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Summary

Summary

Testing is becoming an increasingly important part of the developing process of systems and
software. For this reason, a number of organizations have decided to initiate a project with
the intention of creating a model for improving the test process, also containing a set of
instruments that can be used for appraising the test process, selecting improvement
activities, and measuring improvement effectivity. In short the aim of the consortium is to
create a model for test process improvement. Because of a strong focus of the effective use
of metrics and measurement in the project, the model has been called Metric-Based Testing
Maturity Model/ (MB-TMM).

This master thesis is the final product of a graduation assignment carried out in the MB-TMM
project. It discusses the study and development of a conceptual model for a part of the MB-
TMM, as well as the study and development of a part of the set of instruments for the MB-
TMM. The thesis is divided into two parts, each of the parts describing one of the two distinct

phases of the graduation project.

PART I: ORIENTATION/ANALYSIS

In the first part of the project, a study was carried out on the subjects of testing, test
process improvement, and software process improvement. For each of the topics, studies of
the available literature have been made, to determine state-of-the-art and interviews with
industrial partners have been done, to determine the state-of-the-practice. The aim of the
orientation was to derive guidelines and recommendations for the development of the MB-
TMM and its instruments. These guidelines are to be applied in the following phase of the
project.

Testing

There are a large number of different views on what testing encompasses. These views have
altered as the discipline of testing has grown. An overview of these views is made, and a
determination is made of what testing is in the scope of this report.

Testing is any activity aimed at evaluating a product; as such it encompasses both
= Static and dynamic analysis
s Verification and validation

Dynamic analysis is the executing of a product to determine if it functions as

expected. It can be carried out in two ways:
= Structural testing (also called white-box testing), which examines the internal

structure of a program.
» Functional testing (also called black-box testing), whereby tests are derived from

specifications; no knowledge of the internal workings of the code is necessary.

Static analysis is the evaluating of a product without executing it, using automated
and manual mechanisms. Approaches for static analysis include formal reviews,
inspections, and walkthroughs.

Verification is assuring that selected work products meet their specified
requirements.

Validation is demonstrating that a product or product component fulfills its intended
use when placed in its intended environment.

MB-TMM -3-
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Test process improvement
There are a number of models available that discuss approaches for test process
improvement (TPI). A study of them showed that only two of them are
comprehensively developed and are being applied in practice by organizations. These
models are:
= Illinois Institute of Technology Testing Maturity Model (IIT-TMM)
= Test Process Improvement (TPI®)
A third approach for test process improvement is also discussed. This approach was
presented by Gregory Daich and it shows a test technology improvement roadmap;
key steps and activities that increase the probability of success in adopting testing
techniques and tools to ultimately improve quality and overall development
productivity.
Each of these models has been used to derive guidelines for the development of the
MB-TMM.

Software process improvement
The subject of software process improvement (SPI) has been studied, since it is
directly related to the model being developed in the MB-TMM project. The models that
are used in SPI are directed at improving the software development process in general.
These approaches may be tailored into a model for assessing and improving test
process maturity.

A distinction can be made between top-down approaches and inductive approaches.
Top-down approaches provide a high-level model of what ought to be the process of a
software development organization. Such modeis are based on the consensus of a
designated working group about how software should be developed or maintained.
They provide useful guidelines for the design and implementation of improvement
activities and some of them discuss the relevance of software testing in software
process improvement, based on an appraisal of the maturity of a process. Examples of
models that use this approach are:
= Capability Maturity Model Integration for Systems Engineering / Software
Engineering (CMMI-SE/SW)
» Software Process Improvement and Capability Determination (SPICE)
Using an inductive approach, the focus of the first step would be to understand what
exists in an organization and determine what causes significant problems. Then,
solutions could be devised and evaluated in pilot studies. Only after a solution is found
to be efficient and effective, then it should be integrated into the existing process.
Such an approach is inspired by the Quality Improvement Paradigm (QIP), which is
described in this chapter.

Guidelines for the MB-TMM
The IIT-TMM will be used as the basis for the development of the MB-TMM. It is an
model for test process improvement, but exploratory research (mentioned above) into
the areas of testing, test process improvement, and software process improvement, as
well as experiences from the partners in the MB-TMM project, have shown that it has a
number of shortcomings:
The IIT-TMM is not specified in great detail. Because of this, it is difficult to use in an
organization. There is little commitment to the model by its makers. It was developed
in the context of a PhD Thesis, and has not really been followed-up on. Furthermore it
is very difficult to find adequate information on the model. The IIT-TMM is not based
on practical experiences from the industry. It is largely based on available relevant
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literature. Finally, the IIT-TMM pays little attention to ways of motivating and training
people for adopting to the maturing organization.

When developing the MB-TMM, these shortcomings will be taken into account, as will
the guidelines that have been derived on the basis of the studies of testing, test
process improvement and software process improvement.

PART II: DESIGN AND EXPERIMENTATION
In the second part of the project, the development of a framework, the contents, and
instruments of the MB-TMM was carried out.

MB-TMM Framework
The initial development of the MB-TMM has led to a framework for the future MB-TMM.
The structure of the model is based on the CMM-SW and CMMI-SE/SW, and the
content is derived from the IIT-TMM, the guidelines that have been developed in this
thesis, and the knowledge and experiences of a number of people involved in testing
and test process improvement.

The model consists of the elements depicted in Figure 1.

Iaturity Level

_.—ﬂ"d’g- T_
.._--ﬂ""/f ¥ H"““—-»L

Process Area 1 Process Areg 2 Process Arean
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! Commitmert to § 1
B etform !
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Directing
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Figure 1: Structure of the MB-TMM [MB-TMM 2001]

The MB-TMM consists of five maturity levels and thirteen process areas. The levels and
process areas are depicted in Figure 2 on the next page.
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s

Defect Prevention
Quality Control
Test Process Optimization

Testing as quality controf

=1}

Testing as quality messurement

Organizational Alignment
Review Program

Test Measurement Program
Software Qality evaluation

=i}

Technical Training Program and Career Development | Testing as functional requirements verification
Test Lifecycle and Integration
Monitoring and Control

Testing Policy and Goals

Test Planning Testing as defect detection
Test Techniques and Methods
Test Environment

=]}

Testing to show the product works

evels and Process Areas of the MB-TMM [MB-TMM 2001]

Process area Monitoring and Control

Effective test management is considered a prerequisite for effective testing [Daich
1996]. This is why the roadmap to improve testing must first address the management
aspects of the testing effort. Effective test management practices include:

= Initial test planning activities

= Defining and managing test objectives (requirements)

» Test progress monitoring activities

Product and test quality tracking activities

= Test configuration control activities
These practices are at the basis of the Planning process area and the Monitoring and
Control process area of the MB-TMM.

The considerations that have been made in the development of the process area
Monitoring and Control are provided in this thesis. First of all, the sources of
information that have been used in the development of the process area, are
highlighted. Next, the goals that have been derived from this information are
described. Finally the practices and activities that belong to the process area, are

discussed briefly.
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Requirements Engineering and its relevance to testing
An approach for integrating best practices and industry experiences into the levels
and process areas of the model has been developed, and applied to the subject of
requirements engineering. This research shows that a number of process areas of the
MB-TMM should describe practices and activities that concern requirements
engineering. These process areas are:

MB-TMM

Test Planning, aimed at

This process area should discuss

O The assessment of risks associated with the (key) requirements, in order
to adapt the planning to these risks.

Testing Techniques and Methods (maturity level 2), aimed at

This process area should discuss

@ The documentation of findings and evidence in such a way that they are
re-usable.

O The documentation of the traceability of findings, evidence, and testcases
to the relevant requirements.

Monitoring and Control (maturity level 3), aimed at

This process area should discuss

O The assessment and management of risks derived from the (key)
requirements, in order to adapt the management of test projects to these
risks.

0 The temporal traceability of the testware and evidence to the
requirements.

Organizational Alignment (maturity level 4), aimed at the institutionalization of

the cooperation and coordination between the testing and the development

process.

This process area should discuss

O The implementation of capture teams for the capturing of the
requirements, consisting of developers as well as testers.

O The use of requirements specification and style standards by developers
as well as testers.

O Guidelines for the use of development documentation in the creation of
test scripts and test cases.

O The communication of defects and their impact between the test
organization and the development organization.

O The implementation of a tool for supporting requirements management,
used by both the developers and testers.

Review Program (maturity level 4), aimed at

This process area should discuss

O The use of requirements specification and style standards by testers as a
guide for assessing the testability of the requirements.

O The use of Perspective-Based Reading to allow for more focused
inspections, and to lay the basis for test plans and test scripts in a very
early stage of the development process, increasing the involvement of
testers in the development process.
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The study at Thales regarding Requirements Engineering was the first instance of
research into the incorporation of experiences and practices into the levels and
process areas of the MB-TMM. The study has lead to the following approach for
achieving this objective:
= Study the specific processes (Focus mainly on testing activities, but also
include test-related development activities)
= Search the available relevant literature for approaches and experiences that
could be included in the best-practices.
= Find out how the process is carried out in specific organizations (in a number
of projects, in a number of organizations), and try to find out the reasons for
differences and similarities.
Highlight the parts that are specifically found to be test-related.
Fit them into the existing framework, or if that is not possible, adapt the
framework to make them fit.

MB-TMM Structure
The MB-TMM has been developed using a staged structure, with five maturity levels,
each containing a number of process areas. Because of this the process areas seem
to be independent of eachother. There are however, strong dependencies between a
large number of process areas.
For displaying these dependencies, CMMI-SE/SW has developed an alternative
representation of maturity models, the so-called continuous representation.
The different representations of maturity models are be described succinctly. And an
approach for making the inherent continuous aspects of the MB-TMM more explicit, is
presented. This approach is based on mapping the staged MB-TMM to a continuous
model for test process improvement, TPI®. Based on the execution of this approach
on the current version if the MB-TMM, a number of conclusions are derived.
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Introduction

1. Introduction

1.1 Background and objective

Testing is becoming an increasingly important part of the developing process of systems and
software. For this reason, a number of organizations have decided to initiate a project with
the intention of creating a model for improving the test process, also containing a set of
instruments that can be used for appraising the test process, selecting improvement
activities, and measuring improvement effectivity. In short the aim of the consortium is to
create a model for test process improvement. Because of a strong focus of the effective use
of metrics and measurement in the project, the model has been called Metric-Based Testing
Maturity Model (MB-TMM).

The partners in the MB-TMM consortium are:

Thales Naval Nederland (formerly Hollandse Signaalapparaten)

Lucent Technologies

Philips Semiconductors

Frits Philips Institute

Quality House

Improve Quality Services

The basis for the model and instruments is the conceptual Testing Maturity Model (IIT-TMM),
developed by the Illinois Institute of Technology (IIT) [Suwannasart 1996]. This model
provides good points of reference, but has not been described in a sufficient degree of

detail.

1.2 Assignment and scope
The graduation project in the context of which this thesis has been written, has a dual
objective® :

* The study and development of a conceptual mode! for (a part of) the MB-TMM.

» The study and development of (a part of ) the set of instruments for the MB-TMM.

There have been two distinct phases in the graduation project:

ORIENTATION/ANALYSIS
During the orientation phase a number of topics related to process improvement and

testing were studied. These topics include testing, test process improvement,
software process improvement, and software process assessment.

For each of the topics, studies of the available literature have been made, to
determine state-of-the-art and interviews with industrial partners have been done, to
determine the state-of-the-practice. The aim of the orientation was to derive
guidelines and recommendations for the development of the MB-TMM and its
instruments. These guidelines are to be applied in the following phase of the project.

DESIGN/EXPERIMENTATION
The design and experimentation phase of the project consists of the development of

the conceptual framework of the MB-TMM. The framework is the document that is to
become the basis for the further development of the complete model, describing the

! Considering the fact that the MB-TMM project uses an incremental design approach for the model, this graduation
project will only be able to cover a limited number of the steps involved in the complete and final definition of the

model.
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structure and model elements. Apart from the framework, a number of other
elements for the MB-TMM have been developed. These elements include:

= Rules, guidelines and a template for specifying process areas;

« An approach for integrating knowledge, experiences and best practices from
the industry into the model. As a part of this approach, the subject of
requirements engineering has been studied in relation to the MB-TMM;

= The process area Monitoring and Control, discussing the management of test
projects has been developed.

= An approach for indicating the dependencies between the process areas and
levels of the MB-TMM.

The graduation project is only part of the total MB-TMM project. That is why the elements
that are presented here, such as the framework and the process areas, are not yet final.

1.3 Structure of the thesis

In concordance with the phases in the project, this thesis is divided into two parts.

Part I describes the Orientation and Analysis phase of the project.

Chapter 2 discusses testing, and provides a number of definitions that are needed for laying
a foundation for the thesis. Chapter 3 discusses two common approaches for test process
improvement. Chapter 4 discusses models that are used for software process improvement,
and that can be used for the derivation of a maturity model for testing. Chapter 5 provides
the guidelines for the development of the MB-TMM that are derived from chapters 2, 3 and
4, as well as from the knowledge and experience of people involved in testing and test
process improvement. These guidelines are used as inputs to Part II of the report.

In Part II of this report, the phase Design and Experimentation is described.

Chapter 6 gives a short overview of the MB-TMM framework that is being developed in the
MB-TMM project. It also documents the rules and guidelines for the development of process
areas. Chapter 8 presents the process area Control and Monitor that has been developed. In
chapter 7, the subject of Requirements Engineering is discussed, and its relevance to testing
and the MB-TMM is outlined. The subject of requirements engineering has been the basis of
an experiment at Thales, and the guidelines for the process are presented.

Finally, in chapter 9 an approach for identifying dependencies in the model and for
specifying the interrelations between the MB-TMM and TPI®is presented.

At the end of the document, a glossary containing the definitions of the terms used in this
thesis is provided as well as the list of literature references. The annexes to the thesis are
available in a separate document.
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PART I: ORIENTATION AND ANALYSIS

This part of the thesis describes the orientation and analysis that has been carried out in the
areas of:

= Testing

= Test Process Improvement

= Process Improvement and Assessment
It ends with an overview of the guidelines for the development of the MB-TMM that have
been derived from the orientation and analysis.

2. Testing

2.1 Introduction

There are a large number of different views on what testing encompasses. These views have
altered as the discipline of testing has grown.? The following chapter is aimed at providing
an overview of these views and to determine what testing is in the scope of this report.

2.2 What is testing?

In a book that is regarded as the foundation for testing literature [Myers 1979], Myers
discusses the psychology and economics of testing: Testing is the process of executing a
program with the intent of finding errors. It must be seen as a destructive process, whereby
a successful test case is one that detects an error. However, it is impractical, mostly even
impossible, to find all errors. For this reason a strategy has to be developed to maximize the
yield. This strategy will combine:

* Functional testing (also called black-box testing), which is unconcerned with the
internal behavior and structure of a program. It is only interested in finding
circumstances in which the output deviates from the specification.

» Structural testing (also called white-box testing): examines the internal structure of a
program. The test data is derived from examinations of the program logic.

Six years later [Hetzel 1985] shifts the attention from finding errors to evaluating quality. He
describes testing as being any activity aimed at evaluating an attribute or capability of a
program or system and determining that it meets its required results. This concurs with the
IEEE Standard Glossary of Software Engineering Terminology [IEEE 1990], which provides
the following definition: testing is the process of analyzing a software item to detect the
differences between existing and required conditions and to evaluate the features of the

software item.

Also the Software Engineering Institute of Carnegie Mellon University agrees with this:
Testing is concerned with verifying that a correct solution to the problem has been
developed. It is a multi-stage process that consists of activities for validating the product,
from the most primitive elements up to the fully integrated system [Hilburn 1999].

2 This study has been largely covered by the preliminary assignment to my graduation project:

State of the art literature — Part 1 [12-1-1a-FP]. This report provides an overview of some of the methods,
standards and best practices of software testing that are currently available and being used. Diagrams are provided
to enable cross-referencing the books and standards with Key Process Areas of the Test Maturity Model.
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