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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 ISO and IEC, also take part in the work. In the field of information technology, ISO and IEC have

established a j
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Introduction

The general goal of creating the SQuaRE series of International Standards is to move to a logically organized,
enriched and unified series covering three complementary processes: requirements specification, measurement
and evaluation. The purpose of the SQuaRE series of International Standards is to assist those developing and
acquiring software products with the specification and evaluation of quality requirements. It establishes criteria for
the specification of software product quality requirements and their evaluation. It includes a two-part quality model
for a|| Qme definition of quali nith haracteristi 0 ne Qlip\ware nprod n .‘On, the Series
defines| measures of software product quality characteristics that can be used by developers, |acquirers and
evaluators.
It has fo be stressed that the SQuaRE series of International Standards is dedicated to spftware product quality
only. The Quality Management Division of the SQuaRE series deals with software preducts, and i3 separate and
distinct| from the "Quality Management" of processes which is defined in the ISO~9000 family ¢f International
Standafds.

The mgjor benefits of the SQuaRE series over its predecessor standards include’
— the coordination of guidance on software product quality measurement and evaluation,

— gujdance for the specification of software product quality requirements, and

— harmonization with ISO/IEC 15939 in the form of Quality-Measurement Reference model presented in this
International Standard.

The ma3jor differences between the SQuaRE series of International Standards and its predecessors] ISO/IEC 9126
and ISQ/IEC 14598, are the:

— inffoduction of the new general reference model,

— inffoduction of dedicated and detailed guides for each division,

— inffoduction of Quality Measure Elements within the Quality Measurement Division,
— inffoduction of the Quality Requirements Division,

— ingorporation and revision*of the evaluation processes,

— inffoduction of guidance for practical use in the form of examples, and

— cofordinatiomand harmonization of content with ISO/IEC 15939.

SQuaRE consists of the following five divisions:

—  Qualiy-Managemer Divisien-4SOAEC2500r);
— Quality Model Division (ISO/IEC 2501n),

— Quality Measurement Division (ISO/IEC 2502n),

— Quality Requirements Division (ISO/IEC 2503n), and
— Quality Evaluation Division (ISO/IEC 2504n).
SQuaRE provides:

— terms and definitions,

© ISO/IEC 2007 — All rights reserved Vv
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standards

reference models,
a general guide,

individual division guides, and

for requirements specification, measurement and evaluation purposes.

SQuaRE includes International Standards and technical reports for a quality model and measures, as well as on
quality requirements and evaluation. SQuaRE replaces current ISO/IEC 9126 series and ISO/IEC 14598 series.

This International Standard is intended to be used together with ISO/IEC 25010. It is strongly recommended that
users refer to ISO/IEC 2500n, ISO/IEC 2501n, ISO/IEC 2503n, and ISO/IEC 2504n_division of International

Standards priof
if the user is ng
These Internat
ISO/IEC 2502n

ISO/IEC 25010,
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could be measyred. The Quality Measurement Division provides information and guidance about how to me

the characteris
model and gui
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series on software product quality measurement.
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ality throughout the product life cycle.

offers quality measure elements that can be used to construct software quality measures. (

Quality measure elements may measure a static representation of the software, the behav
the effects of the software when it is used.

| ISO/IEC 25023 and ISO/IEC 25024 will describe measures for the characteristics in the

res characterize software product quality based upon the behaviour of the computer-based s
ftware, and quality in use measures characterize software product quality based upon the eff
Bre in a specific context of use.
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tionship between this Intefnational Standard and the technical reports in the Quality Measur|
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Figure 1 — Organization of the SQuaRE series of International Standards
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Figure 2 — Structure of the Quality Measurement division
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INTERNATIONAL STANDARD
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Software engineering — Software product Quality
Requirements and Evaluation (SQuaRE) — Measurement
reference model and guide
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ppe of this International Standard is the selection and construction of software product qug
pect to their use in conjunction with the other SQuaRE series documents.

ernational Standard also contains the following informative annexes (A through C) and Bibliog
teria for selecting software quality measures and quality measure elemehts

monstrating predictive validity and assessing measurement reliability

lample format for documenting software quality measures

bliography

DuaRE series of International Standards is intended for, but not limited to, developers,
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roduct quality
s International

tware product quality measurement that conforms to this International Standard shall fulfil the requirements

ed references,
(including any

amendmenis) applies

ISO/IEC 25000, Software Engineering — Software product Quality Requirements and Evaluation (SQuaRE) —
Guide to SQuaRE

ISO/IEC 15939:2002, Software engineering — Software measurement process
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4 Terms and definitions

For the purposes of this standard, the terms and definitions given in ISO/IEC 25000 and ISO/IEC 15939 apply.
The following definitions are replicated here for the convenience of the user of this Internationl Standard.
Unattributed references are from ISO/IEC 25000.

4.1
attribute

inherent property or characteristic of an entity that can be distinguished quantitatively or qualitatively by human or
automated means

[ISO/IEC 15939:2p02]
NOTE ISO 9P00 distinguishes two types of attributes: a permanent characteristic existing inherently in something; and an

assigned charactg¢ristic of a product, process or system (e.g. the price of a product, the owner of a product)) The asdigned
characteristic is npt an inherent quality characteristic of that product, process or system.

4.2
base measurg

measure defined in terms of an attribute and the method for quantifying it
NOTE A base measure is functionally independent of other measures.

[ISO/IEC 15939] 2002, based on the definition in International Vocabulary, of Basic and General Terms in
Metrology, 1993]

4.3
derived measpre

measure that is defined as a function of two or more valués of base measures

[ISO/IEC 159392002, based on the definition in Interhational Vocabulary of Basic and General Terms in Metrdlogy,
1993]

NOTE A tranjsformation of a base measure using a mathematical function can also be considered as a derived measyre.

4.4
external software quality

capability of a spftware productto enable the behaviour of a system to satisfy stated and implied needs when the
system is used [under spgcified conditions

NOTE Attribdites, 6f the behaviour can be verified and/or validated by executing the software product during testing and
operation.

EXAMPLE The number of failures found during testing is an external software quality measure related to the number of faults
present in the program. The two measures are not necessarily identical since testing may not find all faults, and a fault may
give rise to apparently different failures in different circumstances.

4.5
indicator

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

[ISO/IEC 15939:2002]

NOTE In ISO/IEC 14598 this definition was, "a measure that can be used to estimate or predict another measure."

2 © ISO/IEC 2007 — All rights reserved
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4.6
information need

insight necessary to manage objectives, goals, risks and problems

[ISO/IEC 15939:2002]

4.7
internal software quality

capahility of a set of static atfributes of a saftware product to satisfy stated and implied needs when the software
prodyct is used under specified conditions

NOTH 1 Static attributes include those that relate to the software architecture, structure and its components
NOTH 2  Static attributes can be verified by review, inspection and/or automated tools.

EXAMPLE The number of lines of code, complexity measures and the number of faults found'in a walk through are all internal
software quality measures made on the product itself.

4.8
meaIure, noun
varialle to which a value is assigned as the result of measurement

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

[ISOJIEC 15939:2002]

4.9
measure, verb

makela measurement

[ISO/IEC 14598-1:1999]

410
measurement

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

[ISO/JEC 15939:2002, based on the definition in International Vocabulary of Basic and General Terms in Metrology,
1993

NOTE Measurement can include assigning a qualitative category such as the language of a source program
(ADA, C, COBOL, etc.).

4.11
measurement function

algorithm or calculation performed to combine two or more base measures

[ISO/IEC 15939:2002]

© ISO/IEC 2007 — All rights reserved 3
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412
measurement method

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

scale

[ISO/IEC 15939:2002, based on the definition in International Vocabulary of Basic and General Terms in Metrology,

1993]

413
quality in use (measure)

extent to whigh a product used by specific users meets their needs to achieve specific goals| with

effectiveness, productivity, safety and satisfaction in specific contexts of use

414
quality measuyre element

measure, which is either a base measure or a derived measure, that is used for constructing software quality

measures

NOTE The soffware quality characteristic or subcharacteristic of the entity is derived afterwards by calculating a software

quality measure.

5 Symbols| (and abbreviated terms)
The following symbols and abbreviations are used in this International Standard.

SPQM-RM - S¢ftware Product Quality Measurement Reference Model

© ISO/IEC 2007 — All rights reserved
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6.1

ISO/IEC 25020:2007(E)

oftware Product Quality Measurement

Software product quality measurement reference model

The software product quality measurement reference model (SPQM-RM) describes the relationship between a
quality model, its associated quality characteristics (and subcharacteristics), and software product attributes with

the corresponding software quality measures,

measurement functions,

quality measure elements,

and

measurement methods. These relationships constitute the reference model for software product quality
measurement. Figures 3 and 4 depict the relationships between the quality model and the construction of quality
measures from quality measure elements. The measurement information model presented in Annex A of ISO/IEC
15939 describes the relationship between software product attributes and the measurement methods used to

producg base and derived measures which, in turn, may be used as quality measure elements. , The left side of
Figure B shows that software product quality is composed of quality characteristics which in turn may|be composed
of subdharacteristics. The decomposition of software product quality may go through several levelg although the
nomingl model contained in ISO/IEC 25010 only contains two levels. The right side of Figure'3 shows that software
quality measures are used to indicate the quality characteristics and subcharacteristics of.interest. Refer to ISO/IEC
25030 ffor guidance on selecting quality characteristics and subcharacteristics of intefest’in conjunction with the
specifigation of quality requirements and ISO/IEC 25040 for guidance on using seftware quality [measures for
software product evaluation.
Figure B also shows that software quality measures are constructed by applying-quality measure elefents to a
measufement function. In the special case where the quality measure element also serves as g software
quality [measure, the measurement function applied would be the identity-fanction.
Qualitylmeasure elements may be either base or derived measures.-Quality measure elements are fonstructed in
accordance with the guidance provided in ISO/IEC 15939.
Software Product
Quality
composed of indicate S_oftware
| Quality Measures
Quality enerates
Characteristics 9
Measurement
composed of Function
| indicate are applied to
Quality )
Sub-Characteristics Quality Measure
Elements
Figure 3 — Software Product Quality Measurement Reference Model (SPQM-RM)
6.2 Selecting software quality measures

Software quality measures are selected to satisfy the needs of developers, acquirers, managers, and others for

information.

In the context of the SQuaRE series, information needs may be defined by quality

specifications and product quality evaluations.

6.2.1
inform

requirements

Criteria for selecting software quality measures and quality measure elements to fulfil those

ation needs shall be documented.

© ISO/IEC 2007 — All rights reserved
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At a minimum, the criteria shall be listed along with the assessment of the selected measures against the stated

criteria. Annex

NOTE

A provides examples of criteria for selecting software quality measures.

ctively.

ISO/IEC 25030 and ISO/IEC 25040 provide guidance on quality requirements specifications and product quality
evaluations, respe

6.2.2 When using a modified or a new measure not identified in the ISO/IEC 25022, ISO/IEC 25023 or
ISO/IEC 25024, the user shall specify how the measure relates to its corresponding quality model
and how it is to be constructed from quality measure elements.

Annex C provid

NOTE ISO/I

6.3 Constru

Three different
cycle as shown
development st
Internal softwar
deliverables or

the quality of th

es an example of how to document a quality measure.

EC 25010 provides guidance on defining and using a software product quality model.

eting software quality measures

types of software quality measures are defined to correspond to the software(product quali
in Figure 4. Internal software quality measures are applied to a part of a softwdre product duri
hges (such as request for proposal, requirements definition, design specification or source ¢

work products. Additionally, these measurements may be used with\an“analysis model to p
e final software product. This allows the user to detect software product quality issues and

corrective actiofs during the early stages of the development life cycle process.

External softwa

of the system o

and operational

Measures of qu

their specific peg

environment.

Throughout the

management of

6.3.1.

The definitiong

subcharacterist
criteria for inter
recommended,
the example for|

NOTE An e
example set of e

quality in use soft

6.3.2. The defi

shall be docun

NOTE

e quality measures are used to measure the quality of the software product based on the beh
f which it is a part. External software product quality measurement is used only during the t
stages of the product life cycle.

Blity in use measure the extent to which a product.meets the needs of specific users with resp

rsonal or business goals. These measures canyonly be made in a realistic and operational sy

product life cycle these software qualitymeasures are made and used to assist with the succ
product development, evaluation and-support (see Figure 4).

The de¢finitions of the software quality measures used shall be documented.

shall include: the quality" measure name, the corresponding quality characteristic
c, the measurement focus, (quality life cycle phase) it relates to, a purpose statement, the de
pretation and action, «and identification of the quality measure elements used to construct it.
however, that the definition of the software quality measure contain all of the information inclug
mat provided in Annex C.

ample set of/nternal software quality measures along with their definitions is given in ISO/IEC 2502
kternal software quality measures along with their definitions is given in ISO/IEC 25023. An example
ware quality measures along with their definitions is given in ISO/IEC 25024.

ty life
ng its
ode).

b product quality measurement provides users the ability to measure the quality of the intermgdiate

redict
take

viour
sting

ect to
stem

pssful

and
Cision

It is
edin

. An

set of

pures

nitions of the quality measure elements needed to construct the software quality meag

rented:

Quality measure elements are used throughout the software product lifecycle to construct measures of internal,

external and quality in use software product quality by applying measurement methods to specified attributes and, when
necessary, combining the resulting measures via a measurement function. The quality measure elements measure the
attributes of the software product itself, the effects of using the software product in a specific context and the resources
consumed or activities performed during software product development, testing, and maintenance. An example set of quality

measure element

s along with their definitions is given in ISO/IEC 25021.
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. Nee
Reqminents/—[ \ Product
L
Quality in — Quality in use I
Use Specifying Requirements w Quality in use Evaluating |:||]
Measures Validation I\\Ji
Determine Indicates
1 4
Ext | [
erna External Quality External .
uality Specifying ) . Evaluating
Medasures y Requirements |Vvalidation & Quality
Vefification N
Determine Indicates
Internal ) /]
uality H|:| Specifying Intern.al Quality Interr-1al _
Measures Requirements Quality Evaluatinig
T 1 Vetificption ; | N
Implemerrtation

Figure 4 — Software product quality-life cycle and software quality measures

NOTE Poftware quality measures are used ta.Specify product requirements and to evaluate software product quglity.

6.3.3 | The user of the ISO/IEC 25020 international standards series shall plan and |perform the
measurement in order to ‘determine values of quality measure elements and software quality measures
following the reference_.model in Figure 3 and by using a procedure that conforms to ISO/IEC 15939.

NOTE The user of.hie ISO/IEC 2502n division documents for software product quality measurement is en¢ouraged to use
them infaccordancedwith'the product quality evaluation procedures contained in the ISO/IEC 2504n and the quallty requirements
definition processicontained in the ISO/IEC 2503n divisions of standards.

© ISO/IEC 2007 — All rights reserved 7
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Annex A
(informative)

Examples of criteria for selecting software quality measures and
quality measure elements

A1 Criteria for selecting software quality measures and quality measure elements

Many different frombimations—of quatity easureefements—and—software quatity easures may be—setecied to
address a speftific information need by the user of the ISO/IEC 2502n division of International Standargs for
software product quality measurement. The following criteria are suggested for consideration when\selecting
among alternatives:

e relevance to the prioritized information needs

e repeatpbility and reproducibility of quality measure elements

e prediclive validity of software quality measure

o feasibiity of collecting the data in the organizational unit

e availalyility of human resources to collect, analyze and manage ddta

e ease df data collection

e availalyility of appropriate tools

e protection of privacy

e numbgr of potentially relevant indicators supported by the required quality measure elements
e ease df interpretation by measurement users and measurement analysts

e numbgr of users or consumers of(the information products utilizing the indicator
¢ life cygle stage applicability

e evidence (internal or exiernal to the organizational unit) as to the measure’s fitness for purpose or
information need

e charadteristics.\of the required quality measure elements (e.g., classification dimensions in ISO/IEC 25021)

NOTE The yser should use the results in accordance with the product quality evaluation procedures contained jn the
ISO/IEC 2504n Tand the quality requirements definition process contained in the ISO/IEC 2503n divisions of the SQuaRE
standards.

NOTE The above list contains many criteria also recommended in ISO/IEC 15939.

A.2 Issues affecting the reliability and/or validity of measures

A.2.1 Issues affecting the measurement reliability of quality measure elements

The following issues may affect the reliability of quality measure elements:

8 © ISO/IEC 2007 — All rights reserved
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a) procedures and instruments used for collecting quality measure elements

e automatically with tools or facilities/ manually collected / questionnaires or interviews

b) source of data

e  perspective or bias of the source (e.g., developers' self reports , reviewers’ reports, evaluators’ reports)

e skills and abilities of those performing the data collection

A.2.2 |ssues-affecting-the-measurement-validity-ef-software-quality-measures

The following issue may affect the measurement validity of software quality measures:

a) T’uality measure elements and associated measurement function used to produce software quality
measuyes

o theé measurement reliability of the quality measure elements used to construct the software qualiy measure

e qgyality measure elements having large correlations with measures of 'other software quality ¢haracteristics
may confound interpretation of the desired software quality measure

© ISO/IEC 2007 — All rights reserved 9
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Annex B
(informative)
Assessing measurement validity and reliability

B.1 Assessing measurement validity

Methods for demonstrating the validity of measures typically involve both a logical argument and statjstical
evidence. Facg¢ validity is one type of validity. Face validity is based on logical argument or assertion that a
measure is valid. Lines of Code used to represent software size has face validity because it is logically related to
common notion$ of size. In many instances, simply documenting the rationale for the validity of a measure may be
sufficient to enspre that the measure will yield meaningful results.

Statistical evidgnce of validity can take several forms. However they all tend to share the\idea that thgre is
systematic varigtion of the measure with a known standard, be it another measure or a hypothesized referenge set
of values. Somg examples of systematic variation are described below.

B.1.1 Correlation

The variatipn in the quality characteristics values (the results of principal measures in operational| use)
explained By the variation in the measure values, is given by the square of the linear coefficient.

NOTE An measurement user can predict quality characteristics, without measuring them directly by psing
correlated easures.

B.1.2 Tracking

operationalfuse), for a given product or process, theh a change value Q(T1) to Q(T2), would be accompgnied
by a change measure value from M(T1) to M(T2), in the same direction (for instance, if Q increasgs, M
increases).

If a measure M is directly related to a quality characteristics value Q (the results of principal measqu in

NOTE An| measurement user can detect’ movement of quality characteristics along a time period without
measuring firectly by using those measures which have tracking ability.

B.1.3 Consistency

If quality ¢haracteristics tvaltes (the results of principal measures in operational use) Q1, Q2,...] Qn,
corresponding to products or processes 1, 2,..., n, have the relationship Q1 > Q2 > ...> Qn, thep the
correspondjng measuréewalues would have the relationship M1 > M2 > ...> Mn.

NOTE A meaSurement user can notice exceptional and error prone components of software by using fhose
measures Whieh-are capable of being consistent.

B.1.4  Predictability

If a measure is used at time T1 to predict a quality characteristic value Q (the results of principal measures in
operational use) at time T2, prediction error, which is {(predicted Q(T2) - actual Q(T2) ) / actual Q(T2)}, would
be within the allowed prediction error range.

NOTE An measurement user can predict the movement of quality characteristics in the future by using those
measures, which are within the allowed prediction error range.

B.1.5 Discrimination

A measure should be able to discriminate between high and low quality for software characteristics and
subcharacteristics.
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NOTE A measurement user can categorize software components and rate quality characteristics values by using those
measures which have the capability to discriminate between high and low quality.

B.2

Assessing measurement reliability

Measurement reliability is most important with respect to collecting base measures. Methods for establishing

the reliability of a measure typically involve taking repeated measurements under the same or similar conditions

and assessing the variation in those measurements. The relevant conditions include the instrumentation to collect
the measure such as automation, survey, human counting, or human judgment as well as the conditions

within

which the instrumentation is applied. In the SQuaRE series, measurement reliability is primarily a concern

to th

of ISQ/IEC 15939,

“

rel

selection and collection or the quality measure elements defined In ISU/TEC ZoUZT. AS nole in Annex D

ability of a measurement method should be approached from two perspectives:

e repeatability: the degree to which the repeated use of the base measure ‘in)ythe same (Qrganisational
Unit following the same measurement method under the same conditions (e.g., too[s, individuals
performing the measurement) produces results that can be acceptedas being identical.

e reproducibility: the degree to which the repeated use of the measure in the same Organisational Unit
following the same measurement method under different conditions (e.g., tools, individuals performing
the measurement) produces results that can be accepted as\being identical.”

Repeatpbility characterizes the extent of variation inherent in &, single measurement method. Reproducibility
characterizes the amount of variation in the measures due t@ other sources such as choice of tqols, extent of
training, personal differences, and so on. Various statistics{have been developed to characterize measurement

reliabili
utilizing

informdtion on measurement reliability can be found within the field of measurement system evaluatiop.

y. For measures utilizing an ordinal or nominal scale, the Kappa statistic can be used. For measures
an interval or absolute scale, Cohen’s alpha ok other correlation-based measures can bg used. More
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