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ISO/IEC/IEEE 15939:

Foreword

2017(E)

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 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 and non-
governmental, in liaison with ISO and IEC, also take part in the work. In the field of information technology, ISO
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E Standards documents are developed within the IEEE Societies and the Standards Coordinating Cq
he IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards

sensus development process, approved by the American National Standards Institute, which bring
inteers representing varied viewpoints and interests to achieve the final produet) Volunteer
essarily members of the Institute and serve without compensation. While the IEEE, administers tH
establishes rules to promote fairness in the consensus development , process, the IEEE

ependently evaluate, test, or verify the accuracy of any of the information contdined in its standards

brnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2

bntion is called to the possibility that implementation of this standard may require the use of subije
ered by patent rights. By publication of this standard, no position is taken with respect to the ex
dity of any patent rights in connection therewith. ISO/IEEGand IEEE are not responsible for i
ential patents or patent claims for which a license may<be required, for conducting inquiries intg
dity or scope of patents or patent claims or determininng whether any licensing terms or conditiong
onnection with submission of a Letter of Assurance of. a Patent Statement and Licensing Declaratio
, or in any licensing agreements are reasonable or nion-discriminatory. Users of this standard are
ised that determination of the validity of any-patent rights, and the risk of infringement of such
rely their own responsibility. Further information may be obtained from ISO or the IEEE
ociation.

IEC 15939 was prepared by Joint Technical Committee ISO/IEC]JTC1, Information t
committee SC 7, Systems and software engineering, in cooperation with the Software & Systems En
hdards Committee of the IEEE‘€Computer Society, under the Partner Standards Development Oryg
peration agreement betweenlSO and IEEE.

5 first edition cancels_and replaces ISO/IEC 15939:2007, which has been revised to align with re
IEC/IEEE 15288:2015.
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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,
management, and acceptance criteria.

Continuarlj‘improvement requires change within the organization. Evaluation of change requires measuremgnt.
Measurement itself does not initiate change. Measurement should lead to action and not be employed(purely to
accumulate data. Measurements should have a clearly defined purpose.

This document defines a measurement process applicable to system and software engineering and managenient
disciplinep. 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 valid. The faéasurement procesfs is
flexible, tgilorable, and adaptable to the needs of different users.

The meadqurement process defined in this document, while written for systemvand software domains, car] be
applied irf other domains.

The purpgse of this document is to describe the activities and tasks that are necessary to successfully identify,
define, sglect, apply and improve measurement within an ovetall project or organizational measurenjent
structure] It also provides definitions for measurement terms,commonly used within the system and software
disciplinep.

This docyment does not catalog measures, nor does it;provide a recommended set of measures to applyl on
projects. [t does identify a process that supports défining a suitable set of measures that addresses spegific
informatipn needs.

This docyment is intended to be used by suppliers and acquirers. Suppliers include personnel perfornjing
management, technical and quality management functions in system and software development, maintenance,
integratiogn and product support organizations. Acquirers include personnel performing management, technjfical
and qualify management functions imr procurement and user organizations.

The following are examples of how this document can be used:

— by a qupplier to implemeént a measurement process to address specific project or organizational information
requifements;

— by anlacquiréxr (or third-party agents) for evaluating conformance of the supplier’s measurement procesf to
this documerit;

— by an—acquiret (Ul thir d-pal 197 agcuLa) to illlplclllcllL d IITeasur cIrent process to address bpl:t,iﬂt, techmical
and project management information requirements related to the acquisition;

— in a contract between an acquirer and a supplier as a method for defining the process and product
measurement information to be exchanged.

vi © ISO/IEC 2017 - All rights reserved
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s document establishes a common process and framework for measurement of systems and software. It
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ject and products across the life cycle. The measurement process can be applied throughout the life
planning, managing, assessing, and decision-making in all stages of a system or software life cycle.

5 document also provides activities that support the definition, control and improvement of the m
cess used within an organization or a project.

5 document does not assume or prescribe an organizational model for, dmedasurement. The y
ument decides, for example, whether a separate measurement function isiecessary within the o
whether the measurement function should be integrated within individual projects or across pro
he current organizational structure, culture and prevailing constraints:

5 document does not prescribe a specific set of measures, method, model or technique. The u
ument are responsible for selecting a set of measures for the“project and defining the applicati

cting and applying appropriate methods, models, tools/and techniques suitable for the project.

5 document is not intended to prescribe the name, format, explicit content, or recording m
rmation items to be produced. This document“does not imply that documents be packaged or c

sompe fashion. These decisions are left to the user.of this document. ISO/IEC/IEEE 15289 addresses the
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cycle process information items (documentation).

measurement process is supposed to, be appropriately integrated with the organizational quality
hspects of internal audits and nen-compliance reporting are covered explicitly in this document
imed to be in the domain of thequality system.
5 document is not intended to conflict with any organizational policies, standards or procedur

ady in place. However,any conflict should be resolved and any overriding conditions and situation
d in writing as exceptions to the application of this document.
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3

Terms and definitions

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

ISO, IEC and IEEE maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

— IEEE Standards Dictionary Online: available at http://ieeexplore.ieee.org/xpls/dictionary.jsp

© ISO/IEC 2017 - All rights reserved
© IEEE 2017 - All rights reserved
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NOTE Definitions for other terms typically can be found in ISO/IEC/IEEE 24765, available at
<www.computer.org/sevocab>.

31
acquirer
stakeholder that acquires or procures a product or service from a supplier

Note 1 to entry: Other terms commonly used for an acquirer are buyer, customer, owner, purchaser or
internal/organizational sponsor.

[SOURCE: ISO/IEC/IEEE 15288:2015]

3.2

attribute
property of characteristic of an entity that can be distinguished quantitatively or qualitatively ®y-humar] or
automated means

33
base measpre
measure dgfined in terms of an attribute and the method for quantifying it

Note 1 to enfry: A base measure is functionally independent of other measures.

Note 2 to enfry: Based on the definition of “base quantity” in the International~Vocabulary of Metrology - Basic [and
General Con¢epts and Associated Terms, 2012.

3.4
data
collection df values assigned to base measures, derived measures or indicators

3.5
data provifler
individual qr organization that is a source of data

3.6
data store
organized gnd persistent collection of data and information that allows for its retrieval

3.7
decision crfiteria
thresholds,|targets, or patterns_uised to determine the need for action or further investigation, or to describe|the
level of confidence in a given-result

3.8
derived me¢asure
measure thpt isdefined as a function of two or more values of base measures

N 1 A P 4l i, £ ; 1 PP IR | Toade s 11L R Vol W SN | R : d
ote1toen Ty IOaptCO T ONT CTC OCTHIITIOIT 0T GCTTVET QUAITtIty 11T CTC HTteT ITatioar vocaptrary o1 MICtro1ogy pasrcan

General Concepts and Associated Terms, 2012.

3.9
entity
object that is to be characterized by measuring its attributes

Note 1 to entry: An entity can be a process, product, project or resource.

3.10

indicator

measure that provides an estimate or evaluation of specified attributes derived from a model with respect to
defined information needs

2 © ISO/IEC 2017 - All rights reserved
© IEEE 2017 - All rights reserved
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3.11
indicator value
numerical 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-aninformation-need
r

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.

3.1
mepsurable concept
absjtract relationship between attributes of entities and information needs

3.1p
mepsure, noun
varjable to which a value is assigned as the result of measurement

Notg 1 to entry: The plural form “measures” is used to refer collectively to base measures, derived mleasures and
indjcators.

3.16
mepsure, verb
make a measurement

URCE: ISO/IEC 25000:2014]

Notg 1 to entry: Adapted from thetInternational Vocabulary of Metrology - Basic and General Concepts anfl Associated
Terms, 2012.

indjvidual or orgarization that is responsible for the planning, performance, evaluation and imprpvement of

mepsurement experience base
datp stere that contains the evaluation of the information products and the measurement process as jwell as any

lessons learned during the measurement process
o (=] r

3.20
measurement function
algorithm or calculation performed to combine two or more base measures

3.21

measurement method

logical sequence of operations, described generically, used in quantifying an attribute with respect to a specified
scale

Note 1 to entry: The type of measurement method depends on the nature of the operations used to quantify an attribute.
Two types can be distinguished:

© ISO/IEC 2017 - All rights reserved 3
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— subjective: quantification involving human judgment; and

— objective: quantification based on numerical rules.

Note 2 to entry : Based on the definition of “method of measurement” in the International Vocabulary of Metrology - Basic
and General Concepts and Associated Terms, 2012.

3.22

measurement procedure

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

[SOURCE: Jnternational Vocabulary of Metrology - Basic and General Concepts and Associated Terms, 2(312,
Modified, eflitorially revised.]

3.23
measuremlent process
process fof establishing, planning, performing and evaluating measurement within an"everall project| or
organizatiopal measurement structure

3.24
measurement process owner
individual gr organization responsible for the measurement process

3.25
measurement sponsor
individual @r organization that authorizes and supports the establishment of the measurement process

3.26
measuremlent user
individual @r organization that uses the measurement information products

3.27
model
algorithm dr calculation combining one or more base or derived measures with associated decision criteria

3.28
observatign
instance of ppplying a measurement procedure to produce a value for a base measure

3.29
operator
entity that performs the‘operation of a system

3.30
organizatipnal(unit
part of an ofrganization that is the subject of measurement

3.31
process
set of interrelated or interacting activities that use inputs to deliver an intended result

[SOURCE: IS0 9000:2015 Modified, Notes to entry 1, 2, 3, 4, 5 and 6 have been removed.]

3.32
product
result of a process

Note 1 to entry: Adapted from the definition of “Output” in ISO 9001:2015.

4 © ISO/IEC 2017 - All rights reserved
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3.33

project

endeavor with defined start and finish criteria undertaken to create a product or service in accordance with
specified resources and requirements

Note 1 to entry : A project is sometimes viewed as a unique process comprising coordinated and controlled activities and

composed of activities from the Technical Management Processes and Technical Processes defined in ISO/IEC/IEEE
15288:2015.

[SOURCE: ISO/IEC/IEEE 15288:2015, Modified, Note 1 to entry editorially revised.]

3.3
scalle
ordered set of values, continuous or discrete, or a set of categories to which the attribute is mapped

Notk 1 to entry: The type of scale depends on the nature of the relationship between values en_the scale. Hour types of
scale are commonly defined:

— | nominal: the measurement values are categorical;

— | ordinal: the measurement values are rankings;

— | interval: the measurement values have equal distances corresponding to equal(quantities of the attribute; ang

— | ratio: the measurement values have equal distances corresponding to equal‘quantities of the attribute, wherg the value of
zero corresponds to none of the attribute.

Thesse are just examples of the types of scale. Roberts [17] defines more&ypes of scale. Annex A contains examples|of each type
of sgale.

Notg 2 to entry: Based on the definition of “scale (of a“measuring instrument)” in the International Vpcabulary of
Metirology - Basic and General Concepts and Associated Terms, 2012.

3.3
sernvice
perfformance of activities, work or duties

[SOURCE: ISO/IEC/IEEE 15288:2015, Modified, Notes 1 and 2 to entry have been removed.]

3.3p
stakeholder
indjvidual or organization having a right, share, claim or interest in a system or in its possession of characteristics
thaf meet their needs and-expectations

Notk 1 to entry: Within this document, an individual or organization that sponsors measurement, provides data, is a user
of the measurementyesults or otherwise participates in the measurement process.

[SOURCE:_ISO/IEC/IEEE 15288:2015, Modified, EXAMPLE has been removed and Note 1 to entry has been
ediforially,revised.]

3.37
supplier

organization or an individual that enters into an agreement with the acquirer for the supply of a product or
service

Note 1 to entry: Other terms commonly used for supplier are contractor, producer, seller or vendor.
Note 2 to entry: The acquirer and the supplier sometimes are part of the same organization.
[SOURCE: ISO/IEC/IEEE 15288:2015]

3.38

system

combination of interacting elements organized to achieve one or more stated purposes

© ISO/IEC 2017 - All rights reserved 5
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Note 1 to ent

ry: A system is sometimes considered as a product or as the services it provides.

[SOURCE: ISO/IEC/IEEE 15288:2015, Modified, Notes 2 and 3 to entry have been removed.]

3.39

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

[SOURCE: International Vocabulary of Metrology - Basic and General Concepts and Associated Terms, 2012]

3.40
user
individual ¢

[SOURCE: I
3.41

value
numerical

4 Conformance

4.1 Intended usage
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4.2 Tailorfing this document

r group that interacts with a system or benefits from a system during its utilization

50/1IEC/IEEE 15288:2015, Modified, Note 1 to entry has been removed.]

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

ments in this document are contained in Clause 6. There are two ways that an implementation car
fonform to the provisions of this document - full conformance and tailored conformance.

vo criteria for claiming full conformance. Achieving either criterion suffices for conformance, altho
criterion (or criteria) is to be stated in the claim. Claiming “full conformance to tasks” asserts that a
ments of the activities and tasks of the measurement process are achieved. Alternatively, claiming °
e to outcomes” asserts that all of the required outcomes of the measurement process are achieved.

sponsibility of the organization to maintain appropriate evidence of satisfaction of the norma
the purposes of demonstrating conformance.

The process has a set of gbjectives (phrased as “outcomes”) and a set of activities and tasks that represent one
he objectives. Users whosimplement the activities and tasks can assert full conformance to tasks. Some uj
ght have innovatjve.process variants that achieve the objectives (i.e., the outcomes) of the declared s¢
thout implementing-all of the activities and tasks. These users can assert full conformance to the outcomes.
—conformancetto, task and conformance to outcome—are not necessarily equivalent since specific performand

tasks may fequire, in some cases, a higher level of capability than just the achievement of outcomes.

be
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This docum

ent contains a set or activities and tasks that comprise a measurement process that meets the speLific

needs of organizations and projects. An organization tailoring this document may delete content that is not

applicable,

and may also add new activities and tasks.

4.3 Full conformance to outcomes

Full conformance to outcomes is achieved by demonstrating that all of the outcomes have been achieved. In this
situation, the provisions for activities and tasks are guidance rather than requirements, regardless of the verb
form that is used in the provision.
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4.4 Full conformance to tasks

Full conformance to tasks is achieved by demonstrating that all of the requirements of the activities and tasks
have been achieved. In this situation, the provisions for the outcomes are guidance rather than requirements,
regardless of the verb form that is used in the provision.

4.5 Tailored conformance

When this document is tailored per 4.2, the tailored text, for which tailored conformance is claimed, is declared.
Tailored conformance is achieved by demonstrating that the outcomes, activities, and tasks, as tailored, have been

achfieved.

5 | Application of this document

Thip clause presents an overview of the measurement process. The objective is o _orient the uj
dodument so that they can apply it properly within context.

This document defines the activities and tasks necessary to implement a measurement process. An act
of rfelated tasks that contributes towards achieving the purpose and outcames of the measurement p
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and 6.2). A task is a well-defined segment of work. Each activity.is{comprised of one or more
ument does not specify the details of how to perform the tasks included in the activities.

properties of the activities of the measurement process that are defined in this document ar
perties defined in ISO/IEC/IEEE 15288 and ISO/IEC/IEEE 12207. This means that other propert
'y and exit criteria for each of the activities are not defimedhin this document.

'E 1 This measurement process supports the measurément requirement defined in ISO 9001:2015, 8.2.
'E 2 This document provides an elaboratiof of the measurement process from ISO/IEC/IEEE
IEC/IEEE 12207. More detail is provided via, additional activities and tasks. As part of this elaboration, of

ome (commitment is established and sustained) is added, with associated activities and tasks. This outcome
O/IEC/IEEE 15288 and ISO/IEC/IEEE 12207 at the organization level.

sequenced in an iterative cycle allowing for continuous feedback and improvement of the m
cess. The measurement progcess model in Figure 1 is an adaptation of the Plan-Do-Check-Act cycle
d as the basis for quality'improvement. Within activities, the tasks are also iterative.

“Technical and Management Processes” of an organizational unit or project are not within the s
ument, although'they are an important external interface to the measurement activities that are
document,

b activities are considered to be the Core Measurement Process: Prepare the Measurement P
form. the Measurement Process. These activities are included in the Measurement process in IS

ers of this

vity is a set
rocess (see
tasks. This

e the same
ies such as

15288 and
le additional
is addressed

measurement process consists, of-four activities as illustrated in the process model in Figure 1. The activities

basurement
commonly

rope of this
included in

rocess, and
D/IEC/IEEE

88.and ISO/IEC/IEEE 12207 and mainly address the concerns of the measurement user. The

other two

act

vities, 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. They are included in the set of life cycle processes as activities in the Project
Planning process and the Quality Assurance process, respectively. At the organization level, this is handled by the
Life Cycle Model Management process, which evaluates and improves the organization’s processes.

© ISO/IEC 2017 - All rights reserved
© IEEE 2017 - All rights reserved


https://iecnorm.com/api/?name=15a6152854efbe50b15e0381fc188219

ISO/IEC/IEEE 15939:2017(E)

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 of the normative activities and tasks defined in this document satisfies at least the Capability Level 1
requirements in ISO/IEC 33020. However, the guidance included in this document provides the basis for

implementing the measurement process at progressively higher levels of capability.

The proce
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to improve
hoc manne
the quality
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Included in
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organizatio
Base”, only
lessons lea
the measur

Since the p
This docun

¢ definedin this document-includes an-evaluation activitvy —as shawn in Fiogure 1 The intent i
J7 t=]

that evaluation and feedback are an essential component of the measurement process, and should 1
ments of the measurement process and measures. Evaluation can be simple, and performed-in“an
- when capability is low, or it can be quantitative with sophisticated statistical techniques.'to-evalu
of the measurement process and its outputs when capability is high. Measures should be“evaluate
e added value they provide for the organization, and only deployed where the benefit éanbe identifi

to
ead
ad
ate
1 in
ed.

the cycle is the “Measurement Experience Base”. This is intended to captur€. information prodiicts

terations of the cycle, previous evaluations of information products, and“évaluations of previ
f the measurement process. This would include the measures that have béenfound to be useful in
nal unit. No assumptions are made about the nature or technology of this “Measurement Experig
that it be a persistent storage. Artefacts (for example, informatienproducts, historical data,
'med) stored in the “Measurement Experience Base” are intended to'be reused in future iteration
Pment process.

Focess model is cyclical, subsequent iterations may only dipdate measurement products and practi
ent does not imply that measurement products and practices need to be developed and implemer

for each i

eration of the process. The wording used in this{document adopts the convention that ong

implementing the measurement process for the first time (i.€y'the first iteration). During subsequent iterati
this wording should be interpreted as updating or changing documentation and current practices.

The typic
measuremse
document.

A number
products at

This docum

functional roles mentioned in this document are: stakeholder, sponsor, measurement ul
nt analyst, data provider, and measurement process owner. These are defined in Clause 4 of

of work products are produced during the performance of the measurement process. The W
e described in Annex B, and'mapped to the tasks that produce them.

ent includes a set of activities and tasks. Tasks are sometimes broken into lower-level tasks. These

described i

the order in which, they typically are performed. However, iteration from one activity or task

preceding gr following one frequently occurs. The order in which these are presented does not necessarily in
an order of implementation. For each task, one or more normative requirements on the implementation
defined. There is also infermative guidance to help with the interpretation of the normative requirements and
implementgtion in practice. This guidance is presented in italics.

The informptive lists within the tasks in the annexes are not presumed to be exhaustive — they are intended d
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as examples

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

6.1 Purpose

The purpose of the Measurement process is to collect, analyze, and report objective data and information to
support effective management and demonstrate the quality of the products, services, and processes.

[ISO/IEC/IEEE 15288:2015, 6.3.7.1 and ISO/IEC/IEEE 12207]

6.2 Outcomes

As a result pf successful implementation of the Measurement process:
a) Infprmation needs are identified.
b) An|appropriate set of measures, based on the information needs are identified or developed.
c) Refjuired data is collected, verified, and stored.
d) The datais analyzed and the results interpreted.
e) Infprmation items provide objective information that support decisions.
f) Organizational commitment for measurement is sustained.
g) lddgntified measurement activities are planned.
h) Thg measurement process and measures are evaluated.
i) Improvements are communicated to the meaSurement process owner.

[ISO/IEC/IEEE 15288:2015, 6.3.7.2 and ISO/IEC/IEEE 12207]

6.3 Actiyities and tasks

The project shall implement the following activities and tasks in accordance with the applicable organization
policies and procedures with re§pect to the measurement process.

NOTE 1 THis document pravides an elaboration of the measurement process in ISO/IEC/IEEE 15288 and ISO/IEC/IEEE
12207. It prqvides a more-detailed set of activities and tasks that are aligned with those in 15288 and 12207. Through the rgst
of this docurhent, only thereferences to 15288 are included, since the clause numbering is the same in both documents.

NOTE 2 Clpuse 970fISO 9001:2015 specifies Quality Management System requirements for measurement and monitoring|of
processes and products.

6.3.1 Establish and sustain measurement commitment

In ISO/IEC/IEEE 15288, measurement commitment is established and sustained as part of the Project Planning
and Project Assessment and Control processes.

6.3.1.1  Accept the requirements for measurement

6.3.1.1.1 Identify the scope of measurement

The scope of measurement defines an organizational unit for purposes of this document. This can be a single project,
a functional area, the whole organization, a single site, or a multi-site organization. This consists of projects or
supporting processes, or both.

10 © ISO/IEC 2017 - All rights reserved
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The scope of the organizational unit can be identified through interviews and the inspection of documentation, such
as organizational charts.

In addition, all stakeholders need to be identified. For example, these can include project managers, the Information
Systems manager, or the head of Quality Management. The stakeholders can be internal or external to the

organizational unit.

The purpose and information needs for measurement are identified by the stakeholders.

6.3.1.1.2  Establish commitment of management

Commitment is established when “Requirements for Measurement” are defined (see Figure 1).
This includes the commitment of resources to the measurement process and the willingness fo mfintain this
commitment. For example, one way the organizational unit establishes its commitment is through a measurement

policy for the organizational unit, allocation of responsibility and duties, training, and thé.ajlocation of|budget and
othpr resources. Commitment often comes in the form of a contract with an acquirer requiring measuremént.

6.3]1.1.3 Communicate commitment to the organizational unit

Thik can be achieved, for example, through organizational unit-wide announcenients or newsletters.
6.3{1.2  Assign resources

6.3{1.2.1  Assign responsibility for measurement
Thq sponsor of measurement assigns this responsibility ta’ sompetent individuals. Competence includes khowledge of
the| principles of measurement, how to collect data~perform data analysis, and communicate the fnformation
products. At a minimum, individuals are assigned the‘tesponsibility for the following typical roles:
— | measurement user; and

— | measurement analyst.

Thq number of typical roles shown above does not imply the specific number of actual roles or numbé¢r of people

needed to perform the roles. The mumber of people is dependent on the size and structure of the organiztional unit.
Thgse roles could be performed by as few as one person for a small project.

6.3{1.2.2 Provide reSources to plan, perform, and evaluate measurement

Thq sponsor of measurement is responsible for ensuring that resources are provided. Resources include funding and
staff- Resource allocations are updated as needed.

6.3|2 Prepare for measurement

Thik activity consists of the following tasks.

[ISO/IEC/IEEE 15288:2015, 6.3.7.3 a)]

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

Examples of the measurement planning details that shall be addressed during this activity are described in
Annex F.
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6.3.2.1 Define the measurement strategy

[ISO/IEC/IEEE 15288:2015, 6.3.7.3 a) 1)]

This includes details covering:
— roles, responsibilities, accountabilities and authorities;
— activities appropriate for suppliers or subcontractors;

— theflow of information between levels in the supply chain, and the flow of information to decision makers;

— idpntification of resources; and

— infegration with other processes.

6.3.2.2 Describe the characteristics of the organization that are relevant to measuremeént

[ISO/IEC/IEEE15288:2015, 6.3.7.3 a) 2)]

This includgs the characteristics that are relevant to selecting measures and interpreting the information prodycts.
The organization provides the context for measurement, and therefore it is important to make explicit this confext
and the adsumptions that it embodies and constraints that it imposes. Gharacterization can be in term§ of
organizatiopnal processes, application domains, technology, interfaces “amongst divisions/departments pnd
organizatiopnal structure. Processes can be characterized in the form of a descriptive process model.

It is importqnt to take the organization characterization into accountin all subsequent activities and tasks.

6.3.2.3 dentify and prioritize the information needs

NOTE THe information needs are based on the organizatioit's business objectives, the project objectives, identified risks,
and other itgms related to project decisions.

[ISO/IEC/IEEE 15288:2015, 6.3.7.3 a) 3)]

6.3.2.3.1 | Identify Information needs

Information needs originate from the‘technical and management processes. The information needs can be derjved
from the bufiness, organizational, regulatory (such as legal or governmental), product or project objectives.

Information needs often address questions such as: “How do I get insight into the likelihood of meeting the technlical
objectives?| “How do L kmow the status of implementation?”, “How do I evaluate product quality dufing
development?”, or “Howsdo I estimate the productivity for a future project?”

Useful guidqince pn\isks that are a source for information needs can be found in ISO/IEC/IEEE 16085.

6.3.2.3.2 | Prieritize-identified-information-needs

This prioritization is normally accomplished by, or in conjunction with, the stakeholders. Often, only a subset of the
initial information needs are pursued further. This is particularly relevant if measurement is being tried for the first
time within an organization, 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.

6.3.2.3.3 Select information needs to be addressed

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.
12 © ISO/IEC 2017 - All rights reserved
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In some large development efforts, information that is needed later is identified, but not fully defined nor
implemented until it is required by the measurement users.

6.3.2.3.4 Record and communicate selected information needs

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

The selected information needs are communicated to all stakeholders. This is to help ensure that they understand
why certain data is to be collected and how they are to be used.

6.3{2.4  Select and specify measures that satisfy the information needs

[ISO/IEC/IEEE 15288:2015, .3.7.3 a) 4)]

6.3|12.4.1 Identify candidate measures that satisfy the selected information needs

Thqre needs to be a clear link between the information needs and the candidate medstres. Such a link can be made
using the measurement information model described in Annex A.

New measures need to be defined in sufficient detail to allow for a selectiajy decision. See the Bibliography for other
doduments that define some commonly used measures.

A npw measure can involve an adaptation of an existing measure.

6.3[2.4.2 Select measures from the candidate measures

Thq selected measures reflect the priority of the information needs. Further example criteria for the |selection of
megqsures are included in Annex C.

Context information is necessary to interpret or.normalize measures. For example, when comparing “lines of code”

from different sources, the programming language is specified. As another example, when comparing réquirements
infqrmation from different sources, attributés of the system are specified.

6.312.4.3  Specify selected measures

Medqisures that have been selécted are fully specified. This includes measure name; the unit of measune; a formal
definition; the method of data-collection, storage, and analysis; and the link to the information need.

Thqg formal definition describes how the values are to be computed, including input measures and censtants for
derfved measures. Soime definitions already exist in the “Measurement Experience Base”.

Thq method ©f,data collection can be, for example, a performance analysis or diagnostic data capture fool, a data
collectionferm, or a questionnaire.

Annex@/provides guidelines for linking the measures to the information needs through the measurement jnformation
model.

6.3.2.5 Define data collection, analysis, access, and reporting procedures

[ISO/IEC/IEEE 15288:2015, 6.3.7.3 a) 5)]

6.3.2.5.1 Define procedures for data collection, storage, access, and verification

The procedures specify how data is to be collected, as well as how and where they are to be stored, accessed, and
verified. Data verification can be accomplished through an audit. See Annex F for more detailed candidates of items to
be defined.
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Define procedures for data analysis and reporting of information products

The procedures specify the data analysis method(s) and methods for reporting the information products.

The range of tools that are needed to perform the data analysis is identified.

6.3.2.5.3

Define configuration management procedures

Items such as the raw data, information products, and selected information needs are placed under configuration
management. This can be the same configuration management procedure used in other parts of the organization.

NOTE Sep the Configuration Management process in ISO/IEC/IEEE 15288 for more information.
6.3.2.6 Define criteria for evaluating the information items and the measurement process

[ISO/IEC/IEEE 15288;2015, 6.3.7.3 a) 6)]
6.3.2.6.1 | Define criteria for evaluating information products

These criter

sufficient q
process, an(

The criterid
Example cr
reliability o]
new criterid

6.3.2.6.2

The criterid
Examples o
Annex E. H|
measureme

ia would allow one to determine whether the data that are needed have been collected and analyzed |
Lality to satisfy the information needs. The criteria need to be defined dt the beginning of the projec
| act as success criteria.

need to be defined within the context of the technical and business objectives of the organizational
teria for the evaluation of information products are the accuracy of a measurement procedure and
f a measurement method. Further criteria are included in Annex D. However, it is often necessary to de|
and measures for evaluating the information products:

Define criteria for evaluating the measuremnient process

need to be defined within the context of thé‘technical and business objectives of the organizational y
f such criteria are timeliness and efficienejrof the measurement process. Further criteria are provide
pwever, it is sometimes necessary to’define additional criteria and measures for evaluating
it process.
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6.3.2.7

dentify and plan for the enabling systems or services to be used

[ISO/IEC/IEEE 15288:2015, 6.3.7.3 a

7]

Enabling sy

information.

6.3.2.8

This task is

Ktems or servicesfor-measurement include the tools and services used to collect, store, analyze, and ref

Review, approve, and provide resources for measurement tasks

cavered in the Project Planning process, in ISO/IEC/IEEE 15288.

ort

6.3.2.8.1

Review and approve measurement planning

The measurement planning tasks constitute all tasks from 6.3.2.1 to 6.3.2.6. 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 takes into consideration improvements and updates proposed from previous measurement
cycles (“Improvement Actions” in Figure 1), or projects, as well as relevant experiences in the “Measurement
Experience Base”. Criteria such as the feasibility of making changes to existing plans in the short-term, the
availability of resources and tools for the realization of changes, and any potential disruptions to projects from which
data is collected is considered when selecting proposed improvements to implement.
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If measurement planning information already exists, for example, from a previous measurement cycle, then the plan
only needs to be updated as opposed to being “developed”. Also, if measurement planning information already exists,
then some of the elements in Annex F are not necessary. For instance, if an update involves deleting a measure, then a
pilot implementation of the changes is not necessary.

Stakeholders review and comment on the measurement planning information. The sponsor of measurement then
reviews and approves the measurement planning information. Approval demonstrates commitment to measurement.

6.3.2.8.2 Provide resources for implementing and evaluating measurement tasks

Tha-easurement-planning-trfermationis-agreed-to-by-the-management-of- the-organizationawit—and resources
alldcated. For approval, the planning information often undergoes a number of iterations. Note that medsurement is
oftdn piloted on individual projects before committing to organization-wide use. Therefore, resource’ ayailability is
staged in this case.

6.3{2.9 Acquire and deploy supporting technologies

6.3{2.9.1 Evaluate and select appropriate supporting technologies

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

Thq types of automated tools that are often needed include graphical-preSentation tools, data analysis tools, and
datpbases. Tools for collecting data also are required. This involvessthe’modification or extension of existing tools,
and the calibration and testing of the tools.

Baded on the evaluation and selection of supporting techuologies, the measurement planning infprmation is
sonjetimes updated.

6.3{2.9.2  Acquire and deploy supporting techhologies
If the supporting technologies concern the infrastructure for information management, then access rightd to the data

or |information are implemented in accordance with organizational security policies, and any| additional
conffidentiality constraints.

6.3|3 Perform measurement

[ISO/IEC/IEEE 15288:2015, 6.3.7.3 b)]

Thgse tasks are intendedto be performed in accordance with the planning tasks described in 6.3.2. Examples of
mepsurement planning-information are described in Annex F.

Information products and evaluation results in the “Measurement Experience Base” are consulted|during the
pe;Formance of this activity.

6.3111 Integrate procedures for data generation, collection, analysis, and reporting into the felevant
pr

SSes

[ISO/IEC/IEEE 15288:2015, 6.3.7.3 b) 1)]

6.3.3.1.1 Integrate data generation and collection into the relevant processes

Integration often involves slightly modifying current processes to accommodate data generation and collection
activities. For example, the inspection process is changed to require that the moderator of an inspection provide the
preparation effort sheets and defect logs to the measurement analyst at the closure of every inspection. This
necessitates modifying inspection procedures accordingly. Integration involves a trade-off between the extent of
impact on existing processes that is tolerable and the needs of the measurement process. Changes with moderate to
large impacts on the existing processes are usually not cost effective and sometimes disrupt efficiency or effectiveness.
The required changes to collect data are minimized, whenever possible.
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The extent of integration varies depending on the type of measures and the information needs. For example, a one-
time staff morale survey requires little integration. Alternatively, filling in time sheets at the end of every week
requires integration with Work Breakdown Structures or cost accounts and accounting procedures.

The data that need to be collected often includes extra measures defined specifically to evaluate the information

products or

6.3.3.1.2

performance measures to evaluate the measurement process.

Integrate data analysis and reporting into the relevant processes

Data analysis and reporting usually is performed on a regular basis. This requires that data analysis and reporting be

integrated j
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Communicate data procedures to the data providers and stakeholders

unication is accomplished during, for example, staff training, an orientation session; or via
n’s newsletter.

e of communicating the data generation and collection procedures is to help{ensure that the d
re competent in the required data generation and collection. Competence ,is/achieved, for exam
ining in the data generation and collection procedures. This increases coufidence that data provid
exactly the type of data that are required, the format that is required,the/tools to use, when to proy
bw frequently. For example, if the data providers are trained on how to.complete a defect data form,
b that they understand the defect classification scheme, and the meanings of different types of effort (3
and correction effort).

be of communicating the data access and reporting procedures is to help ensure that all data provig
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ide
this
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understand|the data being collected and follow the appropriate colléction and reporting procedures.
6.3.3.2 Collect, store, and verify data

[1SO/IEC/IEEE 15288:2015, 6.3.7.3 b) 2)]
6.3.3.2.1 | Collect data
The selected attributes are measured using.the'designated measurement method. The data collection is accomplished
by manual| or automated means. Datalis collected by automated means, for example, with a requireménts
managemeft tool every time the requirements database is updated. Data is collected manually, for example| by
completing |a defect data form and,sending it to the measurement analyst.
6.3.3.2.2 | Store the collected data, including context information
The context]information)includes that necessary to verify, understand, or evaluate the data.
The data stpre does-hot have to be an automated tool. It is possible to have a paper-based data store, for examplg, in
the situatiop where only a few measures are collected for a short period of time in a small organization.

Measurement data is often stored through the Information Management process.

6.3.3.2.3

Verify the collected data

Data verification is often performed by inspecting the data against a checklist. The checklist is constructed to verify
that missing data is 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 or providers are consulted and corrections to the raw data are made where
necessary. Automated range and type checks are also used.

Data verification is the responsibility of the measurement analyst in conjunction with the data provider(s).
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6.3

3.3

Analyze data and develop information items

[ISO/IEC/IEEE 15288:2015, 6.3.7.3 b) 3)]

6.3

3.3.1

Analyze collected data

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

6.3[3.3.27 Develop informationitems

Thq data analysis results, indicators, interpretations, and supporting information make up the infermati¢n items. All
intgrpretations need to take into account the context of the measures.

Thq measurement analyst(s) need to be able to draw some initial conclusions based on théresults. Howevgr, since the
andlyst(s) sometimes are not directly involved in the technical and management processes, such conclusfons need to
be eviewed by other stakeholders as well (see 6.3.3.3.3).

6.313.3.3 Review information items

Thq review is intended to help ensure that the analysis was performed and interpreted properly anhd that the
infqrmation needs were satisfied. It can be an informal self-review, or.a-more formal inspection process. Examples of
theltypes of things to look for during such a review are provided inAnviex G.

Thq information products are reviewed with the data providers and the measurement users. This is to |help ensure
thaf they are meaningful, and if possible, actionable,sQualitative information is considered as a|support to
intgrpreting quantitative results.

6.313.4  Record results and inform the measurement users

NOTE The measurement analysis results areireported to relevant stakeholders in a timely, usable fashion to support
dec]sion making and assist in corrective actions, risk management, and improvements. Results are reported to decision

pro

Cess participants, technical and management review participants, and product and process improvement proce

[ISO/IEC/IEEE 15288:2015, 4

[SS owners.

3.7.3b) 4)]

6.3

The

6.3

The

3.4.1 Record results
results include an gnalysis of a set of information items, along with the recommended actions.
3.4.2 Inform the measurement users

information items and results are made available to the data providers and other stakeholders.

Fee

backis pl"ﬂ\lif’ﬂf’ ta the stakeholders as wellas. If)ping (‘nnghf'fr'nm the stakehaolders. This holpc ensure.

iseful input

for evaluating the information items and the measurement process. Tasks 6.3.3.3 and 6.3.3.4 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.

6.3

.4 Evaluate measurement

This task is covered by Quality Assurance in ISO/IEC/IEEE 15288, since it is applied to every process, in addition
to measurement. It is included in this standard to emphasize the importance of evaluation to measurement. At the
organization level, this is handled in 15288 by the Life Cycle Model Management process, which evaluates and
improves the organization’s processes.

© ISO/IEC 2017 - All rights reserved
© IEEE 2017 - All rights reserved

17


https://iecnorm.com/api/?name=15a6152854efbe50b15e0381fc188219

ISO/IEC/IEEE 15939:2017(E)

6.3.4.1

6.3.4.1.1

Conclusions

Evaluate information products and the measurement process

Evaluate information products against the specified evaluation criteria

on strengths and weaknesses of the information items are identified and recorded.

The evaluation of information products can 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 6.3.2.6.

The inputs (v thl.d DVMl’MMtl‘UII urc I‘:ILI‘D lJDIJpUl myricc  rrricuourcy, I‘:IL;Q l'llj“ul lllutl.ull tll uduuto, Mlld I‘:ILI‘D nmreuvuour QlllDllt L¢ Ser
feedback.

The evaluation of information products sometimes concludes that some measures ought to be removed, fotrexample,
if they no lopger meet a current information need.

6.3.4.1.2 | Evaluate the measurement process against the specified evaluation criteria

Conclusions
The evalua
criteria for
criteria hav

The quality

The inputs
feedback.

6.3.4.1.3
Lessons lea

of the evall
resistance B

6.3.4.2

6.3.4.2.1

Examples 0
measure to
measure; o1

Some chang

on strengths and weaknesses of the information items are identified and recordéd:
lion of measurement process may be accomplished through an internal ‘or independent audit. Exan|
the evaluation of the performance of the measurement process are included in Annex E. The evalua
e been defined in 6.3.2.6.

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

fo this evaluation are the performance measures, the information products, and the measurement

Store lessons learned in the Measurement Experience Base
ned take the form of strengths and weaknésses of the information products, of the measurement prog

Liation criteria themselves, or experierices in measurement planning (for example, “there was g
y the data providers to collecting a spetific measure at a specific frequency”).

dentify potential improvements

Identify potential improvements to the information products
f changes to information products are changing the format of an indicator; changing from a lin
an area measuyxe; minutes to hours, months, or years; or a line of code size measure to a functional

reclassificationt of defect categories.

es to thexinformation products require changes to the measurement process.

6.3.4.2.2

ple
fion

ser

ess,
reat

ear
Kize

Identify potential improvements to the measurement

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

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

6.3.4.2.3 Communicate potential improvements

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

If no potential improvements are identified in 6.3.4.2.1 and 6.3.4.2.2, then that is communicated.
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Annex A
(informative)

The measurement information model

A.1_General
Thg measurement information model is a structure linking information needs to the releyant gntities and
attfibutes of concern. Entities include processes, products, projects, and resources. The measufenrent jnformation
mofel describes how the relevant attributes are quantified and converted to indicators that)yprovide a basis for
dedision making.
The selection or definition of appropriate measures to address an information néed begins with a measurable
corfcept: an idea of which measurable attributes are related to an information need.and how they are related. The
mepsurement planner defines measurement constructs that link these attributés’to a specified informjation need.
This measurement information model (see Figure A.1) identifies basic t€rms and concepts. The measurement
infgrmation model helps to determine what the measurement planner{needs to specify during measurement
plahning, performance, and evaluation.
Information
Needs
Estimate or evaluation that
provides a basis for decision
making
Algorithm combining measures|
! decisi P
. Quantity defined as
Derived a function of two of
Measwe more measures
Measurement ™, Algorithm combining two or more
nm . n_u!ﬂ M TSI e (0 & "n‘r_:J.' :Ii]ll e
_ Measure | Measure by a specific method
- ; ifying an
attribute against a scale
o Property relevant to
Entities 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 |
measuring
source cod
projects, an
entity may
can be class

A.2.2 Att

An attribut
human or

measurems
the attribu
incorporatg

A.2.3 Bas

A measure
value is as

information about a single attribute. Data collection involves assigning values to base measures. Specifying

expected rd

A23.1

A measurement method is a logical sequence of operations, described generically, used in quantifying an attrih

with respe
the passagg
combinatio
be implem|
measureme

A2.3.1.1

The type o

Measurement method

S an object (for example, a process, product, project, or resource) that is to be characterized
ts attributes. Typical engineering objects can be classified as products (e.g., design document, netw
b, and test case), processes (e.g., design process, testing process, and requirements analysis‘proce
d resources (e.g., the systems engineers, the software engineers, the programmers and the.testers)

ified into more than one of the above categories.

ribute

b is a property or characteristic of an entity that can be distinguished quantitatively or qualitatively
hutomated means. An entity may have many attributes, only some af-which may be of interest
nt. The first step in defining a specific instantiation of the measurément information model is to se

es that are most relevant to the measurement user’s information needs. A given attribute may
d in multiple measurement constructs supporting different information needs.

€ measure

s defined in terms of an attribute and the method for quantifying it. (A measure is a variable to whi
kigned.) A base measure is functionally independent of other measures. A base measure capty

nge or type of values of a base measure helps to verify the quality of the data collected.

t to a specified scale. The ©Operations may involve activities such as counting occurrences or obsery
of time. The same measurement method may be applied to multiple attributes. However, each uni

ented in multiple.ways. A measurement procedure describes the specific implementation d
nt method within-d given organizational context.

Type of measurement method

[ measurement method depends on the nature of the operations used to quantify an attribute. 1

have one or more properties that are of interest to meet the information needs. In practice, an enftity

' by
for
ect
be

th a
res
the

ute
ing
que

h of an attribute andsa\method produces a different base measure. Some measurement methods may

f a

wo

types of m¢

thod may be distinguished:

Subjective — quantification involving human judgment.

human or automated means.

A.2.3.1.2

Scale

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

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
commonly defined:

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

of scale are

r type does

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

ranking.

In:t*'val — the measurement values have equal distances corresponding to equal quantities of the at
example, cyclomatic complexity has the minimum value of one, but each increment represents amaddi
Thg value of zero is not possible.

Ratio — the measurement values have equal distances corresponding to equal quantities)of the attri
the| value of zero corresponds to none of the attribute. For example, the size in_terms of the
rquirements is a ratio scale because the value of zero corresponds to no requirements and eacH
requirement defined represents an equal incremental quantity.

NOTE These are just examples of the types of scales. Roberts [17] defines more types of scales.

Thg method of measurement usually affects the type of scale that can be used reliably with a given aj
example, subjective methods of measurement usually support only ‘efdinal or nominal scales.

A.213.1.2.2 Unit of measurement

A particular quantity, defined and adopted by convention, with which other quantities of the sa
compared in order to express their magnitude relative to that quantity. Only quantities expressed i
unifs of measurement are directly comparable. Examples of units include the hour and the meter.

A.2.4 Derived measure

A derived measure is a measure that-is defined as a function of two or more values of base measur
megsures capture information about more than one attribute or the same attribute from multiple enti
trapsformations of base measures§ (for example, taking the square root of a base measure) do not add i
thus do not produce derived measures. Normalization of data often involves converting base me
derfived measures that can be used to compare different entities.

A.2l4.1 Measurenient Function

A fiinction is afvalgorithm or calculation performed to combine two or more base measures. The scale

tribute. For
tional path.

bute where
number of
additional

tribute. For

e kind are
the same

es. Derived
ties. Simple
hformation,
asures into

and unit of

the|derived measure depend on the scales and units of the base measures from which it is composed as well as

how theyare combined by the function.

Indicator

A.

TTIITIICTtoT

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 info
quantifying the uncertainty, accuracy, or importance of indicators is an essential component of pre
actual indicator value.

A.2.5.1 Model

rmation, so
senting the

An algorithm or calculation combining one or more base or derived measures with associated decision criteria. It

is based on an understanding of, or assumptions about, the expected relationship between the

component

measures or their behavior over time. Models produce estimates or evaluations relevant to defined information
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needs. The scale and measurement method affect the choice of analysis techniques or models used to produce

indicators.

A.2.51.1

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 understanding of expected behavior.
Decision criteria may be derived from historical data, plans, and heuristics, or computed as statistical control
limits or statistical confidence limits.

A.2.6 Me

A measura
example, a
against a t
concept mi
to create t

Concepts in
A.3 Examples
The following subclauses provide examples of instantiations of the measurement information model that addj

specific inff
rather to sh

A3.1 Ap

The decisig

project pla

(numbered
data store.

Regardless

is a considg

based on h

are likely tdg
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hsurable concept

ble concept is an abstract relationship between attributes of entities and informatien, needs.
h Information Need may be the need to compare the development productivity of-a project gr
rget rate. The Measurable Concept in this case is “development productivity raté”)To evaluate
bht require measuring the size of the system or software products and the amount of resource app
he products (depending on the chosen model of productivity). Additional €xamples of Measurs
clude quality, risk, performance, capability, maturity, and customer value.

brmation needs. These examples are not designed to recoramend best measurement practices,
ow the applicability of the measurement information model'in a variety of common situations.

roductivity example
n-maker in this example (Figure A.2) needs to“select a specific productivity level as the basis

ts implemented. Thus, effort and requirements are the measurable entities of concern. This examn
at the productivity is estimated based on past performance. Thus, data for the base measy
entries in table below) needs to be collected and the derived measure computed for each project in

of how the productivity number is arrived at, the uncertainty inherent in engineering means that th
rable probability that the‘estimated productivity will not be realized exactly. Estimating producti
storical data enables the computation of confidence limits that help to assess how close actual res
come to the estimated value.

hning. The measurable concept is that preductivity is related to effort expended and numbey
requiremer
assumes th

For
bup
the
ied
ble

ess
but

for

of
ple
res
the

ere
vity
ults
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Information Need

Estimate productivity of future project

Measurable Concept Project productivity

Relevant Entities 1. Requirements implemented by past projects
2. Effort expended by past projects

Attributes 1. Shall Statements
2. Timecard entries (recording effort)

Base Measures 1. Project X Requirements

P SLLr PR =Yy
FrojeCt A rmours oI EHOIt

N

M¢asurement Method

1. Count “Shalls” in Requirements Specification

2. Add timecard entries together for Project X

Type of Measurement Method 1. Objective
2. Obijective
Scale 1. Integers from zero to infinity
2. Real numbers from zero to\nfinity
Type of Scale 1. Ratio
2. Ratio
Urnlit of Measurement 1. Line
2. Hour
Ddrived Measure Project X Productivity
Measurement Function Divide Project X'Requirements Implemented by Project X Hours pf Effort
InFicator Average productivity
M(ldel Compute mean and standard deviation of all project productivity values.
D¢cision 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”
A.3.2 A quality example
The decision-maker in this example (Figure A.3) needs to evaluate detailed design quality as the desjgn is being
prdduceds The measurable concept is that design quality is related to the amount of design produded and the
number of defects found. Thus, the design packages and the lists of defects are the entities of concery. Quality of

design packages can be normalized by computing defect rate. Thus, data for the base measures (number entries in
table below) is collected and the derived measure computed for each package as it is reviewed.

Since we do not 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.

© ISO/IEC 2017 - All rights reserved

© IEEE 2017 - All rights reserved

23


https://iecnorm.com/api/?name=15a6152854efbe50b15e0381fc188219

ISO/IEC/IEEE 15939:2017(E)

Information Need Evaluate product quality during design
Measurable Concept Product quality
Relevant 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—Totaldefects for package X
Measurenlent Method 1. Count number of lines of text for each package

2. Count number of defects listed in each report

Type of Mpasurement Method Objective

1
2. Obijective
1
2

Scale Integers from zero to infinity
Integers from zero to infinity

Type of Sdale 1. Ratio

2. Ratio
Unit of Mdasurement 1. Lines

2. Defects
Derived Measure Inspection defect density
Measurenpent Function Divide Total Defects by Package Size for each package
Indicator Design defect density
Model Compute process center and control limits using values of defect density
Decision (riteria Results outside the control limits require further investigationg

Figure A.3 — Measurement construct for “quality”

A.3.3 Apfroject progress example

The decision-maker in this éxample (Figure A.4) needs to evaluate whether or not the rate of progress on a pro
is sufficienf. The measurable concept is that progress is related to the amount of work planned and the amoun

ect
t of

work complleted. Thus; planned work items (system elements) are the entities of concern. This example assuines

that the status (degtee of completion) of each system element is reported monthly by the supplier assigned t
Thus, data for the'base measures (numbered entries in Figure A.4) needs to be collected and the derived meag
computed fpréach work item in the plan.

D it.
ure

Since the status of system elements 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

Plan/schedule

System elements completed or in progress

Attributes

System element status

Base Measures

1.
2.
1. System elements identified in plan
2
1

System elements planned to date

N

Systenretenent percenttompiete

M¢asurement Method

1. Count number of system elements scheduled to be completed by this

date
2. Ask responsible individual for percent complete of each system
element
Type of Measurement Method 1. Objective
2. Subjective
Scale 1. Integers from zero to infinity
2. Integers from zero t0One hundred
Type of Scale 1. Ratio
2. Qrdinal
Urnlit of Measurement 1, Unit
2. Percentage

Ddrived Measure

Progress to date

Mefasurement Function

Add status for all system elements planned to be complete to date

In{licator

Status expressed as‘a ratio

Mddel

Divide Progress to Date by (Units Planned to Date times 100)

Ddcision Criteria

Resulting ratio should fall between 0.9 and 1.1 to conclude the
project is on schedule

Figure A.4 — Measurement construct for “progress”

© ISO/IEC 2017 - All rights reserved 25

© IEEE 2017 - All rights reserved


https://iecnorm.com/api/?name=15a6152854efbe50b15e0381fc188219

ISO/IEC/IEEE 15939:2017(E)

Annex B
(informative)

Measurement process information items and records

This annex contains a mapping between the information items and records mentioned in this document and the
activities or tasks that produce them (Figure B.1). Note that this annex only presents the final information items
and record§, not all of the intermediate information items and records that may need to be produced during|the
performange of the activities and tasks.

This docunpent is not intended to prescribe the name, format, or explicit content of the information.items and
records to be produced. The document does not imply that information items and records be stored) packaged, or
combined ih some fashion. These decisions are left to the user of this document.

Informatipn items and records Activity/Task producing:Information items and
records

Information items and records produced externally

Requiremgnts for measurement Technical and Techhical Management Processes
Information Needs Technical-and Technical Management Processes
Measurempnt User Feedback Technical and Technical Management Processes

Information items and records produced by “Plan the Measurement Process”

Measuremgnt strategy 6.3.2.1 Define the measurement strategy

Characterigation of the Organization 6.3.2.2 Describe the characterizations of the
organization

Selected and prioritized information needs 6.3.2.3 Identify and prioritize the information needs

Instantiatdd measurement information model for 6.3.2.4 Select and specify measures

selected mieasures

Definition pf selected measures 6.3.2.4 Select measures

Proceduref for data‘eollection, storage, and verification | 6.3.2.5 Define data collection, analysis, and reporting

procedures

ProcedureSfordataamatysisamd Teporting 6.3-2-5 Define data cottection, amatysis, amd TEPOoTrtng
procedures

Configuration management procedures 6.3.2.5 Define data collection, analysis, and reporting
procedures

Criteria for the evaluation of the information products |6.3.2.6 Define criteria for evaluating the information
products and the measurement process

Criteria for the evaluation of the measurement process |6.3.2.6 Define criteria for evaluating the information
products and the measurement process

Selected supporting technologies 6.3.2.7 Acquire and deploy supporting technologies
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Approved results of measurement planning

6.3.2.8 Review, approve, and provide resources for
measurement tasks

Information items and records produced by “Perform the Measurement Process”

Integrated data collection procedures

6.3.3.1 Integrate procedures

Stored data

6.3.3.2 Collect, store, and verify data

Data analysis results and interpretations

6.3.3.3 Analyze data and develop information items

Intlormation items

6.3.3.4 Record results and inform users

Information items and records produced by “Evaluate Measurement”

Mgdasurement Experience Base (update)

1

6.3.4.1 Evaluate information proedtcts and the
measurement process

Evpluation results

1

6.3.4.1 Evaluate information products and the
measurement process

Improvement actions

6.3.4.2 Identify.poetential improvements

Figure B.1 — Information items and records 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 are for considerations when selecting among alternatives:

— relevance to the prioritized information needs;

— fepsibility of collecting the data in the organizational unit;

— availability of human resources to collect and manage data;

— edse of data collection;

— ejtent of intrusion and disruption of staff activities;

— availability of appropriate tools;

— piotection of privacy;

— potential resistance from data provider(s);

— nuymber of potentially relevant indicators supported by the base measure;

— inkrease or reduction of storage requirements;

— edse of interpretation by measurement users'and measurement analysts;

— nymber of users or consumers of the information products utilizing the indicator;
— pérsonal preference (e.g., individuals sometimes have their “favorite measure”);
— lifle cycle stage applicability;

— evidence (internal ©r€xternal to the organizational unit) as to the measure’s fitness for purposg or
infprmation need$and its utility; and

— seqpsitivity_fo)context (e.g., in some environments measures of inheritance depth for object orierjted
clapses do:mot exhibit variation because inheritance is not used extensively; such a measure would |not
exllnibit interesting behavior in this environment).

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

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

— Process Change Costs: the set of measures may imply a change in the development process, for example,
through the need for new data acquisition;

— Organizational Structure Change Costs: the set of measures may imply a change in the organizational
structure.
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— Special Equipment: system, hardware, or software tools may have to be located, evaluated, purchased,
adapted or developed to implement the measures; and

— Training: the quality management/control organization or the entire development team may need
training in the use of the measures and data collection procedures. If the implementation of measures
causes changes in the development process, the changes needs to be communicated to the staff.

NOTE This is adapted from IEEE Standard for a Software Quality Metrics Methodology, IEEE Std 1061-1998.
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Annex D
(informative)

Example criteria for evaluating an information product

D.1 General

The effectiyeness of each measurement construct used by the measurement process needs to be evaluated uging
pre-defined criteria. The following are examples of such criteria (i.e., this is not an exhaustive list). Some~critgria
are specifiq to base measures, derived measures, or indicators. Some of these criteria have been,'adapted ffom
ISO/IEC TR[25023 for the evaluation of product measures. The following criteria are not necessarily independent
of each otler. In some cases the criteria can be used for a quantitative evaluation, and in_other situatior}s a
qualitative [evaluation may be appropriate. These criteria become even more important/when the information
products are part of a contractual agreement.

D.2 Use pfinformation products

Use is the ¢gxtent to which the information products produced by the meastrement process are actually used|for
decision mgking in the management or technical processes supported by-measurement.

For example, if as part of the analysis performed using the measurement data a decision model was constructe to
decide whefther a re-inspection should be performed, and the inspection moderator rarely uses the decision madel

to make thg re-inspection decision, then the information proeducts are not used.

Most of the|criteria described below have an influence gfi'the use of information products.

D.3 Confidence in an information product

Confidencelis the extent to which the cons§umers of the information product (measurement users) have confidejnce
in the base measures, derived measurles;indicators and interpretations incorporated in the information produd

o

Confidence|is improved when pfocedures to prevent misuse or misrepresentation of data have been adopted (for
example, tHrough traceability efall data items).

Greater corffidence cap-beachieved by ensuring that the analysts are competent and unbiased, they are perceived
to be comppgtent andunbiased, and that the measurement users are involved in the process (for example, thropigh
regular feedlback sessions).

D.4 Evidence of fitness for purpose of an information product

Fitness for purpose is the extent to which the information product can be demonstrated to be effective for the
identified information need.

The interpretation of indicators should take into account the context in which measurement is being performed.
Not all indicators work well in all situations. Data for a given base measure may be easier or harder to collect
under different circumstances, thus affecting the desirability of an information product incorporating it.
Confidence in the fitness for purpose of an information product increases as evidence accumulates for its
effectiveness in this or similar environments.
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