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Foreword

[SO (the International Organization for Standardization) and IEC (the International Electro
Commission) form the specialized system for worldwide standardization. National bodies
members of ISO or IEC participate in the development of International Standards through

technical
that are
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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types

of docu :
IEC Diregtives, Part 2 (see www.iso.org/directives or www.iec.ch/members experts/refdocs).

[SO and [EC draw attention to the possibility that the implementation of this document.may in
use of (a) patent(s). ISO and IEC take no position concerning the evidence, validity or applicabili
claimed patent rights in respect thereof. As of the date of publication of this document;/ISO and IE
received [notice of (a) patent(s) which may be required to implement this document:- However, impl

the IS0/

volve the
Lty of any
C had not
bmenters

are cautiponed that this may not represent the latest information, which may bé gbtained from the patent

databasel available at www.iso.org/patents and https://patents.iec.ch. 1SOand IEC shall not
responsible for identifying any or all such patent rights.

Any trade name used in this document is information given for the convenience of users and
constitutle an endorsement.

be held

does not

For an eyplanation of the voluntary nature of standards, the meahing of ISO specific terms and expressions
related J'? conformity assessment, as well as information.about ISO's adherence to the Woild Trade

Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso.org/iso/forew

brd.html.

In the IEC, see www.iec.ch/understanding-standards.

This doqument was prepared by Joint Technical?Committee ISO/IEC JTC 1, Information technology,

Subcommittee SC 35, User interfaces.

Any feedback or questions on this document should be directed to the user’s national s
body. A| complete listing of these ~bodies can be found at www.iso.org/members.h

tandards
'ml and

www.ieclch/national-committees.
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Introduction

As smart devices such as smart phones and smart speakers have become popular, new forms of user
interfaces have been introduced. One aspect of the new interfaces is mimicking natural ways of interacting
with the devices and utilizing speech, gestures, body language, eye gaze and other natural features of
human communication through natural user interfaces (NUIs), which allow for faster, smoother, intuitive,
and smarter interaction. However, while the concept of NUI is well defined, practical applications of NUI still
need to be developed. This is strongly related to the lack of usability of NUI in smart devices.

When specified users of systems, products or services achieve their specified goals with effectiveness,
efficiency and satisfaction in a specified context of use (as defined in ISO/IEC 9241-11), usability can be
evaluateg-Effectivenresstsconsideredastheabitity of userstocomptete taskswithrthesysternr{e;githe NUI).
Efficiency measures resources taken by users to complete specified tasks. Satisfaction measureg comfort
levels of fiser experience along with acceptance.

It is impprtant that the usability evaluation of NUI concentrates on recognizing the user's intertion and
focuses dn multiple modalities of information flows between the users and the devices:

This dociiment describes a framework for evaluating the usability of NUI. Although the framework can be
applied ih most general contexts, it is specifically focused on optimizing user expéetriences in terms pf NUI.

© ISO/IEC 2024 - All rights reserved
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Information technology — User interfaces — Evaluating
usability of natural user interfaces

1 Scope

This doc
a natura
the NUI &
of the NU
emerging

2 Nor

The follo
requiren

....................

user interface (NUI) for systems, products or services. Measuring and reporting the Us
re also described. The usability evaluation focuses on the efficiency, effectiveness and'sat
1. This document can also be applied to the usability evaluation of other user intetrfaces
r technologies.

mative references

ents of this document. For dated references, only the edition cited applies. For undated r¢

the latest edition of the referenced document (including any amendments)-applies.

[SO 9241

11, Ergonomics of human-system interaction — Part 11: Usdbility: Definitions and concepts

3 Terms and definitions

For the p
ISO and |

urposes of this document, the terms and definitions given in ISO 9241-11 and the followin

[EC maintain terminology databases for use‘n standardization at the following addresses:

— ISO (Qnline browsing platform: available at https://www.iso.org/obp

— IEC Hlectropedia: available at https: //wivw.electropedia.org/

3.1 Te
3.11

'ms related to natural user

user int¢rface

Ul

set of allf the components-of an interactive system that provide information and controls for th

accompli

sh specific tasks with the interactive system

[SOURCE;: I1SO 9241-110:2020, 3.10]

3.1.2
natural
NUI

bility of
ability of
isfaction
(UIs) for

lving documents are referred to in the text in such a way that some of.all of their content constitutes

ferences,

> apply.

e user to

ser interface

user interface where the user operates the interface through a manner related to everyday human
behaviours in a real world

Note 1 to entry: Natural refers to the user's expectations, behaviour and feelings that are involved in interacting with a NUL

Note 2 to entry: Everyday human behaviours refer to behaviours that the user can be expected to have already learned.

Note 3 to entry: Interactions with NUIs typically model interactions performed in the natural world, including (but not

limited to) touch, gestures or vocal interactions, or a combination thereof.

© ISO/IEC 2024 - All rights reserved
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3.1.3
natural user interface interaction

NUI interaction

user-system interaction making use of a natural user interface

3.1.4
naturalness
correspondence with everyday interactions between humans and the real-world objects with which they
interact

ISO/IEC 4944:2024(en)

Note 1 to entry: Naturalness relates to everyday behaviours that the user can be expected to have already learned.

EXAMPLE

To perform a “hella” gesture the nser refers to an ohject hy pointing; to order something the user

issuesav

3.2 Te

3.21

interact
user-system interaction
exchange
intended

Note 1 to

3.2.2
diverse nusers
individud

[SOURCE

3.2.3
diverse {
differing

[SOURCH

4

Nat;

Natural
interacti

The eval

a)

b)

eval

NOTE

cal command; or to agree the user nods in the affirmative or voices a vocal onomatopoeia for agre

rms related to usability

on

task

entry: Adapted from ISO 9241-110:2020, 3.11 definition of user-systeminteraction.

1Is with differing abilities and characteristics or accessibility needs

: ISO/IEC Guide 71:2014, 2.3]

contexts
contexts of use and differing economig,cultural and organizational conditions

: ISO/IEC Guide 71:2014, 2.8]

iral user interfaces (NUI)

iser interfaces (NUIs) “are a special case of user interfaces that focus on the natur
bns that they support.

Iation of the ugability of an NUI includes:

ation of the-usability of the user interface to accomplish tasks;

1 _ Thisis similar to the evaluation of any other user interface.

ement.

of information between a user and an interactive system via the user interface to complete the

hlness of

evahllation of the usability of the naturalness of the user interface.

NOTE 2  This involves an additional, more specialized evaluation that is described in this document.

The naturalness of the user interface is provided by the NUI interactions, which are recognized and used by
the NUIL.

NUI interactions attempt to maximize their achievement of the interaction principles identified in
[SO 9241-110 as:

Suitability for the user’s tasks: an interactive system is suitable for the user's tasks when it supports the
users in the completion of their tasks, i.e. when the operating functions and the user-system interactions
are based on the task characteristics.

© ISO/IEC 2024 - All rights reserved
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NUI max|mizes the naturalness of its interactions by supporting the following:

5
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Self-descriptiveness: the interactive system presents appropriate information, where needed by the

user, to make its capabilities and use immediately obvious to the user without unnecessary use
interactions.

Conformity with user expectations: the interactive system’s behaviour is predictable base
context of use and commonly accepted conventions in this context.

r-system

d on the

Learnability: the interactive system supports discovery of its capabilities and how to use them, allows
exploration of the interactive system, minimizes the need for learning and provides support when

learning is needed.

Controllability: the interactive system allows the user to maintain control of the user interface and the

interar*h'nnc, inr‘]nr‘]ing the cpnnr“ and sequence and individualization of the ncnr-cycfnm interaction.

Use prror robustness: the interactive system assists the user in avoiding use errors andy i
identifiable use errors, treats them tolerantly and assists the user when recovering fror|the er

Userfengagement: the interactive system presents functions and information in an inwiting and m|
manher supporting continued interaction with the system.

Suitgbility for the user's tasks: the users of the interactive system with NUlperform tasksin arg
manher to how they would perform in the real world with everyday interactions (if the comp
not ipvolved).

Self-flescriptiveness: the interactive system with NUI presents appropriate information to the

h case of
rors.

otivating

asonable
uter was

user in a

manher that is related to how the information exists in the\real world (rather than in a mannler that is

optimized for the computer).

Confprmity with user expectations: the interactive system with NUIrecognises and processes pr
user|interactions in a predictable manner that is-¢onsistent with the real world (rather than
basefd on typical human-computer interaction styles).

Learpability: the interactive system with NUI supports the users in the discovery and expld
its cqpabilities and information (without the need for formal training regarding the user inte
supported interactions before they can'use the system).

Contpollability: the interactive system with NUI allows the user to interact with the NUI in th¢
and g§equence that is most natural to their preferred manner (rather than in a single prescribed

Use grror robustness: thednteractive system with NUI allows the users to try different interacti
avoiding and minimizingany resulting use errors and by providing suitable error recovery wher

User|engagement;.the interactive system with NUI invites and motivates the users to interact]
NUI |n a similarafanner to everyday human behaviour in the real world.

Evaluating usability of a natural user interface (NUI)

edictable
designed

ration of
rface and

P manner
manner).

bns while
b needed.

with the

5.1 Framework

Usability as defined in ISO 9241-11 is a complex concept.

NOTE

accessibility, user experience, avoidance from harm from use. This document only focuses on usability.

Usability is one of the outcomes of use of a system, product, or service. There are other outcomes of use, e.g.

Different users will experience different levels of usability of the same system, product or service in
achieving different goals in different contexts of use. Therefore, evaluation of the usability involves a number
of different more specific evaluations that are described in the following subclauses.

© ISO/IEC 2024 - All rights reserved
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Evaluating usability of NUI involves applying the definition of usability, as illustrated in Figure 1, by
considering the following three issues:
— the system, product or service being evaluated (see 5.2), which in this case is the NUI;

— theusers, goals, tasks and context of use (see 5.3, 5.4 and 5.5) which determine how NUI will be evaluated
and used;

— the components of usability evaluation (see 5.6), e.g. effectiveness, efficiency and satisfaction.
The evaluation of the NUI usability requires evaluation metrics as follows:

a) how to evaluate usability of NUI (see 5.7), which includes:

1) ¢valuating the usability of the user interface of the NUI for accomplishing goals;
2) ¢valuating the usability of the naturalness of the interactions supported by the NUI;
b) how|to measure the components of usability of NUI (see Clause 6);

¢) how to report the results of the usability evaluation (see Clause 7).

Specific context(s) of use

User interfaces (for tasks):

— Effectiveness
— Efficiency
— Satisfaction
System,
product
User(s) Interactions NUI or
service

Naturalness (of interractions):
—Effectiveness

— Efficiency

— Satisfaction

Figure 1 — Framework for evaluating usability of NUI

5.2 NUI as a systém, product or service being evaluated

While ushpbility.cawbe applied to many different things, it is important that usability evaluation focuses on a
well-defipned,object of the evaluation.

While NUlLis'a part of a system that exists within a context of use, it is important that usability evaluation of
NUI is limited to the context of use of the interface and does not extend to the whole system.

NUI can involve multiple media and modalities. It is important to clarify whether the evaluation is focusing
on individual components of the NUI or the entire NUI.

5.3 Evaluating usability for diverse NUI users
In order for NUI to be natural, it is important that it be usable by a wide range of users.

When establishing the specified users for evaluating the usability of NUI, it is important to consider the
usability of the NUI for diverse users.

© ISO/IEC 2024 - All rights reserved
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Distinct user groups that together represent the set of diverse users should be identified as the specified
users for the purposes of the usability evaluation of NUI.

5.4 Evaluating usability for goals, tasks and interactions of NUI

Traditional usability focuses on goals and the various tasks that can be used to achieve these goals. This
focus limits the evaluation of usability to specific outcomes.

While evaluating usability, NUI still needs to be limited to consideration of specific outcomes. It needs to be
open to more diverse approaches to achieving these intended outcomes than the typical set of activities that
are used to describe a single task.

In NUI, ySers are likely to try the set of interactions that they find to be most natural to use, While the
system will recognize and act upon some of these interactions, it can miss others.

Interactipns each have an identifiable purpose that is part of accomplishing a task. Interactions|are each
made up [of one or more sets of:

— ausdr action (that is intended to be recognized by the NUI);
— asydtem response (that is presented via the NUI).
The syst¢m response to a user action can be:
— nothfng (where the NUI failed to recognize the user action);
— anindication that the user action has been recognized and acted’upon;
— Tfesulting in the system doing what was intended;
— fesulting in the system doing something other than what was intended;
— Tresulting in the system not being able to detébmine what to do.
Evaluating the usability of NUI shall evaluate beth:
a) the (sability of the user interface;

NOTE 1  This identifies the usability of the NUI for users to achieve their goal (either directly or aftefr multiple
attenmppts).

NOTE 2  Thisis typically evaluated by evaluating the accomplishment of a selection of user's tasks thpt achieve
the specified goals.

b) the ysability of the "raturalness” of the interactions of the NUI.
NOTE 3  This recognizes the extent to which a NUI is actually "natural”.

NOTKE 4  This'Can be evaluated by evaluating the ratio of success of user attempts to interact in with the NUI,
withgut prigrtraining in what actions the NUI supports.

5.5 Evaluating usability for diverse contexts of use of NUT
In order for NUI to be natural, it is important that it be usable by a wide range of contexts of use.

When establishing the specified contexts of use for evaluating the usability of NU], it is important to consider
diverse contexts.

In order to consider actual users, it is important to specify distinct natural contexts of use that together
represent the set of diverse contexts.

Distinct contexts of use that together represent the set of diverse contexts should be identified as the
"specified context of use" for the purposes of NUI usability evaluation.

© ISO/IEC 2024 - All rights reserved
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5.6 Components of usability

The definition of usability recognises that it involves three components (effectiveness, efficiency, and
satisfaction) that, while they may interact with one another, are intended to be considered separately.
[SO 9241-11 further divides the three components into the following subcomponents:

a) Effectiveness is composed of:

1) accuracy, which is the extent to which an actual outcome matches an intended outcome;

2) completeness, which is the extent to which users of the system, product, or service are able to
achieve all intended outcomes.

b) Efficjency is composed of:

1y
2)
3)

4)

¢) Satidfaction is composed of:

1)
2)
3)

Fully evaluating the usability of NUI involves evaluiating each of these nine subcomponents
combination of the conditions of evaluation.

The evalpation of usability of NUI shall inyolve separate evaluations of the effectiveness, effici

satisfact

NOTE 1
of those c

The evalpation of usability of\NUI should consider the various subcomponents of each of effeq
efficiency, and satisfaction dndshould include evaluation of the most appropriate subcomponents.

NOTE 2

one subcdmponent of €ach of the three main components as long as it clearly identifies the subcomponents

been eval

5.7 Evaluation based on use

ISO/IEC 25066 tdemtifies the fottowing typesof evatuatiomrapproactes————————————————

ime used, which is the time expended in attempting to achieve a goal;

uman effort expended, which is the mental and physical effort expended to complete specif

ed tasks;

inancial resources expended, which include the costs of using the systemproduct, or seryice, such

s paying wages, or the cost of energy or connectivity;

aterials expended, which include physical items (e.g. raw materials, water, paper) used a
he task (including maintenance tasks) and processed by the systém; product, or service.

hysical responses, which include feelings of physical comfort or discomfort;
ognitive responses, which include attitudes, preferences and perceptions;

motional responses, which result from experience while using the object of interest.

on of the NUI under the same context(s) of use.

bmponents and not an evaluation of usability.

Ideally it will inviolve evaluation of all of the subcomponents. However, at a minimum it will invol

hated to preduce the component evaluation.

a) Inspection to identify usability defects and potential usability problems including:

5 input to

for each

ency and

An evaluation involving less than‘all three of effectiveness, efficiency and satisfaction is only an gvaluation

tiveness,

ve at least
that have

1) deviations of the object of evaluation from specified criteria such as user requirements, principles,
design guidelines or established conventions;

2) potential usability problems when attempting to complete one or more tasks with the object of
evaluation;

b) Observation of users including:

1) observing user behaviour to identify actual usability findings;

© ISO/IEC 2024 - All rights reserved
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2) measuring user performance and response (e.g. time taken to perform a task, number of use errors,
skin conductance or eye pupil dilation);

NOTE 1 The observation of users can be carried out either as an explicit usability test or conducted in
a “real life” setting, or both.

NOTE 2 The usability problems are either identified during the observation or are identified from
subsequent analysis.

User surveys including:

1) eliciting problems, opinions and impressions from users (qualitative user surveys);

2) measuring tevel of user satisfaction or perception, €.g. Tating scate vatue [ i ipn or for
fubjectively perceived effectiveness or efficiency (quantitative user surveys);

ion data).

nstitute a

Regardless of the approach or approaches taken, usability is defined and desgfibed in ISO 9241111 as an

outcome|of use.

Since usability is an outcome of use, the evaluation of usability of NUI shall be performed either for a

completdd NUI or during the development of NUI.

NOTE 4 | Ifthe system, product, or service containing the NUI is completed this can involve observing user behaviour

and measfiring user performance and responses.

NOTE5 | Ifthe system, product, or service containing the NUI isunder development this can involve user testing of a

prototypd of the NUI.

NOTE 6 | Usability evaluation of NUI can also include obtaining information from users after they have usgd the NUI

or its profotype.

NOTE 7 | It is not appropriate to base a usability-evaluation of NUI solely on an inspection-based evaluatjion of the

design of the interface.

6

6.1 Purposes of and medsures for evaluation

There ar¢ various purposes for the evaluation of NUI, including:

— evalfation efa‘completed system, product or service;

— comparison of various systems, products or services.

Medsuring usability of a NUI

evalgiations conducted during the development or redevelopment of a system, product or servige;

There are various types of measures or evaluation results that can be produced by the usability evaluation:

a)

b)

Quantitative measures can identify whether or not there are problems and the severity of problems, but
do not identify the source of the problems.

NOTE1 Quantitative measures are especially useful in the evaluation of a completed system, product or
service, and in the comparison of various systems, products or services.

Qualitative measures can identify what particular problems are occurring.

NOTE 2  Qualitative measures are especially useful development or redevelopment or in understanding
whether problems experienced by some users are likely to be of concern to other users.

© ISO/IEC 2024 - All rights reserved
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While there are various possible measures for evaluating usability, the measures in this clause are especially
useful for measuring the usability of NUI.

The choice of measures and the level of details of each measure is dependent on the objectives of the parties
involved in the measurement.

6.2 Measures for evaluating the user interface of NUI

6.2.1 Evaluating user interface of NUI for accomplishing tasks

An evaluation of user interfaces of NUI shall include the evaluation of the completion of at least one task per
specified goal of the system product or service

NOTE 1 | Evaluating the completion of more than one task per goal can improve the accuracy of the resulty.
NOTE 2 | The evaluation of user interface of NUI is comparable to the evaluation of other types of systems| products

and serviges. The evaluation of naturalness of interactions with NUI (see 6.3) goes beyond this more typical gvaluation
to focus oph what makes NUI natural.

6.2.2 [Hffectiveness measures

6.2.2.1 | Accuracy measures

Accuracy is the extent to which an actual outcome matches an intended outcome. With some goalg (such as
balancing financial accounts) absolute correctness is necessary. With other goals (such as dressing for the
weather putside) there are a range of outcomes that can all be considered to be accurate, but also 4 range of
outcome$ that will be considered inaccurate.

NOTE 1 | Itis possible to partially achieve a goal (e.g. dressing for outside), without fully achieving accuratgly.
NOTE 2 | Itis possible that individual outcomes can be.accurate without the outcomes being fully completg.
The accufacy of achieving the goals of NUI can be'measured by:

a) how|fully users achieve their goals viaCsupported tasks using any available NUI features (¢.g. facial
expressions, gestures, voice);

b) the gercentage of tasks successfully completed by users on their first attempt;
c) the gercentage of users who'can successfully complete their tasks;

d) the gbsence or presencé-of use errors and unnecessary outputs that interfere with the user cagmpleting
the thsk.

6.2.2.2 | Completeniess measures

Completgnesssisithe extent to which users of the system, product or service are able to achieve alljintended
outcomes.

NOTE1 Completeness deals with the number of goals achieved, to a level sufficient to be recognized as having been
achieved.

NOTE 2  Itispossible that outcomes can be complete withoutall the outcomes being fully accurate. The completeness
of achieving the goals of a NUI can be measured by:

a) the percentage of the goals that the users have achieved, via supported tasks using the NUI;

b) the percentage of the goals that the users are not to be able to achieve, while interacting through the NUI.

© ISO/IEC 2024 - All rights reserved
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Additional qualitative measures

It is useful to report:

a) the failures to achieve a goal that have been identified;

b) the use errors that have been made in attempting to achieve goals;

c) unnecessary or misleading information that was presented.

6.2.3 Efficiency measures

6.2.3.1
The time
a) thet
NOTE
depe
b) the 1

Time used measures
used efficiency of user interface of NUI can be measured by:
me taken to complete all of the specified goals;

1  While the time to complete all specified goals measures efficiency of the entire system, i
hdent on the efficiency of the NUI.

completing all of the specified goals.

NOTE 2
errors tha

6.2.3.2

The hum
a) meas
b) meaj
c) indiy

NOTE 1
since som|

NOTE 2
workload

6.2.3.3

Financia
wages, 0
equipme
for this s

t delay users, can lead to decreases in effectiveness and satisfaction.

Human effort measures
hn effort efficiency of user interface of NUI can be-easured by:

ures of the mental and physical workload invelved in completing the goals;
ures of the peak workload required to cemplete the most difficult tasks;
ect measures of the fatigue experienced by users completing the goals.

The number of steps that are required of a user is not necessarily a good measure of human effort
e users can find it easier to work.in smaller steps while other users can find it easier to work in lar

The amount of human effort expended is separate from any salary paid to the users, since it
that is needed (regardless.of any compensation for this workload) to accomplish the goals.

Financial resources expended

resources-expended include the costs of using the system, product or service, such 3
" the cost of energy or connectivity. Financial costs can also include the costs of disposg
ht or waste. This can include some proportion of the financial costs for reusable resources
bt of goals (such as specialized hardware and software). See ISO 9241-11.

is highly

atio of (total time spent minus time spent dealing with use ernors) to the (total tinje spent)

Attempts to speed-up users to achieve higher time-based efficiency, where they do not involve redlucing the

required,
ser steps.

measures

S paying
1 of used
acquired

The fina

ctateffictency of user interface of NUTcan be measured by:

a) the amount of money that will have to be spent to achieve the goals for a given time period (e.g. per
week, per month, or per year);

b) The amount of money that will have to be spent to achieve a particular task once.

NOTE

materials

This is intended to measure the amount of financial expenditures that will actually be incurred in order
to use the NUI to achieve the goals. It is not intended to include amounts of money already expended (such as for

already purchased).
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6.2.3.4 Materials expended
Materials expended focuses on physical items that are consumed or transformed in the achievement of goals.
The material expended efficiency of user interface of NUI can be measured by:

a) the amount of materials that will have to be expended to achieve the goals for a given time period (e.g.
per week, per month, or per year);

b) the amount of materials that will be expended to achieve a particular task.

NOTE This measure is intended to be separate from any measure of the costs of the materials, since it measures
how efficient (or wasteful) the system is in using material resources.

6.2.4 Satisfaction measures

The threp subcomponents of satisfaction, identified in ISO 9241-11, are often combined, kather than being
evaluated separately, when evaluating usability.

Satisfact]on of user interface of NUI is more likely to be measured qualitatively rather than quantitatively,
due to the subjective nature of the concept of satisfaction.

Some copmon measures of satisfaction of user interface of NUI include:

a) user|reported satisfaction (in response to satisfaction surveys or®o a general request for comments
about the level of satisfaction that users have with using the usetinterface);

NOTE Several formalized questionnaires exist such as SUS (System Usability Scale) and QUIS (Questionnaire
for User Interaction Satisfaction).

b) obsefvations (by the evaluators) of discomfort and frustration experienced by users of the NUJ;
c) user|complaints and suggestions for improvements;

d) userfwillingness to use or recommend the system after initial use.
6.3 Mgasures for evaluating naturaless of interactions with NUI

6.3.1 HEvaluating naturalness of interactions with NUI for accomplishing tasks

While tragditional usability focuses’on achieving application-directed goals, the naturalness presenfs its own
unique gpal, in addition to these other goals. It is typically associated with individual interactiong that can
be used ip various tasks, rather than with specific tasks that achieve specified goals.

Evaluating the naturalness of interactions, therefore, applies to the overall use of the system. This eyaluation
can procged along with the evaluation of using the user interface to achieve the goals, but involvep its own
measure§, which-are accumulated across all NUI interactions.

Where tle purpose of the evaluation is to evaluate the naturalness of the interactions with one or more
available| NUI features (e.g. facial expressions, gestures, voice), the full set of tasks used in evalupting the
naturalness of the NUI should be evaluated using each of the NUI features of interest.

6.3.2 Effectiveness measures

6.3.2.1 Accuracy measures

Accuracy as it applies to naturalness focuses on the extent to which the outcome of recognizing individual
and natural interactions matches their intended outcomes. The accuracy in classifying user commands
means closeness of agreement between users’ performance of executing commands and the classified
commands.
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