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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 1ISO and IEC, also take part in the work. In the field of information
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

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

an International Standard requires approval by at least 75 % of the national bodies casting a vote.

In exceptional circumstances, the joint technical committee may propose the publication of a Technical Report
of one of the following types:

— type 1, when the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts;

— type 2, when the subject is still under technical development or where for any other reason there is the
future but not immediate possibility of an agreement on an International Standard;

— type 3, when the joint technical committee has collected data of a different kind from that which is normally
published as an International Standard (“state of the art”, for example).

Technical Reports of types 1 and 2 are subject to review within three years of publication, to decide whether
they can be transformed into International Standards. Technical Reports of type 3 do not necessarily have to
be reviewed until the data they provide are considered to be no longer valid or useful.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

ISO/IEC TR 9126-4 which is a Technical Report of type 2, was prepared by Joint Technical Committee
ISO/IEC JTC 1, Information technology, Subcommittee SC 7, Software and system engineering.

ISO/IEC TR 9126 consists of the following parts, under the general title Software engineering — Product
quality:

— Part 1: Quality model
— Part 2: External metrics
— Part 3: Internal metrics

— Part 4: Quality in use metrics
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Introduction

This Technical Report provides quality in use metrics for measuring attributes of quality in use defined in
ISO/IEC 9126-1. The metrics listed in this Technical Report are not intended to be an exhaustive set.
Developers, evaluators, quality managers and acquirers may select metrics from this Technical Report for
defining requirements, evaluating software products, measuring quality aspects and other purposes. They
may also modify the metrics or use metrics that are not included here. This report is applicable to any kind of
software product, although each of the metrics is not always applicable to every kind of software product.

ISO/IEC 9126-1 defines terms for the software quality characteristics and how these characteristics are
decomposed into subcharacteristics. ISO/IEC 9126-1, however, does not describe how any of these
subcharacteristics could be measured. ISO/IEC 9126-2 defines external metrics, ISO/IEC 9126-3 defines
internal metrics and ISO/IEC 9126-4 defines quality in use metrics, for measurement of the characteristics or
subcharacteristics. Internal metrics measure the software itself, external metrics measure the behaviour of the
computer-based system that includes the software, and quality in use metrics measure the effects of using the
software in a specific context of use.

This Technical Report is intended to be used together with ISO/IEC 9126-1. It is strongly recommended to
read ISO/IEC 14598-1 and ISO/IEC 9126-1, prior to using this Technical Report, particularly if the reader is
not familiar with the use of software metrics for product specification and evaluation.
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TECHNICAL REPORT ISO/IEC TR 9126-4:2004(E)

Software engineering — Product quality —

Part 4:
Quality in use metrics

1 Scope

This Technical Report defines quality in use metrics for the characteristics defined in ISO/IEC 9126-1, and is
intended to be used together with ISO/IEC 9126-1.

This Technical Report contains:

e an explanation of how to apply software quality metrics;

e a basic set of metrics for each characteristic;

e an example of how to apply metrics during the software product life cycle.

It includes as informative annexes a quality in use evaluation process and a reporting format.

This Technical Report does not assign ranges of values of these metrics to rated levels or to grades of
compliance, because these values are defined for each software product or a part of the software product, by
its nature, depending on such factors as category of the software, integrity level and users' needs. Some
attributes may have a desirable range of values, which does not depend on specific user needs but depends
on generic factors, i.e. human cognitive factors.

This Technical Report can be applied to any kind of software for any application. Users of this Technical
Report can select or modify and apply metrics and measures from this Technical Report or may define
application-specific metrics for their individual application domain. For example, the specific measurement of
quality characteristics such as safety or security may be found in International Standards or Technical Reports
provided by IEC 65 and ISO/IEC JTC1/SC 27.

Intended users of this Technical Report include:

e Acquirer (an individual or organization that acquires or procures a system, software product or software
service from a supplier);

e Evaluator (an individual or organization that performs an evaluation. An evaluator may, for example, be a
testing laboratory, the quality department of a software development organization, a government
organization or user);

e Developer (an individual or organization that performs development activities, including requirements
analysis, design and testing through acceptance during the software life cycle process);

e Maintainer (an individual or organization that performs maintenance activities);

e Supplier (an individual or organization that enters into a contract with the acquirer for the supply of a
system, software product or software service under the terms of the contract) when validating software
quality at qualification test;

e User (an individual or organization that uses the software product to perform a specific function) when
evaluating quality of software product at acceptance test;
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e Quality manager (an individual or organization that performs a systematic examination of the software
product or software services) when evaluating software quality as part of quality assurance and quality
control.

2 Conformance

There are no conformance requirements in this Technical Report.

NOTE General conformance requirements for metrics are in ISO/IEC 9126-1.

3 Normative References

ISO 8402, Quality management and quality assurance — Vocabulary

ISO/IEC 9126, Software engineering — Product quality

ISO/IEC 9126-1, Software engineering — Product quality — Part 1: Quality model

ISO/IEC TR 9126-2, Software engineering — Product quality — Part 2: External metrics [Technical Report]
ISO/IEC TR 9126-3, Software engineering — Product quality — Part 3: Internal metrics [Technical Report]

ISO 9241-11:1998, Ergonomic requirements for office work with visual display terminals (VDTs) — Part 11.:
Guidance on usability

ISO/IEC 14598-1, Information technology — Software product evaluation — Part 1: General overview
ISO/IEC 14598-3, Software engineering — Product evaluation — Part 3: Process for developers

ISO/IEC 14598-5:1998, Information technology — Software product evaluation — Part 5: Process for
evaluators

ISO/IEC 12207:1995, Information technology — Software life cycle processes

ISO/IEC 14143-1, Information technology — Software measurement — Functional size measurement —
Part 1: Definition of concepts

4 Terms and definitions

For the purposes of this Technical Report, the definitions contained in ISO/IEC 14598-1, ISO/IEC 9126-1 and
the following apply. Some of the definitions from ISO/IEC 14598-1 and ISO/IEC 9126-1 are reproduced in
Annex D.

4.1 context of use

the users, tasks, equipment (hardware, software and materials), and the physical and social environments in
which a product is used

[1SO 9241-11]

4.2 goal
an intended outcome

[1SO 9241-11]
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4.3 task
the activities required to achieve a goal

NOTE 1 These activities can be physical or cognitive.

NOTE 2 Job responsibilities can determine goals and tasks.

[1SO 9241-11]

5 Symbols and abbreviated terms
The following symbols and abbreviated terms are used in this Technical Report:
e SQA - Software Quality Assurance (Group)

e SLCP - Software Life Cycle Processes

6 Use of software quality metrics

These Technical Reports (ISO/IEC 9126-2, ISO/IEC 9126-3 and ISO/IEC 9126-4) provide a suggested set of
quality metrics (external, internal and quality in use metrics) to be used with the ISO/IEC 9126-1 quality
model. The user of these reports may modify the metrics defined, and/or may also use metrics not listed.
When using a modified or a new metric not identified in these Technical Reports, the user should specify how
the metrics relate to the ISO/IEC 9126-1 quality model or any other substitute quality model that is being used.

The user of these Technical Reports should select the quality characteristics and subcharacteristics to be
evaluated from ISO/IEC 9126-1, identify the appropriate direct and indirect measures, identify the relevant
metrics and then interpret the measurement result in objective manner. The user of these Technical Reports
also may select product quality evaluation processes during the software life cycle from the ISO/IEC 14598
series of International Standards. These give methods for measurement, assessment and evaluation of
software product quality. They are intended for use by developers, acquirers and independent evaluators,
particularly those responsible for software product evaluation (see Figure 1).

software product effect of
software product

influences influences

internal

external

quality | _____\  quality < -------J
1epends 0 contexts
of use

internal external quality in use
metrics metrics metrics

Figure 1 — Relationship between types of metrics

The internal metrics may be applied to a non-executable software product during its development stages
(such as request for proposal, requirements definition, design specification or source code). Internal metrics
provide the users with the ability to measure the quality of the intermediate deliverables and thereby predict
the quality of the final product. This allows the user to identify quality issues and take corrective action as
early as possible in the development life cycle.

The external metrics may be used to measure the quality of the software product by measuring the behaviour
of the system of which it is a part. The external metrics can only be used during the testing stages of the life
cycle process and during any operational stages. The measurement is performed when executing the
software product in the system environment in which it is intended to operate.
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The quality in use metrics measure whether a product meets the needs of specified users to achieve specified
goals with effectiveness, productivity, safety and satisfaction in a specified context of use. This can be only
achieved in a realistic system environment.

User quality needs can be specified as quality requirements by quality in use metrics, by external metrics, and
sometimes by internal metrics. These requirements specified by metrics should be used as criteria when a
product is evaluated.

It is recommended to use internal metrics having a relationship as strong as possible with the target external
metrics, so that they can be used to predict the values of external metrics. However, it is often difficult to
design a rigorous theoretical model that provides a strong relationship between internal metrics and external
metrics. Therefore, a hypothetical model that may contain ambiguity may be designed and the extent of the
relationship may be modelled statistically during the use of metrics.

Recommendations and requirements related to validity and reliability are given in ISO/IEC 9126-1:A.4.
Additional detailed considerations when using metrics are given in Annex A of this Technical Report.

7 How to read and use the metrics tables

The metrics listed in clause 8 are categorised by the characteristics in ISO/IEC 9126-1. The following
information is given for each metric in the table:

a) Purpose of the metric: This is expressed as the question to be answered by the application of the metric.
b) Method of application: Provides an outline of the application.

¢) Measurement, formula and data element computations: Provides the measurement formula and explains
the meanings of the used data elements.

NOTE In some situations more than one formula is proposed for a metric.
d) Interpretation of measured value: Provides the range and preferred values.

e) Metric scale type: Type of scale used by the metric. Scale types used are; Nominal scale, Ordinal scale,
Interval scale, Ratio scale and Absolute scale.

NOTE: A more detailed explanation is given in Annex C.

f) Measure type: Types used are; Size type (e.g. Function size, Source size) , Time type ( e.g. Elapsed time,
User time) , Count type ( e.g. Number of changes, Number of failures).

NOTE A more detailed explanation is given in Annex C.
g) Input to measurement: Source of data used in the measurement.
h) ISO/IEC 12207 SLCP Reference: Identifies software life cycle process(es) where the metric is applicable.

i) Target audience: Identifies the user(s) of the measurement results.

8 Metrics Tables

8.0 General

The metrics listed in this clause are not intended to be an exhaustive set and may not have been validated.
They are listed by software quality characteristic.

Metrics, which may be applicable, are not limited to these listed here. Additional specific metrics for particular
purposes are provided in other related documents, such as functional size measurement or precise time
efficiency measurement.
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NOTE It is recommended to refer a specific metric or measurement from specific standards, Technical Reports or
guidelines Functional size measurement is defined in ISO/IEC 14143. An example of precise time efficiency measurement
can be referred from ISO/IEC 14756.

Metrics should be validated before application in a specific environment (see Annex A).

NOTE This list of metrics is not finalized, and may be revised in future versions of this Technical Report. Readers of
this Technical Report are invited to provide feedback.

The quality in use metrics in this clause measure the effectiveness, productivity, safety or satisfaction with
which specified users achieve specified goals in a specified context of use. Quality in use depends not only on
the software product, but also on the particular context in which the product is being used. The context of use
is determined by user factors, task factors and physical and social environmental factors.

Quality in use is assessed by observing representative users carrying out representative tasks in a realistic
context of use (see Annex E). The measures may be obtained by simulating a realistic working environment
(for instance in a usability laboratory) or by observing operational use of the product. In order to specify or
measure quality in use it is first necessary to identify each component of the intended context of use: the
users, their goals, and the environment of use. The evaluation should be designed to match this context of
use as closely as possible. It is also important that users are only given the type of help and assistance that
would be available to them in the operational environment.

NOTE The term usability is sometimes used with a similar meaning to quality in use (but excluding safety) (e.g. in
ISO 9241-11).

Some external usability metrics (ISO/IEC 9126-2) are tested in a similar way, but evaluate the use of
particular product features during more general use of the product to achieve a typical task as part of a test of
the quality in use.

Quality in use has four characteristics (effectiveness, productivity, safety and satisfaction) and no
subcharacteristics.
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Annex A
(Informative)
Considerations when using metrics

A1 Interpretation of measures
A.1.1 Potential differences between test and operational contexts of use

When planning the use of metrics or interpreting measures it is important to have a clear understanding of the
intended context of use of the software, and any potential differences between the test and operational
contexts of use. For example, the “time required to learn operation" measure is often different between skilled
operators and unskilled operators in similar software systems. Examples of potential differences are given
below.

a) Differences between testing environment and the operational environment

Are there any significant differences between the testing environment and the operational environment?

The following are examples:

e testing with higher/comparable/lower performance of CPU of operational computer;

e testing with higher/comparable/lower performance of operational network and communication;

o testing with higher/comparable/lower performance of operational operating system;

o testing with higher/comparable/lower performance of operational user interface.

b) Differences between testing execution and actual operational execution

Are there any significant differences between the testing execution and operational execution in user
environment?

The following are examples:

e coverage of functionality in test environment;
e test case sampling ratio;

e automated testing of real time transactions;
e stress loads;

e 24 hour 7 days a week (non stop) operation;
e appropriateness of data for testing of exceptions and errors;
e periodical processing;

e resource utilisation;

e levels of interruption;

e production pressures;

e distractions.
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c) User profile under observation

Are there any significant differences between test user profiles and operational user profiles?
The following are examples of types of users;

e user skill levels;

e specialist users or average users;

e limited user group or public users.

A.1.2 Issues affecting validity of results

The following issues may affect the validity of the data that is collected:

a) procedures for collecting evaluation results:

e automatically with tools or facilities/ manually collected/questionnaires or interviews;
b) source of evaluation results:

e developers' self reports/reviewers’ report/evaluator’s report;

c) results data validation:

e developers' self check/inspection by independent evaluators.

A.1.3 Balance of measurement resources

Is the balance of measures used at each stage appropriate for the evaluation purpose?

It is important to balance the effort used to apply an appropriate range of metrics for internal, external and
quality in use measures.

A.1.4 Correctness of specification
Are there significant differences between the software specification and the real operational needs?

Measurements taken during software product evaluation at different stages are compared against product
specifications. Therefore, it is very important to ensure by verification and validation that the product
specifications used for evaluation reflect the actual and real needs in operation A.2.

A.2 Validation of metrics
A.21 Desirable properties for metrics

To obtain valid results from a quality evaluation, the metrics should have the properties stated below. If a
metric does not have these properties, the metric description should explain the associated constraint on its
validity and, as far as possible, how that situation can be handled.

a) Reliability (of metric): Reliability is associated with random error. A metric is free of random error if
random variations do not affect the results of the metric

b) Repeatability (of metric): repeated use of the metric for the same product using the same evaluation
specification (including the same environment), type of users, and environment by the same evaluators,
should produce the same results within appropriate tolerances. The appropriate tolerances should include
such things as fatigue, and learning effect
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c) Reproducibility (of metric): use of the metric for the same product using the same evaluation
specification (including the same environment) type of users and environment by different evaluators,
should produce the same results within appropriate tolerances.

NOTE Itis recommended to use statistical analysis to measure the variability of the results.

d) Availability (of metric): The metric should clearly indicate the conditions (e.g. presence of specific
attributes) which constrain its usage.

e) Indicativeness (of metric): Capability of the metric to identify parts or items of the software which should
be improved, given the measured results compared to the expected ones.

NOTE The selected or proposed metric should provide documented evidence of the availability of the metric for use,
unlike those requiring project inspection only.

f) Correctness (of measure): The metric should have the following properties:

1) Objectivity (of measure): the metric results and its data input should be factual: i.e., not influenced
by the feelings or the opinions of the evaluator, test users, etc. (except for satisfaction or
attractiveness metrics where user feelings and opinions are being measured).

2) Impartiality (of measure): the measurement should not be biased towards any particular result.

3) Sufficient precision (of measure): Precision is determined by the design of the metric, and
particularly by the choice of the material definition used as the basis for the metric. The metric user
will describe the precision and the sensitivity of the metric.

dg) Meaningfulness (of measure): the measurement should produce meaningful results about the software
behaviour or quality characteristics.

The metric should also be cost effective: that is, more costly metrics should provide higher value results.
A.2.2 Demonstrating the Validity of Metrics
The users of metrics should identify the methods for demonstrating the validity of metrics, as shown below.

a) Correlation
The variation in the quality characteristics values (the measures of principal metrics in operational use)
explained by the variation in the metric values, is given by the square of the linear coefficient.

An evaluator can predict quality characteristics without measuring them directly by using correlated metrics.

b) Tracking

If a metric M is directly related to a quality characteristics value Q (the measures of principal metrics in
operational use ), for a given product or process, then a change value Q(T1) to Q(T2), would be accompanied
by a change metric value from M(T1) to M(T2), in the same direction (for example, if Q increases, M
increases).

An evaluator can detect movement of quality characteristics along a time period without measuring directly by
using those metrics which have tracking ability.
c) Consistency

If quality characteristics values (the measures of principal metrics in operational use) Q1, Q2,..., Qn,
corresponding to products or processes 1, 2,..., n, have the relationship Q1 > Q2 > ...> Qn, then the
correspond metric values would have the relationship M1 > M2 > ...> Mn.

An evaluator can notice exceptional and error prone components of software by using those metrics which
have consistency ability.
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