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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
collaboratgn fields of mutual interest. Other international organizations, governmental and non-governmental, jn
liaison with ISO and IEC, also take part in the work. In the field of information technology, ISO and IEG-~have
establishgd a joint technical committee, ISO/IEC JTC 1.

Internatiopal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2,
The main|task of the joint technical committee is to prepare International Standards. Draft Integndtional Standards
adopted Ky the joint technical committee are circulated to national bodies for voting. Publication as an Internationjl

Standard fequires approval by at least 75 % of the national bodies casting a vote.

Attention |s drawn to the possibility that some of the elements of this part of ISO/IEC.25020 may be the subject pf
patent rights. ISO and IEC shall not be held responsible for identifying any or all suchpatent rights.

ISO/IEC RDIS 25020 is part of the SQuaRE series of standards and was prepared by Joint Technical Committge
ISO/IEC JTC 1, Information technology, Subcommittee SC 7, Software and systems engineering.

SQuaRE [series of standards consists of the following divisions under, the general title Software engineerinp,
Software |product Quality Requirements and Evaluation (SQuaRE):

— Qualify Management Division (ISO/IEC 2500n),

— Qualify Model Division (ISO/IEC 2501n),

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

— Qualify Requirements Division (ISO/IEC 2503n), and

— Qualify Evaluation Division (ISO/IEC.2504n).

iv © ISO/IEC 2007 — All rights reserved
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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 evaluatlon The purpose of the SQuaRE senes of Internahonal Standards |s to assist those developing and
ft ducts with th blish iteri

specification of software product quality requirements and their evaluation. It mcludes a two-part quality model
fon aligning customer definitions of quality with characteristics of the software product. In addition, the series
defines measures of software product quality characteristics that can be used by developers;-acquirers and
evpluators.
It has to be stressed that the SQuaRE series of International Standards is dedicated taseftware prodpct quality
only. The Quality Management Division of the SQuaRE series deals with software products, and is separate and
digtinct from the "Quality Management" of processes which is defined in the 1ISQ_9000 family of Infernational
Standards.

THe major benefits of the SQuaRE series over its predecessor standards includg:
—| the coordination of guidance on software product quality measurement and evaluation,

—| guidance for the specification of software product quality requiremeénts, and

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

THe major differences between the SQuaRE series of International Standards and its predecessors, ISOJ/IEC 9126
and ISO/IEC 14598, are the:

—] introduction of the new general reference model,

—] introduction of dedicated and detailed guides for each division,

—] introduction of Quality Measure Elements within the Quality Measurement Division,
—] introduction of the Quality Réquirements Division,

—] incorporation and revision-of the evaluation processes,

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

—] co-ordinatiomand harmonization of content with ISO/IEC 15939.

SQuaRE consists of the following five divisions:

—|{ Quality Management Division (ISO/IEC 2500n),

faood=o- o PRERY

- uudllly IVIUUUI LIIVIbIUII (TOVUMNMEL 2 50 1),

— 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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— reference models,

— ageneral guide,

— individual division guides, and

— standards 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 Interrfational 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 Internationgl
Standards|prior to using this International Standard and the associated measurement technical reports, partticularly
if the userlis not familiar with the use of software measures for requirements specification and product-evaluation.
These Intgrnational Standards discuss the planning and use of the software quality measures defined in the
ISO/IEC 2502n series on software product quality measurement.

ISO/IEC 25010 will provide a model and defines terms for software product quality charactefistics and how these
characterigtics are decomposed into subcharacteristics. It does not describe how any of thése subcharacteristigs
could be measured. The Quality Measurement Division provides information and guidance*about how to measure
the charagteristics and subcharacteristics of a quality model. This International Standard provides a referende
model and guide for measuring the quality characteristics defined in ISO/IEC, 2501n Quality Model Divisign
(Figure 1).| The associated standards and technical reports within the Quality(Measurement Division describe
measures pf quality throughout the product life cycle.

ISO/IEC 2p021 offers quality measure elements that can be used to construct software quality measures. Quali
measure glements are the base and derived measures used to create measures of software product quali
characterigtics. Quality measure elements may measure a static representation of the software, the behaviour
the softwafe, or the effects of the software when it is used.

<<

ISO/IEC 2p022, ISO/IEC 25023 and ISO/IEC 25024 will describe measures for the characteristics in the quali
model. Int¢rnal measures characterize software product quality based upon static representations of the softwar
external measures characterize software product qualityybased upon the behaviour of the computer-based syste
including the software, and quality in use measures.characterize software product quality based upon the effects ¢f
using the goftware in a specific context of use.

S

The measpres in these technical reports_should not be construed as an exhaustive or required set. Figure |2
depicts the relationship between this International Standard and the technical reports in the Quality Measureme:lxt
Division. Qevelopers, evaluators, quality managers, acquirers, suppliers, maintainers and other users of softwa

may select measures from these techhnical reports for the measurement of quality characteristics of interest. In
practice thjs may be with respect to )defining requirements, evaluating software products, quality management and
other purppses. Users may also/modify the measures or use measures which are not included in those technical
reports.

Vi © ISO/IEC 2007 — All rights reserved
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Quality Model Division
2501n
Quality Quality Quality
Requirements Management Division Evaluation
Division 2500n Division
2503n 2504n
Quality
Measurement Division
2502n

Figure 1 — Organization of the SQuaRE series of International Standards

25020

Measurement reference
model and guide

25022 25023 25024
Measurement of Measurement of Measurement of quality
internal quality. external quality in use
25021
Quality measure
elements

Figure 2 — Structure of the Quality Measurement division
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INTERNATIONAL STANDARD ISO/IEC 25020:2007(E)

Software engineering — Software product Quality
Requirements and Evaluation (SQuaRE) — Measurement
reference model and guide

1| Scope

The scope of this International Standard is the selection and construction of software pfeduct quality measures,
with respect to their use in conjunction with the other SQuaRE series documents.

THis International Standard also contains the following informative annexes (A through C) and Bibliography:
—| Criteria for selecting software quality measures and quality measure elemehts
—| Demonstrating predictive validity and assessing measurement reliability

—| Example format for documenting software quality measures

—| Bibliography

The SQuaRE series of International Standards is idtended for, but not limited to, developers, acqyirers and
independent evaluators of software, particularly”those responsible for defining software produ¢t quality

requirements and for software product evaluation=It is recommended that users of SQuaRE use this Intgrnational
Stgndard as a guide to execute their software*product quality measurement tasks.

2| Conformance
Arly software product quality measurement that conforms to this International Standard shall fulfil the reqpirements
of [Clause 6.

3| Normativereferences
THe followingreéferenced documents are indispensable for the application of this document. For dated rgferences,

only the editioh cited applies. For undated references, the latest edition of the referenced document (including any
amendments) applies.

IS aViimlalleYJaYaVa Rl o PV -1 — H H Qo £t ol VA oY Lid o H 4 o= L rH Via) RE
VIV 2 JVUUU, ouUnwdarc LITyITicTrirry LUNRIWArc prouuttl Wudailty TXCYUITCITICTILS dllu Lvarudtur!l (O a h—

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 prpperty or characteristic of an entity that can be distinguished quantitatively or qualitatively by human or
automated|means

[ISO/IEC 15939:2002]
NOTE SO 9000 distinguishes two types of attributes: a permanent characteristic existing inherently in something; and an

assigned chpracteristic of a product, process or system (e.g. the price of a product, the owner of a product)) The assigned
characteristi¢ is not an inherent quality characteristic of that product, process or system.

4.2

base meTure
measure dg¢fined in terms of an attribute and the method for quantifying it
NOTE A\ base measure is functionally independent of other measures.

[ISO/IEC 1$939: 2002, based on the definition in International Vocabulary of Basic and General Terms in
Metrology, 1993]

4.3
derived measure

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

[ISO/IEC 1$939:2002, based on the definition in Intérnational Vocabulary of Basic and General Terms in Metrology
1993]

NOTE \ transformation of a base measure-using a mathematical function can also be considered as a derived measure.

4.4
external §oftware quality

capability of a software productto enable the behaviour of a system to satisfy stated and implied needs when the
system is lised under spegified conditions

NOTE Attributes Of the behaviour can be verified and/or validated by executing the software product during testing ang
operation.

present in the - v as4 a ariy
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
nternal software quality

capability of a set of static attributes of a software product to satisfy stated and implied needs when the 'Joftware
product is used under specified conditions

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

FXAMPLE The number of lines of code, complexity measures and the number of faults found in a walk through arg all internal
oftware quality measures made on the product itself.

4.8
Mmeasure, noun

ariable to which a value is assigned as the result of measurement

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

ISO/IEC 15939:2002]

4.9
measure, verb

make a measurement

[ISO/IEC 14598-1:1999]

.10

measurement

bet of operatioris_.having the object of determining a value of a measure

[ISO/IEC.15939:2002, based on the definition in International Vocabulary of Basic and General Terms in[Metrology,
993]

NOTE Measurement can include assigning a qualitative category such as the language of a source program

AINVA o ool 4 AY
(A\"/AVIAVERV v/ n)w) mr -l ivry B

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]

4.13
quality inf use (measure)

extent to [which a product used by specific users meets their needs to achieve specific goals with
effectivengss, productivity, safety and satisfaction in specific contexts of use

414
quality measure element

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

NOTE Thg software quality characteristic or subcharacteristic of the entity is derived afterwards by calculating a softwarg
quality measgure.

5 Symbols (and abbreviated terms)
The followihg symbols and abbreviations are used in this Intefnational Standard.

SPQM-RM - Software Product Quality Measurement Reference Model

4 © ISO/IEC 2007 — All rights reserved
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6 Software Product Quality Measurement

6.1 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 deplct the relatlonshlps between the quality model and the constructlon of quality
METSUTE ISO/IEC
19939 descrlbes the relatlonshlp between software product attrlbutes and the measurement methods used to
prpduce base and derived measures which, in turn, may be used as quality measure elements. The’' lgft side of
Figure 3 shows that software product quality is composed of quality characteristics which in turn may be cbmposed
of |subcharacteristics. The decomposition of software product quality may go through several‘levels although the
ngminal model contained in ISO/IEC 25010 only contains two levels. The right side of Figure=3shows that] software

q ISO/IEC
2 with the
Sp sures for

Figure 3 also shows that software quality measures are constructed by applying quality measure elements to a
measurement function. In the special case where the quality measure element also serves as a soffware
guality measure, the measurement function applied would be the identity function.

Quality measure elements may be either base or derived measures.\Quality measure elements are consjructed in
accordance with the guidance provided in ISO/IEC 15939.

Software Product
Quality
composed of indicate Software
| Quality Measures
Quallt_y ] generates
Characteristics

Measurement

composed of Function

indicate

are applied to

Quality

Sub-Characteristics Quality Measure

Elements

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 requirements
specifications and product quality evaluations.

6.2.1 Criteria for selecting software quality measures and quality measure elements to fulfil those
information needs shall be documented.

© ISO/IEC 2007 — All rights reserved 5
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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 A provides examples of criteria for selecting software quality measures.

NOTE ISO/IEC 25030 and ISO/IEC 25040 provide guidance on quality requirements specifications and product quality
evaluations, respectively.

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 provides an example of how to document a quality measure.

NOTE SO/IEC 25010 provides guidance on defining and using a software product quality model.

6.3 Conpstructing software quality measures

Three diffgrent types of software quality measures are defined to correspond to the software- preduct quality lifg
cycle as stown in Figure 4. Internal software quality measures are applied to a part of a software product during it$
development stages (such as request for proposal, requirements definition, design specifieation or source code)
Internal software product quality measurement provides users the ability to measure the quality of the intermediatg

deliverables or work products. Additionally, these measurements may be used with'ah analysis model to predi
the quality|of the final software product. This allows the user to detect software product quality issues and tak
corrective actions during the early stages of the development life cycle process.

External sqftware quality measures are used to measure the quality of the software product based on the behaviouf
of the system of which it is a part. External software product quality measurement is used only during the testing
and operatjonal stages of the product life cycle.

Measures pf quality in use measure the extent to which a productmeets the needs of specific users with respect tg
their specific personal or business goals. These measures can\orfly be made in a realistic and operational systen
environment.

Throughout the product life cycle these software quality (easures are made and used to assist with the successful
managemgnt of product development, evaluation and support (see Figure 4).

6.3.1. The definitions of the software qualityymeasures used shall be documented.

The definjtions shall include: the quality measure name, the corresponding quality characteristic andg
subcharacferistic, the measurement focus)(quality life cycle phase) it relates to, a purpose statement, the decisio
criteria for [interpretation and action, and identification of the quality measure elements used to construct it. It i}
recommengled, however, that the definition of the software quality measure contain all of the information included i

the example format provided in Annex C.

NOTE An example set_of internal software quality measures along with their definitions is given in ISO/IEC 25022. An
example sef of external software quality measures along with their definitions is given in ISO/IEC 25023. An example set of
quality in usg software quality measures along with their definitions is given in ISO/IEC 25024.

6.3.2. The|definitions of the quality measure elements needed to construct the software quality measures
shall be dpcumented.

NOTE Quality measure elements are used throughout the software product lifecycle to consfruct 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 elements along with their definitions is given in ISO/IEC 25021.

6 © ISO/IEC 2007 — All rights reserved


https://standardsiso.com/api/?name=6dce7f3566bcdcfd9d2719f95fc812e7

ISO/IEC 25020:2007(E)

NEe

Requiinents/—[ \ Product

0 W
Quality in - Quality in use /]—
Use Specifying Requirements Quality in use Evaluating |:H
Measures ] l\
|, Validation V|7
Determine Indicates
External . /I—
. External Quality External )
Quality H Specifying ) . . Evaluating
Measures Requirements |Vvalidation & Quality
Verification \J
Determine Indicates

Internal )/

Internal Quality Internal

Quality ”|:| Specifyin .
Measures pectlying Requirements Quality Evaluating
T 1 Verificption ; | N

Imple merrtation

—/

Figure 4 — Software product qualitylife cycle and software quality measures
NQTE Software quality measures are used to.Specify product requirements and to evaluate software product quality.

8.3 The user of the ISO/IEC 25020 international standards series shall plan and perlorm the
mrasurement in order to determine values of quality measure elements and software quality measures
lowing the reference model in Figure 3 and by using a procedure that conforms to ISO/IEC 15939.

NOTE The user of-the ISO/IEC 2502n division documents for software product quality measurement is encouraged to use
thém in accordance Wwith the product quality evaluation procedures contained in the ISO/IEC 2504n and the quality requirements
defiinition process‘contained in the ISO/IEC 2503n divisions of standards.
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Annex A
(informative)

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

AA1

4

Many diffgrent combinations of quality measure elements and software quality measures may be selected t
address a| specific information need by the user of the ISO/IEC 2502n division of International Standards fo
software groduct quality measurement. The following criteria are suggested for consideration when\selecting
among altgrnatives:

=

¢ rdlevance to the prioritized information needs

e rgpeatability and reproducibility of quality measure elements

e piedictive validity of software quality measure

o fdasibility of collecting the data in the organizational unit

e ayailability of human resources to collect, analyze and manage data
e ease of data collection

e ayailability of appropriate tools

e piotection of privacy

e nlimber of potentially relevant indicators supported by the required quality measure elements

3 eIse of interpretation by measurement-users and measurement analysts

e nyimber of users or consumers of.the information products utilizing the indicator

ife cycle stage applicability

e eyidence (internal or.exiernal to the organizational unit) as to the measure’s fitness for purpose or
nformation need

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

NOTE The user.should use the results in accordance with the product quality evaluation procedures contained in the
ISO/IEC 2504n afd-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.R.2 Issues affecting the measurement validity of software quality measures

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

a) quality measure elements and associated measurement function used to produice software quality
measures

o | the measurement reliability of the quality measure elements used to construct the software quality mdgasure

e | quality measure elements having large correlations with measures of\other software quality chargcteristics
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 statistical
evidence. |Face validity is one type of validity. Face validity is based on logical argument or assertion\that 3
measure ig valid. Lines of Code used to represent software size has face validity because it is logically’relat¢d to
common n¢tions of size. In many instances, simply documenting the rationale for the validity of a measure may bsg
sufficient tq ensure that the measure will yield meaningful results.

Statistical pvidence of validity can take several forms. However they all tend to share the jdea that there is
systematic|variation of the measure with a known standard, be it another measure or a hypathesized reference sef
of values. [Some examples of systematic variation are described below.

B.1.1 Correlation

The vhriation in the quality characteristics values (the results of principal measures in operational use
explaimed 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 using
correlgted measures.

B.1.2 | Tracking

If a measure M is directly related to a quality characteristics value Q (the results of principal measures ir
operafjonal use), for a given product or process, then a change value Q(T1) to Q(T2), would be accompanieq
by a ¢hange measure value from M(T1) to M(T2), in the same direction (for instance, if Q increases, M
increages).

NOTE| An measurement user can detect movement of quality characteristics along a time period withou
measyring directly by using those measures which have tracking ability.

B.1.3 | Consistency

If quality characteristics~valies (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, then thdg
corresponding measurewalues would have the relationship M1 > M2 > ...> Mn.

NOTE| A measurement user can notice exceptional and error prone components of software by using thosg
measyres which 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
conditions

Rq

chpracterizes the amount of variation in the measures due to\ether sources such as choice of tools,
trgining, personal differences, and so on. Various statisticséhave been developed to characterize mea

rel
uti

information on measurement reliability can be found within the field of measurement system evaluation.

ithin which the instrumentation is ’applied. ,In the SQuaRE ser’ies, measurement reliability is primarily-a\c
f ISO/IEC 15939,

“reliability of a measurement method should be approached from two perspectives:

pncern
the selection and collection of the quality measure elements defined in ISO/IEC 25021. As noted in Annex D

e repeatability: the degree to which the repeated use of the base measure-in the same Organisational
Unit following the same measurement method under the same conditions (e.g., tools, irdividuals

performing the measurement) produces results that can be accepted.as\being identical.

e reproducibility: the degree to which the repeated use of the measure in the same Organisatipnal Unit
following the same measurement method under different conditions (e.g., tools, individuals p¢rforming

the measurement) produces results that can be accepted as, being identical.”

peatability characterizes the extent of variation inherent in & single measurement method. Reprd

ducibility

extent of
surement

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