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Foreword

ISO (the

International Organization for Standardization) and

IEC (the International Electrote

chnical

Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
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Introduction

Measurement supports the management and improvement of processes and products. Measurement is a
primary tool for managing system and software life cycle activities, assessing the feasibility of project plans,
and monitoring the adherence of project activities to those plans. System and software measurement is also a
key discipline in evaluating the quality of products and the capability of organizational processes. It is
becoming increasingly important in two-party business agreements, where it provides a basis for specification,

b ol N b H
Mmanagementandacceptance criterar

Contindial improvement requires change within the organization. Evaluation of change requires
Measufement itself does not initiate change. Measurement should lead to action and-not-be e
to accymulate data. Measurements should have a clearly defined purpose.

This |

and mpnagement disciplines. The process is described through a model(that defines the 3
measufement process that are required to adequately specify what measurement information ig
the mdasures and analysis results are to be applied, and how to determine if the analysis re

The m

The mieasurement process defined in this International Standard, while written for system

domair

measurement.

nployed purely

ernational Standard defines a measurement process applicable to system and software engineering

asurement process is flexible, tailorable, and adaptable to thé-needs of different users.

s, can be applied in other domains.
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INTERNATIONAL STANDARD

ISO/IEC 15939:2007(E)

Systems and software engineering — Measurement process

1

Scope

1.1

urpose

This International Standard identifies the activities and tasks that are necessary to successfully

select,|apply and improve measurement within an overall project or organizational measurem
also prpvides definitions for measurement terms commonly used within the systemi.and softwar

This Ipternational Standard does not catalogue measures, nor does it (provide a recomn
measufes to apply on projects. It does identify a process that supports defining a suitable set of|

addre

1.2
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by
infi
by
to

by
an
in

m4q

specific information needs.

ield of application

ternational Standard is intended to be used by suppliers and acquirers. Suppliers inc
Ning management, technical and quality management functions in system and softwars
hance, integration and product support organizations. Acquirers include personn
ement, technical and quality management functions in procurement and user organizatio

owing are examples of how this International Standard can be used:

a supplier to implement a measurement process to address specific project or
brmation requirements;

an acquirer (or third-party-agents) for evaluating conformance of the supplier's measur|
his International Standard:

an acquirer (or third-party agents) to implement a measurement process to address sp,
] project management information requirements related to the acquisition;

A contract\between an acquirer and a supplier as a method for defining the proces
asurement information to be exchanged.

!
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hended set of
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development,
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1.3 T

[ailoring this International Standard

This International Standard contains a set of activities and tasks that comprise a measurement process that
meets the specific needs of organizations, enterprises and projects. The tailoring process consists of
modifying the non-normative descriptions of the tasks to achieve the purpose and outcomes of the
measurement process. All normative clauses need to be satisfied. New activities and tasks not defined in this

Interna

tional Standard may be added as part of tailoring.

1.4 Conformance

Conformance to this International Standard is defined as satisfying the purpose and outcomes of the
measurement process and all of the normative clauses within the tasks in Clause 4. Any organization
imposing this International Standard as a condition of trade is responsible for specifying and making public all
task-specific criteria to be imposed in conjunction with this International Standard.
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Throughout this International Standard, “shall” is used to express a provision that is binding on the party that is
applying this International Standard, “should” to express a recommendation among other possibilities, and
“may” to indicate a course of action permissible within the limits of the International Standard.

It is the responsibility of the organization to maintain appropriate evidence of satisfaction of the normative

clauses for the

purposes of demonstrating conformance.

1.5 Limitations

This International Standard does not assume or prescribe an organizational model for measurement. The user
of this International Standard should decide, for example whether a separate measurement function is

necessary withi
individual proj
constraints.

This Internatig
documentation
combined in s(

The measuren
aspects of inte]
they are assun

This Internatio

that are alrea
situations neeq

2 Terms 3

nal Standard is not intended to prescribe the name, format or explicifocontent
to be produced. This International Standard does not imply that documents’be packg
me fashion. These decisions are left to the user of this International Standard.

nent process should be appropriately integrated with the organizational quality system.
rnal audits and non-compliance reporting are covered explicitly in.this International Stan
ned to be in the domain of the quality system.

hal Standard is not intended to conflict with any organizatighal policies, standards or prog

dy in place. However, any conflict should be resolv€d and any overriding conditio
to be cited in writing as exceptions to the applicatien of this International Standard.

nd definitions

For the purposes of this document, the following terms-and definitions apply.

21
acquirer
stakeholder th

E
[ISO/IEC 1528

NOTE Othg
2.2

attribute
property or ch
automated me

acquires or procures a product or service from a supplier
:2008]

br terms commonly-used for an acquirer are buyer, customer, owner and purchaser.

aracteristic of an entity that can be distinguished quantitatively or qualitatively by hu
ans

bcts O across prOJects based on the current organlzatlonal structure culture and pre

within
vailing

of the
ged or

Not all
jard as

edures
s and

man or

23

base measure
measure defined in terms of an attribute and the method for quantifying it

NOTE 1

NOTE 2

A base measure is functionally independent of other measures.

Metrology, 1993.

24
data

collection of values assigned to base measures, derived measures and/or indicators

© ISO/IEC 2007 — Al rights
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25
data provider
individual or organization that is a source of data

2.6
data store
organized and persistent collection of data and information that allows for its retrieval

2.7

decision criteria

thresholds, targets, or patterns used to determine the need for action or further investigation, or to describe
the level of confidence in a given result

2.8
derivefl measure
measufe that is defined as a function of two or more values of base measures

NOTE Adapted from the definition of “derived quantity” in the International Vocabulary-of Basic and General Terms in
Metrolopy, 1993.

29
entity
object that is to be characterized by measuring its attributes

NOTE An entity can be a process, product, project or resource.

210
indicator
measufe that provides an estimate or evaluation of specified attributes derived from a model with respect to
defineq information needs

2.11
indicator value
numerical or categorical result assigned to an indicator

212
information need
insight|necessary to manage objectives, goals, risks and problems

213
information product
one or|more indicators*and their associated interpretations that address an information need

EXAMHLE A_comparison of a measured defect rate to planned defect rate along with an assessmgnt of whether or
not the fifference indicates a problem.

214
measurable concept
abstract relationship between attributes of entities and information needs

215
measure, noun
variable to which a value is assigned as the result of measurement

NOTE The plural form “measures” is used to refer collectively to base measures, derived measures and indicators.

2.16
measure, verb
make a measurement

[ISO/IEC 14598-1:1999]

© ISO/IEC 2007 — All rights reserved 3
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217
measurement

set of operations having the object of determining a value of a measure

NOTE

2.18
measurement

Adapted from the International Vocabulary of Basic and General Terms in Metrology, 1993.

analyst

individual or organization that is responsible for the planning, performance, evaluation and improvement of

measurement

219

measurement
data store that
any lessons le

2.20
measurement
algorithm or cz

2.21
measurement
individual or or

2.22

measurement
logical sequer
specified scalg

NOTE1  The
types can be dig

subjective:

objective: g

NOTE 2 Bas
Terms in Metrol

2.23
measurement
set of operatio
given method

[International

2.24

[€eXperience base
contains the evaluation of the information products and the measurement process-as
brned during the measurement process

function
Iculation performed to combine two or more base measures

librarian
ganization that is responsible for managing the measurement'data store(s)

method
ce of operations, described generically, used in\Quantifying an attribute with respe

type of measurement method depends on the«nature of the operations used to quantify an attriby
tinguished:

quantification involving human judgment;

uantification based on numerical rules;

bd on the definition of “method\of measurement” in the International Vocabulary of Basic and
gy, 1993.

procedure
hs, described specifically, used in the performance of a particular measurement accordi

ocabulary of Basic and General Terms in Metrology, 1993]

well as

ct to a

te. Two

(General

hg to a

measurement process

process for establishing, planning, performing and evaluating measurement within an overall project,

enterprise or o

2.25

rganizational measurement structure

measurement process owner
individual or organization responsible for the measurement process

2.26

measurement sponsor
individual or organization that authorizes and supports the establishment of the measurement process

© ISO/IEC 2007 — Al rights
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227
measurement user
individual or organization that uses the information products

2.28

model

algorithm or calculation combining one or more base and/or derived measures with associated decision
criteria

2.29
observation
instance of applying a measurement procedure to produce a value for a base measure

2.30
operator
entity that performs the operation of a system

2.31
organigational unit
part of jan organization that is the subject of measurement

NOTE Adapted from ISO/IEC 15504-1:2004.

2.32
procesgs
set of ipterrelated or interacting activities which transforms inputs into outputs

[1SO 9000:2005]

2.33
produg¢t
result gf a process

[1SO 9000:2005]

computgr program), services (e.g. transport), and processed materials (e.g. lubricant). Hardware and pro¢essed materials
are gerjerally tangible products, while software or services are generally intangible. Most products cofprise elements
belongipg to different generic ‘product categories. Whether the product is then called hardware, progessed material,
software or service depends-on.the dominant element.

NOTE There are four agreed generic product categories: hardware (e.g. engine mechanical par{ software (e.g.

2.34
project
endeayour with defined start and finish dates undertaken to create a product or service in a¢cordance with
specifigd resaurces and requirements

NOTE 1 Adapted from ISO 9000:2005.

NOTE 2 A project may be viewed as a unique process comprising coordinated and controlled activities and may be
composed of activities from the Project Processes and Technical Processes defined in this International Standard.

2.35
scale
ordered set of values, continuous or discrete, or a set of categories to which the attribute is mapped

NOTE 1 The type of scale depends on the nature of the relationship between values on the scale. Four types of scale
are commonly defined:
— nominal: the measurement values are categorical;

— ordinal: the measurement values are rankings;

© ISO/IEC 2007 — All rights reserved 5
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value of ze

interval: the measurement values have equal distances corresponding to equal quantities of the attribute;

ro corresponds to none of the attribute.

ratio: the measurement values have equal distances corresponding to equal quantities of the attribute, where the

These are just examples of the types of scale. Roberts [15] defines more types of scale. Annex A contains examples of
each type of scale.

NOTE 2
General Terms i

2.36
service
performance

n Metrology, 1993.

Based on the definition of “scale (of a measuring instrument)” in the International Vocabulary of Basic and

2.37
stakeholder
individual or or
that meet their

NOTE With
a user of the me

2.38
supplier
organization o

NOTE 1  Othg
NOTE2 The
2.39

system

combination of
NOTE A sy

2.40

activitiac wwnrlk ar dutine accnniatad vanth o neadi~t
TGt e S WOt S oot s aoSBomate oWt procutt

janization having a right, share, claim or interest in a system or in its possession.of charac
needs and expectations

in this International Standard, an individual or organization that sponsors measurement, provides
asurement results or otherwise participates in the measurement process.

individual that enters into an agreement with the acquireror the supply of a product or §
br terms commonly used for supplier are contractor, producer; seller and vendor.

acquirer and the supplier may be part of the same arganization.

interacting elements organized to achieve one or more stated purposes

stem may be considered as a product-or as the services it provides.

unit of measurement

particular qua
compared in o

[International
2.41

user
individual or gf

ntity, defined and adgpted by convention, with which other quantities of the same k
der to express their magnitude relative to that quantity

ocabulary of:Basic and General Terms in Metrology, 1993]

oup’that benefits from a system during its utilization

eristics

data, is

ervice

nd are

2.42
value

numerical or categorical result assigned to a base measure, derived measure or indicator

© ISO/IEC 2007 — Al rights
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3 Application of this International Standard

This clause presents an overview of the measurement process. The objective is to orient the users of this
International Standard so that they can apply it properly within context.

3.1 Purpose and outcomes of the measurement process

The purpose of the measurement process defined in this International Standard is to collect, analyze, and
report data relating to the products developed and processes implemented within the organizational unit, to
support effective management of the processes, and to objectively demonstrate the quality of the products. As
a result of successful implementation of the measurement process:

¢ | organizational commitment for measurement is established and sustained;

¢ | the information needs of technical and management processes are identified;
e | an appropriate set of measures, driven by the information needs are identified and/or dg¢veloped;
e | measurement activities are identified;

¢ | identified measurement activities are planned;

¢ | the required data is collected, stored, analyzed, and the results interpreted;
¢ | information products are used to support decisions.and provide an objective basis for communication;
¢ | the measurement process and measures arevaluated; and

e | improvements are communicated to the measurement process owner.

3.2 Overview of this International Standard

This Infternational Standard defines the ‘activities and tasks necessary to implement a measurgment process.
An acfjvity is a set of related tasKs 'that contributes towards achieving the purpose and odtcomes of the
measufement process (see Clause 3.1). A task is a well-defined segment of work. Each activity is comprised
of one|or more tasks. This International Standard does not specify the details of how to perform the tasks
includgd in the activities.

The prpperties of the,activities of the measurement process that are defined in this Internationgl Standard are
the same properties* defined in ISO/IEC 15288:2008 and ISO/IEC 12207:2008. This means that other
properfies suchras‘entry and exit criteria for each of the activities are not defined in this International Standard.

NOTE This measurement process supports the measurement requirement defined in ISO 9001:2000( 8.2.

NOTE IEC 15288:2008
and ISO/IEC 12207:2008. More detail is provided via additional activities and tasks. As part of this elaboration, one
additional outcome (commitment is established and sustained) is added, with associated activities and tasks. This
outcome is addressed in ISO/IEC 15288:2008 and ISO/IEC 12207:2008 at the enterprise level.

The measurement process consists of four activities as illustrated in the process model in Figure 1. The
activities are sequenced in an iterative cycle allowing for continuous feedback and improvement of the
measurement process. The measurement process model in Figure 1 is an adaptation of the Plan-Do-Check-
Act cycle commonly used as the basis for quality improvement. Within activities, the tasks are also iterative.

The “Technical and Management Processes” of an organizational unit or project are not within the scope of

this International Standard, although they are an important external interface to the measurement activities
that are included in this International Standard.

© ISO/IEC 2007 — All rights reserved 7
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Two activities are considered to be the Core Measurement Process: Plan the Measurement Process, and
Perform the Measurement Process. These activities mainly address the concerns of the measurement user.
The other two activities, Establish and Sustain Measurement Commitment and Evaluate Measurement,
provide a foundation for the Core Measurement Process and provide feedback to it. These latter two activities
address the concerns of the measurement process owner.

Figure 1 shows that the Core Measurement Process is driven by the information needs of the organization.
For each information need, the Core Measurement Process produces an information product that satisfies the
information need. The information product is conveyed to the organization as a basis for decision-making. The
link between measures and an information need is described as the Measurement Information Model in
Annex A. This annex also includes examples.

Performance ast the
Capability Leyel 1 requirements in ISO/IEC 15504-2:2003. However, the guidance included\ |n this
International Standard provides the basis for implementing the measurement process at progressively| higher
levels of capability.

The process defined in this International Standard includes an evaluation activity, as shiewn in Figure[1. The
intent is to emphasize that evaluation and feedback are an essential component of the measurement pfocess,
and should ledd to improvements of the measurement process and measures. Evaluation can be simple, and
performed in gn ad hoc manner when capability is low, or it can be quantitative\with sophisticated statistical
techniques to|evaluate the quality of the measurement process and its oGtputs when capability is high.
Measures shquld be evaluated in terms of the added value they provide)for the organization, and only
deployed where the benefit can be identified.

Included in thg cycle is the “Measurement Experience Base”. This i§ intended to capture information pfoducts
from past iterations of the cycle, previous evaluations of information products, and evaluations of pfevious
iterations of the measurement process. This would include the tneasures that have been found to be ugeful in
the organizatipnal unit. No assumptions are made about the& nature or technology of this “Measurement
Experience Bgse”, only that it be a persistent storage. Artefacts (for example, information products, historical
data, and lesspns learned) stored in the “Measurement Experience Base” are intended to be reused in future
iterations of the measurement process.

Since the profpess model is cyclical, subsequent iterations may only update measurement produgts and
practices. Thig International Standard does\hot imply that measurement products and practices need to be
developed and implemented for each iteratioh of the process. The wording used in this International Standard
adopts the copvention that one is implementing the measurement process for the first time (i.e., the first
iteration). During subsequent iterations, this wording should be interpreted as updating or cHanging
documentation and current practiees:

The typical furjctional roles mentioned in this International Standard are: stakeholder, sponsor, measurement
user, measurgment analyst,-measurement librarian, data provider, and measurement process owner.| These
are defined in Clause 2/0f this International Standard.

A number of Wwork\products are produced during the performance of the measurement process. The work
products are described in Annex B, and mapped to the tasks that produce them.

8 © ISO/IEC 2007 — All rights reserved
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3.3 Organization of this International Standard

In this International Standard, clauses “4.a” denotes an activity, and “4.a.b” a task. Clauses labelled “4.a.b.c”
are normative for the particular task. The outline structure of the activities and their constituent tasks is as
follows:

4.1: Establish and sustain measurement commitment
4.1.1: Accept the requirements for measurement
4.1.1.1: The scope of measurement shall be identified.
4.1.1.2: Commitment of management and staff to measurement shall be established.
4.1.1.3: Commitment shall be communicated to the organizational unit.
4.1.2: Assign resources
4.1.2.1: Individuals shall be assigned responsibility for the measurement progess
within the organizational unit.
4.1.2.2: The assigned individuals shall be provided with resources to plan'the
measurement process.
4.2: Plan the measurement process
4.2.1: Characterize organizational unit
4.2.1.1: Characteristics of the organizational unit that are relevant to selecting
measures and interpreting the information products shall be explicitly
described.
4.2.2: Identify information needs
4.2.2.1: Information needs for measurement shall, be identified.
4.2.2.2: The identified information needs shall be-prioritized.
4.2.2.3: Information needs to be addressed shall be selected.
4.2.2.4: Selected information needs shall be.documented and communicated.
4.2.3: Select measures
4.2.3.1: Candidate measures that satisfy-the selected information needs shall e
identified.
4.2.3.2: Measures shall be selectéd from the candidate measures.
4.2.3.3: Selected measures shall be documented by their name, the unit of
measurement, their formal definition, the method of data collection, and their
link to the information needs.
4.2.4: Define data collection, analysis, and reporting procedures
4.2.4 1: Procedures:for data collection, including storage and verification shall e
defined.
4.2.4.2: Procedures for data analysis and reporting of information products shall be
defined.
4.2.4.3: Configuration management procedures shall be defined.
4.2.5: Define critefia for evaluating the information products and the measurement prodess
4.2.5:3- Criteria for evaluating information products shall be defined.
42.5.2: Criteria for evaluating the measurement process shall be defined.
4.2.6: Review, approve, and provide resources for measurement tasks
4.2.6.1: The results of measurement planning shall be reviewed and approved.
4.2.6.2: Resources shall be made available for implementing the planned
measurement tasks.
4.2.7: Acquire and deploy supporting technologies
4.2.7.1: Available supporting technologies shall be evaluated and appropriate ones
selected.
4.2.7.2: The selected supporting technologies shall be acquired and deployed

10 © ISO/IEC 2007 — All rights reserved
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4.3: Perform the measurement process
4.3.1: Integrate procedures

4.3.1.1: Data generation and collection shall be integrated into the relevant processes.

4.3.1.2: The integrated data collection procedures shall be communicat
providers.

ed to the data

4.3.1.3: Data analysis and reporting shall be integrated into the relevant processes.

4.3.2: Collect data
4.3.2.1: Data shall be collected.

4.3.2.2: The collected data shall be stored, including any context information

necessary to verify, understand, or evaluate the data.
4.3.2.3: The collected data shall be verified.
4.3.3: Analyze data and develop information products

The adg
activity
does n
require
to help
guidan

The inf

are int¢nded only,assexamples.

4 D

Z4-3-371 1 he cotfected data shaftbe anatyzed:
4.3.3.2: The data analysis results shall be interpreted.
4.3.3.3: The information products shall be reviewed.
4.3.4: Communicate results
4.3.4.1: The information products shall be documented.
4.3.4.2: The information products shall be communicated to’the measu
4.4: Evaluate measurement
4.4 .1: Evaluate information products and the measurement process
4.4.1.1: The information products shall be evaluated-against the specifi
criteria and conclusions on strengths and\weaknesses of the in
products drawn.
4.4.1.2: The measurement process shall be evaluated against the spec|
evaluation criteria and conclusions on strengths and weakness
measurement process drawn:
4.4 .1.3: Lessons learned from thelgvaluation shall be stored in the “Me
Experience Base”.
4.4 2: Identify potential improvements
4.4.2.1: Potential improvements to the information products shall be ide
4.4.2.2: Potential improvements to the measurement process shall be i
4.4.2.3: Potential improvements shall be communicated.

tivities are described in the orderyin which they usually are performed. However, iter:
to the preceding activity frequently occurs. The order in which the tasks for each activity

ement users.
ed evaluation
formation

fied
s of the

hsurement

ntified.
Hentified.

ption from one
are presented

ot necessarily imply an ordér of implementation of the tasks. For each task, one or more normative

ments on the implementation of the task are defined. For many tasks there is also inform
with the interpretation ‘of the normative requirements and the tasks’ implementation in
Ce is presented in jtalics.

ormative lists within the task definitions and in the annexes are not presumed to be exh

bscription of the activities

ative guidance
practice. This

bustive — they

In implementing a measurement process in compliance with this International Standard, the organizational
unit shall perform the activities described below. The “Requirements for Measurement” from the Technical and
Management processes trigger the measurement process.

41

Establish and sustain measurement commitment

This activity consists of the following tasks:

1) Accept the requirements for measurement.

2) Assign resources.

© ISO/IEC 2007 — All rights reserved
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411

4111 Th

Accept the requirements for measurement

e scope of measurement shall be identified.

The scope of measurement defines an organizational unit for purposes of this standard. This may be a single project, a
functional area, the whole enterprise, a single site, or a multi-site organization. This may consist of projects or supporting
processes, or both. All subsequent measurement tasks should be within the defined scope.

The scope of the organizational unit can be identified through interviews and the inspection of documentation, such as
organizational charts.

In addition, all stakeholders should be identified. For example, these may be project managers, the Information Systems
manager, or the head of Quality Management. The stakeholders may be internal or external to the organizational unit.

The purpose for

41.1.2 Cq

Commitment sh

This includes th
The organizatig
organizational
Commitment ma

4113 Cq

This can be ach

4.1.2 Assign

41.21
unit.

The sponsor of
individuals may|
knowledge of th
products. At a nf

° measu

. measu

e measu
The number of
of people is dep
one person for 3

Inglividuals shall be assigned responsibility forthe measurement process within the organiz

measurement should be identified by the stakeholders.

mmitment of management and staff to measurement shall be established.
buld be established when “Requirements for Measurement” are defined (see Figure ‘1))
p commitment of resources to the measurement process and the willingness o maintain this comn
nal unit should demonstrate its commitment through, for example, a_imeasurement policy
nit, allocation of responsibility and duties, training, and the allocation of.'budget and other res
y also come in the form of a contract with an acquirer requiring measurement.

mmitment shall be communicated to the organizational unit;

eved, for example, through organizational unit-wide announicements or newsletters.

resources

measurement should ensure that this\responsibility is assigned to competent individuals. Co
be acquired through transfer, coaching, training, sub-contracting and/or hiring. Competence

b principles of measurement, how o collect data, perform data analysis, and communicate the infd
inimum, individuals should be assigned the responsibility for the following typical roles:

ement user;

ement analyst;

ement librarian.

oles shown above does not imply the specific number of people needed to perform the roles. The

endention the size and structure of the organizational unit. These roles could be performed by as
small_project.

hitment.
for the
ources.

ational

mpetent
ncludes
rmation

number
few as

41.2.2

The assigned individuals shall be provided with resources 1o plan the measurement proces

.

The sponsor of measurement should be responsible for ensuring that resources are provided. Resources include funding
and staff. Resource allocations may be updated in the course of activity 4.2.

4.2 Plan the measurement process

This activity consists of the following tasks:

1) Characterize organizational unit.

2)

Identify information needs.

3) Select measures.

12
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4) Define data collection, analysis, and reporting procedures.

5) Define criteria for evaluating the information products and the measurement process.
6) Review, approve, and provide resources for measurement tasks.

7) Acquire and deploy supporting technologies.

Information products and evaluation results in the “Measurement Experience Base” should be consulted
during the performance of this activity.

Examples of the measurement planning details that need to be addressed during this activity are described in
Annex|F.

4.2.1 |Characterize organizational unit

4211 Characteristics of the organizational unit that are relevant to selecting'measures gnd interpreting
the infgrmation products shall be explicitly described.

The ordanizational unit provides the context for measurement, and therefore it is/important to make explicit this context
and the assumptions that it embodies and constraints that it imposes. Characterization can be in terms pf organizational
procesges, application domains, technology, interfaces amongst divisions/departments and organizdtional structure.
Procesges may be characterized in the form of a descriptive process model,

This ta$k is similar in nature to task 4.1.1.1. However, this task produces more detailed information than the scoping
performed in task 4.1.1.1.

The ordanizational unit characterization should be taken into ascount in all subsequent activities and tasks

4.2.2 |ldentify information needs

4221 Information needs for measurement'shall be identified.
Information needs originate from the technical’and management processes. Information needs are Hased on: goals,
constrajnts, risks, and problems of the organizational unit. The information needs may be derived from the business,
organizgtional, regulatory (such as legal-or-governmental), product and/or project objectives.

Information needs may address questions such as: “how do | estimate the productivity of a future profect?”, “how do |
evaluate the product quality during design?”, and “how do | know the status of the coding activity?”.

Useful guidance on risks thatnay be a source for information needs can be found in ISO/IEC 16085:2006
4.2.2.2 The identified information needs shall be prioritized.
This proritization~is normally accomplished by, or in conjunction with, the stakeholders. Only a subget of the initial

information needs may be pursued further. This is particularly relevant if measurement is being tried for thg first time within
an orgapizational unit, where it is preferable to start small.

An example of a simple and concrete prioritization approach is to ask a group of stakeholders to rank the information
needs. For each information need calculate the average rank. Then order the average ranks. This ordering provides a
prioritization of the information needs.

4223 Information needs to be addressed shall be selected.

From the prioritized information needs, a subset is selected to be addressed during the measurement process. This
selection is likely driven by a trade-off among resource constraints, and criticality/urgency of information needs.

In large development efforts, information that is needed later may be identified, but not fully defined nor implemented until
it is required by the measurement users.

© ISO/IEC 2007 — All rights reserved 13
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4224

Selected information needs shall be documented and communicated.

No assumptions are made about the type of documentation. It can be paper or electronic. It is only necessary that the
documentation is retrievable.

The selected information needs should be communicated to all stakeholders. This is to ensure that they understand why

certain data are

4.2.3 Select

4.2.3.1

to be collected and how they are to be used.

measures

Candidate measures that satisfy the selected information needs shall be identified.

There should be_a_clear link between the information needs and the candidate measures Such a link can be ma

e using

the measureme

New measures
Standards, see

A new measure
4.2.3.2

The selected m
the selection of

Context inform3
comparing ‘line
requirements inf

4233 Se

ht information model described in Annex A.

should be defined in sufficient detail to allow for a selection decision (task 4.2.3.2). Other-Inter
he Bibliography, describe some commonly used measures and requirements for their definition.

may involve an adaptation of an existing measure.

Measures shall be selected from the candidate measures.

pasures should reflect the priority of the information needs. Further example criteria that may be
measures are included in Annex C.

tion necessary to interpret or normalize measures also sholld be considered. For example
5 of code” from different sources, the programming language has to be specified or when co
ormation from different sources, attributes of the system should be specified.

lected measures shall be documented by theirnname, the unit of measurement, their

definition, the method of data collection, and their link to the information needs.

Measures that
example, a pro
information nee

An example of 4

The formal deﬁI

derived measur

The method of
collection form,

Annex A provid,
model.

4.2.4 Define

have been selected should be fully specified, This may involve the definition of objective meast
duct size measure, or subjective measures, such as a user satisfaction questionnaire to md
/S.

unit of measurement is “hour”.

ition describes exactly how the' values are to be computed, including input measures and cons
s. Note that such definitions*may already exist in the “Measurement Experience Base”.

data collection may be, for example, a performance analysis or diagnostic data capture tool,
Dr a questionnaire!

ps guidelines)for linking the measures to the information needs through the measurement infd

data. collection, analysis, and reporting procedures

hational

ised for

b

, when
mparing

formal

res, for

bet new

ants for

a data

rmation

4241

Procedures for data collection, including storage and verification shall be defined.

The procedures should specify how data are to be collected, as well as how and where they will be stored. Data
verification may be accomplished through an audit. See Annex F for more detailed suggestions of items to be defined.

4242

Procedures for data analysis and reporting of information products shall be defined.

The procedures should specify the data analysis method(s), and format and methods for reporting the information

products.

The range of tools that would be needed to perform the data analysis should be identified. Useful guidance on the

selection of stati.

14

stical procedures can be found in ISO/TR 10017:2003.
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Configuration management procedures shall be defined.

Items such as the raw data, information products, and selected information needs should be placed under configuration
management. This may be the same configuration management procedure used in other parts of the organizational unit.

4.2.5 Define criteria for evaluating the information products and the measurement process

4251

Criteria for evaluating information products shall be defined.

These criteria would allow one to determine whether the data that are needed have been collected and analyzed with
sufficient quality to satisfy the information needs. The criteria need to be defined at the beginning of the project or process,

and act

as success criteria.

The cri
Examp
of a me
and me

4.2.5.2
The cri

Examp
Annex |

process.

4.2.6

4.2.6.1

The me
plannin,
and res

Measur
cycles
Criteria
for the
when s

If meas
need (g
some o
pilot im

Stakeh
then ap

4.2.6.2

eria need to be defined within the context of the technical and business objectives of the /rg
e criteria for the evaluation of information products are the accuracy of a measurement procedure
asurement method. Further criteria are included in Annex D. However, it may be necessary-to dqg
asures for evaluating the information products.

Criteria for evaluating the measurement process shall be defined.

eria need to be defined within the context of the technical and business (objectives of the org
es of such criteria are timeliness and efficiency of the measurement pracess. Further criteria
F. However, it may be necessary to define additional criteria and measures for evaluating th

Review, approve, and provide resources for measurement tasks

The results of measurement planning shall befeviewed and approved.

asurement planning tasks constitute all tasks frofimClause 4.2.1 to Clause 4.2.5. The results
g include the data collection procedures, storage,@nalysis and reporting procedures, evaluation cH
ponsibilities. Details of the elements of measurement planning are included in Annex F.

ement planning should take into consideration improvements and updates proposed from previo
“Improvement Actions” in Figure 1), as,well as relevant experiences in the “Measurement EX
such as the feasibility of making chahges to existing plans in the short-term, the availability of res
ealization of changes, and any potential disruptions to projects from which data are collected shou|
blecting proposed improvements(to implement.

urement planning information already exists, for example, from a previous measurement cycle,

be updated as opposed to being “developed”. Also, if measurement planning information alre
f the elements in Annéx F may not be necessary. For instance, if an update involves deleting a
blementation of the changes may not be necessary.

Iders should review and comment on the measurement planning information. The sponsor of mea
prove the(measurement planning information. Approval demonstrates commitment to measuremen

Resources shall be made available for implementing the planned measurement tas

anizational unit.
and the reliability
fine new criteria

anizational unit.
are provided in
e measurement

bf measurement
iteria, schedules

Is measurement
lperience Base”.
burces and tools
d be considered

then it may only
ady exists, then
measure, then a

surement should
t.

S.

The me

asurement planning information should be agreed 10 by the management Of the organizational un

t, and resources

allocated. For approval, the planning information may undergo a number of iterations. Note that measurement may be
piloted on individual projects before committing to organization-wide use. Therefore, resource availability may be staged.

4.2.7

4271

Acquire and deploy supporting technologies

Available supporting technologies shall be evaluated and appropriate ones selected.

Supporting technology may consist of, for example, automated tools and training courses.

The types of automated tools that may be needed include graphical presentation tools, data analysis tools, and databases.
Tools for collecting data may also be required. This may involve the modification, and/or extension of existing tools, and
the calibration and testing of the tools.

© ISO/IEC 2007 — All rights reserved
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Based on the evaluation and selection of supporting technologies, the measurement planning information may have to be

updated.

4.2.7.2 Th

e selected supporting technologies shall be acquired and deployed.

If the supporting technologies concern the infrastructure for data management, then access rights to the data should be
implemented in accordance with organizational security policies, and any additional confidentiality constraints.

4.3 Perform the measurement process

This activity consists of the following tasks:

1)

2) Cq

3) Arn
4) Cqd

These tasks a
tasks describe

Information pr|
during the perf

4.3.1 Integrd

P

[«

4311 D
Integration may
example, the in
effort sheets an
modifying inspe
processes that
the existing pro
collect data sho

The extent of in|
staff morale su
integration with

The data that ne
performance mdg

43.1.2 TH

4 pu |
|ml:;9|atc proceattres:

llect data.
alyze data and develop information products.
mmunicate results.

Fe intended to be performed in accordance with the planning information produced dun
H in Clause 4.2. Examples of measurement planning information are described in Annex

bducts and evaluation results in the “Measurement Expérience Base” should be co
prmance of this activity.

te procedures

ta generation and collection shall be integratedinto the relevant processes.

involve slightly modifying current processes to accommodate data generation and collection activii
bpection process may be changed to require that the moderator of an inspection provide the pre
) defect logs to the measurement librarian-at the closure of every inspection. This would then ned
Ction procedures accordingly. Integration involves a trade-off between the extent of impact on
an be tolerated and the needs of the-measurement process. Changes with moderate to large imy
esses are usually not cost effective and may disrupt efficiency or effectiveness. The required chg
ild be minimized.

fegration varies depending on the type of measures and the information needs. For example, a
vey requires little jftegration. Alternatively, filling in time sheets at the end of every week
Work Breakdown Strirctures or cost accounts and accounting procedures.

ed to be colfected may include extra measures defined specifically to evaluate the information pro
asures torevaluate the measurement process.

e integrated data collection procedures shall be communicated to the data providers.

ing the
F.

hsulted

ies. For
baration
essitate
existing
acts on
nges to

ne-time
requires

ducts or

This communicatt ey
organization’s newsletter.

via an

The objective of communicating the data collection procedures is to ensure that the data providers are competent in the
required data collection. Competence may be achieved, for example, through training in the data collection procedures.
This increases confidence that data providers understand exactly the type of data that are required, the format that is
required, the tools to use, when to provide data, and how frequently. For example, the data providers may be trained on
how to complete a defect data form, to ensure that they understand the defect classification scheme, and the meanings of
different types of effort (such as isolation and correction effort).

4313 Data analysis and reporting shall be integrated into the relevant processes.

Data analysis and reporting usually is performed on a regular basis. This requires that data analysis and reporting be
integrated into the current organizational and project processes.
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4.3.2 Collect data

4.3.21 Data shall be collected.

The selected attributes are measured using the designated measurement method. The data collection may be
accomplished by manual or automated means. Data may be collected by automated means, for example, with a
requirements management tool every time the requirements database is updated. Data also may be collected manually,

for example, by completing a defect data form and sending it to the measurement librarian.

43.2.2

The collected data shall be stored, including any context information necessary to verify,
understand, or evaluate the data.

The data store does not have to be an automated tool. It is possible to have a paper-based data store, for example, in the

situatio
4.3.2.3
Data ve
verify tH
classifid
case Of
Automd

Data ve

4.3.3

4.3.31
Data m
producd
the info
Guidan
4.3.3.2
The me
analyst
reviewse
All inten
The daf
4.3.3.3

The rev
were S3

h where only a few measures are collected for a short period of time in a small organization.

The collected data shall be verified.
rification may be performed by inspecting the data against a checklist. The checkKlist-should b
at missing data are minimal, and that the values make sense. Examples of the latter-include chech
ation is valid, or that the size of a component is not ten times greater than all previously entered
anomalies, the data provider(s) should be consulted and corrections to the raw data made W
ted range and type checks may be used.

rification may be the responsibility of the measurement librarian in conjunction with the data provid

Analyze data and develop information products

The collected data shall be analyzed.

By be aggregated, transformed, normalized, or re-coded prior to analysis. During this task, data 4
the planned indicators. The amount of rigor in the analysis should be determined by the nature

'mation needs.
Ce for performing statistical analysis may be found in ISO/TR 10017:2003.

The data analysis results shall be interpreted.
asurement analyst(s) should bé_able to draw some initial conclusions based on the results. Ho
s) may not be directly inyolved in the technical and management processes, such conclusi
d by other stakeholders as well (see Clause 4.3.3.3).
pretations should take‘into account the context of the measures.
a analysis results, indicators, interpretations, and supporting information make up the information g

Thé information products shall be reviewed.

jiew is_intended to ensure that the analysis was performed and interpreted properly and that the in
tisfied. It may be an informal “self review”, or a more formal inspection process. Examples of the {

e constructed to
ing that a defect
components. In
here necessary.

br(s).

re processed to
of the data and

vever, since the
bns need to be

roducts.

formation needs
ypes of things to

look fo

adring Sucrr a review are proviaed Irr Arnrex G.

The information products should be reviewed with the data providers and the measurement users. This is to ensure that
they are meaningful, and if possible, actionable. Qualitative information should be considered as a support to interpreting
quantitative results.

434

4341

Communicate results

The information products shall be documented.

Example guidelines for reporting information products are provided in Annex G.
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4342

The information

The information products shall be communicated to the measurement users.

products should be made available to the data providers, and other stakeholders.

Feedback should be provided to the stakeholders, as well as being sought from the stakeholders. This ensures useful
input for evaluating the information products and the measurement process. Tasks 4.3.3 and 4.3.4 are typically performed
in an iterative manner.

Useful guidance on communicating measurement results as an input to the risk management process can be found in
ISO/IEC 16085:2006.

4.4 Evaluate measurement

This activity co
1) EV
2)
4.41

4411 TH
conclusions or

The evaluation (
the evaluation o

The inputs to f
feedback.

The evaluation
longer meet a ct

4.41.2 TH
conclusions or

The evaluation
for the evaluatid
been defined in

The quality of th

The inputs to f
feedback.
4413 L€

Lessons learne

nsists of the following tasks:

aluate information products and the measurement process.

Idgntify potential improvements.

Evaluate information products and the measurement process

e information products shall be evaluated against the spgcified evaluation criter
strengths and weaknesses of the information products drawr.

f information products may be accomplished through an interpal‘ar independent audit. Example cr
F information products are included in Annex D. The evaluationcriteria have been defined in Clausg

his evaluation are the performance measures, the .nformation products, and the measurems

bf information products may conclude that somésmeasures ought to be removed, for example, if
rrent information need.

a and
teria for
4.2.5.

nt user

they no

e measurement process shall be\evaluated against the specified evaluation critefia and

strengths and weaknesses of the'-measurement process drawn.
bf measurement process may.hé_accomplished through an internal or independent audit. Exampld
n of the performance of the' measurement process are included in Annex E. The evaluation crite
Clause 4.2.5.

b measurement process influences the quality of the information products.

his evaluation_are the performance measures, the information products, and the measuremg

ssonstearned from the evaluation shall be stored in the “Measurement Experience Base|.

criteria
fia have

nt user

LiIrement

i\may take the form of strengths and weaknesses of the information products, of the meas

process, of the
great resistance

442

4421

evaluation criteria tnermseives, anasor experiences In measurement planning (ror example, ‘there was

by the data providers to collecting a specific measure at a specific frequency’).

Identify potential improvements

Potential improvements to the information products shall be identified.

Examples of changes to information products are changing the format of an indicator; changing from a linear measure to
an area measure; minutes to hours, months, or years; or a line of code size measure to a functional size measure; or
reclassification of defect categories.

Some changes to the information products may require changes to the measurement process.

18
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4422 Potential improvements to the measurement process shall be identified.

Such “Improvement Actions” should be used in future instances of the “Plan the Measurement Process” activity.

The costs and benefits of potential improvements should be considered when selecting the “Improvement Actions” to
implement. It should be noted that making a particular improvement may not be cost effective or the measurement
process may be good as it is, and therefore no potential improvements may be identified.

4423 Potential improvements shall be communicated.

Measurement process changes usually are provided to the process owner, and measurement product changes are usually
provided to the measurement analyst(s).

If no pofential Improvements are identiiied in Clause 4.4.Z.1, then that snould be communicated.
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Annex A
(informative)

The measurement information model

A.1 General

The measure
attributes of

information mqdel describes how the relevant attributes are quantified and converted to indicators.that
a basis for dedision making.

The selection

concept: an idgea of which measurable attributes are related to an information need and-how they are
The measurenent planner defines measurement constructs that link these attributes.to a specified infofmation
need. This measurement information model (see Figure A.1) identifies basic.terms and concep

measurement
measurement

20

blanning, performance, and evaluation.

rfient Information model 1S a structure Nnking formation needs 1o the relevant eniiiies and
goncern. Entities include processes, products, projects, and resources. The measurement

provide

br definition of appropriate measures to address an information need begins-with a measurable

elated.

is. The

information model helps to determine what the measurement planner needs to specify| during
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. H - The outcome of the

. Info rmatlon Needs Information | measurement process

. Product that satisfies the
information needs

Explanation relating the quantitative
information in the indicator to the
information needs in the language of
the measurement users

Interpretation

Variable assigned a valde by applying
Indicator the analysis modeltoybgse and/or
derived measures

Algorithm for
combining measures
and decision criteria

(analysis)
Model

N N Variable apsigned a value by
Derived Derived applying the measurement
Measure Measure function tq two or more
values of base measures

Measurement Algorithm for combining two or
Measurable Function more base measures
Cancept
Base Base Variable assigned a value by
applying the method tp one
Measure Measure attribute
Measurement Measurement Otl?{ﬂga:io?s mapr?ing an
Method Method attribute to a scale
E ntlty Property relevant to :
Attribute Attribute information needs

Figure A.1 — Key relationships in the measurement information model
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A.2 Model description

Figure A.1 illustrates the relationships among the key components of the measurement information model.
The model defines three types of measures: base measures, derived measures, and indicators. The
information content of measures increases as they become closer in the model to the information need.
Clause A.3 provides examples of instantiations of the model that address specific information needs. The
individual components of the generic information model are described below.

A.2.1 Entity

An entity is an object (for example a process, product prOJect or resource) that is to be charactenzed by
measuring its @ .

network, sourg
process), proje
the testers). A
practice, an en

tity can be classified into more than one of the above categories.

A.2.2 Attribute

An attribute is
by human or a
measurement.
select the attri
may be incorp

Litomated means. An entity may have many attributes, only somé of which may be of inte
The first step in defining a specific instantiation of the meastrement information mod
butes that are most relevant to the measurement user’s_information needs. A given g
prated in multiple measurement constructs supporting different information needs.

A.2.3 Base measure

A measure de']i'r'red in terms of an attribute and the method for quantifying it. (A measure is a variable t¢ which
a value is aspigned.) A base measure is functionally.independent of other measures. A base measure
captures inforfnation about a single attribute. Data cellection involves assigning values to base megasures.
Specifying the|expected range and/or type of values/of a base measure helps to verify the quality of the data
collected.

A.2.3.1 Measurement method

A measureme
attribute with r
or observing t

However, each unique combination of an attribute and a method produces a different base measure

measurement
specific implen

A2311 T

Nt method is a logical sequence of operations, described generically, used in quantify
bspect to a specifiediscale. The operations may involve activities such as counting occu
he passage of time! The same measurement method may be applied to multiple att

methods may:be implemented in multiple ways. A measurement procedure descril
nentation-efia measurement method within a given organizational context.

ype of measurement method

ing an
rences
ibutes.

Some
es the

The type of measurement method depends on the nature of the operations used to quantify an attribu

types of method may be distinguished:

Subjective — quantification involving human judgment.

implemented via human or automated means.

A.2.3.1.2

Scale

e. Two

Objective — quantification based on numerical rules such as counting. These rules may be

A scale is an ordered set of values, continuous or discrete, or a set of categories to which the attribute is
mapped. The measurement method maps the magnitude of the measured attribute to a value on a scale. A
unit of measurement often is associated with a scale.
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A.2.3.1.2.1 Type of scale

The type of scale depends on the nature of the relationship between values on the scale. Four types of scale
are commonly defined:1)

Nominal — the measurement values are categorical. For example, the classification of defects by their type
does not imply order among the categories.

Ordinal — the measurement values are rankings. For example, the assignment of defects to a severity level is
a ranking.

Interval — the measurement values have equal distances corresponding to equal quantities of the attribute.
For edample, cyclomatic complexity has the minimum value of one, but each increment |represents an
additiopal path. The value of zero is not possible.

Ratio + the measurement values have equal distances corresponding to equal quantities ¢f the attribute
where the value of zero corresponds to none of the attribute. For example, the size in‘terms off the number of
requirgments is a ratio scale because the value of zero corresponds to no requirements and g¢ach additional
requirgment defined represents an equal incremental quantity.

The method of measurement usually affects the type of scale that can be.used reliably with a
For example, subjective methods of measurement usually only suppart.ordinal or nominal scale

given attribute.

-

D.

A.2.3.1.2.2 Unit of measurement

A parti
compal
units o

A24

A deri
Derive
entitieg
not ad
base nj

A.2.4.1
A func

unit of
as well

A.2.5

cular quantity, defined and adopted by convention;with which other quantities of the
Fed in order to express their magnitude relative to.that quantity. Only quantities express
measurement are directly comparable. Examples of units include the hour and the mete)

Derived measure

I measures capture informationcabout more than one attribute or the same attributg
. Simple transformations of base ‘measures (for example, taking the square root of a bas
 information, thus do not produce derived measures. Normalisation of data often invol
easures into derived measures that can be used to compare different entities.

Measurement Function
ion is an algorithm or calculation performed to combine two or more base measures.

the derived measure depend on the scales and units of the base measures from which
as how they are combined by the function.

Indicator

same kind are
ed in the same
Ir.

ed measure is a measure that is_defined as a function of two or more values of base measures.

from multiple
e measure) do
ves converting

The scale and
it is composed

An indicator is a measure that provides an estimate or evaluation of specified attributes derived from a model
with respect to defined information needs. Indicators are the basis for analysis and decision-making. These
are what should be presented to measurement users. Measurement is always based on imperfect information,
so quantifying the uncertainty, accuracy, or importance of indicators is an essential component of presenting
the actual indicator value.

1) These are just examples of the types of scale. Roberts [15] defines more types of scale.
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A.2.5.1 Model

An algorithm or calculation combining one or more base and/or derived measures with associated decision
criteria. It is based on an understanding of, or assumptions about, the expected relationship between the
component measures and/or their behaviour over time. Models produce estimates or evaluations relevant to
defined information needs. The scale and measurement method affect the choice of analysis techniques or
models used to produce indicators.

A2511 Decision criteria

Decision criteria are numerical thresholds or targets used to determine the need for action or further
investigation, or to describe the level of confidence in a given result. Decision criteria help to interpret the

results of measurement. Decision criteria may be calculated or based on a conceptual understan

expected behd

as statistical control limits or statistical confidence limits.

A.2.6 MeasU

A measurable
example, an Iy
against a targq
concept might
applied to cre

Measurable Concepts include quality, risk, performance, capability, maturity, and customer value.

A.3 Examples

The following
address speci
practices, but
situations.

A.3.1 A prod

The decision-naker in this example needs to select a specific productivity level as the basis for

planning. The
produced. Thu
productivity is

table below) n¢eds to be collected’and the derived measure computed for each project in the data storg.

Regardless of

viour. Decision criteria may be derived from historical data, plans, and heuristics, or €0

rable concept

concept is an abstract relationship between attributes of entities ard,information nee
formation Need may be the need to compare the development preductivity of a projec
t rate. The Measurable Concept in this case is “development productivity rate”. To evalu
require measuring the size of the system or software proddets” and the amount of rg
ate the products (depending on the chosen model of productivity). Additional exam

subclauses provide examples of instantiations”of the measurement information modg
fic information needs. These examples are<hot designed to recommend best measu
rather to show the applicability of the measurement information model in a variety of ¢

Juctivity example

measurable concept is that productivity is related to effort expended and amount of s
s, effort and code ate the measurable entities of concern. This example assumes t
pstimated based onypast performance. Thus, data for the base measures (numbered er

how the pfoductivity number is arrived at, the uncertainty inherent in engineering mea

’ting of
puted

ds. For
[ group
ate the
source
ples of

el that
rement
bmmon

project
bftware
hat the
tries in

ns that

there is a cornsiderable probability that the estimated productivity will not be realized exactly. Estjmating
productivity bgsed ,on historical data enables the computation of confidence limits that help to assegs how
close actual repultstare likely to come to the estimated value.
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Information Need

Estimate productivity of future project

Measurable Concept

Project productivity

Relevant Entities 1. Code produced by past projects
2. Effort expended by past projects
Attributes 1. C++ language statements (in code)
2. Timecard entries (recording effort)
Base Measures 1. Project X Lines of Code
2. Project X Hours of Effort
Meas U | i ]
2. Add timecard entries together for Project X
Type of Measurement Method 1. Objective
2. Objective
Scale 1. Integers from zero to infinity
2

Real numbers from zerorte.infinity

Type of Scale 1. Ratio
2. Ratio

Unit of Measurement 1. Line
2. Hour

Derivefd Measure

Project X Productivity

Mea5||1rement Function

Divide Project X Lines of Code by Project X Hours of Effort

Indicdtor

Average productivity:

Mode

Compute-nmean and standard deviation of all project produ

ctivity values.

Decis|on Criteria

Computed confidence limits based on the stan
indicate the likelihood that an actual result close
productivity will be achieved. Very wide con
suggest a potentially large departure and
contingency planning to deal with this outcome.

jard deviation
o the average
fidence limits
he need for

A.3.2 |A quality’ example

The ddcision-maker in this example needs to evaluate detailed design quality as the designis b

Figure A.2 — Measurement construct for “productivity”

bing produced.

The measurabte concept

FORG Y Py A | H [ Lodarmlbo—blo PR A | H ol ol
IS Ual UToIyIT Yudiity 1o TTIalcU U Ui alttourit U UTolylT prouuccu arl

the number of

defects found. Thus, the design packages and the lists of defects are the entities of concern. Quality of design
packages can be normalized by computing defect rate. Thus, data for the base measures (number entries in
table below) must be collected and the derived measure computed for each package as it is reviewed.

Since we don’t really expect to get exactly the same defect rate for every package, we can compute control
limits to determine if the defect rate on any package is different enough from the average to warrant concern.
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Information Need

Evaluate product quality during design

Measurable Concept

Product quality

Relevant Entities

Design packages
Design inspection reports

Attributes

Text of inspection packages

Base Measures

1
2
)
2. Lists of defects found in inspections
1. Package X size

2

Total defects for package X

MeasuremenfMethod 1. Count number of lines of text for each package ., |
2. Count number of defects listed in each report
Type of Meajurement Method 1. Objective
2. Objective
Scale 1. Integers from zero to infinity

2. Integers from zero to infinity

Type of Scalé¢ 1. Ratio

2. Ratio
Unit of Measyurement 1. Lines

2. Defects

Derived Measrure

Inspection defect density

Measuremenk Function

Divide Total Defects by Package Size for each package

Indicator

Design defect density

Model

Compute process Centre and control limits using values of defect

ensity

Decision Criteria

Results outside the control limits require further investiga

tions

A.3.3 A project progress example

The decision-maker in thistexample needs to evaluate whether or not the rate of progress on a pr

Figure A.3 —Measurement construct for “quality”

bject is

sufficient. The|measurableé concept is that progress is related to the amount of work planned and the amount

of work completed. Thus; planned work items (units) are the entities of concern. This example assum
the status (degree(of‘completion) of each unit is reported by the supplier assigned to it. Thus, data

es that
for the

base measureg.(mumbered entries in table below) needs to be collected and the derived measure 00||nputed

for each work fteminthre p:all.

Since the status of units is a subjective assessment, a simple numerical threshold is used as a decision
criterion rather than statistical limits.
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Information Need Assess status of testing activity
Measurable Concept Activity status
Relevant Entities 1. Plan/schedule
2. Units completed or in progress
Attributes 1. Units identified in plan
2. Unit status
Base Measures 1. Units planned to date
2. Unit percent complete
Meas . ont nu ani U y this date
2. Ask responsible individual for percent complete of'each unit
Type of Measurement Method 1. Objective
2. Subijective
Scale 1. Integers from zero to infinity
2. Integers from zero to one hundred
Type of Scale 1. Ratio
2. Ordinal
Unit of Measurement 1. Unit
2.{Rercentage
Derivefd Measure Progress to date
Mea5||1rement Function Add status for all‘units planned to be complete to date
Indicdtor Status expressed as.a.ratio
Mode Divide Progress to Date by (Units Planned to Date times 100)
Decisjon Criteria Resulting ratio should fall between 0.9 and 1.1 t¢ conclude the
project is on schedule
Figure’A.4 — Measurement construct for “progress”
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Annex B
(informative)

Measurement process work products

This annex contains a mapping between the work products (WPs) mentioned in this International Standard
and the activities or tasks that produce them. Note that this annex only presents the final WPs, not all of the
intermediate WPs that may need to be produced during the performance of the activities and tasks.

This Internatignal Standard is not intended to prescribe the name, format, or explicit content
to be produced. The International Standard does not imply that documentsbe

documentation

of the
stored,

packaged, or Jombined in some fashion. These decisions are left to the user of this International Standard.

-

Work produc]|

Activity/Task Producing WP

Work products produced externally

Requirementd for measurement

Technical and Management Processes

Information Ngeds

Technical and\Management Processes

Measurement|User Feedback

Technical and Management Processes

Work products produced by “Plan the Measurement Process”

Characterizatipn of the Organizational Unit

4.2.1 Characterize Organizational Unit

Selected information needs

4.2.2 ldentify Information Needs

Instantiated measurement information model for
selected measures

4.2.3 Select Measures

Definition of selected measures

4.2.3 Select Measures

Procedures fgr data collection, storage, and
verification

4.2.4 Define Data Collection, Analysis, and Reporting
Procedures

Procedures for datasanalysis and reporting

4.2.4 Define Data Collection, Analysis, and Reporting
Procedures

Configuration management procedures

4.2.4 Define Data Collection, Analysis, and Reporting
Procedures

Criteria for the evaluation of the information products

4.2.5 Define Criteria for Evaluating the Information
Products and the Measurement Process

Criteria for the evaluation of the measurement
process

4.2.5 Define Criteria for Evaluating the Information
Products and the Measurement Process

Approved results of measurement planning

4.2.6 Review, approve, and provide resources for
measurement tasks

Selected supporting technologies

4.2.7 Acquire and Deploy Supporting Technologies
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Work products produced by “Perform the Measurement Process”

Integrated data collection procedures 4.3.1 Integrate Procedures

Stored data 4.3.2 Collect Data

Data analysis results and interpretations 4.3.3 Analyze data and develop information products
Information products 4.3.4 Communicate results

Work products produced by “Evaluate Measurement”

Measurement Experience Base (update) 4.4 1 Evaluate Information Products and the
Measurement Process

Evaluation results 4.4 .1 Evaluate InformationProducts and the
Measurement Process

Improyement actions 4.4.2 ldentify potentialimprovements

Figure B.1 — Work products of measurement activities
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Annex C
(informative)

Example criteria for selecting measures

Many different combinations of base measures, derived measures, and indicators may be selected to address
a specific information need. The following criteria should be considered when selecting among alternatives:

releva

feasib

availalpility of human resources to collect and manage data;

ease g

extent

availability of appropriate tools;

protec
potent
numbg
increa
ease d
numbg
persor
life cyq

eviden
inform

sensiti
classe

= otk sriaritizad-tafarraatian—a Ao
oo e PTTUTTaZC U T o atoT T TTCCU S,

ity of collecting the data in the organizational unit;

f data collection;

of intrusion and disruption of staff activities;

ion of privacy;

al resistance from data provider(s);

r of potentially relevant indicators supported by the base measure;

5e or reduction of storage requirements;

f interpretation by measurement users and measurement analysts;

r of users or consumers of thg information products utilizing the indicator;
al preference (e.g., individuals sometimes have their “favourite measure”);
le stage applicability;

ce (internahor external to the organizational unit) as to the measure’s fithess for purg
btion need)and its utility;

vity to/context (e.g., in some environments measures of inheritance depth for object g

5 do”not exhibit variation because inheritance is not used extensively; such a measurg

not ex

hibit interesting behaviour in this environment).

ose or

riented
would

The costs of collecting, managing, and analysing the data at all levels should also be considered. Costs
include the following.2)

Measures utilization costs: associated with each measure are the costs of collecting data, automating
the calculation of the measure values (when possible), analysing the data, interpreting the analysis
results, and communicating the information products.

2) This is adapted from IEEE Standard for a Software Quality Metrics Methodology, IEEE Std 1061-1998.

30

© ISO/IEC 2007 — Al rights

reserved


https://iecnorm.com/api/?name=a2b8c1118d82cdfef1d1ff1b06f47af5

