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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical 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
respectiv izati i i i i ivi i )mittees
in fields of mutual interest. Other international organizations, governmental and non-governmental, in
liaison with ISO and IEC, also take part in the work. In the field of information technology, ISO andJIE[C have
established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives)Part 3.
The main [task of the joint technical committee is to prepare International Standards. Draft International Standards
adopted by the joint technical committee are circulated to national bodies for voting. PUblication as an Interpational
Standard fequires approval by at least 75 % of the national bodies casting a vote.

Attention Is drawn to the possibility that some of the elements of this International Standard may be the sybject of
patent riths. ISO and IEC shall not be held responsible for identifying any or @l 'such patent rights.

ISO/IEC 15939 was prepared by Joint Technical Committee ISO/IEC JTCA, Information technology, Subcommittee
SC 7, Sofiware and system engineering.

Annexes A to G of this International Standard are for informationzenly.

iv © ISO/IEC 2002 — All rights reserved
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Introduction

Software measurement supports the management and improvement of software processes and products.
Measurement is a primary tool for managing software life cycle activities, assessing the feasibility of project plans,
and monitoring the adherence of project activities to those plans. Software measurement is also a key discipline in
evaluat ng the qn:\lify of software products and the {‘npahilify of nrganiﬁ:\ﬁnnnl software processes. It is becoming
increas|ngly important in two party business agreements, where it provides a basis for specification, management,
and acgeptance criteria.

Contindal improvement requires change within the organisation. Evaluation of change requires megsurement.
Measurement itself does not initiate change. Measurement should lead to action, and not®e“employed purely to
accumylate data. Measurements should have a clearly defined purpose.

This International Standard defines a software measurement process applicable to all software-related epgineering
and management disciplines. The process is described through a model that* defines the activities of the
measurement process that are required to adequately specify what measurement information is required, how the
measures and analysis results are to be applied, and how to determine, if\the analysis results are pyalid. The
softwarg measurement process is flexible, tailorable, and adaptable to the néeds of different users.

© ISO/IEC 2002 — Al rights reserved \
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This Infernational Standard identifies the activities and tasks that are necessary to successfully identi
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urpose

apply, and improve software measurement within an overall project or organisational me
e. It also provides definitions for measurement terms commonly used within the-software industry.
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This Inrrnational Standard is intended to be used by software stuppliers and acquirers. Software supplig
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1.3 T

This In:FrnationaI Standard does not catalogue software measures, nor does,it\provide a recommen

s to apply on software projects. It does identify a process that supports defining a suitable set of
ress specific information needs.

ield of application

el performing management, technical, and quality management functions in software dey

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

rmation requirements.

an acquirer (or third-party agents) for evaluating conformance of the supplier's software me
Cess to this International Standard.

an acquirer (or third-party agents) to implement a software measurement process to addreg
hnical and project management information requirements related to the acquisition.

contract between an acquirer and a supplier as a method for defining the software process ar
hsurement inférmation to be exchanged.

ailoring this International Standard

This Inferhational Standard contains a set of activities and tasks that comprise a software measureme

fy, define,
hsurement

led set of
measures

rs include
elopment,

ance, integration, and product support organisations! Software acquirers include personnel performing
managg¢ment, technical, and quality management functionssin software procurement and user organisatio

ns.

a supplier to implement a software measurement process to address specific project or organisational

asurement

s specific

d product

Nt process

that meets the specific needs of software organisations and projects. The tailoring process consists of modifying
the non-normative descriptions of the tasks to achieve the purpose and outcomes of the software measurement
process. All normative clauses shall be satisfied. New activities and tasks not defined in this International 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 5. Any organisation 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 organisation to maintain appropriate evidence of satisfaction of the normative clauses
for purposes of demonstrating conformance.

1.5 Limitations

This International Standard does not assume or prescribe an organisational model for measurement. The user of

this Intern
within the
or across

This Inter
to be pro
fashion. T

The mea
aspects of
are assun

ational Standard should decide, for example, whether a separate measurement function is ne
organisation, whether the measurement function should be integrated within individual software'f
brojects, based on the current organisational structure, culture, and prevailing constraints.

ational Standard is not intended to prescribe the name, format, or explicit content of thé docum
uced. The International Standard does not imply that documents be packaged, <o5-combined i
hese decisions are left to the user of the International Standard.

surement process should be appropriately integrated with the organisatienal quality system.
internal audits and non-compliance reporting are covered explicitly in this_International Standard,
ed to be in the domain of the quality system.

This Interpational Standard is not intended to conflict with any organisational policies, standards, or procedu

are alread
be cited in

y in place. However, any conflict should be resolved and any.oyverriding conditions and situations
writing as exceptions to the application of the International Standard.

2 Normative reference

The follow
this Interr

ing normative document contains provisions which, through reference in this text, constitute provi
ational Standard. For dated references,-subsequent amendments to, or revisions of, any @

publicatio
investigat
undated r|
maintain r|
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31
acquirer

s do not apply. However, parties to agreements based on this International Standard are encour

the possibility of applying the most recent edition of the normative document indicated bel
bferences, the latest edition of theé hormative document referred to applies. Members of ISO 3
bgisters of currently valid International Standards.

hational Vocabulary of Basic and General Terms in Metrology, 1993

ns and definitions

Lrposes of this~International Standard, the following terms and definitions apply within the co
neasurement.

cessary
rojects,
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attribute
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Based on the definition in [ISO/IEC 12207:1995].

property or characteristic of an entity that can be distinguished quantitatively or qualitatively by human or
automated means
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3.3
base measure
measure defined in terms of an attribute and the method for quantifying it

NOTE 1 A base measure is functionally independent of other measures.
NOTE 2  Based on the definition in [International Vocabulary of Basic and General Terms in Metrology, 1993].

3.4
data

Co“ectlr\n of valuae accinanad ta haca maaciiras darivad maasiiras and/lor indicators
RS+ ades—aSSigRea—+o aa) oS-G HYBaH8asHeS;ahRaroraicators

3.5
data provider
individdal or organisation that is a source of data

3.6
data stpre
organisged and persistent collection of data and information that allows for its retrieval

3.7
decisidn criteria
thresholds, targets, or patterns used to determine the need for action or‘further investigation, or to dgscribe the
level of|confidence in a given result

3.8
derived measure
measure that is defined as a function of two or more values of‘base measures

NOTE Based on the definition in [International Vocabulary:of Basic and General Terms in Metrology, 1993].

3.9
entity
object that is to be characterised by measuring;its attributes

EXAMPLE An object can be a process; product, project, or resource.

3.10
indicatpr
measure that provides an .estimate or evaluation of specified attributes derived from a model with fespect to
defined|information needs

3.1
indicatpr value
numeri¢al or categorical result assigned to an indicator

3.12
information need
insight necessary to manage objectives, goals, risks, and problems

3.13
information product
one or more indicators and their associated interpretations that address an information need

EXAMPLE A comparison of a measured defect rate to planned defect rate along with an assessment of whether or not the
difference indicates a problem.

© ISO/IEC 2002 — Al rights reserved 3
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measure (noun)
variable to which a value is assigned as the result of measurement

NOTE

3.15

The term “measures” is used to refer collectively to base measures, derived measures, and indicators.

measure (verb)

to make a

[ISO/IEC t+4

measurement

£Q0 _1-1Q0Q481
JIUTT. T

3.16
measura
abstract r

3.17

JIVU]

le concept
lationship between attributes of entities and information needs

measurement

set of ope
NOTE

3.18

Fations having the object of determining a value of a measure

Based on the definition in [International Vocabulary of Basic and General Termssin Metrology, 1993].

measurement analyst

individual

measurenpent

3.19

measurement experience base

data store
lessons lg

3.20

that contains the evaluation of the information-products and the measurement process as well
arned during the measurement process

measurement function

algorithm
3.21

measurel|
individual

3.22

br calculation performed to combirle fwo or more base measures

nent librarian
pr organisation that is responsible for managing the measurement data store(s)

measurement method

logical se
scale

NOTE 1
may be dis|

quence of opérations, described generically, used in quantifying an attribute with respect to a s

The, type of measurement method depends on the nature of the operations used to quantify an attribute. T
inguished:

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

as any

pecified

vo types

subjective

b n H Lo Lo sl n
Yuariumeatuvurtmvuivityg Tiarmiart JUUYTITITT T

objective — quantification based on numerical rules

NOTE 2

3.23

Based on the definition in [International Vocabulary of Basic and General Terms in Metrology, 1993].

measurement procedure
set of operations, described specifically, used in the performance of a particular measurement according to a given

method

[Internatio

nal Vocabulary of Basic and General Terms in Metrology, 1993]
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3.24

measurement process

the process for establishing, planning, performing and evaluating software measurement within an overall project or
organisational measurement structure

3.25
measurement process owner
individual or organisation responsible for the measurement process

3.26
measurement-sponsot

individual or organisation that authorises and supports the establishment of the measurement process

3.27
measurement user
individdal or organisation that uses the information products

3.28
model
algorithm or calculation combining one or more base and/or derived measures wjth,'associated decision cfiteria

3.29
observption
instance of applying a measurement procedure to produce a value forza\base measure

3.30
operator
individdal or organisation that operates the system

NOTE Based on the definition in [ISO/IEC 12207:1995],
3.31
organisational unit

the par{ of an organisation that is the subject.6f measurement

NOTE An organisational unit deploys,one or more processes that operate within a coherent set of business goa

2

[ISO/IELC TR 15504-9:1998]

3.32
procesp
set of interrelated activities’that transform inputs into outputs

[ISO/IELC TR 15504+9:1998]
3.33

scale
orderedset of values _continuous ar discrete _ar a set of r‘q’rpgnripq to which the attribute is mnlnlnpd

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

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 example,
cyclomatic complexity has the minimum value of one, but each increment represents an additional path. The value of zero is not
possible

© ISO/IEC 2002 — Al rights reserved 5
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Ratio — the measurement values have equal distances corresponding to equal quantities of the attribute where the value of
zero corresponds to none of the attribute. For example, the size of a software component in terms of LOC is a ratio scale
because the value of zero corresponds to no lines of code and each additional increments represents equal amounts of code

NOTE 2  These are just examples of the types of scales. Roberts [12] defines more types of scales.
NOTE 3  Based on the definition in [International Vocabulary of Basic and General Terms in Metrology, 1993].
3.34

software product
set of computer programs. procedures, and associated documentation and data

NOTE Based on the definition in [ISO/IEC 12207:1995].

3.35
software service
performarice of activities, work, or duties connected with a software product, such“vas its develppment,
maintenarjce, and operation

[ISO/IEC 12207:1995]

3.36
stakeholder
individual Jor organisation that sponsors measurement, provides data, iS¢a user of the measurement repults or
otherwise [participates in the measurement process

3.37

supplier
organisatipn that enters into an agreement with the acquirér:for the supply of a system, software prgduct or
software dervice under the terms of that agreement

NOTE 1 The term “supplier” is synonymous with “contractor”, “producer”, “seller”, or “vendor”.
NOTE 2 | The acquirer may designate a part of its organisation as supplier.

NOTE 3 | Based on the definition in [ISO/IEC 12207:1995].

3.38

system
integrated| composite that consists, of one or more of the processes, hardware, software, facilities and people, that
provides g capability to satisfy‘a;stated need or objective

[ISO/IEC 12207:1995]

3.39
unit of mOFasurement

particular guantity, defined and adopted by convention, with which other quantities of the same kind are compared
in order tg express their magnitude relative to that quantity

[International Vocabulary of Basic and General Terms in Metrology, 1993]
3.40

user

individual or organisation that uses the system to perform a specific function
NOTE Based on the definition in [ISO/IEC 12207:1995].

3.41

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

6 © ISO/IEC 2002 — Al rights reserved
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4 Application of this International Standard

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

4.1 Purpose and outcomes of the software measurement process

The purpose of the software measurement process defined in this International Standard is to collect, analyse, and
report data relating to the products developed and processes implemented within the organisational unit, to support
effective__management of the processes, and to objectively demonstrate the quality of the products
[ISO/IELC TR 15504-2:1998]. As a result of successful implementation of the measurement process:

e |organisational commitment for measurement will be established and sustained;
¢ |the information needs of technical and management processes will be identified;
e |an appropriate set of measures, driven by the information needs will be identified and/or developegd;
e |measurement activities will be identified;

¢ |identified measurement activities will be planned;

e |the required data will be collected, stored, analysed, and the results interpreted;
¢ |information products will be used to support decisions and\provide an objective basis for commurfication;
o |[the measurement process and measures will be evaluated; and

e |improvements will be communicated to the measurement process owner.

4.2 Qverview of this International Standard

This Infernational Standard defines the activities and tasks necessary to implement a software measurement
procesg. An activity is a set of related tasks that contributes towards achieving the purpose and outcomes of the
software measurement process (see\Clause 4.1). A task is a well-defined segment of work. Each |activity is
compriged of one or more tasks. (This International Standard does not specify the details of how to perform the
tasks ifcluded in the activities.

The prgperties of the activities of the measurement process that are defined in this International Standqrd are the
same properties definedn/JISO/IEC 12207:1995. This means that other properties such as entry and exit [criteria for
each offthe activitiesqaare/not defined in this International Standard.

The software 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
measutement 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 organisational 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.

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.

© ISO/IEC 2002 — Al rights reserved 7
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Figure 1 shows that the Core Measurement Process is driven by the information needs of the organisati

on. For

each information need, the Core Measurement Process produces an information product that satisfies the
information need. The information product is conveyed to the organisation as a basis for decision-making. The link

between measures and an information need is described as the Measurement Information Model in Annex
annex also includes examples.

A. This

Performance of the normative activities and tasks defined in this International Standard satisfies at least the
Capability Level 1 requirements in ISO/IEC TR 15504-2:1998. However, the guidance included in this International
Standard provides the basis for implementing the measurement process at progressively higher levels of capability.

past iterations of the cycle, previous evaluations of information products, and evaluatigns of previous iterg
the meagurement process. This would include the measures that have beeny\\found to be useful
organisatipnal unit. No assumptions are made about the nature or technology (of; this “Measurement Exp
Base”, only that it be a persistent storage. Artefacts (for example, information products, historical data, and
learned) stored in the “Measurement Experience Base” are intended to be reused in future iterations
measurenment process.

Since the|process model is cyclical, subsequent iterations may only.update measurement products and pr
This Interpational Standard does not imply that measurement products and practices need to be develop
implemented for each iteration of the process. The wordingZused in this International Standard ado
convention that one is implementing the measurement process for the first time (i.e., the first iteration).
subsequept iterations, this wording should be interpretedi*as updating or changing documentation and
practices.

The typicgl functional roles mentioned in this International Standard are: stakeholder, sponsor, measureme
measurement analyst, measurement librarian,-data provider, and measurement process owner. These are
in Clause [ of this International Standard.

A number|of work products are producédiduring the performance of the measurement process. The work p
are descriped in Annex B, and mapped-to the tasks that produce them.

tified.
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4.3 Organisation of this International Standard

In this International Standard, clauses “5.a” denotes an activity, and “5.a.b” a task. Clauses labelled “5.a.b.c” are
normative for the particular task. The outline structure of the activities and their constituent tasks is as follows:

5.1: Establish and sustain measurement commitment

5.1.1: Accept the requirements for measurement
5.1.1.1: The scope of measurement shall be identified.
5.1.1.2: Commitment of management and staff to measurement shall be established.
5.1.1.3: Commitment shall be communicated to the organisational unit.
5.1.2: Assign resources
5.1.2.1: Individuals shall be assigned responsibility for the measurement process within the
organisational unit.
5.1.2.2: The assigned individuals shall be provided with resources to planthe
measurement process.
5.2: Plan the measurement process
5.2.1: Characterise organisational unit
5.2.1.1: Characteristics of the organisational unit that are relevant to selecting meagures
and interpreting the information products shall be éxplicitly described.
5.2.2: Identify information needs
5.2.2.1: Information needs for measurement shall be identified.
5.2.2.2: The identified information needs shall be prioritised.
5.2.2.3: Information needs to be addressed shall be selected.
5.2.2.4: Selected information needs shall be decumented and communicated.
5.2.3: Select measures
5.2.3.1: Candidate measures that satisfy the selected information needs shall be idgntified.
5.2.3.2: Measures shall be selected from’'the candidate measures.
5.2.3.3: Selected measures shall be documented by their name, the unit of measur¢ment,
their formal definition, thesmethod of data collection, and their link to the
information needs.
5.2.4: Define data collection, analysis) and reporting procedures
5.2.4.1: Procedures for data collection, including storage and verification shall be degfined.
5.2.4.2: Procedures fordata analysis and reporting of information products shall be
defined.
5.2.4.3: Configuration management procedures shall be defined.
5.2.5: Define criteria for'evaluating the information products and the measurement process
5.2.5.1: Criteria for evaluating information products shall be defined.
5.2.5.2: Criteria for evaluating the measurement process shall be defined.
5.2.6: Reviewgapprove, and provide resources for measurement tasks
5.2:6.17 The results of measurement planning shall be reviewed and approved.
5.2,6.2: Resources shall be made available for implementing the planned measurement
tasks.
5.2 YAcquire and deploy supporting technologies
5.2.7.1: Available supporting technologies shall be evaluated and appropriate ones
selected.
5.2.7.2: The selected supporting technologies shall be acquired and deployed
5.3+ Perform-the measurement process
5.3.1: Integrate procedures
5.3.1.1: Data generation and collection shall be integrated into the relevant processes.
5.3.1.2: The integrated data collection procedures shall be communicated to the data
providers.
5.3.1.3: Data analysis and reporting shall be integrated into the relevant processes.
5.3.2: Collect data
5.3.2.1: Data shall be collected.
5.3.2.2: The collected data shall be stored, including any context information necessary to
verify, understand, or evaluate the data.
5.3.2.3: The collected data shall be verified.
5.3.3: Analyse data and develop information products
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5.3.3.1: The collected data shall be analysed.
5.3.3.2: The data analysis results shall be interpreted.
5.3.3.3: The information products shall be reviewed.
5.3.4: Communicate results
5.3.4.1: The information products shall be documented.
5.3.4.2: The information products shall be communicated to the measurement users.
5.4: Evaluate measurement
5.4.1: Evaluate information products and the measurement process
5.4.1.1: The information products shall be evaluated against the specified evaluation
criteria and conclusions on strengths and weaknesses of the information products
draaamn
5.4.1.2: The measurement process shall be evaluated against the specified evalyation
criteria and conclusions on strengths and weaknesses of the measurement
process drawn.
5.4.1.3: Lessons learned from the evaluation shall be stored in the “Measurement
Experience Base”.
5.4.2: Identify potential improvements
5.4.2.1: Potential improvements to the information products shall be identified.
5.4.2.2: Potential improvements to the measurement process’shall be identified.
5.4.2.3: Potential improvements shall be communicated,

The acfjvities are described in the order in which they usually are performed. However, iteration from ong activity to
the preceding activity frequently occurs. The order in which the tasks fép each activity are presented does not
necessarily imply an order of implementation of the tasks. For each task, one or more normative requirgments on
the imglementation of the task are defined. For many tasks there’isvalso informative guidance to help with the
interpretation of the normative requirements and the tasks’ implementation in practice. This guidance is |presented
in italic$.

The infprmative lists within the task definitions and in the ‘annexes are not presumed to be exhaustive < they are
intendefd only as examples.

5 Description of the activities
In implementing a measurement process.in compliance with this International Standard, the organisgtional unit

shall perform the activities described below. The “Requirements for Measurement” from the Technical and
Managg¢ment processes trigger the-measurement process.

5.1 HBstablish and sustainmeasurement commitment
This acjivity consists of théfollowing tasks:
1) Acceptithe requirements for measurement

2) Assign resources

5.1.1 [Accept the requirements for measurement

5111 The scope of measurement shall be identified.

The scope of measurement defines an organisational 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 organisation. This may consist of software projects or
supporting processes, or both. All subsequent measurement tasks should be within the defined scope.

The scope of the organisational unit can be identified through interviews and the inspection of documentation, such as
organisational 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 organisational unit.
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5.1.1.2

Commitment of management and staff to measurement shall be established.

Commitment should be established when “Requirements for Measurement” are defined (see Figure 1).

This includes the commitment of resources to the measurement process and the willingness to maintain this commitment. The
organisational unit should demonstrate its commitment through, for example, a measurement policy for the organisational unit,
allocation of responsibility and duties, training, and the allocation of budget and other resources. Commitment may also come in

the form of
5113

This can be

5.1.2 Assign resources

5.1.21
The spons
may be ag
principles
minimum, i
e m
e m
e m
The numbd
people is g
person for

5.1.2.2

The spons
staff. Reso

5.2 Pla

This activi

—_

a contract with a customer requiring measurement.

Commitment shall be communicated to the organisational unit.

Individuals shall be assigned responsibility for the measurement process within the 6rganisation
br of measurement should ensure that this responsibility is assigned to competent individuals™ Competent in
quired through transfer, coaching, training, sub-contracting and/or hiring. Competence jncludes knowledg
bf measurement, how to collect data, perform data analysis, and communicate the information produd
hdividuals should be assigned the responsibility for the following typical roles:

pasurement user

basurement analyst

pasurement librarian

r of roles shown above does not imply the specific number. of people needed to perform the roles. The ni
ependent on the size and structure of the organisationaltnit. These roles could be performed by as feW
b small project.

The assigned individuals shall be provided with resources to plan the measurement process.

br of measurement should be responsible for ensuring that resources are provided. Resources include fun
rce allocations may be updated in the course of activity 5.2.

h the measurement process
ty consists of the following-tasks:
Characterise organisational unit
Identify information needs
Select measures

Define data collection, analysis, and reporting procedures

al unit.
pividuals

e of the
ts. At a

mber of
as one

ing and

Pafina critaria foravaluatinathe-information-onraducte-and tha maoacuramaont nrocacs
Tt
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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.
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5.2.1 Characterise organisational unit

5.2.1.1 Characteristics of the organisational unit that are relevant to selecting measures and interpreting the
information products shall be explicitly described.

The organisational 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. Characterisation can be in terms of organisational processes,
application domains, technology, interfaces amongst divisions/departments and organisational structure. Processes may be
characterised in the form of a descriptive process model.

This task is similar in nature to task 5.1.1.1. However, this task produces more detailed information than the scoping performed
intask §TT.T.

The orga@nisational unit characterisation should be taken into account in all subsequent activities and tasks.

5.2.2 |dentify information needs

5.2.21 Information needs for measurement shall be identified.
Information needs originate from the technical and management processes. Information needs_are based on: goals, ponstraints,
risks, apd problems of the organisational unit. The information needs may be derivgd\from the business, orggnisational,
regulatoly (such as legal or governmental), product and/or project objectives.

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

5.2.2.2 The identified information needs shall be prioritised.
This prigritisation is normally accomplished by, or in conjunction with, the stakeholders. Only a subset of the initial [information
needs may be pursued further. This is particularly relevant sif<\measurement is being tried for the first timg within an

organisgtional unit, where it is preferable to start small.

An example of a simple and concrete prioritisation approach\s 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 prioritisption of the
informatfon needs.

5.2.2.3 Information needs to be addressed shall be selected.

From the prioritised information needs, a_subset is selected to be addressed during the measurement process. This|selection is
likely driyen by a trade-off among resogree constraints, and criticality/urgency of information needs.

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

5.2.2.4 Selected information needs shall be documented and communicated.

No assdmptions are\imade about the type of documentation. It can be paper or electronic. It is only necessdry that the
documehtation is<tetrievable.

The selgcted.information needs should be communicated to all stakeholders. This is to ensure that they understand why certain
data arelto-be collected and how they are to be used.

5.2.3 Select measures

5.2.3.1 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 made using the
Measurement Information Model described in Annex A.

New measures should be defined in sufficient detail to allow for a selection decision (task 5.2.3.2). Other International
Standards, see the Bibliography, describe some commonly used software measures and requirements for their definition.

A new measure may involve an adaptation of an existing measure.
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5.2.3.2 Measures shall be selected from the candidate measures.

The selected measures should reflect the priority of the information needs. Further example criteria that may be used for the
selection of measures are included in Annex C.

Context information necessary to interpret or normalise measures also should be considered. For example, when comparing
‘lines of code” from different sources, the programming language has to be specified.

5.2.3.3 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.

Measures T F T rexample,
a product sjize measure, or subjective measures, such as a user satlsfactlon questionnaire to meet new /nformat/on neeqls.

An examplg of a unit of measurement is “hour”.

The formal|definition describes exactly how the values are to be computed, including input measures andycenstants fof derived
measures. [Note that such definitions may already exist in the “Measurement Experience Base”.

The methogl of data collection may be, for example, a static code analyser, a data collection formy; or-a questionnaire.

Annex A provides guidelines for linking the measures to the information needs through the Measurement Information Madel.

5.2.4 Ddfine data collection, analysis, and reporting procedures

5.241 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 verificafion may
be accomplished through an audit. See Annex F for more detailed suggestions of items to be defined.

5.24.2 Procedures for data analysis and reporting of information products shall be defined.
The procedures should specify the data analysis method(s), afd-format and methods for reporting the information products.

The range lof tools that would be needed to perform the data analysis should be identified. Useful guidance on the selection of
statistical pjocedures can be found in ISO 10017:1999.

5.24.3 Configuration management procedures shall be defined.

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

5.2.5 Ddfine criteria for evaluating the information products and the measurement process

5.2.5.1 Criteria for eyaluating information products shall be defined.

These critdria would allew one to determine whether the data that are needed have been collected and analysed with sufficient
quality to sgtisfy the-information needs. The criteria need to be defined at the beginning, and act as success criteria.

The criterig need to be def/ned within the context of the technical and business object/ves of the organ/satlona/ un/t Fxample
criteria for ity of a
measurement method Further criteria are included in AnnexD However it may be necessary to define new criteria and
measures for evaluating the information products.

5.2.5.2 Criteria for evaluating the measurement process shall be defined.

The criteria need to be defined within the context of the technical and business objectives of the organisational unit. Examples
of such criteria are timeliness and efficiency of the measurement process. Further criteria are provided in Annex E. However, it
may be necessary to define additional criteria and measures for evaluating the measurement process.
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Review, approve, and provide resources for measurement tasks

The results of measurement planning shall be reviewed and approved.

The measurement planning tasks constitute all tasks from Clause 5.2.1 to Clause 5.2.5. The results of measurement planning
include the data collection procedures, storage, analysis and reporting procedures, evaluation criteria, schedules and
responsibilities. Details of the elements of measurement planning are included in Annex F.

Measurement planning should take into consideration improvements and updates proposed from previous measurement cycles
(“Improvement Actions” in Figure 1), as well as relevant experiences in the “Measurement Experience Base”. Criteria such as
the feas:blllty of mak/ng changes to ex:stlng plans in the short term, the avallablllty of resources and tools for the realisation of

changed

improvements to /mplement.

If meast
be updd

elements in Annex F may not be necessary. For instance, if an update involves deleting a measure, then-a pilot imp
of the changes may not be necessary.

Stakehdlders should review and comment on the measurement planning information. The spensor of measurement
approve|the measurement planning information. Approval demonstrates commitment to meastwément.

5.2.6.2

The me

allocate

Resources shall be made available for implementing the planned.m@asurement tasks.

. For approval, the planning information may undergo a number of iterations. Note that measurement may b

individugl projects before committing to organisation-wide use. Therefore, reésource availability may be staged.

5.2.7

5.2.7.1

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 typ

bs of automated tools that may be needed include graphical presentation tools, data analysis tools, and

Tools fof collecting data, for example, static code analysers and test coverage monitors, may also be required. This
the modffication, and/or extension of existing toels)and the calibration and testing of the tools.

Based qn the evaluation and selection oOf supporting technologies, the measurement planning information may

updated

5.2.7.2

If the s

The selected supperting technologies shall be acquired and deployed.

ipporting technologies.~Concern the infrastructure for data management, then access rights to the data

implemdnted in accordance,with organisational security policies, and any additional confidentiality constraints.

5.3 PBerform the measurement process

This acjivity consists of the following tasks:

ig proposed

rement planning information already exists, for example, from a previous measurement cycle, then'if,may dnly need to
ted as opposed to being “developed”. Also, if measurement planning information already exists,” then spme of the

ementation

thould then

bsurement planning information should be agreed to by the management of the organisational unit, and resources

b piloted on

databases.
may involve

have to be

should be

1Y lntaarata nracadiirac
I ThtegratCproceadures

2) Collect data
3) Analyse data and develop information products

4) Communicate results

These tasks are intended to be performed in accordance with the planning information produced during the tasks

describ

© ISO/IE

ed in Clause 5.2. Examples of measurement planning information are described in Annex F.
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Information products and evaluation results in the “Measurement Experience Base” should be consulted during the
performance of this activity.

5.3.1 Integrate procedures

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

Integration may involve changing current processes to accommodate data generation and collection activities. For example, the
inspection process may be changed to require that the moderator of an inspection hand over the preparation effort sheets and
defect logs to the measurement librarian at the closure of every inspection. This would then necessitate modifying inspection

procedure ar'r'nrrhngly Infagrnflnn involves a trade-off between the extent of. lm‘nar'f on nv:chng PLOCesSSes that can be

tolerated apd the needs of the measurement process. The required changes to collect data should be minimised.

The extent|of integration varies depending on the type of measures and the information needs. For examplef a‘ene-time staff
morale suryey requires little integration. Alternatively, filling in time sheets at the end of every week requires.integrafion with
Work Breakdown Structures and accounting procedures.

The data that need to be collected may include extra measures defined specifically to evaluate the.information prgducts or
performande measures to evaluate the measurement process.

5.3.1.2 The integrated data collection procedures shall be communicated to the“data providers.

This communication may be accomplished during, for example, staff training, an orientation session, or via an orgarjisation’s
newsletter.

The objecfive of communicating the data collection procedures is to ensurethat the data providers are competent in the
required dgta collection. Competence may be achieved, for example, through. training in the data collection procedutes. This
increases gonfidence that data providers understand exactly the type of, data that are required, the format that is reqyired, the
tools to us¢, when to provide data, and how frequently. For example, thesdata providers may be trained on how to coplete a
defect datq form, to ensure that they understand the defect classificatioh scheme, and the meanings of different types| of effort
(such as isplation and correction effort).

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

Data analypis and reporting usually is performed on a regular basis. This requires that data analysis and reporting be iftegrated
into the cunrent organisational and project processes.

5.3.2 Cqllect data

5.3.21 Data shall be collected.

The selected attributes are measured using the designated measurement method. This may be accomplished by manual or
automated|means. Data may be.collected, for example, with a static code analyser that calculates values for product njeasures
every time| a module is cheéked into a configuration management system. Data also may be collected, for example, by
completing|a defect data fofm and sending it to the measurement librarian.

5.3.2.2 The collegted data shall be stored, including any context information necessary to verify, undérstand,
or evaluate the data

Note that 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 situation_where only a few measures are collected for a short period of time in a small organisation

5.3.2.3 The collected data shall be verified.

Data verification may be performed by inspecting against a checklist. The checklist should be constructed to verify that missing
data are minimal, and that the values make sense. Examples of the latter include checking that a defect classification is valid, or
that the size of a component is not ten times greater than all previously entered components. In case of anomalies, the data
provider(s) should be consulted and corrections to the raw data made where necessary. Automated range and type checks may
be used.

Data verification may be the responsibility of the measurement librarian in conjunction with the data provider(s).
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Analyse data and develop information products

The collected data shall be analysed.

Data may be aggregated, transformed, or re-coded prior to analysis. During this task, data are processed to produce the
planned indicators. The amount of rigor in the analysis should be determined by the nature of the data and the information

needs.

Guidance for performing statistical analysis may be found in ISO 10017:1999.
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eviewed by
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to look for
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5.3.3.2 The data analysis results shall be interpreted.
The mesurement analyst(s) should be able to draw some initial conclusions based on the results. Howevef
analyst(§) may not be directly involved in the technical and management processes, such conclusions need.to\be 1
other stgkeholders as well (see Clause 5.3.3.3).
All intergretations should take into account the context of the measures.
The data analysis results, indicators, interpretations, and supporting information make up the information products.
5.3.3.3 The information products shall be reviewed.
The revew is intended to ensure that the analysis was performed and interpreted properly and that the information
satisfied} It may be an informal “self review”, or a more formal inspection process~Examples of the types of thingg
during spich a review are provided in Annex G.
The infdrmation products should be reviewed with the data providers and‘the’measurement users. This is to ensu
are meaningful, and if possible, actionable. Qualitative information should be considered as a support to interpreting
results.
5.3.4 [Communicate results
5.3.4.1 The information products shall be documented.
Example¢ guidelines for reporting information products are provided in Annex G.
5.3.4.2 The information products shall'be’communicated to the measurement users.
The infofmation products should be made_available to the data providers, and other stakeholders.
Feedbagk should be provided to thée_stakeholders, as well as being sought from the stakeholders. This ensures use
evaluating the information products and the measurement process. Note: Tasks 5.3.3 and 5.3.4 are typically perfd
iterative|manner.
5.4 Hvaluate measurement
This acjivity consists of the following tasks:

1)AEvaluate information products and the measurement process

2) ldentity potential improvements
5.4.1 Evaluate information products and the measurement process
5411 The information products shall be evaluated against the specified evaluation criteria and conclusions

on strengths and weaknesses of the information products drawn.

The evaluation of information products may be accomplished through an internal or independent audit. Example criteria for the
evaluation of information products are included in Annex D. The evaluation criteria have been defined in Clause 5.2.5.

The inputs to this evaluation are the performance measures, the information products, and the measurement user feedback.

© ISO/IEC 2002 — Al rights reserved
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The evaluation of information products may conclude that some measures ought to be removed, for example, if they no longer
meet a current information need.

5.4.1.2

The measurement process shall be evaluated against the specified evaluation criteria and conclusions
on strengths and weaknesses of the measurement process drawn.

The evaluation of measurement process may be accomplished through an internal or independent audit. Example criteria for the
evaluation of the performance of the measurement process are included in Annex E. The evaluation criteria have been defined

in Clause 5

The quality

.2.5.

of the measurement process influences the quality of the information products.

The inputs
5413
Lessons le

the evalua
the data pni

5.4.2 ldentify potential improvements

5.4.21

Examples
measure g

Some char
5.4.2.2
Such “Impr
The costs
implement.
be good as

5.4.2.3

Measurem
provided tg

If no poten

fo this evaluation are the performance measures, the information products, and the measurement user feedh
Lessons learned from the evaluation shall be stored in the “Measurement Experience Base”.

jion criteria themselves, and/or experiences in measurement planning (for example, “therge \Was great resis
bviders to collecting a specific measure at a specific frequency”).

Potential improvements to the information products shall be identified.

pf changes to information products are changing the format of an_indicator; changing from a line of ¢
a functional size measure; or reclassification of software defect categories.

ges to the information products may require changes to the meaSurement process.

Potential improvements to the measurement process’shall be identified.
pvement Actions” should be used in future instances.ofithe “Plan the Measurement Process” activity.
and benefits of potential improvements should be considered when selecting the “Improvement Aci
It should be noted that making a particular improvement may not be cost effective or the measurement prog
it is, and therefore no potential improvements may be identified.

Potential improvements shall be eommunicated.

bnt process changes usually aresprovided to the process owner, and measurement product changes arg
the measurement analyst(s).

ial improvements are identified in Clause 5.4.2.1, then that should be communicated.

ack.

arned may take the form of strengths and weaknesses of the information products, of the measurement pracess, of

ance by
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Annex A
(informative)

The measurement information model

A.1 General

The mgasurement information model is a structure linking information needs to the relevant entities\and

attributes

of condern. Entities include processes, products, projects, and resources. The measurement_information model

describps how the relevant attributes are quantified and converted to indicators that provide)a-basis fq
making

The selection or definition of appropriate measures to address an information need begins with a m
concep}: an idea of which measurable attributes are related to an information need\and how they are re
measutement planner defines measurement constructs that link these attributes\to a specified informa
This measurement information model (see Figure A.1) identifies basic termisyand concepts. The me

r decision

easurable
lated. The
tion need.
asurement

information model helps to determine what the measurement planner needs to specify during measurement

planninfy, performance, and evaluation.
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. H - The outcome of the
. Informatlon Needs Information measurement process
. Product that satisfies the
information needs
Explanation relating the quantitative
: information in the indicator to the
Interpretatlon information needs in the language of
\-/ tha-maaciiramant HSOKS

Indicator

(analysis)
Model

Variable assigned a valué by ‘applying

the analysis model to.basé and/or
derived measures

Algorithm for
combining measures
andidecision criteria

. . Variable assigned a vglue by
Derived Derived applying the measurefnent
Measure Measure function to two or mor¢
values of base measufes
Measurement\ Algorithm for combining two or
Measgurable Function more base measures
Concept
Base Base Variable assigned a value by
applying the method to one
Measure Measure attribute
Measurement Measurement Otl?t?ga:io?s mapﬁing an
Method Method attribute to a scale
P I LI B N I I
: Entlty P rty rel tt
. . roperty 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 characierised by
measuriing its attributes. Typical software engineering objects can be classified as products (e.g., design’ flocument,
source [code, and test case), processes (e.g., design process, testing process, requirements analysis| process),
projectg, and resources (e.g., the programmers and the testers). An entity may have one or_more properties that
are of interest to meet the information needs. In practice, an entity can be classified into-more than ¢ne of the
above gategories.

A.2.2 Attribute

An attribute is a property or characteristic of an entity that can be distinguished” quantitatively or qualitatively by
human|or automated means. An entity may have many attributes, only some of which may be of interest for
measurement. The first step in defining a specific instantiation of the measurement information model i to select
the attrbutes that are most relevant to the measurement user’s infofmation needs. A given attribute may be
incorporated in multiple measurement constructs supporting differenpinformation needs.

A.2.3 Base measure

A meagure defined in terms of an attribute and the method for quantifying it. (A measure is a variable fo which a
value i$ assigned.) A base measure is functionally. independent of other measures. A base measurg captures
information about a single attribute. Data collectionlinvolves assigning values to base measures. Spegifying the
expectgd 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 meagurement method is a logical seguence of operations, described generically, used in quantifying an attribute
with regpect to a specified scale. The operations may involve activities such as counting occurrences or|observing
the paspage of time. The same measurement method may be applied to multiple attributes. However, egch unique
combingtion of an attribute and)a method produces a different base measure. Some measurement methods may
be imglemented in multipl®) ways. A measurement procedure describes the specific implementgtion of a
measurement method within a given organisational context.

A.2.3.11 Type of-measurement method

The type of measurement method depends on the nature of the operations used to quantify an attribute. [Two types
of method‘may be distinguished:

e Subjective — quantification involving human judgement

e Objective — quantification based on numerical rules such as counting. These rules may be implemented
via human or automated means.

A.2.3.1.2 Scale

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 scales 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 —
example,
The value

the measurement values have equal distances corresponding to equal quantities of the attrib
cyclomatic complexity has the minimum value of one, but each increment represents an addition
of zero is not possible.

Ratio — the measurement values have equal distances corresponding to equal quantities of the attribute wh

value of z
is a ratio
represents

The meth
example,

A.2.3.1.2.
A particul

compared
of measur

A.2.4 D¢

A derived
measures|

Bro corresponds to none of the attribute. For example, the size of a software component in terms
scale because the value of zero corresponds to no lines of code and each additional incH
equal amounts of code.

bd of measurement usually affects the type of scale that can be used‘reliably with a given attrib
subjective methods of measurement usually only support ordinal or nominal scales.

P Unit of measurement

in order to express their magnitude relative to that quantity. Only quantities expressed in the san
ement are directly comparable. Example of units inclode the hour and the metre.

rived measure

measure is a measure that is defined as-a function of two or more values of base measures.
capture information about more than-one attribute or the same attribute from multiple entities.

transforma

thus do nd
measures|

A.24.1

t produce derived measures. Normalisation of data often involves converting base measures into
that can be used to comparedifferent entities.

easurement Function

ite. For
al path.

ere the
of LOC
ements

Lte. For

ar quantity, defined and adopted by convention, with, ‘which other quantities of the same kind are

he units

Derived
Simple

tions of base measures (for example, taking the square root of a base measure) do not add infofmation,

derived

unit of
well as

del with

are what

should be presented to measurement users. Measurement is aIways based on |mperfect information, so
quantifying the uncertainty, accuracy, or importance of indicators is an essential component of presenting the

actual indi

cator value.

1) These
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are just examples of the types of scales. Roberts [12] defines more types of scales.
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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.

A.2511 Decision criteria

Decisiop criteria are numerical thresholds or fargets used to defermine the need for acfion or further jnvestigation,

or to describe the level of confidence in a given result. Decision criteria help to interpret the
measurement. Decision criteria may be calculated or based on a conceptual understanding of expected
Decisioh criteria may be derived from historical data, plans, and heuristics, or computed as statistical co
or statigtical confidence limits.

A.2.6 Measurable concept

A meagurable concept is an abstract relationship between attributes of entities "and information n

Conceqgts include quality, risk, performance, capability, maturity, and-customer value.

results of
behaviour.
ntrol limits

eeds. For

, an Information Need may be the need to compare the software development productivity of a project

rate”. To
ce applied

e the products (depending on the chosen model of productivity). Additional examples of Measurable
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A.3 Examples

The following subclauses provide examples of instantiations of the measurement information model that address
specific information needs. These examples are not designed to recommend best measurement practices, but

rather to show the applicability of the measurement information model in a variety of common situations.

A.3.1 A productivity example

The decision-maker in this example needs to select a specific productivity level as the basis for project planning.
The measurable concept is that productivity is related to effort expended and amount of software produced. Thus,

effort and|code are the measurable entities of concern. This example assumes that the productivity is eq
based on|past performance. Thus, data for the base measures (numbered entries in table below).need

collected and the derived measure computed for each project in the data store.

Regardlegs of how the productivity number is arrived at, the uncertainty inherent in software-engineering
that there| is a considerable probability that the estimated productivity will not be realisedyexactly. Es
productivily based on historical data enables the computation of confidence limits that help to assess ho!

actual resllts are likely to come to the estimated value.

timated
s to be

means
imating
W close

Information Need

Estimate productivity of future project

Measurqble Concept

Project productivity

Relevani Entities 1. Code produced by past projects

2. Effort expended by past projects
Attributes 1. C++ language statements (in cade)

2. Timecard entries (recording_effort)
Base Mgasures 1. Project X Lines of code

2. Project X Hours of effort
Measur¢gment Method 1. Count semicolons in Project X code

2. Add timecard entries together for Project X

Type of Measurement Method 1. Objective

Objective

Scale

2
1. Integers from zero to infinity
2. Real numbers from zero to infinity

Type of Scale 1. Ratio
2. Ratio

Unit of Measurement 1. Line
2. Hour

Derived [Measure

Project X Productivity

£ ot

Measurementfunction

Pivsial D H VA VAN £ 0ol o D H +
UIVIUCT T IUJULIL /A LITTCO UT ' UUUT Uy LI IUJULJI.

N L £ L
A TTUUTO Ul LTTUT L

Indicator

Average productivity

Model

Compute mean and standard deviation of all project productivity values

Decision Criteria

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

Figure A.2 — Measurement construct for “productivity”
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A.3.2 A quality example

The decision-maker in this example needs to evaluate detailed design quality as the design is being produced. The
measurable concept is that design quality is related to the amount of design produced and 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 normalised 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.

|
Inforr+ation Need Evaluate product quality during design
Meas+rable Concept Product quality
Relevlant Entities 1. Design packages
2. Design inspection reports
Attributes 1. Text of inspection packages
2. Lists of defects found in inspections
Base Measures 1. Package X size
2. Total defects for package X
Measyirement Method 1. Count number of lines of text for each package
2. Count number of defects'isted in each report
Type pf Measurement Method 1. Objective
2. Objective
Scale 1. Intégers from zero to infinity
2. Antegers from zero to infinity
Type pf Scale 1. Ratio
2. Ratio
Unit gf Measurement 1. Lines
2. Defects
Deriv?d Measure Inspection defect density
Meashrement Function Divide Total Defects by Package Size for each package
Indicgtor Design defect density
Mode Compute process centre and control limits using values of defect ¢ensity
Decisjon Criteria Results outside the control limits require further investigations
Figure A.3 — Measurement construct for “quality”

A.3.3 A project progress example

The decision-maker in this example needs to evaluate whether or not the rate of progress on a project is sufficient.
The measurable concept is that progress is related to the amount of work planned and the amount of work
completed. Thus, planned work items are the entities of concern. This example assumes that the status (degree of
completion) of each unit is reported by the developer assigned to it. Thus, data for the base measures (numbered
entries in table below) needs to be collected and the derived measure computed for each work item in the plan.

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 coding activity

Measurable Concept Activity status

Relevant Entities Plan/schedule

Code units completed or in progress

Attributes Code units identified in plan

Code unit status

Base Measures Code units planned to date

Nl =N =[N -

Code unit status

Measurgment Method 1. Count number of code units scheduled to be completed bycthis date

2. Ask programmer for percent complete of each unit

Type of Measurement Method 1. Objective
2. Subjective
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. Code unit
2. One:hundredth code unit
Derived |Measure Progress to date
Measure}ment Function Add status for all codé\units planned to be complete to date
Indicatolf Code status expressed as aratio
Model Divide Progress to Date by (Code Units Planned to Date times 100)
Decision Criteria Resulting ratio should fall between 0.9 and 1.1 to concluge the

project is on schedule

Figure A.4>— Measurement construct for “progress”
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Annex B
(informative)

Measurement process work products

some fashion. These decisions are left to the user of this International Standard.

mentation
mbined in

Work product

Activity/Task ProducingWP

Work products produced externally

Requirements for measurement

Technical and,Management Processes

Informlation Needs

Technicalkand Management Processes

Measurement User Feedback

Techhical and Management Processes

Work products produced by “Plan the Measurement Process”

Charagterisation of the Organisational Unit

5.2.1 Characterise Organisational Unit

Selected information needs

5.2.2 Identify Information Needs

Instantiated measurement information model for
selectgd measures

5.2.3 Select Measures

Definifion of selected measures

5.2.3 Select Measures

Proceglures for data collection, storage, and verification

5.2.4 Define Data Collection, Analysis, and Reporting
Procedures

Proceglures for data~analysis and reporting

5.2.4 Define Data Collection, Analysis, and Reporting
Procedures

Confiduration management procedures

5.2.4 Define Data Collection, Analysis, and Reporting
Procedures

Criteria for the evaluation of the information products

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

Criteria for the evaluation of the measurement process

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

Approved results of measurement planning

5.2.6 Review, approve, and provide resources for
measurement tasks

Selected supporting technologies

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

Integrated data collection procedures

5.3.1 Integrate Procedures

Stored data

5.3.2 Collect Data

Data analysis results and interpretations

5.3.3 Analyse data and develop information products

Information products

5.3.4 Communicate results

Work products produced by “Evaluate Measurement”

Measurement Experience Base (update)

5.4.1 Evaluate Information Products and-the
Measurement Process

Evaluatign results

5.4.1 Evaluate Information Products and the
Measurement Process

Improvement actions

5.4.2 Identify potential improvements

Figure B.1 — Work products of measurement @ctivities

28

© ISO/IEC 2002 — All rights reserved



https://standardsiso.com/api/?name=5e3c223f1849519ffe7e61de62e8dfd2

ISO/IEC 15939:2002(E)

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.

e |relevance to the prioritised information needs

o |feasibility of collecting the data in the organisational unit

o [availability of human resources to collect and manage data

e |ease of data collection

e |extent of intrusion and disruption of staff activities

o |availability of appropriate tools

e |protection of privacy

e |potential resistance from data provider(s)

e |number of potentially relevant indicators supported by the base measure

« |increase or reduction of storage requirements

o |ease of interpretation by measurementiusers and measurement analysts

e |number of users or consumers of the information products utilising the indicator
e |personal preference (e.g., individuals sometimes have their “favourite measure”)

o |life cycle stage applicability

e [evidence (internal’ or external to the organisational unit) as to the measure’s fithess for p

information need

urpose or

e |sensitivityuto context (e.g., in some environments measures of inheritance depth for object orientéd classes

interesting behaviour in this environment)

do not-exhibit variation because inheritance is not used extensively; such a measure would

hot exhibit

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

e Measures utilisation 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 Measures Methodology, IEEE Std 1061-1992.
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