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Abstract

In order to improve the quality of software systems, measurement programs have been implemented in many companies to support proc
improvement activities. The planning and implementation of a successful measurement program requires, in practice, a significant amount
effect. Cost may be reduced and quality of measurement may be improved by providing knowledge-based support and reusing experient
gathered on past measurement programs. In this article, we state the requirements for the knowledge-based support of planning measurer
programs based on the Goal/Question/Metric paradigm. Reuse opportunities are precisely identified, the knowledge to be captured |
effective reuse is identified and structured, and reuse scenarios are pravitieél8 Elsevier Science B.V. All rights reserved.
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1. Introduction of future measurement programs. Therefore, experiences
regarding the use of GQM, the know-how related to its
For the continuous improvement of software quality and products and processes, needs to be captured and made
productivity within organizations, capturing and reusing reusable organization-wide.
explicit software development know-how is essential.  In this paper, we focus on requirements and principles for
What represents relevant software know-how differs the knowledge-based support of planning GQM-based
among software organizations, depending on their specific measurement programs. A motivation for the reuse of
development environment and objectives. Therefore, this experiences and know-how from past measurement pro-
software know-how has to be derived by organization- grams is given in Section 2. The potential benefits of
specific measurement programs, taking into account theexperience-based support are discussed in Section 3. The
environment characteristics and company-specific improve- knowledge which should be captured in a reusable form
ment goals, e.g. reduce development effort by 10% during for future measurement programs is identified in Section
the next year. For continuous improvement of software pro- 4. Section 5 addresses the modeling and representation of
cesses and products, the establishment of goal-orientatedhis knowledge in an experience base. Scenarios for the
measurement programs is essential for deriving relevantreuse of the knowledge are provided in Section 6.
guantitative and qualitative data on software processes andConclusions and future research directions are discussed
products. In this context, the Goal/Question/Metric in Section 7.
Paradigm (GQM) [1,5] is of particular interest, since it
helps in defining and implementing operational and measur-
able software improvement goals. However, measurement
programs are known to be still difficult to plan and imple-
ment, especially when one lacks the required experience.
Similarly to software development know-how, in order to
institutionalize systematic and continuous learning in the
organization, measurement know-how has also to be expli-
citly captured, modeled and reused to support the planning

2. Motivation

Building up organization-specific software development
know-how, the company has to learn continuously from its
software projects by developing tailored, context-specific
quality and resource models based on quantitative and
qualitative data derived through measurement programs.
To be effective and efficient, measurement programs must
"% Tel.: +49 6301 707 251; fax: +49 6301 707 200; e-mail: gresse,briand &S0 be tailored to the characteristics of the specific
@iese.fhg.de organization, the software processes and products and
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company-specific goals. Therefore, one of the major success3. What activities need knowledge-based support?
factors of a measurement program is its appropriate
planning. Presently, the planning of measurement In this section we describe the GQM planning process for
programs is performed, in most cases, from scratch orwhich we claim knowledge-based support ought to be pro-
based on an ad hoc, non-supported, reuse process. Thisided. The GQM approach is a specific technology for goal-
process is usually costly and the likelihood of committing orientated measurement in software projects. In order to be
mistakes is high since the adequate planning of the tailored to the needs, GQM-based measurement programs
measurement program requires expertise and specifichave to be specified precisely and explicitly by a detailed
know-how. In general, all products of a GQM-based measurement goal. The measures are derived in a top-down
measurement program are potentially reusable, from fashion, based on goals via a set of questions and quality/
measurement goals to data-collection instruments. Althoughresource models. This refinement is precisely documented
there is often a need to tailor these products to specific in a GQM plan, providing a rationale for the selection of the
project characteristics, they are reusable to a large extentunderlying measures. The data collected is interpreted in a
However, reusing products already developed in the bottom-up fashion in the context of the GQM goal,
organizational context will require less effort and will be questions and models, considering the limitations and
more likely to address the needs. But today, in most cases,assumptions underlying each measure. Based on experience
the organization-wide dissemination of the products and in applying the GQM approach across several companies,
lessons learned gathered in measurement programs is nowve briefly describe the process to plan and execute a
supported, since only project-specific data is stored. Project-GQM-based measurement program [1,7,6].
specific knowledge is not generalized or formalized in order GQM1—Prestudy The environment in which the
to widen the context in which it can be reused. This would measurement program takes place is characterized. This
require sophisticated ways of storing knowledge to allow characterization includes the description of the business
intelligent search, adaption of knowledge, and specific and improvement goals of the organization, its development
navigation mechanisms in knowledge bases. Concerningprocesses, its organizational structure and the projects to be
the performance of measurement programs, experiencesneasured.
with respect to the development of GQM products or the GQM2—Identification of GQM goals and development of
use of the derived quality and resource models should beGQM plan Based on the characterization of the measure-
captured to help improve the planning of measurement ment environment, the goals of the measurement program
programs over time. are defined according to a precise template (Section 3.1).
In conclusion, great benefits can be expected by The explicitly defined measurement goals are refined into a
supporting the planning phase of a measurement programset of relevant measures via questions and quality and
through the reuse of knowledge from past measurementresource models, resulting in a GQM plan consisting of a
programs. However, the complexity of measurement goal, questions, related quality/resource models and
plans makes the understanding and the identification of measures.
relevant and reusable measurement products difficult. This GQM3—Development of measurement plameasure-
is exacerbated by the complex net of interdependencesment plan integrating the measures of the GQM plan into
between GQM products. In this paper, we focus on the the development process of the studied software project(s) is
identification of the requirements for the knowledge-based developed. The measurement plan defines when, how and
support for the extensive reuse of GQM products in by whom the required data can be collected. Appropriated
order to facilitate the planning phase of a measurementdata-collection instruments are developed, e.g. question-

program. naires, static analysers.

Table 1

GQM goal template summary [1]

Dimension Definition List of examples Example

Object What will be analysed? Processes, products, resource. Software development

process.

Purpose Why will the object be analysed? Characterization, evaluation, monitoring, Characterization.
prediction, control, improvement.

Quality Focus What property of the object will be analysed?  Cost, fault-proneness, defect removal capability, Fault-proneness.
user friendliness.

Viewpoint Who will use the data collected? User, senior manager, project manager, developegoftware developer.
system tester, quality assurance manager.

Context In which environment does the analysis take Organization, project, problem, processes, etc. Company XYZ.

place?
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GOAL software characteriza- fault-prone- | sw developer company Xyz
development tion ness
process
Quality Focus Variation Factors
1 total # of failures Process Conformance:
2 # of failures per criticality 1 type of code inspections
(uncritical, critical, other) Domain Understanding:
3 # of faults per life cycle phase of introduc- 2 experience of development team members
tion (REQ, HLD, LLD/IMP)
4 total rework effort (in hours)
Baseline Hypothesis Impact on Baseline Hypothesis
1 total # of failures: 100 Process Conformance
2 75% uncritical, 25% critical 0% others; 1 with ad-hoc code inspections less faults will
3 REQ 20, HLD 20, LLD/IMP 40 be found than with other types of inspections
4 total rework effort: 1000 h Domain Understanding
2 more experienced development team mem-
bers introduce less faults

Fig. 1. Abstraction sheet—example.

GQM4—Data collection and analysis and interpretation GQM6—PackagingThe analysis results are packaged in
During the execution phase of the measurement program,a way suited to the organization context so that reuse of this
the data are collected according to the data-collection knowledge in future software projects and measurement
procedures specified in the measurement plan. Following programs is effective, e.g. cost model packaged in a tool
the GQM plan bottom-up, the collected measurement dataallowing users to specify project uncertainties regarding
are analysed and interpreted in feedback sessions involvingcertain cost factors and perform sensitivity analysis of
development participants. These sessions have twothese factors on the model's outputs.
objectives: to provide feedback to the ongoing software In this paper, we focus on the knowledge-based support
project, and to help the analyst interpret the data-analysisfor the planning of a measurement program. Therefore, the
results. following process steps are mainly considered: identifica-

GQM5—Post-mortem analysiBhe measurement results tion of measurement goals, development of GQM plans, and
including the collected data and their interpretation are development of measurement plans. These steps are
analysed after project completion, focusing on feedback to described in the following sections.
the organization as a whole, e.g. enrich the corporate cost
model with this new project data point. Knowledge gained 3.1. GQM2A: Identification of GQM goals

through measurement is formulated in relation to relevant
context factors, e.g. project cost factors. When planning a goal-orientated measurement program,

Process definition
Q_1Has the experience of the development team members an impact on the number of faults?

Hypothesis: more experienced development team members introduce less fault.

Q_1.1What is the distribution of experience among the development team members?
Hypothesis: 30% 3 or more years, 20% 1-3 years, 50% less than one year of experience

Q_1.2What is the proportion of faults detected before delivery?
Hypothesis: 90% of the faults will be detected before delivery
Quality definition
Q_2What is the overall number of failures reported before delivery?
Hypothesis: there will be about 120 failures reported before delivery.
Q_3What is the distribution of failures reported before delivery by criticality?
Hypothesis: 75% uncritical failures, 25% critical failures.
Q_4What is the distribution of faults by life cycle phase of detection before delivery?
Hypothesis: estimated distribution is REQ: 20, HLD 20, LLD/IMP: 40
Q_5What is the total rework effort proportion?
Hypothesis: total rework proportion is 20 percent.

Fig. 2. GQM plan—questions and hypotheses.
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Table 2
Question categories [1]
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Category

Description

Quality Focus

Process/Product Definition

Questions concerning the quality model(s) to be used which define further the quality focus stated in the
goal.

Questions concerning factors that may have an impact on the values of the quality models. Depending on
whether the object of study is a process or product, this category is referred to as either product or process

definition.
Process definition—Process conformance Questions attempting to capture information concerning the adherence of the actual to the official
organizational process.

Process definition—Domain understanding Questions concerning the attributes of objects used by the process under study and the actors performing

the process.
Product definition Questions concerning logical and physical attributes of the product, development cost related to the
product, changes to the product and the operational context of the product.

the first step is to specify the goals to be achieved by need. Relevant knowledge is acquired by interviewing the
measurement. Depending on the business and improvemenpeople stated in the viewpoint of the GQM goal. This infor-
goals of the organizations and existing problems in the soft- mation is used to derive valid and correct quality models, to
ware process (e.g. ineffective reviews), potential measure-identify relevant context factors, and therefore relevant
ment goals have to be identified with great care by all measures. The interviews cover the following topics [9].
stakeholders of the measurement program. The relationship,
between the business and improvement goals and the poten-
tial measurement goals under consideration is usually not
evident, especially for people lacking experience regarding
measurement. Reuse can address this issue, as discussed in
the next sections. A template [1,5] guiding the definition of
goals is structured according to five facets as described in
Table 1.

Quiality focus: It specifies what the quality focus means
to the interviewees. The quality focus is usually com-
posed of a set of quality dimensions. See, for example,
how fault-proneness is defined in the upper-left quadrant
of Fig. 1.
Baseline hypothesis: For each quality dimension per-
taining to the quality focus, an expected distribution of
values may be stated, based on the interviewee's
intuition and understanding of the environment.
¢ Variation factors: The factors that are expected to have
an impact on the quality dimensions are stated.
Impact on baseline hypothesis: For each variation factor,
the expected impact of the variation factor on the quality
» agoal, defining the object, purpose, quality focus, view- dimension should be specified, when possible.
point, and the context of the measurement program;
» a set of questions, operationalizing the goal,
» aset of models, specifying how to answer the questions;
» a set of measures, operationally defining the data to be
collected to feed the models.

3.2. GQM2B: Development of the GQM plan

Based on the measurement goal, a GQM plan is
developed, consisting of the following components [1,7]:

A commonly used instrument for the acquisition and
structuring of knowledge during the interviews is the
abstraction sheet [9]. An abstraction sheet is a one-page
document with four quadrants, one for each of the above-
mentioned topics, and the respective GQM goal in the

Activities supporting the development of the GQM
products above are described in the subsections below.

3.2.1. Knowledge acquisition

header (see Fig. 1). Abstraction sheets are usually developed
from scratch. However, parts of abstraction sheets may be
relevant from one project to another or from one division to
another within an organization. Therefore, reuse of abstrac-

To refine the goal into operational measures, the quality tion sheets from past measurement programs could provide
focus needs to be defined adequately and fit the viewpoint’sa first overview on potentially relevant knowledge regarding

Predictive Model: Effectiveness of inspections
Context: company Xyz, project type abc

Assumptions: The larger the document inspected, the larger the fatigue effect,
the more complex the inspection, i.e., its cognitive load.

Model description: The model predicts the effectiveness of inspections.

effectiveness e = a * (size of document)"b [a,b parameters; b<0]

Attributes: size of documents, effectiveness
Measures: count of operations specified

Fig. 3. GQM plan—models.
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Q_2What is the overall number of failures reported before delivery?
M_2.1count of validated failure reports turned in before delivery [ratio: integer]I
Q_3What is the distribution of failures reported before delivery by criticality level?

M_3.1: classification by criticality [ordinal:uncritical;critical] broken down according
to a classification scheme of defect criticality

Q_4What is the distribution of faults per life cycle phase of detection before delivery?

M_4.1count of fault per life cycle phase where the fault was introduced
[nominal: REQ, HLD, LLD/IMP]

Q_5What is the total rework effort?

M_5.1for all failures reported before delivery: effort to isolate the faults that caused the failures
(person-hours) [ratio: integer]

M_5.2for each fault detected before delivery: effort to correct the fault (person-hours) [ratio:integer]

1.[level of measurement: range]

Fig. 4. GQM plan—measure level—example.

a measurement goal, e.g. possible relevant quality dimen-(see Fig. 3). By defining such models, we operationalize
sions and baseline hypotheses. Furthermore, potentialthe questions of the GQM plans, provide ways of quantify-
problems which may arise while refining the questions, ing attributes, and define precisely how quality/productivity
models and measures, due to possibly incomplete or insuffi-comparisons, evaluations, and predictions are to be
ciently defined knowledge acquired during the interviews, performed [1]. The models have to be developed by
could be addressed in advance. For example, if experiencetaking into account the studied environment’s specifics,
of developers is considered as a variation factor, it is also since they usually have to make simplifying assumptions.
necessary to capture how experience is classified in theTherefore, the environment’s characteristics, standards and
specific environment and define the factor and its categoriesterminology have to be well known. The models are often

explicitly. developed based on abstract concepts, e.g. size or
complexity. Thus, they have to be refined into operational
3.2.2. Development of the question level descriptive models, leading to measurement. Models have

The GQM plan is developed based in part on the to be carefully analysed in order to determine the validity of
knowledge acquired during the interviews. For each quality their underlying assumptions and their applicability in the
dimension and variation factor documented in the particular environment under study. Developing these
abstraction sheet, questions in the GQM plan are defined,models from scratch for each question of the GQM plan is
expressing a need for information [1,7]. The question a complex intellectual task and requires a large amount of
represent a first step towards the operationalization of the effort. By suggesting models, which have been developed in
measurement goal. A hypothesis may specify an answer’'sthe past, this activity could be supported by reuse. The
type or pattern which is expected for a question and be applicability of these models could be assessed directly,
stated explicitly. For example, hypotheses commonly based on their underlying assumptions. In addition,
specify expected distributions and relationships (and instantiations of these models based on data collected in
changes thereof) concerning quality dimensions or variation past measurement programs can provide insights on
factors which are the focus of questions. Since GQM plans plausible expected values and be used as a basis of
usually consist of large numbers of questions, questionscomparison between projects.
categories [1,5] have been defined in order to drive the
derivation of questions and help structure GQM plans and 3.2.4. Definition of measures
ensure their completeness (see Table 2). Continuing the The questions are refined quantitatively into a set of
example above, questions and hypotheses are illustrated irmeasures via quality//resource models [1]. The measures
Fig. 2. Deriving a complete set of precisely formulated define what data have to be collected in order to feed
questions is a complex and difficult task. It can be supported the models. For a given attribute, the definition of a
by a precise mechanism suggesting potentially interestingmeasure includes the selection of a level of measurement,
questions with respect to the measurement goal and theunit and range. Continuing the example above, Fig. 4

specific context. provides simple and incomplete examples of measures.
The definition of measures can be strongly supported by
3.2.3. Development of quality/resource models the reuse of measures from past measurement programs

Each question in the GQM plan is formalized by defining which happen to be suited to the selected models.
detailed quality or resource models [1]. These models Appropriate measures can be selected based on their
formalize and provide ways of answering the questions properties and assumptions.
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Table 3

Measurement plan—example

Name Object/ Unit Level Range Event Point in time  Resource/ QA Instrument
Attribute Data-collectorresponsible 1D

Project effort sw project/ [person- ratio =0 periodic week Human/ Project ER-*;1
effort months] developer manager

Failure failure/ — ordinal [uncritical,  process_end failure_ Human/tester GQM team PR-d;1

criticality criticality critical, other] handling

Fault intro.  fault/ — nominal [REQ, HLD, process_end fault_handling Human/ GQM team PR-d;2

phase intro_phase LLD/IM] developer

3.3. GQM3: Development of measurement plan 4. What kind of knowledge is reusable?

The main focus of the measurement plan is the appropri- In the previous section, we provide an overview on the
ate integration of measurement into the software develop-GQM planning process and the activities that need
ment process. Data collection procedures are defined byknowledge-based support. In this section, we examine the
determining for each measure identified in the GQM opportunities in terms of knowledge reuse for the GQM
plans, when, how and by whom the data are collected planning process. A taxonomy of reusable components in
[1,7]. When the required data can be collected, e.g. at thethe planning phase is defined in detail in the next
beginning or end of an activity, has to be defined in relation subsections.
to the software process. For each measure, the people or
tools that could possibly provide the data have to be identi- 4.1. Types of knowledge
fied, e.g. project manager, and the persons responsible for
the quality assurance and handling/storage of the data have For each product or process related to the GQM planning
to be determined. Data-collection instruments have to be process, knowledge with potential benefit for reuse can be
designed or reused in order to support data collection, for identified. The reusable knowledge can be classified into
example, tools (e.g. static code analysers), questionnairesertain types according to their objective, content and
(e.g. NASA SEL forms [12]) or structured interviews. A advantages. For example, as a basis for the development
small excerpt from a measurement plan is given in of a measurement program, GQM products from past
Table 3. The definition of the measurement plan is a difficult measurement programs can be used, reducing the necessary
and complicated process, e.g. many decisions have to bedevelopment effort. In general, the following types of
made with respect to procedures, instruments, etc. There+eusable knowledge in the GQM planning process can be
fore, a detailed knowledge about the software process andidentified.
the organizational structure is necessary. To implement the Templates They facilitate the development of GQM
measurement plan, the required data-collection instrumentsproducts, e.g. goal templates in Section 3.1. They are
have to be developed. Depending on the type of data- usually derived from common patterns in past measurement
collection instrument, either a tool has to be developed, programs and provide a very detailed, structured and direct
guestionnaires have to be designed or structured interviewssupport. The (re-)use of templates can significantly reduce
have to be prepared and planned. The data-collection instru-effort and risks. Furthermore, a consistent view and under-
ments have to be tailored to the development environmentstanding across various projects and measurement programs
and this requires a detailed knowledge of the organizational is more likely to be achieved through the use of common
structure, workflow and information flow, standards and templates. Thus, organizational learning takes place owing
terminology. For example, the reliability of the data col- to the (re-)use of templates which are improved and evolved
lected by a questionnaire and its usability must be ensured.over time.

In order to collect reliable data, the questions have to be Taxonomies They represent ordered arrangements of
carefully formulated, all unknown terms explained, and entities according to their presumed relationships, e.g. the
open questions limited, to the extent possible. Usability IEEE quality terms standard. Taxonomies of entities related
has to be achieved in order to reduce the effort related toto measurement programs can be used for an appropriate
the data collection. Therefore, the questionnaire has to berefinement of the objects of interest in the measurement
well structured, stating questions in a logical order, etc. As program. Choices are directed and measurement planning
those examples show, the questionnaires should be pretestets guided by presenting decision guidelines based on
before they are actually used for the data collection. Basedtaxonomies.

on the description above, it is clear that the design of mea- Glossaries They define a terminology related to GQM
surement procedures and instruments, such as interviewsentities as used in a specific environment, e.g. [fHEE

and questionnaires, is an expensive and complex task.Standard Glossary of Software Engineering Terminology
This strongly motivates the need for their extensive reuse. The appropriateness of the developed GQM products can



C. Gresse, L.C. Briand/Knowledge-Based Systems 11 (1998) 125-143

be increased by using a consistent, environment-specific
terminology and standards. The (re-)use of a glossary can
support the adequate use of terms, their consistency across
an organization, and prevent misunderstandings and
communication problems between the stakeholders of the
measurement program, e.g. developers and senior manage-
ment. Thus, it facilitates the definition and use of the GQM
entities.

Alternative GQM entitiesGQM entities developed in
past measurement programs and with similar contexts can
be (partly) reused and adapted for a new project. The parti-
cular preconditions for their use and their underlying
assumptions provide an explicit rationale for decisions
regarding their reuse. An example of a GQM entity, an
abstraction sheet, is shown in Fig. 1. Reusing this knowl-
edge is expected to reduce the effort required by the GQM
planning procress and also to improve the quality of the
GQM entities with respect to their reliability, adequacy,
completeness and consistency. However, it is likely that
the reused GQM entities possibly have to be adapted to
specific characteristics of the new projects where they are
applied.

Lessons learned hey explicitly capture strategies for the
mapping between problems and solutions that have been
adopted on past measurement programs, their context of
use, and information regarding their degree of success.
For example, while it has been difficult to define the appro-
priate object of study of the goal in a past measurement
program, the software process has been modeled first and
the descriptive process model has been used as a basis for
the identification of the goal. This supports the finding of an
adequate solution fitting the application context and helps
set reasonable expectations.

For each of the phases/activities of the GQM planning
process, support can be provided through the following
elements:

Description of phases/activities They guide the
execution of the phase/activity. The explicit availability of
a process description (see Fig. 18), will improve the consis-
tency and correctness of its execution and, therefore, the
quality of the GQM product and its cost-effectiveness.
This can be further improved by using more formal process
models which have already been tailored to the organiza-
tion-specific needs in past measurement programs. Reusing
these models also provides a basis for the continuous
improvement of the process.

Description of the GQM productsDescribing the
structure and expected content of products can assist their
development, e.g. ensure their completeness and con-
sistency. An example is question categories (see Table 2)
structuring the GQM plan. As a result, the development
effort is expected to decrease and the quality of the
products to improve. The usage of a unified, explicit product
structure can also increase consistency across projects
and allow the iterative improvement from one project to
another.

GQM products
Goal
Object
Glossary
Taxonomy of objects
Purpose
Template
Quality Focus
Glossary
Taxonomy of qualities
Viewpoint
Organizational structure
Roles and their responsibilities
Environment
Template
Glossary
Lessons learned
Questions
Question categories
Lists of questions
Lessons learned
Models
Quality Models
Taxonomy
Alternative models
Lessons learned
Resource Models
Taxonomy
Alternative models
Lessons learned
Attributes
Glossary
Taxonomy
Lessons learned
Measures
Taxonomy
Catalog of measures
Lessons learned
Data Collection Procedure
Taxonomy
List of procedures
Lessons learned
Data Collection Instruments
Tools
List of tools
Lessons learned
Questionnaires
Taxonomy
Lessons learned
Knowledge Acquisition Instruments
Abstraction Sheet
Alternative abstraction sheets
Lessons learned
Interview plans
Alternative abstraction sheets
Lessons learned
GQM Planning Process
For each activity:
Process description
Descriptions of products
Guidelines on how to do it
Problem/solution statement
Cost/effort information

Fig. 5. Taxonomy of GQM entities.
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objects

el object type
SwW pr'o-cés; SW product resources
object specialization
development maintenance ¢4 design doc. hardware software
document
process process
n /\
- // \\ ~ / \ object aggregation
~
- - / \ ~ / \
analysis design implelnentation test user req.developer req.

requirements

Fig. 6. Taxonomy of objects—example.

Guidelines Guidelines and heuristics provide additional concept of GQM entities. The term GQM entity summarizes
practical and intuitive support for the performance of two main classes: phases/activities of the GQM planning
processes/activities, e.g. select the GQM goals rigorously: process and GQM products consumed or produced by the
concentrate on only the most central issues and a few impor-process. A taxonomy of GQM entities is defined in Fig. 5. It
tant goals. They can be derived from experiences gatheredshows the decomposition of GQM products and process into
during the establishment of GQM-based measurementsingle GQM entities. For each of these GQM entities,
programs. This again can increase effectivity and efficiency different types of knowledge can be reused, as indicated
of the process performance. in Fig. 5 in italics.

Problem/solution statement3hey provide knowledge In the next subsections, we detail the types of reusable
about problems which were encountered in the past andknowledge for all relevant GQM entities.
the extent to which the solutions applied in the past have
been successful. For example, in a past measurement.2.1. Knowledge about the measurement goal
program invalid data were provided owing to missing Goals from past measurement programs can be suggested
motivation of the participants. As a solution, additional as initial candidates for the goals of the present measure-
goals were included in the measurement program, reflectingment program. Adequate goals are identified considering
the interests of all persons involved. Problem/solution measurement programs with similar organizational/project
statements can help prevent problems early on and alsocharacteristics and improvement goals.
provide suggestions for potential solution strategies. Knowledge about objects of study can be provided in the

Cost/effort information Knowledge about the cost and form of a taxonomy of objects describing a stepwise spe-
effort related to the GQM phases/activities can help the cialization of objects which can be analysed in a measure-
management of a measurement program by providing quan-ment program. The taxonomy represents a faceted
titative data for planning and control. An example of effort classification [13] by classifying the objects along several
data is that about 70% of the measurement effort is related todimensions, as illustrated in Fig. 6. For example, a software
the planning phase and 30% to the collection, analysis andproduct can be classified as a requirement document, design
interpretation of the data [8]. The knowledge can be derived document, etc., or be decomposed into modules. The struc-
by setting up measurement accompanying all measurementure of the taxonomy reflects the organization-specific

programs focusing on the required cost and effort. understanding of these objects. The identification process
is guided by using the taxonomy as a decision tree, refining
4.2. Taxonomy of GQM entities the objects step-by-step, until an object (or several) of inter-

est in the present measurement program has been identified.
Products and processes related to the GQM planningA glossary defining the environment-specific terminology
process which may be reused are structured through therelated to potential objects of study enables the consistent

maintenance process: The process of modifying a software system or component after delivery to cor-
rect faults, improve performance or other attributes, or adapt to a changed environment.

requirement analysis: The process of studying user needs to arrive at a definition of system, hardware,
or software requirements.

requirement document: A document that specifies the requirements for a system, hardware item, or
software item are presented to project personnel, mangers, users, customers, or other interested parties
for comment on approval. software: Computer programs, procedures, and possibly associated documen-
tation and data pertaining to the operation of a computer system.

test: An activity in which a system or component is executed under specified conditions, the results are
observed or recorded, and an evaluation is made of some aspect of the system or component.

Fig. 7. Excerpt of a glossary for ‘objects of study’—example [10].
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Table 4
Measurement purposes [1]
Purpose Description
Characterization Aims at forming a snapshot of the current state/performance of the software development products and processes.
Evaluation Aims at comparing and evaluating products and processes.
Monitoring Aims at following the trends/evolution of the state/performance of processes and products.
Prediction Aims at identifying relationships between various process and product factors using these relationships to predict relevant
external attributes of products and processes.
Control Aims at identifying causal relationships that influence the state/performance of processes and products.
Change Aims at identifying causal relationships in order to change the development process to obtain higher product qquality and

process productivity.

definition of the object of study across projects. For roles and their responsibilities involved in the software

example, terms may be defined based orfteE Standard
Glossary of Software Engineering Terminoldgge Fig. 7).

process further enables the precise and appropriate selection
of potential stakeholders in the measurement program (see

This can be used as a starting point and be refined accordingrable 5).

to environment-specific characteristics.

A characterization template structures the context

A template for possible purposes of a measurementinformation for the measurement program and points out
program [1,5] has been defined. The template, as shown inrelevant characteristics of the environment and the software
Table 4, explicitly defines the potential motivations for project, where the measurement program takes place (see
measurement and can be refined in a given environment.Table 6). Characterization can be facilitated by reusing
The (re-)use of the template can assist the selection of thethese templates across the organization. The templates can
appropriate purpose, and a consistent use of these termbe developed based on past characterizations and are likely
across projects is more likely. to be refined over time. A glossary defining the context-

As the objects of study, the quality foci can be classified specific terminology, e.gversion can be specified as a
with respect to several dimensions. An example of a taxon- initial release or re-release of a software product, supports

omy of quality foci specialized with respect to one dimen-
sion is presented in Fig. 8. An explicit taxonomy supports
the identification of relevant quality attributes for a given
project and the precise specialization of this quality focus to
an appropriate level of granularity is facilitated. Explicit
definitions of quality attributes in a glossary (e.g. [11] as
shown in Fig. 9), at all levels of refinement, support a con-
sistent and precise understanding about the quality foci.

the adequate and consistent use of terms in the characteriza-
tion of the actual measurement program. Lessons learned
about the measurement goals in past measurement programs
can inform whether they have been achieved successfully,
which problems they encountered, and how they have been
solved. This can be done in the form of problem/solution
statements, describing the problem that occurred, its solu-
tion and the resulting outcome. Concerning measurement

Therefore, misunderstandings are prevented and repeatedoals, common types of lessons learned are:

redefinitions of these terms are no longer necessary.
Support on the identification of the viewpoint can be

provided by specifying the organizational structure, roles
and responsibilities. The organizational structure captures
important properties of the organizational context, such as
information flow and coordination between process partici-
pants (see Fig. 10). As organizational structures are often
complex, an explicit model helps determine the potential

uses and users of the measurement results by exposing

interdependences between all roles involved in the software
process. Explicit, organization-specific descriptions of the

quality focus

maintainability reliability cost

user

Interdependences of the GQM goal to the underlying
improvement program through concerning problems
with respect to the contribution of the measurement
program to the organization improvement goals. For
example, if the organization focuses on the improve-
ment of quality in terms of reliability, the definition of

a measurement goal focusing on effort distribution is
inappropriate.

Interdependences between different goals in a measure-
ment program, e.g. regarding a cost/benefit analysis it
can be advantageous to split the measurement goal into

quality specialization

functionality

satisfaction

PN

correctability expandability ...

effort schedule

quality specialization

AR

completeness correctness robustness

Fig. 8. Taxonomy of quality foci—example.
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Correctability: The degree of effort required to correct errors ins software and cope with user com-
plaints.

Efficiency: An attribute that bears on the relationship of the level of performance to the amount of
resources used under stated conditions.

Expandability: The degree of effort to improve or modify the efficiency or functions of software.
Maintainability: An attribute that bears on the effort needed for specific modifications.

Reliability: An attribute that bears on the capability of software to maintain its level of performance
under stated conditions for a stated period of time.

Fig. 9. Excerpt of a glossary of quality attributes [11]—example.

two separate goals, one focusing on costs and a secondneasurement program. Examples of questions have been

one focusing on benefits. illustrated in Fig. 2. Reusing questions from past measure-
* Relationships to organizational and project characteris- ment programs can reduce the effort and help achieve higher

tics, e.g. between the object of study and the existence ofcompleteness, although it usually requires some amount of

a descriptive process model
example, if a problem occurred owing to the high-
level definition of the object of study (implementation

in organization. For tailoring. In addition, recurrent question patterns are created
and refined across software projects and over time. Lessons
learned on the use of questions can be provided, improving

process), because no explicit process model wasthe effectiveness and efficiency of measurement:

available, which would have allowed a more precise |
definition of the object. As a solution, a descriptive
process model was developed before planning the mea-
surement program. Then, due to the availability of a
descriptive process model, the phase and activities of |
the software process could be identified precisely.

Capturing explicitly problem occurrences regarding
specific GQM products can prevent the occurrence of
these problems in the future. Capturing solution strategies,

Interdependences of questions to goals, e.g. if a specific
question was derived with respect to. a GQM goal, but
turned out to be irrelevant or had to be reformulated in
order to express the need for information more adequate.
Interdependences between different questions of the
GQM plan. For example, if a specific question on the
impact of tool availability on required redevelopment
effort, only becomes relevant in relation to the analysis
of development effort.

beside the problem descriptions, helps address emerging
problems by providing knowledge on solutions which

have been applied successfully in the past. 4.2:3. Knowledge about models

Each question in the GQM plan is operationalized by
defining detailed quality or resource models. Resource
4.2.2. Knowledge about questions in the ggm plan models describe, evaluate, or predict resource consumption

Questions defined in a GQM plan can be structured in the context of software development and maintenance,
according to question categories defined by [1,5], as e.g. effort distribution per phase of the software develop-
described in Table 2. Reusing these categories guides theanent process. Quality models describe quality attributes of
complete identification of relevant types of questions and all kinds of products or processes. Quality models can be,
helps structure the GQM plan. Questions from past e.g. model of fault distribution per phase of origin in
measurement programs used for similar goals can be sugthe software development process. A taxonomy
gested as potential candidates for questions in the currentdescribing the refinement of abstract concepts into detailed

_ [Release Docs Re-|
» views

¥ Release
e System Integrity
Release Support
A
Y 3 Change
Modified Baseline Configured requirements
Components || source code Release g Y

Reliable
Software

Configuration

Manager

Fig. 10. Excerpt of an actor-dependence model of a maintenance organization [4]—example.
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Table 5

Descriptions of organizational roles [4]—example

Roles Responsibilities

Testers Present acceptance test plans, perform acceptance test and provide change request to the maintainers when necessary.
Users Suggest, control and approve performed changes.

QA Engineer Controls maintainers’ work (e.g. conformance to standards), attends release meetings and audits delivery packages.
Maintainers Analyse changes, make recommendations, perform changes, perform unit and change validation testing after linking the

modified units to the existing system, perform validation and regression testing after the system is recompiled by the
Configuration Manager
Management Is officially responsible for selecting software changes, gives official authorization and provides the budget.

quality/resource models, guides the selection of suitable  particular context factor, e.g. availability of tool support,
models for the questions in the GQM plan and provides a  on an effort model could not be confirmed.

decision rationale (see Fig. 11). It also structures the refine-» Interdependences between different models, such as, for
ment of models into different levels of abstraction. This example, between fault and failure models.

drives the derivation of appropriate models in a specific

organization. Descriptions of alternative models in each )

category and their underlying assumptions can be used for4-2-4. Knowledge about attributes . .

the more refined selection of an appropriate model. An Attributes are the properties of the objects analysed in the
example of a quality model is provided in Fig. 3. it can be Measurement program. The attributes are measured and
further supported by modeling relations between questionsintegrated into quality/resource models in order to answer
and models used in past measurement program, pointing ague;tions. A glossary of standards anq environm_ent-specific
possible relevant quality/resource models for a given terminology [11] can be reused, providing a consistent over-
question. The definiton of these models requires in ViEW on the organization-specific terminology (see Fig. 12).
particular a large amount of effort and expertise in measure- For the derivation of measures from questions and quality/
ment. Reusing models developed in the past may, therefore Fésource models, existing knowledge about relevant object
considerably reduce this effort, although adaptations to attributes in the software process has to be considered. The
specific project characteristics might be necessary. Furtherdefinition of measures by defining the attributes operation-
improvement of the effectiveness and efficiency can be ally can be supported by providing a taxonomy of attributes

achieved by lessons learned on the development and usdn relation to the quality/resource models and possible mea-
of the models: sures for each attribute category (see Fig. 13). (Re-)using

this knowledge is expected to reduce the effort for the defi-
* Interdependences of models to context characteristics. pjtion of the measures and the tailoring to objects of the
For example, if the use of a specific cost model has software process under study. Various types of lessons
been inadequate for a specific type of software project. |eared regarding the attributes can be provided:
« Interdependences of models to questions of the GQM
plan. For example, if a specific model has been advanta-*  Relationships of attributes to models describing the rele-
geous for answering a specific question in the past. vance of particular attributes for the definition of a
* Interdependences of models to quality foci. For ~ model. _ _ _
example, regarding the appropriateness of certain® Relationships of attributes to quality foci, e.g. the com-
models in order to achieve a measurement goal. plexity of a software systems has an impact on the effort
« Interdependences of context factors on models. For  for the software project.
example, if in the past the expected impact of a * Interdependences between different attributes, e.g. with
increasing size of the system, the complexity will also
Table 6 increase.
Environment characterization template—example

Environment information Company XYZ 4.2.5. Knowledge about measures

Size of organization (No. people) 100 The operational definition of the attributes can be
Percentage of SW people 20% supported by taxonomies, a catalog of measures, their
Industrial sector(s) telecommunication properties, and lessons learned gathered from their past
Products and/or services marketed telephone systems .. .

Life-cycle model waterfall application. The measures for each type of attribute can
Tools used CASE tools be refined into a taxonomy (see Fig. 14). The taxonomy
Type of SW produced embedded systems guides the identification of the appropriate and applicable
Average No. of installations at the1000 measures for each attribute, by representing a decision tree
customer . o capturing different measurement properties. For example,
Crucial quality aspects reliability, maintainability

during the definition of a coupling measure, various
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quality models

quality specialization

yroneness cost
fault models ef( Xedu]e

T i

quality specialization

_- - model instances

/ ~ - l‘ ~
fault cumulative bayesian COCOMO Halstead-  Function
density fault growth sw science points
profile model

Fig. 11. Taxonomy of quality models—example.

decisions have to be made. The taxonomy directs theprocedures, is provided in Table 3. The reuse of knowledge
decision by providing decision criteria at each level, e.g. about the data-collection procedures from past measurement
the level of granularity at which information is gathered, programs in similar environments is expected to reduce the
and possible alternatives, e.g. regarding the criteria treat-effort for the development of the procedures and should
ment of inheritance, the distinction between inheritance- offer reuse opportunities in terms of collection instruments.
based coupling and non-inheritanced-based coupling. Furthermore, by reusing data-collection procedures which
Traversing the taxonomy, finally, specific measure have been successful in the past, the adequacy of the
candidates are indicated. Pointers to relevant measures caprocedures to the process and organization can improve
be provided for the quality/resource models which have also and be refined over time. Lessons learned about the collec-
been used in the past by providing a catalog of measurestion procedures can improve the reliability and validity of
providing their definitions, properties and underlying data collection:

assumptions (see Fig. 15). To ensure the adequate reuse of
measures, the assumptions about the contexts in which they
can be applied and their properties must be explicitly stated.
This facilitates the adequate selection of measures and their,
eventual adaptation to characteristics of the present
environment. Various types of lessons learned regarding
the measures can be provided:

Interdependences of data-collection procedures to
measures, e.g. by describing which measures can be
collected automatically by which tools.

Interdependences of data-collection procedures to soft-
ware process, products or resources. For example, in
order to keep overheads minimal and avoid resistance,
fault data has to be collected as an integrated part of

» Relationships (casual or not) to other measures, e.g. a
measure on complexity on measures on size. .
» Sensitivity analysis to phenomena such as reuse, pro-

change documentation.
Analysis of reliability and validity of data-collection
procedures, e.g. collecting development effort data

weekly instead of monthly increases its validity, without
excessive augmentation of data-collection effort.

gramming language features, etc.
» Typical range/distribution of values. For example, for a
specific type of software project fault density varies

between 2 faults/KSLOC to 5 faults/KSLOC. 4.2.7. Knowledge about data-collection instruments

In general, support for those different instruments, e.g.
4.2.6. Knowledge about data-collection procedures tools or questionnaires, can be provided in several forms,
Various facets of data-collection procedures can be e.g. through usage prerequisites, guidelines, or the instru-
captured in a taxonomy (see Fig. 16) which provides ments themselves. An explicit overview on existing and
guidance for the specification of the data-collection proce- available tools in a particular environment, and their appli-
dure through the explicit representation of alternative cation preconditions guides the selection of a specific tool
decisions. Decision guidelines may be associated with based on an explicit rationale. The application of the tools
each branch. A list of alternative procedures for each can be supported by knowledge on past problem occur-
measure and their usage prerequisites can support theences, e.g. certain tools cannot interface and exchange
definition of data-collection procedures. An example for a data and how this was resolved. The development of
measurement plan, as a specification for the data-collectionquestionnaires for the collection of subjective data, e.g.

cohesion: The manner and degree to which the tasks performed by a single software module are
related to each one another. Types include coincidental, communical, functional, logical, procedural,
sequential, and temporal.

complexity: The degree to which a system or component has a design or implementation that is dif-
ficult to understand and verify.

maintainability: An attribute that bears on the effort needed for specific modifications.

Fig. 12. Excerpt of glossary of attributes [11]—example.
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Fig. 13. Taxonomy of attributes—example.

subjective product measures and process measures, can heused as a checklist. Variation factors indicate factors
guided by a taxonomy of questionnaires used in past which might have an impact on the quality dimensions in
measurement programs (see Table 7). Questionnaires fronthe current measurement program. The stated impact on the
past measurement programs can be retrieved and reusecaselines hypotheses can be used in order to direct the reuse
Lessons learned with respect to the use of these questionof these variation factors according to which quality dimen-
naires can help an organization improve the reliability and sions are influenced. Lessons learned on the use abstraction
validity of the data collected: sheets can point out potential problems in future interviews:

< Analysis of validity of data-collection instruments, e.g.
stating a high variation between answers of a question-
naire owing to missing explanations of the answer
categories.

* Analysis of application of instruments for data collec-
tion, e.g. if questionnaires were not answered owing to ¢
the lack of a submitting process.

Reusing knowledge about tools and questionnaires from

Relationships of the entries in the abstraction sheet to the
goal, e.g. if a particular quality model is addressed in all

individual abstraction sheets on one measurement pro-
gram, the importance of the model with respect to the
goal is emphasized.

Relationships of the entries to the questions/models/
measures, e.g. concerning difficulties, while developing
a model based on an abstraction sheet entry on ‘tool
support (low, high, medium)’ due to the lack of a defini-

past measurement programs is expected to reduce the effort
of designing appropriate collection instruments for support-
ing data-collection procedures, the development of the Interview plans describe the steps for performing inter-
instruments, and their tailoring to organization-specific views, their supporting material, and their usage, e.g. dis-
needs. tribution of reading material in advance (see Fig. 17). They
can be reused in order to prepare interviews in the current
4.2.8. Knowledge about knowledge-acquisition instruments measurement program, reducing the effort of the prepara-
Abstraction sheets developed in past measurement pro-ion of the interview plan and the tailoring of the plan to the
grams can be (partly) reused in a measurement programorganization-specific needs.
with similar goals and context, improving the quality and Besides (re-)using knowledge regarding the products of
appropriateness of the output of the interviews. They can the GQM process, knowledge about the performance of the
provide an overview on relevant aspects regarding certain process itself can provide additional support.
measurement goals. Knowledge stated in the quality focus A description of process/activities includes a description
can be used in order to indicate potentially relevant quality of the activity, consumed/produced products in the process/
dimensions. The respective baselines hypotheses can bactivity, roles involved, and entry/exit criteria. Such a

tion of the classification categories.

coupling

_ =7 ST - — _ level of granularity

— e ~ -
method class set of classes  system
-

AN -

. -
.- - N T - - treatment of inheritance
- . .. “ N . -
inheritance-based non-inheritance-based
coupling coupling
Y '
N ! measure instances
AAIC - IFAIC

Fig. 14. Taxonomy of measures [2]—example.
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Import coupling of a software part (IC)

Assumption: The more dependent a software part on external data declarations, the more external
information needs to be known in order to make the software part consistent with the rest of the system.
Definition: Import coupling is the extent to which a software part depends on imported external data
declarations.

Property: Monotonicity: Let m/ be a module and //(m1), its set of important interactions. If m2 is a
modified version of m1 with the same sets of data and subroutine declarations and one more import
interaction so that II(m2) includes II(m1), then import_coupling(m2) = import_coupling(ml ).

Metric: Given a software part sp, Import Coupling of sp (denoted by IC(sp)) is the number of interac-
tions between data declarations external to sp and the data declarations within sp.

Fig. 15. Measure—example [3].

process description, defined based on experiences from pagpeople felt concerned by the measurement program and
measurement programs, can guide the performance of thesupported it. Cost/effort information, specifying the
GQM process (see Fig. 18 for a short example). By creating typical cost and effort related to the application of
organization-specific GQM process models, subsequentthe GQM process in the past, can support the planning
tailoring efforts are reduced. Reusing the tailored GQM of a measurement program with respect to resource
process descriptions allows the iterative improvement of allocation and scheduling. Examples of effort data
the process to the organization-specific characteristicsare [8]:

from one project to another. Descriptions of the GQM pro-
ducts outline the structure and expected content of a product
and can guide its development. For example, the perfor-
mance of interviews can be guided by pointing out the issues
to be addressed during the interview according to the struc-
ture of an abstraction sheet (Fig. 1). Based on experiences 1 3. Levels of abstraction
gained from the establishment of GQM-based measurement

programs in past projects, guidelines and heuristics about
the application of the GQM approach can be derived (see
Fig. 19). They can be stated as lists of Do’s and Dont's. If
possible, if-then-else rules can be derived, referring to
relevant context factors for the application of the guidelines.

The total effort needed for introducing GQM-based
measurement is about 1 person year.

The relation of the effort of the planning and execution
phase is about 2/3 (planning) to 1/3 (execution).

The reusable knowledge as described in the previous
section can be provided on different levels of abstraction:

Project-specific instances of GQM entitie®n the
lowest level, project-specific instances of the GQM

They provide additional guidance for the application of the

GQM approach. Reusing knowledge on potential problems
can help to prevent the repetition of mistakes made in the
past and provide adequate solution strategies for emerging
problems. This knowledge can be captured by describing
the problem, proven solutions, and providing an assessment
of the solutions. For example, because project manager and
software developers were interested in different measure-
ment goals, no common measurement goals could be
defined. As a solution, at least one goal from each

perspective was selected and, consequently, all involved

collection procedures

entities gathered from one particular software project
are represented, e.g. instances of GQM processes custo-
mized to a specific software project, or instances of
GQM products, which have been produced during the
performance of the measurement program. The knowl-
edge represented on this level of abstraction, reflecting
only experiences gained in one specific software project,
has to be packaged and integrated into the existing
organizational experiences for effective reuse on future
projects. Therefore, from this project-specific knowl-
edge, more general entities have to be developed,

— -~ object type
==z ~~_ ject typ
process product resdurce
7 . /V -
. -~ event type
periodicéﬁy roc\s orle.nted product state
A (%egm /end
, / \\ resource type
tool human /
/ \ o
/ ) \ data collection instrument
configuration effort
management  report
tool form

Fig. 16. Taxonomy of data collection procedures—example.
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Table 7
List of questionnaires—example [12]
Category Name Description
Project Forms Project Start-up Form Records general project information collected at the project start-up meeting.
Project Estimates Form Records the completion estimates for project parameters; is filled out by project managers.
Effort Forms Personnel Resources Form Provides information on hours spent on a project and how the effort was distributed; is filled out
weekly by software developers or maintainers.
Maintenance Forms Maintenance Change Characterizes the maintenance performed in response to a change request.
Report Form
Change Report Form Records information on changed units; is filled out each time a configured unit is modified.

subsuming experiences across individual software will be used to identify adequate experiences with respect to
projects. the characteristics of a new project. It can be classified into

* Generic templates of GQM entitieBhe project-specific  the following categories:
instances are integrated and represented on a more,
abstract level in order to be applicable across various
software projects with similar characteristics. The
integration of project-specific instances also has to be
done in order to synthesize all knowledge in a given |
environment. The resulting generic instances of GQM |
entities are reused in future software projects with simi-
lar characteristics by providing templates for the GQM
entities. According to project-specific parameters, these
templates may have to be instantiated, tailored and 5.1. Environment information
adapted to the actual application project characteristics.

e General structure of GQM entitie©n a higher level, For correct retrieval of the knowledge from the knowl-
general GQM entities can be formulated in order to edge base, an appropriate and unambiguous characterization
provide a general framework for the application of pro- of the environment from which the GQM entity has been
cesses, and the development of products for measure-obtained is essential. Characterizing the environment is
ment programs across environments. important for relating a GQM entity to the appropriate con-

text from which it has been derived. The entities have to be

classified with respect to a variety of characteristics. This
allows the clustering of projects with similar characteristics
and goals. According to these clusters, generalized tem-

In the last section, we identify the knowledge which can plates for GQM products can be packaged in ordgzr 0
increase the effectiveness of reuse. Such a description of

be reused and support the planning of measurement pro- : : o
. ) . the environment includes, for example, the characterization
grams. In this section we examine how the knowledge : i
. oL ) of the following aspects:
gained on individual projects has to be packaged and
represented. e Organizational environment e.g. business sector,
In order to allow intelligent and efficient reuse, additional standard process models, organizational structure;
knowledge has to be captured. This additional knowledge « Business and improvement goals of the organization

Environment information describing the context from
which the knowledge originate

Basic information explaining the acquisition and repre-
sentation of the knowledge

Interdependences between individual GQM entities
Information regarding the reuse of the specific GQM
entity in the past

5. Representation and packaging of knowledge

Interview Plan

1.Motivate the establishment of GQM-based measurement

2. The interviewees have to be informed about the purpose of the interviews and the usage of the ac-
quired information.

3. Give confidentiality guarantees

4. Perform the interview

4.1 Explain the GQM goal

4.2 Ask the interviewee to specify the quality focus

4.3 Ask for baseline hypotheses for each quality dimension

4.4 Ask which variation factors may have an impact on the quality dimensions

4.5 Ask for each variation factor, on which quality dimensions it will have an impact.

5. Finish the interview by pointing out whether further interviews are necessary and when feedback
will be provided.

Fig. 17. Simple interview plan—example.
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Identification of GQM Goals
Based on the environment information collected in the previous phase, GQM
goals are derived from the high-level business goals, the organization’s stra- 3 ontify GQM

tegic goals and mission, or more directly from the organizational improve- goals dosorpion
ment goals regarding major concerns/problems and the project goals.The dif- specify |
. . measure-
ferent goals are formulated as GQM goals in terms of: object of study, pur- || mentgoals
pose, quality focus, viewpoint and environment.In order to concentrate on

. . . L specify elected
the most important goals, the identified GQM goals are prioritized and the GQM - GQM goals

most important ones wrt. the needs of the organization and the specific goals

project are selected. rank and
select

entry criteria:The description of environment is updated and the GQM goals

goals of the measurement program are not yet defined or have to be changed.
exit criteria:The goal documentation is complete.
roles involved: GQM experts, project team, project manager, senior manager

Fig. 18. GQM process description—short example.

e.g. to reduce effort by 30% in the next 3 years, or to « Representativenessterms of the number of individual

dominate a specific market niche; software projects from which the entity was derived;
» Software project includinge.g. used process models, ¢ Administrative information such as access rights,
tools, planned effort and duration; ownership.

» Software project-specific goal®.g. to complete the
project within the planned schedule;

* Measurement prograjre.g. restrictions with respect to
duration, availability of expertise and tool support.

The purpose of this information is to determine whether
the respective GQM entity is relevant in a given context
before being evaluated for reuse. For example, when a
GQM entity was acquired from a specific role, e.g. a

The environment characteristics have to be analysed withmeasurement expert, and is planned to be reused by a
respect to their impact on the experiences gathered in theproject manager, its reuse could cause misunderstandings
measurement programs, aiming at the identification of a due to their different viewpoints and understandings.
minimal set of relevant context factors. Reusable experi- Providing basic information will explicitly indicate these
ences are captured in relation to these context characteristicproblems and prevent the reuse of inadequate knowledge
in order to provide adequate support. for particular reuse needs.

5.2. Basic information 5.3. Interdependences

In_ order 1o _support the appropriate usage .O.f the The GQM entities to be reused are related by a complex
available experiences, basic knowledge on the entities has

. o A ; net of interdependences. These interdependences have to be
to be provided. This includes the following information - e )
about: explicitly modeled to facilitate the comprehensive reuse of

GQM entities. Structural interdependences specify intercon-
» Purpose of capturing the entitye.g. a GQM goal nections among lower-level and higher-level entities, thus
template is captured in order to provide guidance for supporting the management of complexity via abstractions.
the comprehensive definition of the measurement goal The following structural interdependences have been

by pointing out the relevant dimensions; identified.
* Viewpoint stating the role from whom the knowledge  Generalization It denotes a relationships( @ between
was acquirede.g. manager, developer; an object type and one or more refined or specialized
» Representation form in which the entity is captured in versions of it. Thes_a relationship for GQM products is
the knowledge base.g. textual, graphical, rule; represented by the taxonomy of classes of GQM products in
» Acquisition techniquespecifying how the entity was  Section 4 and for QM processes in Fig. 20.
derived, e.g. interview, statistical analysis; Instance-of The instance-ofrelation is a special case of

Guidelines: Identification of GQM goals

> Allroles affected by the measurement program should participate in the goal-identification, e.g.,
management representatives, project manager, project tteam members, and the GQM team.

> The GQM goals should be selected rigorously: concentrate on only the most central issues and
a few important goals.

> If GQM is introduced into the organization, then focus on building a basic understanding and
the setting of quantitative baselines.

Fig. 19. Guidelines [6]—example.
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Ident. of GQM goals

Dev. of GQM plan

GQM Interviews

Dev. GQM Plan-Question
Dev. GQM Plan-QR Model
Dev. GQM Plan-Measures

Review GQM Plan

GQM Process Dev. Measurement Plan

Dev. Measurement Plan - What?

Dev. Measurement Plan - When?

Dev. Measurement Plan -By Whom?

Dev. Measurement Plan - How?

Review Measurement Plan

Dev. Collection Instruments

is_a relationship

Fig. 20. Generalization.
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Aggregation This is used to combine objects to form a
higher-level aggregate object. The individual constituents of
an aggregate constitute components of the representation. In
this role, they are parts of an object's representation
(part_of). The aggregation relation is illustrated in Fig. 21.

Defines-relationship In the context of GQM-based
measurement program a specific interdependence between
GQM products has been identified: tliefines(or con-
versely, is _defined_by relationship, see Fig. 22. This
relationship describes the fact that a GQM product (e.g. a
guestion in the GQM plan) is defined based on another
GQM product (e.g. a quality dimension of the abstraction
sheet). The explicit modeling of this interdependence
guarantees the traceability between the individual GQM
products.

5.4. Information regarding the reuse of GQM entities

In order to improve continuously the reuse of entities and
evolve a methodology for the systematic reuse of GQM
entities, information is captured about their reuse instances.
This information is the basis for organizational learning
regarding the reuse of GQM entities. It includes information

generalization. This interconnection is established between2P0Ut:

a concrete object (an instance) and its type. The type of.
objects is defined as a precise characterization of properties
with respect to structure or behavior, which are common for
a certain set of entitiesclasses of GQM entitig¢s An
instance of a class of GQM entities is a concrete project-
specific instantiation of this entity, e.g. the GQM plan of the .
measurement program MP-2 in the software project
TRANS-X in the company ABC.

Preconditions for reusedescription of necessary pre-
conditions for the reuse of the entity, e.g. for the reuse
of a GQM plan, the measurement has to be implemented
in the context of a well-defined and planned organiza-
tional improvement program;

Expected adaptationglescription of adaptations done in
the past when reusing the entity and the relevant factors
which motivated the adaptations;

_» Contents — — — has_parts relationship
—~ __ -» Basic information
GQM Entity o, £ Z _ —» Environment information
> _wGuidelines
<~ -7, Problem/Soluti
~ » Lessonslearned = " roblem/Solution
M Reuse info
P Ident. of GQM goals
/ ,GQM Interviews
/ / wDev. GQM Plan-Question
/ Ve
, , Dev.of GQM plan € — —» Dev. GQM Plan-QR Model
N
/ 7 N O Dev. GQM Plan-Measures
// s M Review GQM Plan
GQM Plafining Process s Dev. Measurement Plan - What?
N \ / » Dev. Measurement Plan - When?
\ 47 b )
4 _y Dev. Measurement Plan -By Whom?
M Dev. Measurement Plan &
\\\ <» Dev. Measurement Plan - How?
\\

\ " Review Measurement Plan

N Dev. Coll. Instruments

Fig. 21. Aggregation.
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L e defines relationship
Context Characterization

' , Project Plan

v v v v

v v Ay v
GQM Goal. . , Abstraction estion i M .. pCollection .. i
AQ » Sheet - - - » Qu 1 _ . » Model. - » Attributes . _ 5 Measures ’Procedure ’Clr?;l(?gg%?n

' Improvement goals

Fig. 22. Defines-relation.

» Expected cost of reusdescription of the expected cost of the measurement goal, in which different roles are
of reusing the entity as a basis to decide whether the involved (e.g. developers, senior management and the
entity should be reused or rather be developed from quality assurance team), the communication is facilitated
scratch; by a glossary of the organization-specific terminology

» Dates of reusedates of reuse in order to provide an regarding potential objects of study providing a consistent
overview on when and how often this entity was definition of these objects. Reuse of lessons learned can
reused; warn for potential problems and support the effective defi-

» Guidelines of reusenow to reuse the entity, e.g. crucial nition of the GQM goal with respect to specific project
quality aspects in an organization, as stated in the characteristics. For example, if the expected duration of
context characterization, can indicate required adapta-the software project is 10 years and the complete software
tion of the quality focus of the GQM goal. development process has been selected as the object of

* Problem/solution statementproblems which arose in  study, a lesson learned indicating the refinement the object
the past reusing this entity, associated with applied solu- of study focusing on a specific phase could warn for a failure
tions. For example, if measures reused in a project in due to a long measurement period until actually achieving
which a different software process model was used, benefits. The definition of the GQM goal is completed in a
turned out to be inadequate and were carefully adaptedsimilar manner for each of the other dimensions.
to the particular software process in place.

6.2. Scenario 2: Definition of quality/resource models

During the development of the GQM plan, quality/
resource models have to be defined to answer questions.
Abstract concepts as described in the questions can be
refined into operational quality/resource models using a tax-
onomy on quality/resource models. For example, if the
guestions focuses on the distribution of defects, a taxonomy
can guide the derivation of the appropriate quality model by
selecting the appropriate defect definition (e.g. fault, failure)
and type of distribution (e.g. per phase of detection, per
6.1. Scenario 1: Definition of GQM goals detection mechanism). Based on the environment character-

istics and the measurement goal, appropriate model defini-

As specified in Section 3.1, the definition of the GQM tions can be identified from past measurement programs.
goals is performed in terms of object, purpose, quality, These models are suggested as potential candidates in the
focus, viewpoint and context of measurement. Based oncurrent project. Before reusing the models, it has to be
knowledge captured from past measurement programs,verified whether their underlying assumptions are still
support for the definition of each of these dimensions is valid. If necessary, the models have to be adapted to specific
provided. For example, the identification of the object to environment characteristics. For example, assuming that
be studied in the measurement program can be facilitatedinspectors capabilities vary extensively, the effectiveness
by a taxonomy of potential objects with respect to the of inspections is expected to depend not only on the size
specific environment. Assuming we focus on the study of of the inspected document, but also on the training of
development processes, the decision of the object of study isinspectors. If not already considered, this new factor has
guided by traversing the process taxonomy (see Fig. 6),to be included in the reused model. The definition of the
providing relevant decision criteria, e.g. scope of the models is further supported through lessons learned
measurement program (e.g. requirements phase, inspectioparticularly related to this model, e.g. the effectiveness
activity), application domain (e.g. embedded real-time model is only applicable when the inspected document is
systems) and indicating possible alternatives at each levelcomplete, i.e. contains all specification, design and code
of specialization. During the discussion about the definition documentation.

6. Reuse scenarios

In Section 4, we described which kind of knowledge can
be reused in order to support the GQM planning process. In
order to illustrate the potential reuse of this knowledge, we
provide some scenarios focusing on particular steps of the
planning of a measurement program.
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6.3. Scenario 3: Definition of data-collection procedures  type of knowledge and GQM entities which can be reused,
what reuse strategies seem adequate and what knowledge-
The development of the data-collection procedures can bebase support is needed to enable an effective and efficient
supported by providing knowledge on this activity by planning for measurement programs. Examples of reuse
describing what has to be done and how. For example, ascenarios, showing how reuse can be integrated into the
process description on what are the objectives (e.g. theplanning process, have also been provided. Future research
integration of measurement into the software process), andincludes the development of specific knowledge-based
what has to be done (e.g. determination of when, by whom, techniques for the retrieval and tailoring of experiences
and how the data has to be collected), supports procesdrom past measurement programs, the acquisition of new
performance. By evolving the measurement process basedexperiences, and the packaging of these experiences into a
on experiences from past measurement programs, theknowledge base.
process description reflects explicitly the knowledge
gathered on the process performance in a specific environ-
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