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Abstract. Objectively measuring and evaluating software quality has become a
fundamental task. Many models support software product quality stakeholders
in dealing with software quality. In this contribution, we present an approach
for adapting software quality models and the challenges that emerge in this regard. We propose an adaptation process based on the use of a core quality
model and on the existence of a meta-model that provides an essential structure
for the base and for the derived adapted models. We show different solution
ideas for obtaining a correct adapted quality model and performing goaloriented, efficient adaptation.

1

Introduction

Given the increasing pervasiveness of software in our society and its growing complexity, it is essential to produce high software quality. The importance of satisfying
customers’ needs and keeping the software organization profitable have made the
objective measurement and evaluation of software quality a fundamental task.
A myriad of software quality models (QMs) intend to support product quality
stakeholders in dealing with software quality. Most of these models can be assigned
to one of two strategies for modeling software quality [15], namely fixed-model approaches and define-your-own-model approaches. The former usually specify a prescriptive set of quality characteristics or metrics, whereas the latter use methods to
guide the experts in the derivation of customized QMs. The applicability of fixed
models is generally limited to contexts similar to the one in which the model was
developed, in contrast to define-your-own approaches, which require intensive expert
effort. A third option is represented by the so-called balanced QMs, which are based
upon the idea of adapting a core model for specific domains and specific purposes
[15]. This adaptation should be as much reproducible as possible and should therefore
be guided by a detailed process. The use of a base QM and its systematic customization may support cost-effective handling of organizational or project quality needs.
Furthermore, the fact that software quality for all products would be relying on the
same elementary structure represents another potential advantage.
The concept of balanced models plays a central role in the German research project
QuaMoCo, in which the work presented in this paper has been conducted. The project
aims at developing a software quality standard with a degree of detail that should
allow its direct operational application. Besides, the quality standard should have the
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these cycles (Fig. 1). At the organizational level, the performance of a QM is the
subject of continuous improvement. At the project level, the QM is used to evaluate
and improve software product quality.
Major QM adaptations should take place in step 3 (Choose Processes) at higher organizational levels such as a whole organization, a business unit, a domain, or a projects portfolio. At the project level, QM adaptation takes place in the analogical step
(4.3) and should be limited to minor adjustments, e.g., driven by project-specific
quality requirements, without changing the QM structure, in order to preserve conformance of quality evaluations across software products created at the project level.
Therefore, an adaption process has to support three logical activities: reducing, extending, and adjusting a QM. 1

2. Set Up Goals

Define goals w.r.t. the quality of
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Adapt product quality model and
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4.6

4.2
4.5

4.3
4.4

Fig. 1. Scope of the QM adaptation process

2.1 Requirements
Based on the requirements for the definition and application of QMs stated by practitioners and scientists within the QuaMoCo project, we condensed three major requirements with respect to the adaptation process:
• (R1) Correctness – An adapted QM must be syntactically correct in that it remains
conformant to the underlying meta-model (MM) and to the defined consistency
rules.

1

QIP refines the first step of the PDCA approach [9] (Plan) into three more detailed ones,
with the remaining three PDCA steps being used very similarly by the QIP [11]. For readers
who may be more familiar with the PDCA approach, this means that the quality adaptation
process can be thought of as a part of the first step within PDCA. Analogically, the DMAIC
cycle [18] could be mapped to the concepts of QIP, and probably, step 3 of QIP would correspond to some activity in the Define step of DMAIC.
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necessary flexibility to cover different technologies for software development. In this
contribution, our objective is to present an approach for adapting QMs and the challenges that emerge in this regard.
Existing software quality models are deficient when it comes to their adaptation to
the needs of a specific organization or project in a reusable, reproducible manner.
Adaptations of QMs are generally based on ISO9126 [14]. Some common modifications are to define attributes [2] or to add quality characteristics for a very specific
domain [17, 5].
The literature related to adaptation methods for software product QMs is rather
meager. For adapting the ISO9126 QM to the domain of component-based software
development, Andreou and Tziakouris [2] take into account the users: component
developers, re-users, and end users. The outcome is a quality model especially for
original software components. Calero et al. [7] used a general portal quality model for
the creation of a special QM for eBanking: BPQM (eBanking Portal Quality Model).
To achieve the specialization of the model, a survey was performed among domain
experts. Unfortunately, these specific adaptations focus on the resulting adapted QMs
and not on a reproducible customization process.
Other authors use define-your-own-model tools to refine their specific models.
These customizations have a narrow focus and are difficult to transfer to other contexts. Andersson and Eriksson [1], for example, present a process for the construction
of a QM founded on a basic QM with existing metrics (SOLE quality model). They
illustrate how to customize the model to the specific needs of an organization, including how to identify quality factors and mapping them to metrics. The SOLE quality
model [10] has the factor-criteria-metric [16] structure. Bianchi et al. [6] used GQM
to refine a specific model. They center their research on QM reuse, i.e., which
changes can be requested when a quality model is reused, how to verify that despite
the changes made in the reused quality model, it remains suitable for its goals, and
what the side effects caused by changing the metrics are on the quality model. Horgan
and Khaddaj [13] propose an approach for model refinement based on expert knowledge.
Franch and Carvallo [11] present a very general process to build an ISO9126 QM.
It should be kept in mind that we are explicitly referring to software product quality
and not to process quality. Nevertheless, for the refinement of our tailoring idea, we
will consider concepts related to software process adaptation and study their transferability to the customization of software product quality models.

2

Proposed Adaptation Approach

2.1 Adaptation Process Scope
In order to locate the adaptation of a QM within an organization’s structure and processes, we use the Quality Improvement Paradigm (QIP) [4]. QIP defines an abstract
six-step process for introducing and continuously improving a technology within an
organization, where analogical cycles are applied at the organizational level and at the
project level. We recommend embedding quality modeling and model application into
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• (R2) Goal Orientation – The adaption of a base model should be driven by organizational needs and capabilities. In particular, organization-specific and projectspecific software quality objectives should be considered.
• (R3) Efficiency – This is concerned with the overhead (e.g., personnel, time, and
budget) needed for adapting a QM. Acceptable overhead would differ depending
on the organizational level (e.g., more overhead will be allowed for adapting a QM
at the level of the whole organization, where such adaptation has a larger scope and
is performed relatively rarely).
One major challenge of defining a QM adaptation process is to make it independent
of a particular model, i.e., to define a set of adaptation rules that will be universally
applicable to any model conformant with the QuaMoCo MM.
2.2 Solution Idea for R1 (Correctness)
Assuring syntactical correctness requires an MM describing the structure of the QM
and some consistency rules that should be fulfilled by the QM in order to be compliant with the MM. We show the adaptation process on the QuaMoCo MM (Fig. 2) [8].
The two fundamental constructs in this MM are the Quality Aspect tree, which describes and refines the quality characteristic of interest (e.g., maintainability is broken
down into the sub-aspects analyzability, stability, changeability, and testability) and
the Factors, which capture the product-related factors with the major influence on the
Quality Aspects defined (e.g., complexity of source code). A Factor consists of an
Entity Type (e.g., source code) and a Property that characterizes it (e.g., complexity).
Both provide important information for defining appropriate Measures, with a Measure referring to rules for determining the actual value of a Factor’s occurrence. Based
on the Measures, an Impact Evaluation can be specified to determine the concrete
impact of the Factor on the Quality Aspects (i.e., a rule mapping the measurement
results to a specific value on the evaluation scale). The general tendency whether a
factor improves or inhibits a specific Quality Aspect is defined and justified by the
corresponding Impact (e.g., high complexity inhibits the analyzability of the product).
In order to get an overall statement about the quality of interest, the evaluation results
of different Impacts and of different subordinate Quality Aspects have to be combined
according to rules defined by Quality Aspect Evaluations (e.g., analyzability and
stability evaluations are combined into an overall maintainability statement). One
approach for assuring the consistency of an adapted model would be to adapt the QM
first, and then check its consistency based on the MM and consistency rules. Another
approach for assuring consistency during the adaptation of a QM would be to define a
limited set of basic operations that allow transforming a QM from one consistent state
into a new consistent state. We propose a compromise between these two options: We
allow intermediate inconsistencies and defining rules for a set of basic transformations to highlight inconsistencies and to explain what has to be done to return the QM
back to a consistent state. Such basic transformations can be DELete, ADD, or MODify a specific model construct (see Table 1). For instance, if we want to add a new
Measure for an existing Factor (i.e., ADD(Measure)), we have to check all Impact
Evaluations defined for the Factor and include the Measure in the Impact Evaluation
description.
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Table 1. Exemplary consistency rules for basic transformation operations
Construct DEL([Construct])
Measure
Modify descriptions of all impact
evaluations that use the measure, in
order to remove the deleted measure
from the impact evaluation
…
…

ADD([Construct])
For each factor to which the measure added belongs, modify related
impact evaluation descriptions in
order to include the new measure
…

MOD([Construct])
Check descriptions of all impact
evaluations that use the measure, in
order to align them with the modification of the measure (if required)
…

2.3 Solution Idea for R2 (Goal Orientation)
We suggest describing the objective of the adapted QM using the GQM goal template
[3]. The GQM goal template is a means for specifying a goal in a structured way. Our
aim is not to derive a measurement plan using the GQM approach, but to use the
GQM template to formulate the quality modeling goal with respect to which adaptation should be performed. The template describes the entities to be considered (Object), from which perspective we consider them (Viewpoint), the quality aspects of
interest (Quality Focus), the adapted QM intention (Purpose), and the environmental
characteristics influencing the QM (Context) (for an example goal, see Fig. 2).

GQM Goal

Property

Quality Model
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*
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+name
+description

characterizes
1

*

Quality
Evaluation

(5)
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*

*
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1

1

*

1
1

ImpactEvaluation

QualityAspectEvaluation

+description

+description

1
1

based on ImpactEvaluationResult
*

+name
+description

(3+4)

1

MeasurementData

*

influences
*

1

1
*

Entity

+justification
+effect

1
1

Measure
+name
+description

*

Quality Model
Application

1..*

1..*

1

QualityAspect

evaluates

*
*

1

Impact

impacts

Factor
+description

partOf

*

evaluates

(1)

1
*

quantifies

Quality
Specification

-name
-description

1
*

1

(2)

QualityRequirement

+name
+description

type

Evaluate
(1: Purpose)
the source code
(2: Object)
from the perspective
of a Manager
(3: Viewpoint)
with respect to its
Maintainability
(4: Quality Focus)
for a product in the
embedded domain,
developed with C
(5: Context).

based on QAEvaluationResult
*

*

Fig. 2. Quality MM and area of goal-oriented QM adaptation

A goal-oriented approach allows us to simplify the adaptation process such that each
basic transformation is assigned elemental rules specifying which QM elements need
to be adapted and how. For instance, the following goal-oriented rules can be defined
for reducing the QM, i.e., removing all its parts that are not relevant for achieving the
particular goal: (1) For the purpose of quality evaluation, all constructs defined by the
MM are required. For the purpose of quality specification, we can remove irrelevant
elements by applying the rule: DEL(Construct ∈ {Measure, Impact Evaluation, QualityAspectEvaluation}). (2) All Factors in which the entity type does not correspond to
the Object specified in the QM’s goal can be removed from the QM by applying the
rule: DEL(EntityTypes ∉ instanceOf(Object)). For example, if we are interested in
source code, this operation removes requirements- and design-related Factors from
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the QM. (3) The Viewpoint identifies relevant Impacts by scoping specific Quality
Aspects. Impacts that are irrelevant regarding a particular Viewpoint can be removed, together with associated Impact Evaluations, by applying the rule:
DEL(QualityAspects ∉ partOf(Viewpoint)). (4) If we are only interested in a specific
Quality Aspect (e.g., maintainability, but not reliability), this would further reduce the
relevant scope of the adapted QM: DEL(QualityAspects ∉ part of (QualityAspect)).
(5) Finally, we have to remove all Measures that cannot be collected in our context,
e.g., for C source code this could be object-oriented metrics: DEL(Measure m with
m.applicableFor.language ∉ context.language).
2.4 Solution Idea for R3 (Efficiency)
To achieve efficient QM adaption, existing (MM-conformant) QMs should be reused
as an adaptation base instead of building a QM from scratch. Further, a base model
should cover diverse concrete content, because QM reduction can be more efficiently
automated than QM extension. However, including only universally valid content in
such a model would lead to a nearly empty model without reuse potential. Thus, the
adaptation approach should allow identifying potential reuse candidates.
2.5 Connection of Solution Ideas
In an initial tailoring step, the quality model is reduced to the elements needed for the
specific quality modeling goal (R2). We increase reduction efficiency by focusing on
the key elements of the GQM goal and by automating the respective basic operations
(R3). In further adaption steps, the model can be modified and extended with basic
operations, while consistency is assured by associated consistency rules (R1).

3

Summary and Future Work

This paper explains the need for an adaption process for QMs, presents fundamental
requirements identified, and sketches an approach that addresses these requirements.
The consistency of the adapted QM is covered by the definition of basic operations
and corresponding consistency rules; further, the approach explains how to integrate
the relevant goals into the adaptation process and addresses the efficiency of adaptation through automation and reuse. The next steps will be the refinement of the approach, i.e., the explicit description of a process into which the ideas presented here
will be embedded. An empirical evaluation in an industrial environment is also
planned, as is a tool for supporting the customization process. A special challenge is
seen in the appropriate use of context information.
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Abstract. Operational quality models, i.e., quality models that do not only
structure and define quality by means of quality aspects but also contain a
larger number of measures, facilitate quality measurement as the laborious task
of defining measures can be omitted. An operational quality model often
contains a large number of quality aspects and measures; therefore
methodological support as well as tool support is necessary to adapt such a
quality model to project-specific needs. Based on a general quality adaption
framework we have developed a method for tailoring quality models. This
method is supported by an accompanying tool. The application of the method
and the tool in more than 40 projects proved the practicability of the approach.
Nevertheless additional methodological support for deriving quality aspects or
quality requirements from (business) goals would be desirable.
Keywords: ISO 9126, Adapting quality models, EMISQ method, SPQR tool

1 Introduction
It's the ambitious goal of software engineers to develop good software. What
means “good”? Assessing a product, i.e., determining whether the product (software
as well as any other consumer product) is good, has something to do with quality. The
term quality may be considered from different viewpoints, leading to different
interpretations and definitions. ISO 9126 [8], which follows the product-based and
manufacturing-based approaches (as introduced in [4]), defines the term software
quality as "the totality of characteristics of an entity that bear on its ability to satisfy
stated and implied needs".
This definition gives us an idea about software quality but is too vague for any
practical application. To allow measuring software quality, a systematic approach has
to be used to derive measures from general properties of software. Quality models
provide this in a systematic manner. There are a number of different quality models
known in literature. One example of a general model is the so called factor-criteriametrics-model (FCM-model) [1]. According to this quality model, the quality of
software is described by identifying various quality attributes, often called factors or
quality aspects. In order to make each factor measurable, it is necessary to refine
factors into quality criteria. Factors represent a more user-oriented view, while quality
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criteria reflect a more software-oriented view. The refinement process takes place
until quality indicators, i.e., measurable and assessable metrics, can be found for each
quality criteria. There exist a number of specific quality models based on this general
FCM-approach, e.g., the model defined by ISO 9126 [8], the FURPS model [5], the
model defined by McCall [10], the quality model by Barry Boehm [2] or the SATC
model [6].
The benefits of these approaches are well structured quality aspect hierarchies that
facilitate reasoning about quality and ease finding measures for specific quality
aspects. The model proposed by ISO 9126 defines a widely used quality model.
Nevertheless, on the level of metrics (in terms of the FCM-model) ISO 9126 provides
only some examples for metrics. These examples give good hints how to measure a
quality aspect, but the set of measures provided is far from being comprehensive.
One important aspect of EMISQ ("Evaluation Method for Internal Software
Quality") [11] was (and still is) the development of operational quality models.
Operational in this context means providing a comprehensive set of measures for each
quality attribute, with special attention on measures that can be provided
automatically by static code analysis tools like PMD [15] or PC-Lint [14]. The current
quality model provided by EMISQ contains more than 3,000 measures of 15 different
tools. These measures are assigned to two quality models – one that is similar in
structure to the ISO 9126 model and a second one that has its emphasis on technical
topics and problems (e.g. memory issues, threading issues). This large number of
measures makes it necessary to think about an adaptation process and a method as not
all 3,000 measures can be applied for each project. Approaches like GQM [16, 17, 18]
or SQUID [9] focus on building entire quality models from scratch and cannot be
directly used for adaptation tasks, though the result of these approaches (especially
the identified quality aspects) could of course be used as input for the tailoring
process. Franch and Carvallo [3] propose a six step approach for building (adapting) a
quality model based on the ISO 9126 quality model. Both, on the level of quality
attributes and on the level of measures they allow the following principal operations:
•
•
•

Delete-Operations: Remove quality attributes (or later measures) that are not
suitable for the domain or the specific project.
Add-Operations: Add quality attributes (or later measures) that were not
included in the original (ISO 9126) quality model but that make sense in the
context of the domain or project.
Modify-Operations: Adapting of thresholds for measures.

Fig. 1 depicts the principal process for adapting the quality model. This general
adaptation process needs to be refined in order to provide the necessary support for
the adaptation. In our EMISQ method we provide more specific methodological
support for this general adaption process (this is described in chapter 2). Chapter 3
describes how the tailoring approach provided by EMISQ is supported by our tool
SPQR (“Software Project Quality Reporter”).
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Fig. 1. General adaptation process

2 Tailoring in the EMISQ Assessment Method
Besides the quality model aspect, EMISQ is a methodology for systematically
assessing the internal software quality. The assessment model is based on the ISO
14598 [7] standard but extends it significantly. The major differences are:
•

•

•

•

Instead of specifying a quality model and finding measures for each project we
have developed a pre-defined quality model with measures integrated from
various static code analysis tools. This quality model may be tailored for a
particular project. The step "Establish rating levels for metrics" of the ISO
standard can be excluded completely as its activities are already considered in our
quality model.
Contrary to the ISO standard the evaluation of the quality attributes does not
occur automatically after the measures are collected but needs an expert. An
aggregation model describes how to sum up quality ratings from the sub-attribute
level to the top level.
The method is substantially supported by a knowledge base, i.e., by a set of
structured evaluation guidelines, that guides the evaluation team and provides
extra material like checklists, tool configuration files, presentation material, and
document templates.
Furthermore, the evaluation team can use a tool called SPQR (Software Project
Quality Reporter) that is aligned with the EMISQ-method. This would of course
also be possible when applying ISO 14598, but currently SPQR is tightly focused
on the EMISQ-method.

The EMISQ evaluation model consists of eight main activities that are each
divided up into 5 to 10 sub-activities. Fig. 2 depicts the main activities.
The first activity – “Establish Purpose of Evaluation” – is a major preparing
activity for the adaptation process. The intention of this step is to identify and define
the goals of the evaluation project, e.g., improving the maintainability of a software
product or identifying stability and efficiency problems. It has to be found out
whether these goals can be achieved by following the EMISQ method or whether
additional measures (e.g. dynamic analysis of programs) have to be planned. The
result of this activity is a signed project agreement and a set of the goals that have to
be considered by the evaluation project.
The adaptation process is spread over three main activities (see Fig. 2). According
to the defined goals, the types of products to be analyzed are selected (“Identify Types
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of Products”). The purpose of this activity is to identify those software artifacts that
are objects of the assessment, e.g. products, packages or subsystems. During this step
all technical issues for the selected software artifacts that are important for the
evaluation are documented.
Objectives
Establish
Purpose of
Evaluation

Adaptation
Identify Types of
Products

Specify Quality
Model

Select Metrics

Planning, Assessment and Feedback
Produce
Evaluation Plan

Take
Measurements

Assess and
Document
Results

Assure Reuse of
Results

Fig. 2. EMISQ Process Overview. Activities with tailoring tasks are highlighted.

The core adaptation activities take place in the activities “Specify Quality Model”
and “Select Metrics”.
The adaptation process in “Specify Quality Model” starts by trying to map the
identified goals to quality aspects. In EMISQ we support two different quality aspect
hierarchies – one following ISO 9126 (with some enhancements) and, as a second
choice, one that is organized by technical topics (e.g. Memory topics, Timing topics,
Object-oriented programming topics). The respective quality aspects are identified by
analyzing the goals and trying to link them with aspects that are suitable to support
goal achievement. The formulation of goals (e.g. “The code should be highly
portable”) often gives hints for the selection of quality aspects, but obviously more
support would be desirable here. Currently we are working on a better method support
for this mapping.
Depending on the types of goals either management oriented quality aspects in the
manner of ISO 9126 or technical topics will be selected. The EMISQ approach starts
with fully developed operational quality aspect hierarchies and removes those quality
aspects that cannot be justified by the identified goals. Our current quality model
contains more than 3,000 measures from various static code analysis tools, which
makes flexible support for the selection of quality aspects and measures absolutely
necessary. Thus, according to the general adaption steps presented in chapter 1, we
perform delete-operations on the level of quality aspects (measures are not yet
considered). Sometimes a goal might impose a link on a general quality aspect like
“Maintainability”. In such a case it has to be cross-checked, whether all sub quality
aspects (e.g., “Readability”, Changeability”) are to be included or whether the goal
was formulated too imprecise. Fig. 3 depicts the adaptation process.
As shown in Fig. 3 all measures associated with quality aspects are part of the
tailored quality model at this stage of the adaptation process. Typically we do not
apply add-operations (see chapter 1) on the level of quality aspects as we start with a
fully developed quality model.
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Fig. 3. Tailoring (deleting) of quality aspects. Circles denote quality aspects,
squares denote measures. Quality aspects marked for deletion are indicated by dark
grey color.
In the “Select metrics” activity the measures are adapted. In a first step, typically
delete-operations (see chapter 1) are applied – with different selection criteria for
deletion:
•

•

•

•

Programming Language: Typically only measures of one programming
language are used in a project. Nevertheless, depending on the complexity of a
project, it could make sense to integrate measures of more than one
programming language in the quality model, if different parts of the project are
realized using different programming languages. In that case, the quality goals
have to be invariant for these different parts.
Static Code Analysis Tool: The selection of static code analysis tools is mainly
driven by experience with tools in an organization and by software license
conditions. Therefore those static code analysis tools are excluded that do not
fit into the organization. Typically a static code analysis tool is focused on one
programming language (e.g. PMD [15] provides support for the programming
language Java, only). Nevertheless, there are some tools available (e.g. Sissy
[16]) that provide multi programming language support. It therefore makes
sense to decouple the selection of the programming language from the
selection of the static code analysis tools.
Importance: As a part of the quality model each measure has an associated
importance attribute. The importance of a metric is defined for the relation
between the measure and the quality aspect, i.e., if a measure is associated
with more than one quality aspect, the importance might be different for each
quality aspect. This importance attribute allows the selection of metrics in the
range “very high” to “very low”. Usually, when starting a quality enhancement
program based on static code analysis, only measures with “very high”
importance are selected in order to keep the effort for quality enhancements
low. Later in the project, additional metrics with lower importance might be
added.
Trustworthiness: Each measure in the quality model is attributed with a
trustworthiness level (in percent). This number is derived by means of a
special analysis technique, where we have manually inspected the results of
static code analysis tools in order to find out so called false-positives, i.e.,
measure values that are misinterpreted as false while being correct. Details on
the approach can be found in [13]. Depending on the importance of a quality
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•

aspect, one might select for instance metrics with a lower trustworthiness, too,
if it is an important quality aspect, and on the other hand will concentrate on
metrics with high trustworthiness only, if the quality aspect is of lesser
importance.
Key Metrics: Key metrics have been identified by a group of experts and
denote metrics that are considered to be important regardless of the type of
software product. This attribute therefore reflects the experience of experts.
Typically, key metrics are important for at least one quality aspect and have at
least an average trustworthiness level.

These criteria can be combined flexibly and therefore give the opportunity of a finegrained selection of metrics for the project-specific quality model. Additionally,
individual metrics may be separately deleted from the quality model.
We also provide add-operations for measures, i.e. depending on the goals it might
be useful to add measures. Adding measures takes place when measures of tools
should be used that are not yet part of our operational quality model. Additionally,
some tools allow the specification of additional metrics, e.g., by using a special query
engine (PMD [15] is an example of a tool that allows this). Finally, metrics that
cannot be retrieved automatically but only by means of code inspections or code
walkthroughs can be added.

Fig. 4. Adaptation of metrics – deleting and adding metrics. Starting with the
quality model tailored by quality aspects (see Fig. 3) we delete metrics (marked dark
grey) and add metrics (marked light grey).
In a last step, modify-operations are applied onto measures. This basically means that
thresholds for metrics are adjusted according to the goals of the project – quality
aspects that are considered to be very important will have stricter thresholds for the
associated metrics than quality aspects that are of less importance.
Typically we apply this adapted quality model on the project in order to fine-tune
the selection of measures. This is essential as there are always project situations were
some measures – that are reasonable in principal – cannot be used for the project, as
they are in conflict with established and documented programming practices of the
project. So, we typically apply additional delete-operations on metrics after a first
measurement task before finishing the adaptation process.

3 Tool Support for the Tailoring Process
Tool Support for EMISQ is provided by the Software Project Quality Reporter
(SPQR) [12] which is implemented as set of Eclipse plug-ins. SPQR is capable of
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importing data from various static code analysis tools for associating this data with
the quality model. Flexible filtering and browsing facilities allow detailed inspection
of the data by quality experts and provide integrated access to the source code under
investigation. Furthermore the tool provides support for documenting quality
measures and for documenting the ratings of the quality experts. Finally the tool
allows exporting a preliminary code quality report as Microsoft Word document. This
is the core functionality needed by quality experts. In addition, plug-ins are available
to maintain the central quality model and to tailor this quality model to the specific
needs of each evaluation project. In this chapter we present the tailoring capabilities
in more detail.
(2)
(1)

(5)

(6)

(3)

(4)

Fig. 5. Adapting quality models with SPQR – Overview
The tailoring process starts with a fully operational quality model. The main user
interface for adapting this quality model is depicted in Fig. 5. The following numbers
refer to the numbers in the image above.
(1) By default the ISO 9126 quality hierarchy (QM-Quality Model) as well as the
defect oriented classification (Technical Issue Classification) are available. If
the defined goals for a project clearly focus on one view only, the unnecessary
view can be excluded quickly (by the particular checkbox) .
(2) For each quality aspect hierarchy those aspects that are not needed in a project
can be excluded (see Fig. 6, where the aspects Portability and Security are
deleted from the quality model).
(3) The deletion of metrics from the quality model can be done by different
criteria – either by means of analysis tools, programming languages or
additional properties.
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(4) For the current project the tools FindBugs and PMD are used. The other static
code analysis tools (and therefore the measures associated with them) are
excluded from the quality model.
(5) Deleting metrics for specific programming languages is done in a similar way
as deleting tools (see (4)).
(6) The deletion of metrics can also be done via the properties trustworthiness and
importance as well as by considering key metrics as described in chapter 3
(see Fig. 7).
Pressing the ok-Button (see Fig. 5) generates a tailored quality model. The quality
model editor (there is no figure for this in this paper) can be used to manually add
new metrics and to modify the thresholds of metrics and therefore fully support add
and modify operations as presented in chapters 1 and 2 on the level of measures.

Fig. 6. Deleting quality aspects

Fig. 7. Deleting measures by properties
At the end of the adaptation process an adapted quality model is available. SPQR
generates the appropriate tool configuration data – depending on the measures and
tools included in this adapted quality model.
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4 Experience and Further Works
The tailoring process described in this paper was applied to more than 40
evaluation projects worldwide with success. The principal idea of starting with an
operational quality model proved to be good. Typically, gathering of goals and
mapping these goals to quality aspects is done by means of one or two workshops.
The workshop is used to identify business and quality goals and to map them to
quality attributes, i.e., to gain a common understanding of the relation between goals
and quality attributes. The fine-tuning of the quality model on the level of metrics is
typically driven by the importance of a quality attribute and by the availability of tool
support (or the license costs for them). A comparable quality model (i.e., with
comparable accuracy) built from scratch would require considerable more effort (in
the projects we have in mind this would mean another addition 2 person weeks at
least). Additionally, having an operational model facilitates the communication as
examples for measures of a quality aspect can be shown – this often clarifies
problems or ambiguities in the definition of a quality aspect and therefore leads to
more accurate quality models. In all projects the tailoring of the quality model takes
place by means of analysis tools, as there is often experience available with specific
tools, or organizations want to start with open source tools, only. Trustworthiness
levels or importance of metrics are hardly used in projects, while the selection of key
metrics is typically done when starting with quality management.
On the method level additional support is needed for deriving quality aspects from
(business) goals. Currently, there is hardly any method support available which means
that only highly experienced quality experts can adapt the quality model.
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