on enabling, facilitating the work of agents in
carrying out their assigned tasks. The capabilities we have discussed
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serve to present information about what should happen, what has happened and the status of a project in qualitative (status related) and quantitative (measurement based) terms. Agents interpret this information to
focus on the tasks they need to do, understand how they can carry out
these tasks, and gain access to supportive resources.
More proactive support is possible. With this proactive support, there
is some control over focusing the agents’ attention, directing his/her
work, and promoting the use of specific resources. In general terms, with
proactive support: (1) an automated system makes decisions rather than
allowing the agents to make decisions, and (2) the automated system implements some of the actions that the agent might carry out.
A simple form of proactive support is workflow management. In this
case, the flow of artifacts, as defined in the process handbook, is used to
actively focus the attention of agents on enabled tasks and actively manage the flow of the actual artifacts as agents complete their tasks. Another, more extensive, form of proactive support is enactment support. In
this case, the status of, and measurements about, all process elements,
not just artifacts, is used to focus agent attention and manage the process
performance.
Numerous workflow management and enactment support systems
have been developed and they have focused on many software development process issues. The majority of them have been designed to support
the performance of a project by tracking states and actively guiding developers based on this state information. Examples range from flexible
workflow management systems, to object-oriented database systems, to
distributed, open environments. The systems developed to date have
been decidedly immature because of the complexity of the goal. Nevertheless, some success stories do exist, such as LEU47 from LION GmbH,
Germany, and ProcessWEAVER48 from Cap Gemini, France.
4.4

Experience Management

This section discusses the ways in which experience from former projects may be reused for planning and controlling new projects. Basically,
we can distinguish among organization-wide experience (such as general
effort baselines for a certain project type, lessons learned from former
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projects, process models, product models, etc.) and project-specific experience (such as project plan information, instances of models, schedules, specific effort distributions, etc.). We define an experience base to
be a repository of both organization-wide and project-specific experience
described with respect to context-specificity and significance, for example, the experience pertains to a specific context (e.g., valid for all projects of a certain domain) and is stated with respect to a certain significance (e.g., a model has been successfully applied in five projects).
One approach to providing an experience base is an Experience Factory35, 49. This approach is based on the Quality Improvement Paradigm
(QIP) approach to evolutionary process improvement. The QIP approach
comprises the following basic steps: (1) Characterize, (2) Set Goals, (3)
Choose Process, (4) Execute, (5) Analyze, and (6) Package. Each of the
six steps can be interpreted in both a project-specific and organizationwide manner:
The steps can be characterized as follows for a specific software development project. (1) Characterize the project environment; that is,
determine the project type and elements to be reused from an experience base. (2) Set quantifiable goals; that is, define quality goals and
select corresponding models, specify hypotheses, and identify influencing factors for the hypotheses. (3) Choose the right process and
define a project plan; that is, specify how the defined goals should be
achieved. (4) Execute the project according to the previously defined
plan; that is, perform the planned development activities, manage the
project, and collect measurement data. (5) Analyze project results;
that is, compare hypotheses with real data and identify deviations and
their reasons. (6) Package project experience; that is, capture project
information in the project-specific experience base and update the organization-wide experience base (e.g., add a new effort baseline for a
specific project context, update the significance of an existing model,
or correct relevant models).
The steps can be interpreted as follows for the whole organization: (1)
Characterize the organization and identify trends. (2) Define general
improvement goals and corresponding quantifiable hypotheses. (3)
Choose pilot projects for validating the goals and hypotheses. (4)
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Execute the pilot projects, collecting data regarding the goals and hypotheses. (5) Analyze the results and, in particular, validate the hypotheses. (6) Package project experience in the form of reusable experience elements and update/refine the existing experience base.
Fig. 8 illustrates the packaging step following project completion and
focused on reusing and updating an effort model. The experience base, at
the top of the figure, indicates the original state before packaging experience from a specific project, P. Model M1 has been used to forecast the
effort distribution for this project. Model M1 is valid for projects of context C1 and has already been applied in S former projects. During analysis and packaging, the project results may lead to three different cases:
Case 1: Model M1 was correct for project P; that is, the real effort
distribution of project P was consistent with the distribution of model
M1. In this case, the significance of model M1 is increased by one;
that is, M1 has now been successfully applied in S + 1 projects.
Experience Base
Model M1
Context C1
Significance S

The model was
correct

The model was
incorrect

Experience Base
Model M1
Context C1
Significance S+1

The assumed project
context was incorrect
Experience Base

Experience Base

Model M1
Context C1
Significance S

Model M2
Context C1
Significance 1

Model M2
Context C2
Significance 1

Fig. 8. Example for Packaging Project Experience.

Case 2: Model M1 was incorrect for project P; that is, the real effort
distribution of project P differed significantly from the effort distribution of model M1 (and no abnormal circumstances were recognized
for project P). In this case, the original model has to be changed in
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order to reflect the new project experience. Model M1 is replaced by
model M2 for context C1 and the significance of M2 is set to one, because M2 has been applied in only project.
Case 3: The assumed context for project P was wrong; that is, a certain environment was expected (e.g., developer experience = high),
but an analysis has shown that this original assumption was incorrect
(e.g., the real developer experience = low). Therefore, the project
context is actually a new context, C2. In this case, a new model M2 is
added for context C2 with significance one and the original model is
left unchanged for context C1.
5

Summary

This chapter describes how to capture, display, and use process information to support people performing a process. In addition, it provides
many examples of specific capabilities that have proven valuable in practice.
First of all, we identified the needs for supporting people-oriented
software development, discussed the relationships among roles, agents,
and human process performers, and identified a variety of human characteristics and their influence on software engineering.
Then we provided an overview of different kinds of process information and how to collect this information prior to, during, and following
process performance. We discussed the value of general, qualitative,
status information about a process. In addition, we described one way to
provide methodical, goal-oriented, support for collecting quantitative
measurement data.
After that, we discussed a variety of gradually more significant ways
in which people may be supported in carrying out their assigned tasks:
First, we described simple support provided by process handbooks
describing an agents’ responsibilities, the activities they perform, the
artifacts used and produced by the activities, resources supporting activity performance, and the conditions that reflect progress.
After this, we discussed more extensive support provided by creating
role-based workspaces that collect together all the information an
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agent needs to access when carrying out a task or a set of inter-related
tasks.
Then we discussed even more extensive support that can be provided
when the information displayed to agents not only reflects the process
definition but also reflects, qualitatively and quantitatively, what has
happened during process performance.
Subsequently, we presented extensions to this basic support which facilitates coordination and collaboration among agents cooperatively carrying
out their tasks.
Finally, we discussed the opportunity to use the status information
and measurement data to actively, automatically control process performance. In addition, we addressed how to use status information and
measurement data not only to proactively support process performance
(through enactment support) but also manage the experience gained during project performance.
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Alexis Ocampo, Peter Rösch, Louise Scott, Martin Soto, Martin Verlage,
Richard Webby, and Jörg Zettel. The following students contributed to
the implementation of SPEARMINT®/EPG: Martin Denn, Ralf
Hettesheimer, Thomas Kiesgen, Dietmar Klein, Arne Könnecker, Dirk
Ludwig, Sascha Schwarz, Slavomir Sobanja, Martin Vogt, and Christian
Voigtländer.
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