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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
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 ISE—and—EC,—atsotake part i thre—work—in—the—fretd—of-information tcuhlluiugy, 156—and IEC have

established a jpint 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 Internationgl Standards
adopted by thg joint technical committee are circulated to national bodies for voting. Publication as an [nternational
Standard requfres 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 subject of
patent rights. IBO and IEC shall not be held responsible for identifying any of-all such patent rights.

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

Annexes A to G of this International Standard are for information.enly.
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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
evaluating the quality of software products and the capability of organisational software processes. It is becoming
increasingly important in two party business agreements, where it provides a basis for specification, management,

and accept

Continual in
Measureme
accumulate

m .
IUC CIIcTia.

nprovement requires change within the organisation. Evaluation of change reduires [measurement.
ht itself does not initiate change. Measurement should lead to action, and not be’employed purely to

data. Measurements should have a clearly defined purpose.

This Internafional Standard defines a software measurement process applicable to all, software-related engineering
ement disciplines. The process is described through a model that defines the agtivities of the
ht process that are required to adequately specify what measurement information is required, how the
nd analysis results are to be applied, and how to determing7if\the analysis results |[are valid. The

and manag
measureme
measures 3
software meg

asurement process is flexible, tailorable, and adaptable to thelneeds of different users.
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INTERNATIONAL STANDARD

ISO/IEC 15939:2002(E)

Software engineering — Software measurement process

1

Scope

1.1 Purp

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

select, app
structure. It

This Interng
measures (g
that address

pse

y, and improve software measurement within an overall project or organisational
blso provides definitions for measurement terms commonly used within the software indy

tional Standard does not catalogue software measures, nor does if provide a recom
apply on software projects. It does identify a process that supports.defining a suitable s
specific information needs.

1.2 Field

This Interna

personnel performing management, technical, and quality ‘"mianagement functions in software

maintenanc
managemer|

The followin
By a s
informa

process

technicd

In a cor
measur

By an acquirer (or third-party ageéents) for evaluating conformance of the supplier's software

By an acquirer (or third-party agents) to implement a software measurement process to ag

of application
tional Standard is intended to be used by software suppliers and acquirers. Software sy

D

b, integration, and product support organisations: Software acquirers include person
t, technical, and quality management functions'in software procurement and user organi

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

pplier to implement a software measurement process to address specific project or
ion requirements.

to this International Standard.

| and project management information requirements related to the acquisition.

tract between an acquirer and a supplier as a method for defining the software proce;
bment information to be exchanged.

Hentify, define,
measurement
stry.

mended set of
bt of measures

ppliers include
development,

nel performing

sations.

organisational

measurement

dress specific

5s and product

1.3 Tailo

ring this International Standard

This International Standard contains a set of activities and tasks that comprise a software measurement 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.

© ISO/IEC 200
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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 International Standard should decide, for example, whether a separate measurement function is necessary

within the org

nisation, whether the measurement function should be integrated within individual softw

re projects,

Or across projg

This Internatio
to be produce
fashion. Thessg

The measurer
aspects of inte
are assumed t

This Internatio

are already in
be cited in writ

2 Normat

cts, based on the current organisational structure, culture, and prevailing constraints.

hal Standard is not intended to prescribe the name, format, or explicit content of the do
. The International Standard does not imply that documents be packaged,,‘of combin
decisions are left to the user of the International Standard.

rnal audits and non-compliance reporting are covered explicitly in this International Stand
b be in the domain of the quality system.
hal Standard is not intended to conflict with any organisationakpolicies, standards, or pro

blace. However, any conflict should be resolved and any averriding conditions and situat
ng as exceptions to the application of the International Standard.

ve reference

cumentation
ed in some

hent process should be appropriately integrated with the organisational quality system. Not all

ard, as they

cedures that
ons need to

The following mormative document contains provisions which, through reference in this text, constitute provisions of

this Internatio
publications dq
investigate theg
undated refersg

maintain registers of currently valid International Standards.

ISO, Internatio

3 Terms 3

For the purpo
software measg

hal Standard. For dated references, subsequent amendments to, or revisions of, a
not apply. However, parties to agreements based on this International Standard are en
possibility of applying the mastyrecent edition of the normative document indicated
nces, the latest edition of the normative document referred to applies. Members of |

hal Vocabulary of Basic'and General Terms in Metrology, 1993

nd definitions

ses of this) International Standard, the following terms and definitions apply within th
urement.

3.1

ny of these
couraged to
below. For
50 and IEC

e context of

acquirer

individual or organisation that procures a system, software product, or software service from a supplier

NOTE

3.2
attribute

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

© ISO/IEC 2002 - All

rights reserved
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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].
34

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

3.5
data provider
individual onorganisation that is a source of data

3.6
data store
organised ahd persistent collection of data and information that allows for its retrieval

3.7
decision crjteria
thresholds, fargets, or patterns used to determine the need for action or-further investigation, or fo describe the
level of confidence in a given result

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

NOTE Based on the definition in [International Vocabulary‘ef Basic and General Terms in Metrology, 1993]

3.9
entity
object that i$ to be characterised by measuringits attributes

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

3.10

indicator
measure thpt provides an estimate or evaluation of specified attributes derived from a model with respect to
defined infofmation needs

3.1
indicator value
numerical of 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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3.14

measure (noun)
variable to which a value is assigned as the result of measurement

NOTE The

3.15

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

measure (verb)
to make a measurement

[ISO/IEC 1459

8-1:1996]

3.16
measurable c
abstract relatio

3.17
measurement
set of operatio

NOTE Bas

3.18
measurement

pncept
nship between attributes of entities and information needs

ns having the object of determining a value of a measure

ed on the definition in [International Vocabulary of Basic and General Termstin’ Metrology, 1993].

analyst

individual or ¢rganisation that is responsible for the planning, performance, evaluation, and imp

measurement

3.19
measurement
data store tha
lessons learne

3.20
measurement
algorithm or cz

3.21
measurement
individual or o

3.22
measurement
logical sequen
scale

NOTE1 The

experience base
contains the evaluation of the information~products and the measurement process as
d during the measurement process

function
Iculation performed to combine.two or more base measures

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

method
ce of operations, described generically, used in quantifying an attribute with respect tg

ovement of

well as any

a specified

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

fe. Two types

may be distingu

shed:

subjective — quantification involving human judgement

objective — qua
NOTE 2

3.23
measurement

ntification based on numerical rules

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

procedure

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

method

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

© ISO/IEC 2002 - All

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

3.27
measurement user
individual onorganisation that uses the information products

3.28
model
algorithm or{calculation combining one or more base and/or derived measures with_associated decision criteria

3.29
observatioI
instance of applying a measurement procedure to produce a value for atbase measure

3.30
operator
individual orf organisation that operates the system
NOTE Based on the definition in [ISO/IEC 12207:1995];
3.31
organisational unit

the part of ah organisation that is the subject 6f measurement
NOTE An organisational unit deploys ene‘or more processes that operate within a coherent set of businesg goals.
[ISO/IEC TR 15504-9:1998]
3.32

process
set of interrg¢lated activities that transform inputs into outputs

[ISO/IEC TR 15504=9:1998]

3.33
scale
ordered set of values, continuous or discrete, or a set of categories to which the attribute is mapped

NOTE 1 The type of scale depends on the nature of the relationship between values on the scale. Four types of 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 Baspd-on-the-definitioninHSOAEC42207:1095].

3.35
software servjce
performance ¢f activities, work, or duties connected with a software product, suchyas its development,
maintenance, and operation

[ISO/IEC 1220[7:1995]

3.36

stakeholder
individual or grganisation that sponsors measurement, provides data, is a user of the measurement results or
otherwise participates in the measurement process

3.37

supplier
organisation tlhat enters into an agreement with the acquirér’for the supply of a system, softwarg product or
software servig¢e under the terms of that agreement

NOTE 1 Thelterm “supplier” is synonymous with “contractor”, “producer”, “seller”, or “vendor”.
NOTE 2  Thelacquirer may designate a part of its organisation as supplier.
NOTE 3  Basgd on the definition in [ISO/IEC 12207:1995].

3.38

system
integrated conjposite that consists)of one or more of the processes, hardware, software, facilities and |people, that
provides a cappability to satisfy ‘a_stated need or objective

[ISO/IEC 1220[7:1995]

3.39
unit of measurement
particular quantty; i by v ¥y
in order to express their magnitude relative to that quantity

e compared

[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


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

ISO/IEC 15939:2002(E)

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/IEC TR 15504-2:1998]. As a result of successful implementation of the measurement process:

. orgelmisational commitment for measurement will be established and sustained;

the |nformation needs of technical and management processes will be identified;

an gppropriate set of measures, driven by the information needs will be identified’and/or developed;

medsurement activities will be identified;

identified measurement activities will be planned;

the fequired data will be collected, stored, analysed, and the results interpreted;

infofmation products will be used to support decisions and provide an objective basis for conjmunication;

the measurement process and measures will be evaluated; and

impfovements will be communicated to the measurement process owner.

4.2 Overyiew of this International Standard

This Interng
process. An
software m
comprised (¢
tasks includ

The propert
same prope

tional Standard defines the .activities and tasks necessary to implement a software
activity is a set of related.tasks that contributes towards achieving the purpose and o
pasurement process (see Clause 4.1). A task is a well-defined segment of work. E
f one or more tasks, This International Standard does not specify the details of how
ed in the activities.

es of the activities of the measurement process that are defined in this International St
rties defined,in*[SO/IEC 12207:1995. This means that other properties such as entry and

measurement
itcomes of the
ach activity is
to perform the

andard are the
exit criteria for

each of the pctivitiesare not defined in this International Standard.

The software measurement process consists of four activities as illustrated in the process model ir] Figure 1. The
activities a ement of the

le Sequenced in an iterative cycle allowing for continuous feedback and improy
measurement process. 1he measurement process model In Figure 115 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
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Figure 1 shows that the Core Measurement Process is driven by the information needs of the organisation. 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 A. This
annex also includes examples.

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.

The process defined in this International Standard includes an evaluation activity, as shown in Figure 1. The intent
is to emphasise that evaluation and feedback are an essential component of the measurement process, and should

lead to improv
ad hoc manne|
the quality of
terms of the ag

Included in thg
past iterations

ments of the measurement process and measures. Evaluation can be simple, and pe
when capability is low, or it can be quantitative with sophisticated statistical techniques
e measurement process and its outputs when capability is high. Measures should)be
ded value they provide for the organisation, and only deployed where the benefit can be

cycle is the “Measurement Experience Base”. This is intended to capture/ififormation p
of the cycle, previous evaluations of information products, and evaluations of previous

the measurement process. This would include the measures that have beenh found to be ug

organisational
Base”, only tha
learned) store
measurement

Since the prog
This Internatio
implemented
convention thag
subsequent itg
practices.

The typical fun
measurement
in Clause 3 of

A number of W
are described

unit. No assumptions are made about the nature or technology: of.this “Measurement]
t it be a persistent storage. Artefacts (for example, information products, historical data,
H in the “Measurement Experience Base” are intended tobe reused in future itera
brocess.

ess model is cyclical, subsequent iterations may only update measurement products ar
hal Standard does not imply that measurement preducts and practices need to be de
or each iteration of the process. The wording.used in this International Standard

rations, this wording should be interpreted“as updating or changing documentation

pnalyst, measurement librarian,.data provider, and measurement process owner. These
his International Standard.

ork products are produced. during the performance of the measurement process. The wi
n Annex B, and mapped o the tasks that produce them.

lormed in an
to evaluate
evaluated in
identified.

oducts from
iterations of
eful in the
Experience
and lessons
tions of the

d practices.
eloped and
adopts the

t one is implementing the measurement process for the first time (i.e., the first iterafion). During

and current

ctional roles mentioned in this International Standard are: stakeholder, sponsor, measufement user,

are defined

brk products
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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 procegs within the

organisational unit.
5.1.2.2: The assigned individuals shall be provided with resources to plan’the
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 measures

and interpreting the information products shall be €xplicitly 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 shallbe 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 He identified.
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 measurement,

their formal definition, the{method 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 e defined.
5.2.4.2: Procedures for.data 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: Review,(approve, and provide resources for measurement tasks
5.2.6:1: The results of measurement planning shall be reviewed and approved.
5.2.6.2: Resources shall be made available for implementing the planned meagurement

tasks.

5.2:-75Acquire and deploy supporting technologies
5.2.7.1: Available supporting technologies shall be evaluated and appropriate gnes

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

17
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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
drawn.
5.4.1.2: The measurement process shall be evaluated against the specified evaluation
Criteria and conciusions onm 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 identiffed.
5.4.2.3: Potential improvements shall be communicated,

The activitigs are described in the order in which they usually are performed. KHowever, iteration fron one activity to
the preceding activity frequently occurs. The order in which the tasks.fon each activity are presgnted does not
necessarily jmply an order of implementation of the tasks. For each task, one or more normative rgquirements on
the implemgntation of the task are defined. For many tasks therg is-also informative guidance tq help with the
interpretatiop of the normative requirements and the tasks’ implementation in practice. This guidange is presented
in italics.

The informgtive lists within the task definitions and in the annexes are not presumed to be exhaustlve — they are
intended only as examples.

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

shall perform the activities described\below. The “Requirements for Measurement” from the [Technical and
Management processes trigger the measurement process.

5.1 Establish and sustain. measurement commitment
This activity|consists of the:following tasks:
1) |Acceptihe 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 a contract with a customer requiring measurement.

5113

Commitment shall be communicated to the organisational unit.

This can be achieved, for example, through organisational unit-wide announcements or newsletters.

5.1.2 Assign

5.1.21

The sponsor of
may be acquire
principles of m
minimum, indivi

° measu

measu

The number of
people is deper

person for a small project.

5.1.2.2 TH

The sponsor of
staff. Resource

5.2 Planth
This activity cg

1)
2)

CH

3) Sg

Inglividuals shall be assigned responsibility for the measurement process within the organis

measufement analyst

P measurement process

Identify information needs

resources

measurement should ensure that this responsibility is assigned to competent individuals.” Competd
0 through transfer, coaching, training, sub-contracting and/or hiring. Competencesincludes kno
basurement, how to collect data, perform data analysis, and communicate the~information p
Juals should be assigned the responsibility for the following typical roles:

ement user

ement librarian

roles shown above does not imply the specific number. of people needed to perform the roles. T
dent on the size and structure of the organisational‘unit. These roles could be performed by 4

e assigned individuals shall be provided with resources to plan the measurement proces

Imeasurement should be responsible for\ensuring that resources are provided. Resources includ
bllocations may be updated in the course of activity 5.2.

nsists of the following\tasks:

aracterise organisational unit

lect measures

ational unit.
nt individuals

vledge of the
roducts. At a

he number of
s few as one

5.

b funding and

4) D

fing"data collection. analysis. and reporting procedures

5)
6)

7)

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

Acquire and deploy supporting technologies

Information products and evaluation results in the “Measurement Experience Base” should be consulted during the

performance o

f 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
in task 5.1.1.1.

The organisafional unit characterisation should be taken into account in all subsequent activities and tasks.

i

5.2.2 Ide

5.2.2.1

Information n|
risks, and p
regulatory (s

Information n
the software

5.2.2.2

This prioritisg
needs may
organisationg

An example

each informa
information n

5.2.2.3

From the prid
likely driven H

In large deve
required by th

5224

No assumpti
documentatid

ify information needs

Information needs for measurement shall be identified.

peds originate from the technical and management processes. Information needs are based on: g
oblems of the organisational unit. The information needs may be derived_from the business

ch as legal or governmental), product and/or project objectives.

peds may address questions such as: “how do | estimate the productivity of a future project?”, “h
broduct quality during design?”, and “how do | know the status of the eoding activity?”.

The identified information needs shall be prioritised.

tion is normally accomplished by, or in conjunction with, the stakeholders. Only a subset of the i
be pursued further. This is particularly relevant (jif \tneasurement is being tried for the first
I unit, where it is preferable to start small.

f a simple and concrete prioritisation approach is to ask a group of stakeholders to rank the inform
fion need calculate the average rank. Then order the average ranks. This ordering provides a pr
peds.

Information needs to be addressed shall be selected.

ritised information needs, a(Subset is selected to be addressed during the measurement process.
y a trade-off among resourcé constraints, and criticality/urgency of information needs.

opment efforts, infofmation that is needed later may be identified, but not fully defined nor imple
e measurement users.

Selected information needs shall be documented and communicated.

bns are-made about the type of documentation. It can be paper or electronic. It is only ne
n is retrievable.

The selectedT

bals, constraints,
organisational,

bw do | evaluate

hitial information

time within an

lation needs. For

oritisation of the

This selection is

mented until it is

essary that the

data are to be collected and how they are to be used.

5.2.3 Sele

5.2.3.1

ct measures

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

tand why certain

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 that have been selected should be fully specified. This may involve the definition of objective measures, for example,
a product size measure, or subjective measures, such as a user satisfaction questionnaire to meet new information needs.

An example of g4 unit of measurement is “hour”.

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

@

The method of data collection may be, for example, a static code analyser, a data collection form; 0r’a questionnail

Annex A providgs guidelines for linking the measures to the information needs through the Measurement Information Model.

5.2.4 Define|data collection, analysis, and reporting procedures

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

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

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

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

5.24.3 Canfiguration management procedures shall be defined.

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

5.2.5 Define|criteria for evaluating the information products and the measurement process

5.2.5.1 Cnteria for evaluating information products shall be defined.

These criteria wpuld @llow one to determine whether the data that are needed have been collected and analysed with sufficient
quality to satisfy|thé information needs. The criteria need to be defined at the beginning, and act as success criterig.

The criteria need to be defined within the context of the technical and business objectives of the organisational unit. Example
criteria for the evaluation of information products are the accuracy of a measurement procedure and the reliability of a
measurement method. Further criteria are included in Annex D. 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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5.2.6 Review, approve, and provide resources for measurement tasks

5.2.6.1 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 feasibility of making changes to existing plans in the short-term, the availability of resources and tools for the realisation of
changes, and any potential disruptions to projects from which data are collected should be considered when selecting proposed

improvements to implement.

If measurems
be updated

elements in A
of the changd

Stakeholders
approve the 1

5.2.6.2
The measurdg

allocated. Fo
individual pro

5.2.7 Acq
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Supporting td
The types of]
Tools for coll

the modificat

Based on th
updated.

5.2.7.2

If the suppo
implemented

5.3 Perfa

nt planning information already exists, for example, from a previous measurement cycle, then\jt.n
hs opposed to being “developed”. Also, if measurement planning information already exists; th
nnex F may not be necessary. For instance, if an update involves deleting a measure, thensa pilo
S may not be necessary.

should review and comment on the measurement planning information. The sponsor of measuren
heasurement planning information. Approval demonstrates commitment to measurement.

Resources shall be made available for implementing the planned measurement tasks.

approval, the planning information may undergo a number of iterations. Note that measurement nf
jects before committing to organisation-wide use. Therefore, resource availability may be staged.

lire and deploy supporting technologies

Available supporting technologies shall be evaluated and appropriate ones selected.
chnology may consist of, for example, automated tools and training courses.

automated tools that may be needed_include graphical presentation tools, data analysis tools,
beting data, for example, static code analysers and test coverage monitors, may also be required.

on, and/or extension of existing tools,-and the calibration and testing of the tools.

b evaluation and selection of \supporting technologies, the measurement planning information

The selected supporting technologies shall be acquired and deployed.

ting technologies .concern the infrastructure for data management, then access rights to the
in accordance ‘with organisational security policies, and any additional confidentiality constraints.

rm the-'measurement process

This activity

consists of the following tasks:

1)
2)
3)

4)

Integrate procedures
Collect data
Analyse data and develop information products

Communicate results

hay only need to
en some of the

implementation

hent should then

ment planning information should be agreed to by the management of the organisational unif and resources
ay be piloted on

and databases.

r'his may involve

may have to be

data should be

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

described in
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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
procedures accordingly. Integration involves a trade-off between the extent of impact on existing processes that can be

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

The extent of in|
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Work Breakdow
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fegration varies depending on the type of measures and the information needs. For example,(a
equires little integration. Alternatively, filling in time sheets at the end of every week requires)in
h Structures and accounting procedures.

eed to be collected may include extra measures defined specifically to evaluate thé)informatio
asures to evaluate the measurement process.

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

tion may be accomplished during, for example, staff training, an oriehtation session, or via an

f communicating the data collection procedures is to ensure that the data providers are com
llection. Competence may be achieved, for example, throlgh training in the data collection pro
ence that data providers understand exactly the type of data that are required, the format that is]
en to provide data, and how frequently. For example, thé\data providers may be trained on how
, to ensure that they understand the defect classification scheme, and the meanings of different
N and correction effort).

ta analysis and reporting shall be integrated into the relevant processes.

d reporting usually is performed on a reqular basis. This requires that data analysis and reporting
brganisational and project processes.

data
ta shall be collected.

fributes are measured’ using the designated measurement method. This may be accomplished
ns. Data may be_coellected, for example, with a static code analyser that calculates values for prod
odule is cheecked into a configuration management system. Data also may be collected, for
fect data fofniand sending it to the measurement librarian.

e collected data shall be stored, including any context information necessary to verify,
data:

bne-time staff
fegration with

h products or

brganisation’s

petent in the
cedures. This
required, the
0 complete a
ypes of effort

be integrated

by manual or
Lict measures
example, by

understand,

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.

5.3.23 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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5.3.3 Analyse data and develop information products

5.3.3.1

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

5.3.3.2

performing statistical analysis may be found in ISO 10017:1999.

The data analysis results shall be interpreted.

The measurement analyst(s) should be able to draw some initial conclusions based on the results. However, since the
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5.4 Evaluyate measurement

This activity

y not be directly involved in the technical and management processes, such conclusions need-tg
Iders as well (see Clause 5.3.3.3).

jons should take into account the context of the measures.

lysis results, indicators, interpretations, and supporting information make up the information produd
The information products shall be reviewed.

intended to ensure that the analysis was performed and interpreted properly and that the informg
ay be an informal “self review”, or a more formal inspection process. \Examples of the types of {

review are provided in Annex G.

on products should be reviewed with the data providers and the measurement users. This is to

municate results

The information products shall be documented.

elines for reporting information products'\are provided in Annex G.

The information products shallbe’communicated to the measurement users.

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

buld be provided to the.Stakeholders, as well as being sought from the stakeholders. This ensure

b information products)yand the measurement process. Note: Tasks 5.3.3 and 5.3.4 are typically
her.

consists of the following tasks:

be reviewed by

ts.

tion needs were
hings to look for

ensure that they

LI, and if possible, actionable. Qualitative information should bé considered as a support to interpréting quantitative

5 useful input for
performed in an

1)
2)
5.4.1 Eval
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Identify potential improvements

uate information products and the measurement process

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.
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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

on strengths and weaknesses of the measurement process drawn.

The measurement process shall be evaluated against the specified evaluation criteria and conclusions

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 5.2.5.

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

The inputs to this evaluation are the performance measures, the information products, and the measurement user feedback.
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may take the form of strengths and weaknesses of the information products, of the measureme
riteria themselves, and/or experiences in measurement planning (for example, “there 'was great
's to collecting a specific measure at a specific frequency”).

y potential improvements
tential improvements to the information products shall be identified.

anges to information products are changing the format of an indicator; changing from a line
nctional size measure; or reclassification of software defect categories.

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

tential improvements to the measurement process shall be identified.

ent Actions” should be used in future instances.ofthe “Plan the Measurement Process” activity.
benefits of potential improvements should be considered when selecting the “Improvemen
buld be noted that making a particular improvement may not be cost effective or the measuremen
and therefore no potential improvements may be identified.

tential improvements shall becommunicated.

rocess changes usually are~provided to the process owner, and measurement product changdg
neasurement analyst(s).

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

ssons learned from the evaluation shall be stored in the “Measurement Experience Base|.
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Annex A
(informative)

The measurement information model

A.1 General

The measufement information moderl IS a structure Ilnklng Information needs 10 the relevant entities

of concern.
describes h
making.

The selectiq
concept: an
measureme
This measu
information
planning, pe

Entities include processes, products, projects, and resources. The measurementcinfo
bw the relevant attributes are quantified and converted to indicators that provide'a)bas

n or definition of appropriate measures to address an information nee@- begins with
idea of which measurable attributes are related to an information need 'and how they a

rement information model (see Figure A.1) identifies basic terms<and concepts. The
model helps to determine what the measurement planner_rieeds to specify during
rformance, and evaluation.

and attributes
rmation model
is for decision

a measurable
re related. The

ht planner defines measurement constructs that link these attributes. 16 a specified information need.

measurement
measurement
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The outcome of the
measurement process
that satisfies the
information needs

Information
Product

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

Interpretation

Variable assigned a value.by applying
the analysis model to base and/or
derived measures

Indicator

Algorithm for
combining measures
and,décision criteria

(analysis)
Model

. . Variable assigned a value by
Derived Derived applying the megsurement
Measure Measure function to two of more
values of base measures

Measurement
Function

Algorithm for combining two or

Measuraple more base measures

Concept

Base Base Variable assigned a value by
applying the method to one
Measure Measure attribute
Measurement Measurement Operations mapping an

attribute to a scale

Property relevant to
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 characterlsed by

above categ

A.2.2 Attr
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human or
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A measure
value is as
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A231 M
A measuren
with respect
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be impleménted in muliiple/ ways. A measurement procedure describes the specific impleni

measureme

A.2.3.11
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IyS|s process)
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¢st to meet the |nformat|on needs. In practice, an entlty can be classified into,'more than one of the

ories.

bute
is a property or characteristic of an entity that can be distinguishéd quantitatively or
ht. The first step in defining a specific instantiation of the measurement information mo

s that are most relevant to the measurement user’'s information needs. A given att
in multiple measurement constructs supporting different information needs.

P measure

Hefined in terms of an attribute and the method for quantifying it. (A measure is a varig

qualitatively by
of interest for
del is to select
ribute may be

ble to which a

bigned.) A base measure is functionally sindependent of other measures. A base measure captures

about a single attribute. Data collection\involves assigning values to base measures.
hge and/or type of values of a base méasure helps to verify the quality of the data collect

pasurement method

nent method is a logical sequence of operations, described generically, used in quantify
to a specified scale. The operations may involve activities such as counting occurrencs
of time. The same measurement method may be applied to multiple attributes. Howevg
of an attribute and a method produces a different base measure. Some measurement

ht method within a given organisational context.

Type-of. measurement method

Specifying the
ed.

ng an attribute
S or observing
r, each unique
methods may
entation of a

The type of

measurement method depends on the nature of the operations used to quantify an attrib

ute. Two types

of method may be distinguished:

Subjective — quantification involving human judgement

via human or automated means.

A.2.3.1.2

Scale

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

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

measureme
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A231.21 Ty

pe of scale

The type of scale depends on the nature of the relationship between values on the scale. Four types of scales are

commonly defi

ned:"

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, cycld

The value of z

Ratio — the m

value of zero d

is a ratio sca

represents equ

The method o

matic complexity has the minimum value of one, but each increment represents an adq
bro is not possible.

casurement values have equal distances corresponding to equal quantities of the.attribu
orresponds to none of the attribute. For example, the size of a software copiponent in te
e because the value of zero corresponds to no lines of code and each additional
al amounts of code.

measurement usually affects the type of scale that can be used reliably with a given g

example, subjgctive methods of measurement usually only support ordinal or.nominal scales.

A23122 U

A particular q
compared in o
of measureme

hit of measurement

uantity, defined and adopted by convention, withywhich other quantities of the san
Fder to express their magnitude relative to that quantity. Only quantities expressed in the
ht are directly comparable. Example of units include the hour and the metre.

A.2.4 Derivedd measure

A derived meg

measures cap
transformation

thus do not prg

measures that

A.2.41 Mea

sure is a measure that is defined as-a function of two or more values of base measu
ure information about more than—one attribute or the same attribute from multiple ent
5 of base measures (for example; taking the square root of a base measure) do not add
duce derived measures. Normalisation of data often involves converting base measures
can be used to compare different entities.

urement Function

itional path.

e where the
rms of LOC
increments

ttribute. For

ne kind are
same units

res. Derived
ties. Simple
information,
into derived

A function is an algorithm oricalculation performed to combine two or more base measures. The scal¢ and unit of
the derived me¢asure depénd on the scales and units of the base measures from which it is composefd as well as
how they are gombined by the function.

A.2.5 Indicator

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

1)

These are just examples of the types of 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

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
measuremept. Decision criteria may be calculated or based on a conceptual understanding of expegted behaviour.
Decision criferia may be derived from historical data, plans, and heuristics, or computed as statistical control limits
or statistical|confidence limits.

A.2.6 Measurable concept

A measurable concept is an abstract relationship between attributes of entities and informatipn needs. For
example, an Information Need may be the need to compare the software development productivity of a project
group against a target rate. The Measurable Concept in this case is “software development produgtivity rate”. To
evaluate thg concept might require measuring the size of the software products and the amount of reisource applied
to create the products (depending on the chosen model of productivity). Additional examples pf Measurable
Concepts intlude quality, risk, performance, capability, maturity, and customer value.
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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 estimated

based on pas&mmw_humhwmmmmwm_weds to be
collected and the derived measure computed for each project in the data store.
Regardless of|how the productivity number is arrived at, the uncertainty inherent in software (engineg¢ring means
that there is @ considerable probability that the estimated productivity will not be realiseéd)exactly} Estimating
productivity b%sed on historical data enables the computation of confidence limits that help’to assesp how close
actual results are likely to come to the estimated value.
Information Need Estimate productivity of future project
Measurable Concept Project productivity
Relevant Entities 1. Code produced by past projects
2. Effort expended by past projects
Attributes 1. C++ language statements (in cade)
2. Timecard entries (recording effort)
Base Measufes 1. Project X Lines of code
2. Project X Hours of effort
Measurement Method 1. Count semicolons in Project X code
2. Add timecard entries together for Project X
Type of Measurement Method 1. Objective
2. Objective
Scale 1. Integers from zero to infinity
2. Real numbers from zero to infinity
Type of Scale 1. Ratio
2. Ratio
Unit of Measurement 1. Line
2. Hour
Derived Measure Project X Productivity
Measurement Function Divide Project X Lines of Code by Project X Hours of Effort
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.

Information_Need Fvaluate product quality during design
Measurabje 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. Total defects for package X
Measurement Method 1. Count number of lines of textfor each package
2. Count number of defectsdisted in each report
Type of Mpasurement Method 1. Objective
2. Objective
Scale 1. Integers from zero to infinity
2. \ntegers from zero to infinity
Type of S¢ale 1. Ratio
2. Ratio
Unit of Mgasurement 1. Lines
2. Defects
Derived Measure Inspection defect density
Measurement Function Divide Total Defects by Package Size for each package
Indicator Design defect density
Model Compute process centre and control limits using values of defect density
Decision Criteria Results outside the control limits require further invgstigations

Figure A.5 — Nleasurement 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 1. Plan/schedule
2. Code units completed or in progress
Attributes 1. Code units identified in plan
2. Code unit status
Base Measures 1. Code units planned to date
2. Code unit status
Measuremer - unt nu ani 3] y this 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. Oné-hundredth code unit
Derived Measure Progress to date
Measurement Function Add status for all code‘units planned to be complete to date
Indicator Code status expressed as:d.ratio
Model Divide Progressito Date by (Code Units Planned to Date times 100)
Decision Criteria Resulting ratio should fall between 0.9 and 1.1 to cgnclude the
project is on schedule
Figure A.4 — Measurement construct for “progress”
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Annex B
(informative)

Measurement process work products

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

This Internahonal Standard is not intended to prescribe the name, format, or explicit content of the

to be produ
some fashig

Ced. The International Standard does not imply that documents be stored, packaged,
n. These decisions are left to the user of this International Standard.

documentation
br combined in

Work product Activity/Task Producing WP

Work products produced externally
Requiremgnts for measurement Technical and\Management Processes
Information Needs Technical and Management Processes
Measuremgnt User Feedback Technical and Management Processes

Work products produced by “Plan the Measurement Process”

Characteri

sation of the Organisational Unit

5.2.1 Characterise Organisational Unit

Selected in

formation needs

5.2.2 Identify Information Needs

Instantiate
selected m

I measurement information:niodel for
easures

5.2.3 Select Measures

Definition (

f selected measures

5.2.3 Select Measures

Procedure

5 for data collection, storage, and verification

5.2.4 Define Data Collection, Analysis, an
Procedures

d Reporting

Procedure

5 for data analysis and reporting

5.2.4 Define Data Collection, Analysis, an
Procedures

d Reporting

Configurati

on 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 andthe
Measurement Process

Evaluation repults

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-activities
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Annex C
(informative)

Example criteria for selecting measures

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

ava

eas

extq

ava

protection of privacy

potd
numn
incr
eas
numn
perg
life

evid
info

sen

raRee-to-the-prieritised-Hnformationneeds

ibility of collecting the data in the organisational unit
lability of human resources to collect and manage data
e of data collection

nt of intrusion and disruption of staff activities

lability of appropriate tools

ntial resistance from data provider(s)

ber of potentially relevant indicators supported by the base measure

pase or reduction of storage requirements

e of interpretation by measurement users and measurement analysts

ber of users or consumers _of the information products utilising the indicator
onal preference (e.g., individuals sometimes have their “favourite measure”)
Cycle stage applieability

ence (intermal® or external to the organisational unit) as to the measure’s fitness f
rmation need

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

do

or purpose or

iented classes

ot exhibit variation because inheritance is not used extensively; such a measure wo

uld not exhibit

interesting behaviour in this environment)

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

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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