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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

:2017(E)

Tactile and haptic interactions are becoming increasingly important as interaction modalities in special
purpose computing environments and assistive technologies. This document explains how to evaluate
attributes of the haptic device and the user interface, and the outcomes of interaction with a haptic
device, along with an assessment of human-centred quality and other and more specific usage qualities.

This document can be used to identify the measures to be used when establishing requirements for
haptic interaction, and to evaluate haptic interactions to identify problems, to establish benchmarks or

to

evaluate whether a haptic system meets requirements
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aptic interaction involves sensory or motor activity in the skin, muscles, joints and tendon|
praction refers specifically to touch (sensory activity in the skin).

h haptic interaction, a user typically employs a device to manipulate objects,in the virf{
he computer and also to feel the result of the manipulation through sensors/in the skin
s is the bidirectional sense of haptics. Haptics is important in the design\af switches in t
'boards and mice, but here, we consider computer interaction by meansether than keybod
| passive joysticks.

ptic interactions can also work in a passive unidirectional sensg, conveying information
hout active motion or exploration on the part of the user. A cell.phone on vibration mode i
directional tactile device. They can also work in an activeunidirectional sense, as the u
tures that send commands or data to a device.

tile and kinaesthetic haptic interactions are beig developed in university and
oratories in many countries, and a variety of cofmmercial products exist that incorpor

| their associated devices and software needa means of making comparisons between

s; a tactile

ual world
ind joints.
raditional
rd, mouse

o the skin
5 one such
ser makes

industrial
hte tactile

1 kinaesthetic interactions. Both the developer‘and the prospective purchaser of such infteractions

fompeting

]:ices.
Other International Standards are cross-referenced in order to understand and point out tlr
ferences in evaluating haptic interdctions. The nature of these interactions, whether bid

directional from the device to the'skin or body of the user, or unidirectional as gesture
y of the user to the device, sets them apart as a group of interactions that needs special con|
relation to the forms of evaltiation which are appropriate.

9241-910 provides a.common set of terms, definitions, and descriptions of the variou
olved in designing-and using haptic interactions. It provides an overview of the range
plications, objects,.attributes, and interactions.

9241-920 ptfovides basic guidance in the design of haptic interactions.

9241-960 provides guidance for the definition of gestures in human-machine inter

explains-hew to describe their features and what factors to take into account when defining g

Th

e specific
rectional,
b from the
sideration

concepts

of haptic

hctions. [t
festures.

s<document provides evaluation processes specific to haptic interactions and the de|

vices that

enable them. It shows how requirements set out in ISO 9241-910, ISO 9241-920 and other International
Standards can be applied to actual haptic systems and specific interactions. In a parallel way, it shows
how the usability of a haptic system can be evaluated, taking into account quality attributes such as
effectiveness, efficiency, user satisfaction and avoidance of harm from use.
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Ergonomics of human-system interaction —

Part 940:
Evaluation of tactile and haptic interactions

Th

It 4

Th

NO
dey

Th

Scope
s document

describes the types of methods that can be used for the evaluation of haptic devices and
that include haptic devices,

test (see AnnexJ), and

provides guidance on the types of methods that are appropriate for the evaluation
attributes of haptic systems, cross-referenced to the guidance in the relevant clause

pplies to the following types of interaction:

gesture control of a device or a virtual scenatio;

unidirectional interaction such as a vibrating phone or a vibrating belt;

virtual environment — virtual space with which a user can interact with the aid of a hap
s document applies to the following types of devices:

gesture sensor, e.g. video_that discerns 3D hand movements, touch screens that sense 2D

kinaesthetic haptic device, e.g. desktop haptic interface;

tactile display, e.g<Vibrating phone.
s document jis'\not applicable to standard input devices such as keyboards, mice or track b

TE 1S0,9241-400 covers standard input devices, and ISO 9241-411 applies to the evaluati
ices such\as keyboards and mice.

sdocument can be used to identify the types of methods and measures for

pf systems

specifies a procedure for the evaluation of haptic interactions by a usability walkthrough or usability

bf specific
5 of other

augmented reality — information overlaid on a real scene, e.g. vibrating belt indicating djistance;

ltic device.

touches;

hlls.

bn of input

2

establishing benchmarks,
establishing requirements for haptic interaction,

identifying problems with haptic interaction (formative evaluation), and

use of the criteria to establish whether a haptic system meets requirements (summative evaluation).

Normative references

There are no normative references in this document.

© IS0 2017 - All rights reserved
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at http://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31

accessibility

extent to Wwhich products, systems, services, environments and facilities can be used by people fr01|n a
populatioh with the widest range of user needs, characteristics and capabilities to achieve ddentifjed
goals in identified contexts of use

Note 1 to ehtry: Context of use includes direct use or use supported by assistive technologies.
[SOURCE:[ISO 9241-112:2017, 3.15]

3.2
formative evaluation
evaluation} designed and used to improve the object of evaluation, especially when it is still bejng
developed

[SOURCE:[ISO/TS 18152:2010, 4.6]

3.3
haptics
sensory apd/or motor activity based in the skin, muscles, joints and tendons

Note 1 to ehtry: Haptics consists of two parts: touch and-kinaesthesis.
[SOURCE:[ISO 9241-910:2011, 2.1]

3.4
haptic
appertainjng to haptics

Note 1 to dntry: In this document, “haptics” includes all touch sensations; “tactile” is used more specifically to
refer to skip stimulation without kinaesthetic stimulus.

[SOURCE:[ISO 9241-910:20%1, 2.2, modified]

3.5
haptic interaction
sensory o motor-activity in the skin, muscles, joints and/or tendons as part of human-computer
interactiop

3.6
haptic user interface

HUI

one or more haptic effects that are designed in software to allow a user to experience a hapticinteraction

3.7

requirement

condition or capability that must be met or possessed by a system, system component, product, or
service to satisfy an agreement, standard, specification, or other formally imposed documents

Note 1 to entry: Requirements include the quantified and documented needs, wants, and expectations of the
sponsor, customer, and other stakeholders.

[SOURCE: ISO/IEC/IEEE 24765:2010, 3.2506, modified]
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3.8
summative evaluation
evaluation designed to present conclusions about the merit or worth of the object of evaluation

Note 1 to entry: The results can be used to produce recommendations about whether it should be retained,
altered, or eliminated.

Note 2 to entry: It is possible to design a method to provide a combined formative and summative evaluation.
Note 3 to entry: A summative test method is used to perform a summative evaluation.

[S

3.
usability
exfent to which a system, product, or service can be used by specified users to achieve specjfied goals
with effectiveness, efficiency, and satisfaction in a specified context of use

[SQURCE: ISO 9241-210:2010, 2.13]

3.10
usability requirement
required level of usability expressed in terms of measures of effeetiveness, efficiency, and satisfaction
in & specified context of use

[SQURCE: ISO/TS 20282-2:2013, 4.20]

3.11
user
person who interacts with a system, product, or service

Note 1 to entry: The person who uses a service\provided by a work system, such as a customer i a shop or
pagsenger on a train, can be considered a user.

[SQURCE: ISO/TS 20282-2:2013, 4.22]

3.12
user experience
person's perceptions and responses that result from the use and/or anticipated use of a systein, product
or pervice

Note 1 to entry: User experience includes the user’s emotions, beliefs, preferences, perceptionf, comfort,
beljaviours and accomplishments that occur before, during and after use.

Note 2 to entry: User experience is a consequence of brand image, presentation, functionality, system
peffformance; interactive behaviour, and assistive capabilities of a system, product or service. It also rgsults from
theuser’s internal and physical state resulting from prior experiences, attitudes, skills and personalitly, and from
the contextof use.

Note—Zto entry: ”cahilify, when ihfnrprnfpd from the pnrcpprfivn of the users’ pnrcnna] gn:\]c’ caninclude the

kind of perceptual and emotional aspects typically associated with user experience. Usability criteria can be
established to assess aspects of user experience.

[SOURCE: ISO 9241-210:2010, 2.15, modified — Reworded for clarification.]

3.13

user group

<usability> group of users differentiated by characteristics of the users, tasks, or environments that
are expected to influence usability

[SOURCE: ISO/TS 20282-2:2013, 4.24, modified — Note removed.]
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3.14

workload
physical and cognitive demands placed on the system user(s) and/or staff

[SOURCE:

ISO 11064-7:2006, 3.9]

4 Conformance

The evaluation of a haptic system is in conformance with this document if the report of the evaluation

explains
a) which
b) therg

c) whetk
d) which

If a usabil

quality attributes in Table 2 have been evaluated and why these were chosen,

ason that any recommendations for the selected quality attribute have not been evaltated
er the recommendations on haptics in the related annex clauses have been implemented, ¢
type of method(s) were used.

ty task test or usability walkthrough was used, it shall conform to Annex J.

The recompmendations and requirements from [SO 9241-910, ISO 9241-920 and ISO 9241-960 that

summariz

NOTE
in the refe
stipulated

5 How

ed in Annexes A to G shall be considered for potential inclusion‘in the evaluation.
The terms “recommendations” and “requirements” refer to €he“guidance and stipulations provi

by this clause and the guidance contained in the main body-of this document.

to use IS0 9241-940

5.1 Structure

This claus
developm

e describes the potential reasons.for evaluating haptics and how these relate to the syst]
ent lifecycle.

4

nd

AIre

led

renced standards and as applied to the system under evaliiation. Conformance to this document is

Table 2 cajn be used in conjunction with the explanatory material in Clauses 5, 6 and 7 to decide whjich

haptic qug

lities are to be evaluated and which type of method is going to be used.

Refer to the indicated clauses-in'the annexes for more information on evaluation of specific attribultes

of haptici
Table 1 su

hteraction and te-Anfiex | for how to carry out a usability task test or usability walkthroug

mmarizes the€.content of this document.

Table 1 — Content of ISO 9241-940

h.

Clause/annex Content

5 H 1CA-0244 O-4-0 Q . 41 . 4o 1 1 o 1 14l 1
ow touse 1569241546 SUIITITAT TZTS UTT I LAIIL TS WITTT T TV ATUAUTUIT U AT DT USTU, LI PDIATIIT

of evaluation and the unique aspects of haptics evaluation

ng

6 |Types of evaluation methods

uate haptics

Summarizes the different types of methods that can be used to eval-

7 |Quality of haptic interaction

be evaluated

Summarizes the quality characteristics of haptic interaction that can

Annexes Ato G Provides guidance on evaluating detailed aspects of each quality

tribute; Clause 7 provides an overview of Annexes A to G.

at-
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Table 1 (continued)
Clause/annex Content
Annex H Provides examples of evaluation of device attributes
Annex | Describes the unique aspects of haptic interaction to keep in mind
while planning and conducting an evaluation
Annex ] Specifies the method to be used for evaluation by usability walkthrough
or usability task test

5.2 _Uses ofthis document

Th
ass

The types of methods and measures recommended in this document can be usedto

b)

5.3

Ev

s document provides guidance on the methods that are appropriate for establishingeritel
ociated means of evaluation against which requirements are judged.

identify problems (formative evaluation),

establish benchmarks, and

establish suitability of the haptic system for its application (sumniative evaluation).

bse uses apply to the following circumstances:

Design and development of haptic devices to support the evaluation of:

— design concepts and prototypes in order to refine the requirements for the system;

— prototypes in order to check that design gtiidelines have been followed;

been met;
— prototypes and working systems in order to improve the design by identifying probl

— working systems to establish a baseline level for subsequent comparison;

Acquisition of hapticdevices:

— to check that'¢andidate devices meet requirements;

} Evaluation in the design and development lifecycle

hlGation of haptic devices should take account of the intended or actual context of use of

ia and the

— prototypes and working systems to chéck that the user and the stakeholder requirenments have

pms;

— systems in use in orderto ensure that they continue to satisfy stakeholder and user needs.

— to compaie haptic devices and systems for possible operation in specified contexts of use.

the device

-t

L L £c 1 1 1 AR | - £ P R 2111
IT LYy PES UL USTIS (106 CEXAITIPIC, LaSUdl U TTCEUIAD USTIS ), LIITE LY PES Ul LASKS UIdU IL WIIT DE US d fOI‘ and

the environments that it will be used in (for example, with vibrations or extreme temperatures).

Figure 1 shows a typical design and development lifecycle, running from feasibility through
requirements to detailed design and realization of the product. Evaluation is integral to each phase - a
feasibility concept is evaluated, leading to requirements and a design to meet those requirements. A
prototype could be evaluated during the detailed design stage, while the final product can be evaluated
against the design requirements and also when it is in actual use.

NO

TE The inputs to the process are business and user needs that initiated the project, togeth

intended context of use, which inform the initial design concept in the feasibility phase.

©lI
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Initial design concepts can be evaluated by an expert to identify potential problems, to determine if
the device is consistent with the identified business and user needs, and if necessary, to refine the
requirements.

Prototypes can be evaluated by testing the device with users and observing their behaviour to identify
any problems or new needs that could lead to modification of the requirements. Prototypes should be
evaluated in as realistic a context of use as possible.

The final system can be evaluated for conformance with requirements. More information on
human-centred design can be found in ISO 9241-210. ISO/IEC 25063 explains the context of use and
ISO/IEC 25064 pyp]ninc how user needs can bhe identified qunirpmpn‘rc engineering i described in
ISO/IEC/IEEE 29148. Attributes of haptic devices and haptic systems for which requirements can|be
specified §nd which can be evaluated are described in Clause 7.

o v
Feasibility Requirements Detailed Design Realization
Businesf
and User :
Needs i N
| Design - > PrO(.iuce - Mlement
o Concept | | Design | A"
Contextfof =
Use % | Require- \.
| | ments 4 N
o
U <
N
, R ) Evaluate
Evaluate (, .| Evaluate Q , Against
'| Concept A Proto "1 Require-
) ments
\
N - r

Figure 1 — Evaluation in the design and development lifecycle

5.4 Plahning activities

This document provides guidance to support the following activities:

a) establish the purpose of the evaliation (see ].1 and ].3.1, with examples in ].9.2 to ].9.5);
b) decid¢ what is to be evaluated;

c) identi(Lfy the contextyin-which the haptic system will be used: the types of users, tasks and usjge
envirpnments (se€/23.1);

d) carryloutan initial assessment (see 5.5);

e) decid¢ which haptic qualities are to be evaluated (see Clause 7);

f) decide on the type of method(s) to be used. The most common types of methods are described
in Clause 6: physical measurements against requirements, inspection to identify deviations from
established criteria, a usability walkthrough, and usability test.

Annex | specifies the procedure for a usability walkthrough or usability test.

5.5 Initial assessment

The quality attributes can be divided between those relating primarily to hardware, those relating to
software and those that deal with a combination of the two. This leads to a way of evaluating by initial
separation of the system and its subsequent evaluation from three perspectives:

a) the physical properties of the haptic device (see 7.2.2);

6 © IS0 2017 - All rights reserved
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b) the effect produced by the haptic device (see 7.2.3);

)

the user's experience of the overall haptic interaction (see 7.3).

Typical questions that can be asked of each perspective are the following.

1y

2)

3)

5.¢

Th

Are the technical properties of the device appropriate for the intended context of use? Typical
issues that could arise are the following:

— the device is too heavy;

1%

4] | . 1 1 £ £, £ fom) loalos 4= g i | 1l L £ 1 .
- LIITT UCTVILT IAURS TUTLT UL TUTLT TTHTS ST (LT AUy LU LTI SIHTAINTUT LTS TT U AT g€ UTITS |,
— there are confusing artefacts, such as extraneous noise or oscillations;
— when moving the device, the user hits physical stops that take away the intended illysion.

[s the haptic effect appropriate for the intended context of use? Typical issues that could arise are
the following:

— the meaning of the haptic sensation is not clear;
— hapticicons (or virtual touch points) are not appropriate «for'example, too close or oo soft;
— the user gets lost in the virtual haptic space when thisis not the intention of the system.

Does the system provide an appropriate haptic effect.in‘the intended context of use? Typjical issues
that could arise are the following:

— the device needs more or fewer degrees offreedom to match the haptic effect;
— the applied force is too low or too highfor the haptic effect;

— the device output cannot be properly discerned in the context of use.

Unique aspects of haptic interaction
evaluator should be aware of the unique aspects of haptic interaction:

it is a personal experience that cannot be felt by the evaluator the way an image or soynd can be
sensed by both the gser-and the evaluator, so the user typically describes the haptic sensaltion to the
evaluator;

in a bidirectional haptic interaction, it can be difficult to separate the reaction of the yser to the
force from‘the logic and mechanics of the force pushing the user;

in a unidirectional gesture interaction, it is possible to separate the ergonomics of the gegture from
the effectiveness of the device interpreting the gesture;

I’ a unidirectional tactile interaction, the user experience is tightly linked to the device

characteristics, and this close association will show up in any evaluation of the user experience;

haptics is one mode of interaction often blended with other modalities; the haptic effect can be
difficult to interpret in the presence of visual and auditory cues;

haptic interaction can take place anywhere on the body, a factor that can be taken into account to
make tests culturally sensitive;

adaptation can mask a haptic effect after an extended time; tests of sufficient duration can
realistically mimic real usage scenarios where adaptation could play a role.

Annex | gives more background and examples on these points.

© IS0 2017 - All rights reserved 7
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6 Types of evaluation methods

6.1 General

Haptic systems can be evaluated using one or more of the types of methods that are described in the
following subclauses.

NOTE

Table 2 indicates which of these types of method can be used to evaluate each haptic system qua

attribute described in Clause 7.

A3 ICA/IDC SN 2
[vAvAvAW)

lity

Informati

6.2 Phy

— Comp
instry
forces

3] Hararntinacitlh aa-athad -laaf, Y
P OT OO COTITCTICH TS CHC ST TITO O S Cat OCTOUTIO T 10U TG Z

sical measurements against requirements

ments such as a linear scale or more complex test devices such as a digital load*€ell to anal
produced by the system.

— Requi
ISO

ements should be assigned after consideration of the application: ISO 9241-910 2
241-920 provide guidance for setting requirements for tactilefhaptic systems, wk

hrison of a device or a haptic system with requirements. Measurement can entail simple

yse

nd
ile

[S09241-960 provides guidance on the use of gestures as a specific type of tactile/haptic interaction.

Anne

6.3 Ins
The meth
— inspe

or est
repre

— a usamility walkthrough, identifying potential problems by stepping through interaction with

syste

6.4 Usability test

6.4.1 Gq

Usability t
proposed

6.4.2 Measurement context

6.4.2.1

es Ato Glistrequirements and recommendations derived from these International Standar

ection by an expert
ds that are most relevant for haptic evaluation are:
Ction to identify deviations from criteria based on user requirements, principles, guideli

nblished good practice for usability and accessibility. The evaluation can be based on a st4
bentation or combined with a usability walkthrough;

in the same way as a user would:Be'expected to carry out particular tasks (see Annex |).

pneral

ests involve collecting data from actual or intended users in situations that are the actua
Kituations in which they are using or would use the haptic or tactile system.

[Jsing(a test task

ds.

nes
tic

the

or

— Taskt
of use

Stsinvoive atriatuse of the SySten by aset of users thatare selected fronTa general poputat
rs. The population can include both typical users and special case users.

on

— The tasks are ideally undertaken in the context of use of the haptic system. To isolate certain
parameters of interest, they can be run in a laboratory setting.

— Tasks are specifically set, usually in a planned trial, and are amenable to assessment by a variety of
measure types such as those listed in the following subclause.

Annex | specifies how to carry out a usability task test.

6.4.2.2 Observation of the performance of users in normal use of the haptic system

— Users

8

of the haptic system can be observed as they undertake tasks of their own choosing.
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Observation, in either alab setting or a natural context of use, can identify usability and ac
problems as well as strengths.

An expert observer can assess performance and user experience.

Evaluation data

6.4.3.1 Collection of performance data

:2017(E)

cessibility

Performance measures are assessments or scores related to the task itself. They give measures of

6.4

6.4

.3.2 Collection of physiological data

.3.3 Collection of user-reported data

the etfectiveness and etficiency of the haptic system 1n allowing a user to carry out a tasK
context of use (see [SO 9241-11).

Typical performance data include the time taken to perform a task or the number.ofiser ¢
occurred during task completion.

Physiological data are objective assessments of the physiological state of the user in cart
task. Inferences on such parameters as the level of stress, discorifort or fatigue can be 1
these data.

Physiological data can be obtained from measurable body-parameters such as facial expr
eye pupil diameter.

Questionnaires

— Questionnaires are typically employedto gather impressions of users of systems, by
self-assessment of the device and,ofitheir experiences in using the device.

NOTE Questionnaires can also:befilled in by expert observers of haptic systems, as a me3
and categorizing relevant data on(one or more haptic systems.

— Open-ended questionnaires to obtain reported problems, opinions and impressions
by the user. Data from)an open-ended questionnaires and interviews are typically qu

in a given

rrors that

ying out a
hade from

bssion and

their own

ns of filing

provided
alitative.

Closed-ended _dueéstionnaires to obtain measures of user satisfaction, opinions or
(e.g. rating seale values for satisfaction or for subjectively perceived effectiveness or
Responses to rating scales provide measures of user satisfaction, opinions or percep,
hapticsystem. Rating scales can also record the user’s subjectively perceived effect
efficiency

Questionnaires can be distributed before, during and after a test.

information about the situation befor

Pre-test questionnaires capture

fficiency).
ion of the
iveness or

{erception

£ system

b)

Introductions,

the test situation and changes over time.

Interviews

Questionnaires during a test (typically a longitudinal study) can capture information about

Post-test questionnaires can capture retrospective impressions and assessments.

Data similar to that provided by open-ended questionnaire can be obtained from structured interviews
to collect reported problems, opinions and impressions.
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7 Quality of haptic interaction

7.1 Quality model

The haptic interaction is influenced by a number of factors, both internal and external. These can be
summarized in a quality model that is illustrated in Figure 2 (the clause number is shown for each
component).

The model consists of the following parts:

i goals B thL ib Lo 1U€ Cdl'l lEL‘l Out Wil.h LhU Sy S LI, thWU dad iupuL LU LllU S YSLCII,
— the hdptic system - the haptic device and the haptic user interface;
— ausel| carrying out a task with the haptic system - a mutual interaction among three cemponents;

— the cdntext of use - users, tasks and the physical and social environment within which the task will
be cafried out (this is shown by the large box in the middle, containing task, useryenvironment gnd
the hgptic system itself);

— qualitly attributes - features that can be identified during an evaluation process include the
followfing:

— system-specific attributes - device hardware and software interface (see 7.2.2 and 7.2.3);

— oyerall usage attributes - specific usage qualities (e.g.\learnability, safety and reliability; fee
7.3.2) and human-centred qualities in use (usability, agcessibility, user experience and freedpm
frlom harm in use; see 7.3.3).

Task goalq combine with the context of use of the haptic system being evaluated to generate measuraple
quality atfributes.

7.2.2
Product Haptic
li .
7(3.1" Context of Use quality Deylce
Attributes

Haptic System

/ \ Outcome 7.3.2

) ) Usage
Haptic Device Quality
Goals
Haptic User Outcome 7.33
Interface Human-
User centred

k \/ Quality

Product 7.2.3
Physical, Social and Task Environment " quality |Haptic User

Interface
Attributes

Figure 2 — Evaluating a haptic system
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7.2 Haptic system attributes

7.2.1 Quality attributes

:2017(E)

Quality attributes identified in other International Standards have been assigned to each section of the
quality model.

A framework for defining haptics can be found in ISO 9241-910, while guidance in the field can be found
in ISO 9241-920. These International Standards set out criteria by which a haptic interaction can be
judged. Specific clauses relate to aspects of the haptic virtual environment and the haptic device.

A
ges
pa

Th
be
ca

a)

Th
enjy
hu

b)

Th
hu

)

Th
an

Spé
7.2

Ha
int

a)
b)
‘)

hird International Standard, ISO 9241-960, provides a framework and guidance fon t
tures. Gestures can be considered a type of haptic interaction because the positioning o
't used in forming a gesture is controlled by the haptic system of the human body.

e haptic quality model is shown in Figure 2. The components and their sodrces are su
ow and are described in detail in the indicated annexes. A summary of the contents of th
be found in Clause 8, and attribute top level groupings are listed in Table 2.

Context of use

e human-centred quality and other usage qualities depend on thé.context of use (the users
Fironments), which also determines the nature of the product attributes that will contril
man-centred and other usage qualities (see 7.3.1).

Product quality

b quality of the haptic device (7.2.2) and user interface (7.2.3) will contribute to achieving
man-centred quality and other usage qualities.

Outcomes of interaction

e overall outcome of interaction is the himan-centred quality (usability, user experience, ag
1 avoidance of harm from use; see Z.3.3) and more specific usage qualities that can be 1
cific circumstances (7.3.2).

.2 Haptic device attributes (see Annex A)

ptic device attributes. are the properties of the haptic device that can influence the
praction:

haptic devicecontrols;
haptic deViee interaction properties;

movenient;

he use of
f the body

mmarized
e annexes

tasks and
ute to the

icceptable

cessibility
elevant in

quality of

d)

physical properties;

e)
f)
g)

physical space and logical space;
prevention of undesirable consequences;

tactile/haptic properties of objects.

1S0 9241-910:2011, Clause 9 describes the device attributes that influence haptic interaction.

Annex A provides more details, listing recommendations from I1SO 9241-910 and ISO 9241-920 with the
evaluation method and measurement type for each attribute.

© IS0 2017 - All rights reserved
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7.2.3 Haptic user interface attributes

7.2.3.1 Haptic effect design principles (see Annex B)

[S09241-920:2009, Clauses 4 to 7 contain guidelines for interaction with the haptic virtual environment.
ISO 9241-920:2009, Clauses 4 and 5 give general principles for haptic design, including principles for:

a) encoding of attributes;

b) encoding of information;

c) encoding of graphical data;

d) opti

Annex B

7.2.3.2

ISO 9241-
applicatio

a) manip
b) navig

c) overy|

izing performance.

ovides more details.

aptic effect task elements (see Annex C)

h tasks. Annex C provides more details on the following attributes!
ulation;
hting;

jewing;

d) searching;

jon;
ing.
[Festure attributes (see Annex 6)

equipped haptic system. Ahnex G gives more details on the following attributes.

hentation of gestures(suitable for intended users, unambiguous, easy to learn);

mics of gestures (awareness of constraints across a range of users, not creating unnecess

);
es of gestures (mapping to functions, use of feedback, issues of timing and speed);

re sets,(consistent and discriminable, with available alternatives);

ssfor gesture definition (suitable for learning, using the design space);

10:2011, Clause 7 describes the haptic task primitives that can be used to carry out complete

ire movements or postures_of.the body; gestures can be interpreted as gesture commandg to

ATy

e) select
f) target
7.2.3.3

Gestures :
a suitably
a) docur
b) ergon

fatig

c) featur
d) gestu
e) proce
f) seque

nces of gestures (clear beginning, transition between gestures and completion).

7.3 Usability attributes

7.3.1 Context of use (see Annex D)

The context within which a haptic interaction takes place can affect the quality. Annex D gives more

details on

the following attributes:

a) multi-sensory input (including sight, sounds, smell, taste and haptic input in different body parts);

12
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b) physical environment (including issues such as working position, limb support, acoustic noise,
vibration, heat or cold, and humidity, as well as considerations of use on-the-move);

c) social environment (including issues such as social support and social pressure);

d) tasks (the purpose for using the haptic system, which could include situations such as relaxed
amusement, scanning, focused attention, urgent work);

e) users (such as novices, general public, experienced practitioners, researchers).

EXAMPLE1 A haptic simulation of a neurological operating site, mapped to the brain of a patient, can allow a

SUIfgEOIT to EXPIOTE the detaits of a particutar pathotogy:

EXAMPLE 2 A haptic simulation of a laparoscopic operating site can give surgeons the opportunity to learn a

ney skill without endangering a patient in the process.

EXAMPLE 3 A haptic simulation of a macromolecule allows a theoretical biochemisttg/insert a mpdel ligand

molecule into its selected “docking” site.

EXAMPLE 4  Avirtual science display of the earth allows participants at an exhibit to feel mountair ranges.

EXAMPLES5  Vibration feedback from a mobile device or wearable -aecessory can provide |navigation

infprmation for a person trekking in the wild.

EXAMPLE 6  Avideo game is enhanced by the combination of visual, auditory and haptic effects.

7.3.2 Specific usage qualities (see Annex E)

Particular usage qualities can be relevant in specific.circumstances. These are functions of the haptic

syqtem, including both the haptic device and thehaptic effect. Annex E gives more detdils on the

following attributes:

a) | adaptability (the effectiveness, efficiency:and satisfaction with which a system can be gdapted or
individualized);

b) | ease of operations (the degree to:which a product or system has attributes that make|it easy to
operate and control);

c) | installability (the effectiveness, efficiency and satisfaction with which a system can be irfstalled);

d) | learnability (the effectiveness, efficiency and satisfaction with which a system can be lea]:ned);

e) | maintainability.\(He effectiveness, efficiency and satisfaction with which a system can be
maintained);

f) | portability~{the effectiveness, efficiency and satisfaction with which a haptic system can/be moved
to a different environment);

g) | reliability (the extent to which a system performs specified functions under specified fonditions
for a specified period of time);

h) safety (the extent to which a system mitigates or avoids potential harm to the user, organization or

project related to or arising from human use).

These quality characteristics are described in both ISO 9241-910:2011, 9.2.12 to 9.2.16 and
ISO/IEC 25010:2011 (learnability, safety, reliability and others, as set out in ISO/IEC 25010:2011,
Figure 4).

© IS0 2017 - All rights reserved
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7.3.3 Human-centred quality (see Annex F)

Human-centred quality is the overall quality as experienced by the user. Annex F gives more details on
the following attributes:

a) accessibility (which as an outcome of interaction can be assessed as usability for people with the
widest range of capabilities);

b) avoidance of harm from use (the extent to which the quality of a system mitigates or avoids
potential harm from use);

c) ethicdl considerations (an assessment of the ethics of the end-use of the haptic interaction);
d) wusability, as in ISO 9241-11:

1) effectiveness;

2) efficiency;

3) sqtisfaction;
e) user gxperience (a person's perceptions and responses that result from iise and/or anticipated use).

Human-c¢gntred quality is described in ISO 9241-220, with more details’on usability in ISO 9241411,
accessibiljty in ISO 9241-171, risk reduction in ISO/IEC 25010 and-ISO/IEC 25022, and avoidancd of
harm from use in [SO 9241-220. Guidance on social responsibility i§’given in ISO 26000.

7.4 Evaluation matrix

7.4.1 Types of attributes

Table 2 sTows the types of evaluation methods that are most appropriate to evaluate each quality
attribute in the rows of the Table 2.

The qualitly attributes are grouped into the-fellowing categories, in the following order:

B. Haptic effect design principles;

A. Hajtic device attributes;

C. Haptic effect task elements;
D. Conptext of use;

E. Spdcific usage'qualities;

F. Hurthan-centred quality;

G. Gedtre attributes.

Quality attributes in Group A are related to the haptic device, B and C to the haptic effect, and D to F
the haptic system in the context of use. Annexes A to G list specific quality attributes for each quality
characteristic.

7.4.2 Measures of haptic quality

For each type of quality attribute, the columns in Table 2 and in the tables in the annexes give the
following information:

— subclause (subclause in the annexes that relates to this quality characteristic);

— quality attributes (the quality attributes described in 7.2 and 7.3);
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— source[thesourcesofinformationabouttheattributes (1S09241-910,1S09241-920 or IS0 9241-960)];

— evaluation method (see Clause 6) [technical evaluation of physical attributes in a lab (“Tech Eval of
device”), inspection by an expert (“Inspect by an expert”), or a “Usability test” (see ].8).

For a usability test, the measurement context can be a “Test task” or observation of normal use (“Obs
use”) and the data used in evaluation (“Evaluation data”) can be performance measures (“Perform
data”), physiological measures (“Physio data”) and/or user-reported data (often by means of a
questionnaire) (“User rep data”).

Fable 2Z—Evaluationrmatrix
bub- Quality attributes Source: Type of evaluation method
cjause 1SO 9241-
910 | 920 | 960 | Tech | In- Usability est
oefv;‘:_ S%‘;,Ct Measure | Evalfiation data
vice | an context
ex-
pert
Test | Obs | Per- | Phys-| User
task | use | form| io rep
data | data | data

A Haptic device attributes (7.2.2) v
A.2 Physical properties v v v v
A3 Haptic effect controls v v v v v
A4 Physical space and logical space 4 v v v v
A.S Tactile/haptic properties of objects v v v v
A9 Haptic device interaction properties v v v
A Prevention of avoidable harm v v v
B Haptic effect design principles (7.2.3.1) 4
B.2 Performance optimization v 4 v v v v v
B.3 Virtual environment attributes v 4 v v v v v
B.4 Encoding of information v v v v v v v
B.5 Encoding of attributes v v v v v v v
B.9 Encoding of graphical data v 4 4 v v
C Haptic effect task elements (7.2.3.2) v v v
C.3] Searching v v v v v
C.A4 Overviewing v v v v v
C.5) Navigation v v v v v
C.6 Targeting v v v v v
C.7] Seléction v v v v v
C.8 Manipulation v v v v v
a Iténhis'a heading derived from ISO 9241-11 and is not matched to an evaluation column; detailed attributes are listed below the headipg, and related
evajuation types are indicated by checkmarks next to the detailed attributes.
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Table 2 (continued)

Sub- Quality attributes Source: Type of evaluation method
clause 1S0 9241-
910 | 920 | 960 | Tech | In- Usability test
eval |spect
of de- Il))y Measure Evaluation data
vice | an context
ex-
pert
Test | Obs | Per- |Phys-| User
task | use | form | io rep
data | dataldata
D Jontext of use (7.3.1) N
D.2 Physical environment v v v '\Q
D.3 Qther aspects of the context of use v v v sG v
E Specific usage qualities (7.3.2) v 03\)‘
T
E2 Ipstallability v v WN Y
ili v v v | vy | v
E3 Llearnability fal l/
E4 Hase of operation 4 v v ,\\/ 9 v
ES Adaptability v v (O, v v
E6 Pprtability v {i\f\ v v | v
\ 4
EZ Reliability v v Q v v v
= Al
E8 Maintainability v (-\) v v v
E9 Spfety v \\‘ v v
F Human-centred quality (7.3.3)2 ‘\’})
E2 Usabilitya R O
N\
E2.1 Hffectiveness N ~ 4 v
~
E2.2 Hfficiency ‘\\Q) v v
isfacti ~ v v
F2.3 Shtisfaction A
S N\
E3 Accessibilitya \l
S
- . v v
E3.2 Use as assistive technology ,.\}O
E3.3 Accessibility of tactile displays A v v v 4 v v
F.3.4 Accessibility of device documentation v v
F.3.5 Accessibility with limited physical capabilities v | v | v
F3.6 Accessibility with limited CogijMapabilities v v v
G (esture attributes ( \J v
%
G.2 Hrgonomics of gesturesc) v v v v v
G.3 Plrocess for gestur, inition v 4 v v
b v v
G4 Features ofge/s\t?é
G.5 Timing and d v v v v v v
G.6 S squ%cv}f gestures v 4 v v v v
G7 Ge@s}sets v v v v v v
G.8 ocumentation of gestures 4 4 v
a Item is a heading derived from ISO 9241-11 and is not matched to an evaluation column; detailed attributes are listed below the heading, and related
evaluation types are indicated by checkmarks next to the detailed attributes.
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Key to the columns in Table 2

The abbreviations used in the Table 2 column headers are underlined.

Sub- Quality Source Type of evaluation method
clause |attribute
Annex Title of |1SO09241-|IS09241-ISO9241- |Technical| Inspec- Usability test
orannex | annex 910 920 9260 evalua- tion by
sub- sub- tion an expert
clause clause of device
Measure Evaluation data
context 1
Test |Qbserve| Perfor- Ehysinhgl- User
task use |mancedata| icaldata| | reported
data
Kely to the columns in the annexes
The abbreviations used in the column headers in the annexes are underlined.
Thp source column headers differ from one annex to the next, as described<n Clause 8.
Rerommenda- Source Type of method Measures
tion
Tlext of sub- |ISO 9241-[1S09241-| Sub- Technical | Inspection| Task’ | Observe | Perfor- Physio- User
clause 910 920 clause |evaluation fest use mance logical | reported
or 20 number data data data

8 | Guide to the annexes

Anpexes A to E are comprised of tables of attributes that have been drawn from ISO 9241-910 and
ISQ 9241-920. They are organized according.to-the grouping of attributes shown in Table 3.

Talple 3 provides a cross-reference between the clauses of ISO 9241-910 and 1SO 9241-920 and|the tables
in Annexes A to E.

Table 3 — Tables of haptic qualities

Standard Clause Table What s verified Examples

190 9241-910 6 Tables A.3 and |General design Dialogue style, logic sppce
A4

190 9241-910 7 Tables C.1 to Task primitives Navigating, searching, kelecting
C4

150 9241-910 8 Table A.5 Interaction elements Spring, friction, magneftic effects

190 9241910 9 Tables A.1, D.1, |Haptic devices Mobile, desktop devicef
EltoE4

1509241-920 3 Tables A.4 and |General design Labelling, alternative ipputs
b.1

IS0 9241-920 4 Table B.2 Information encoding Text, graphics by shape, location

IS0 9241-920 5 Tables A.2 and |Content-specific encoding Maps, trend curves, pushbuttons
B.3

1SO 9241-920 6 Tables A.3 and |Display space Display layout, object shapes
A4

1SO 9241-920 7 Table C.3 Support for haptic tasks Navigation, reconfiguration

Annex G is comprised of tables of attributes, drawn from ISO 9241-960, on gestures.

Annex H gives examples of measurements of a desktop haptic device, either by inspection or by
measurement.
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Annex [ sets out the unique aspects of haptic interaction and their effect on the evaluation process.

Annex ] specifies the procedure to be used for conducting a usability evaluation of a haptic system
either by a usability task test or inspection to identify potential usability problems when attempting to
complete one or more tasks.

The columns in each table are the same as those of Table 2, except for variations in the source columns.

Sources are ISO 9241-910 and ISO 9241-920 for Annexes A, B and C.
Sources are IS0 9241-910, [SO 9241-20 and ISO/IEC 25010 for Annex D.

Sources afe IS0 9241-910, ISO 9241-920 and ISO/IEC 25023 for Annex E.
Sources afe IS0 9241-11, ISO 9241-20, IS0 9241-171, ISO 9241-220 and ISO/IEC 25022 for AnnexF.

Source is ]SO 9241-960 for Annex G.
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Annex A
(informative)

Haptic device attributes

A.t—Genreral

A.1.1 Overview

Thjs annex lists recommendations from ISO 9241-910 and ISO 9241-920 on haptic device attributes,

together with types of methods and measurement types appropriate for each reecommendatipn.

A.1.2 Contents of the annex

— | A.2 Physical properties: parameters of the haptic device;

— | A.3 Haptic effect controls: properties of haptic icons that contfol a virtual scenario;

— | A.4 Physical space and logical space: relationship between.device and virtual scenario;
— | A.5 Tactile/haptic properties of objects: guidance en‘parameters of virtual haptic objects;
— | A.6 Haptic device interaction properties: displaying virtual haptic parameters to a user;
— | A.7 Prevention of avoidable harm: advice on;effects such as sensory adaptation.

Se¢ Tables A.1 to A.6.

A.2 Physical properties

Table A.1 — Physical properties

Recommendation Source? Type of methodb Measpures¢

910 920 Sub- Tech |Inspect| Task Obs Per- |Physio
clause eval test use form

User
rep

Welight v 92122 | v v

The¢ weight of a haptie device that might
haye to be trapsported during the task
shquld be considéred when choosing a
haptic dewice:

(e.g. Is-it to be carried, mounted on a desk,
or gnchered to the building?)

Size v 9.2.12.3 4 v

The size of a haptic device should be con-
sidered when choosing a haptic device.

Mobility v 921 v v v

The device mobility required for the task
should be considered when choosing a
tactile/haptic device.

a Sources are ISO 9241-910:2011 and ISO 9241-920:2009.

b Methods are technical evaluation, inspection, task test and observe use.

c Measures are performance data, physiological data and user-reported data.

© IS0 2017 - All rights reserved
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Table A.1 (continued)

Recommendation Source2 Type of methodb Measuresc

910 920 Sub- Tech |Inspect| Task Obs Per- |Physio| User
clause eval test use form rep

Device-body interface v 9.2.2 v v v

The point(s) of contact between the body
and the device should be considered when
choosing a tactile/haptic device.

(e.g. What body parts will be used in the
interaction?)

Degrees of frleedom (DOF) v 9.2.3 v v

The number pf degrees of freedom re-
quired for the task should be considered
when choosihg a tactile/haptic device.

(e.g. Will a sipgle DOF suffice, or are more
degrees of freedom necessary?)

Maximum st|ffness v 9.2.4 v v v

The maximufn stiffness required for a task
should be copsidered when choosing a
tactile/haptik device.

(e.g. Can hargl objects be sensed with suffi-
cient stiffneds?)

Motion rang 4 9.2.5 v v v

The motion ifange appropriate to a task
should be copsidered when choosing a
tactile/haptifc device.

(e.g. Is it to bp manipulated over 0,1 m, 1 m
or 2 m, or held in place while being felt?)

Force and torjque 9.2.6
Peak force afjd torque v 9.2.6.1 v v v v v

The peak forfe and torque required for a
task should He considered when choosing a
tactile/haptifc device.

Max continugus force and torque v 9.2.6.2 v v v v vi

The maximufn continuous force and torque
required for p task should be considered
when choosipg a tactile/haptic device.

Min displayaple force and torque v 9.2.6.3 v v v v vi

The minimuin displayable force and térque
required for p task should be considered
when choosihg a tactile/haptic déviee.

Force and tofque resolution v 9.2.6.4 v v 4 4 v

The displayaple force and torque resolu-
tion approprjate to a task'should be consid-
ered when cljoosingratactile/haptic device.

Dynamic for§erandstorque range v 9.2.6.5 v v v v vi

The dynamicTangeofdisptayableforce
and torque appropriate to a task should
be considered when choosing a tactile/
haptic device.

Free space motion resistance v 9.2.7 v ' v

The free space resistance appropriate to a
task should be considered when choosing a
tactile/haptic device.

a Sources are IS0 9241-910:2011 and ISO 9241-920:2009.
b Methods are technical evaluation, inspection, task test and observe use.

c Measures are performance data, physiological data and user-reported data.
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Table A.1 (continued)

Recommendation Sourcea Type of methodb Measuresc
910 920 Sub- Tech |[Inspect| Task Obs Per- |Physio| User
clause eval test use form rep
Inertia v 9.2.8 v v v v

The inertia of the device-body interface in
a tactile/haptic device should be consid-
ered when choosing a tactile/haptic device.

Peak acceleration v 9.2.9 v

Thepeakacceleration of the device-body
intprface in a tactile/haptic device should
be fonsidered when choosing a tactile/
haptic device.

Friftion v 9.2.10

Staftic friction v 9.2.10.1 v v v v

The static friction limits of a task should
be fonsidered when choosing a tactile/
haptic device.

(e.g4. Does the device have low friction
where free space motion is expected?)

Kirletic friction v 9.2.10.2 v v v v

The kinetic friction limits of a task should
be fonsidered when choosing a tactile/
haptic device.

Tempporal parameters v 9.2.11

Bapdwidth v 9.2.11.1 v

Th¢ bandwidth appropriate to the task
shquld be considered when choosing a
tacfile/haptic device.

(e.g. Does the handle vibrate when the
virfual probe is touched to a surface with
dedired stiffness?)

Syqtem latency ¥ 9.2.11.2 v

Th¢ system latency may be considered as
an plternative expression of the bandwidth
of 4 haptic system.

Device latency v 9.2.11.3 v

The device latency may be consideréd as a
deyice-specific contribution to'thé band-
widlth of a haptic system.

a Sources are SO 9241=910:2011 and ISO 9241-920:2009.

b Methods are tecinieal evaluation, inspection, task test and observe use.

c Measures arepérformance data, physiological data and user-reported data.
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A.3 Haptic effect controls

Table A.2 — Haptic effect controls

Recommendation Sourcea Type of methodb Measuresc
910 920 Sub- Tech |Inspect| Task Obs Per- |Physio| User
clause eval test use form rep
Using tactile/haptic controls v 5.3.1

When using tactile/haptic controls:

a) the tactile/haptic controls should be v v v v v
selectable without activating their associ-
ated functiongality;

b) the system should provide the user v v V]
with feedbadk that indicates the selection
and the activjation of a tactile/haptic

control.

Size and spaging of controls v 5.3.2 v v 4 ¥ V]

The system ghould use sizing and spacing
to reduce thq likelihood that a user will
accidentally pctivate an adjacent control.

Avoiding dif];cult control actions v 5.3.3 v Vi

The system ghould avoid using very small
controls or cpntrols which require rotation
of the wrist qr pinching and twisting.

Using force tp avoid accidental activation v 5.3.4 v v

Where avoidpnce of inadvertent operation
is necessary,|the operating force should not
be less than

Interacting With controls v 5.3.5 v v

The actuating force and torque of virtual
controls shoyild not be greater than the
maximum vdlues in ISO 9241-920:2009,
Table 1.

a Sources 4re 1S0 9241-910:2011 and ISO 9241-920:2009.

b Methodsjare technical evaluation, inspection, task test and observe use.

c Measure} are performance data, physiological data and user-reported data.

A.4 Physical space and legical space

Table A.3 — Physical space and logical space

Recommendation Sourcea Type of methodb Measuresc
910 920 Sub- Tech |Inspect| Task Obs Per- |Physio| User
clause eval test use form rep

Designing tadtile/haptic space 6.2
General v 6.2.1
The design of tactile/haptic interactions v 6.2.1.2 v v
should consider both the physical space
and the logical space in which they occur.
a) Physical space v v v
b) Logical space v v v
Designing logical space v 6.2.2
Logical space should be modality-free. v 6.2.2.1 v v
The design should expose and clearly reflect| v 6.2.2.2 v v

the relationships within the information.

a Sources are IS0 9241-910:2011 and ISO 9241-920:2009.
b Methods are technical evaluation, inspection, task test and observe use.

c Measures are performance data, physiological data and user-reported data.
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Table A.3 (continued)

Recommendation Sourcea Type of methodb Measuresc
910 920 Sub- Tech |[Inspect| Task Obs Per- |Physio| User
clause eval test use form rep
Designing physical space v 6.2.3
The dimensions and contents of the physi- v 6.2.3.2 v v

cal space where tactile/haptic interactions
take place should consider the ability of
users to act and react within this space.

Addressability and resolution in tactile/hap- v 6.3 v
tic priteraction
Ad{iressability and resolution should be v 6.3.1 v v

corfsidered in the design of tactile/haptic
intpractions.

Tadqtile/haptic display spaces 6.1
Eage of perceiving multiple tactile/haptic v 6.1.1 v v v v
objects

Th¢ system should ensure an easily per-
ceiyable presentation of multiple tactile/
haptic objects.

Eage of identifying adjacent tactile/hap- v 6.1.2 v v v
ticlobjects

WHere multiple tactile/haptic objects are
adjpcent, it should be possible to identify
thgm individually as well as together.

Majntaining separation between surfaces v 6.1.3 (S v v v
of gbjects

Individual objects should be sufficiently
sefJarated so that the user is able to per-
ceiye the boundaries between them.

Seplarating tactile/haptic elements v 6.1.4 v v v v

WHere not required to be contiguous, tac-
tilg/haptic elements should be separated
by perceivable spaces.

Avgiding empty spaces v 6.1.5 v v v v

The tactile/haptic space should avoid an
exdess of “empty space” as this is a signifi=
caijt source of confusion.

Av¢iding volume limits v 6.1.6 v v

Regtricting surfaces should be tised in all
dirpctions in order to avoidtactile/haptic
hajdware volume limits b€ing mistaken for
an pbject.

Av¢iding falling out,of the tactile/haptic v 6.1.7 v v v
spqce

Usgrs shouldiniot be able to involuntarily
“fa]l out” ofthe haptic/tactile environment.

a Seurces are [SO 9241-910:2011 and ISO 9241-920:2009.

b Methods are technical evaluation, inspection, task test and observe use.

¢ Measures are performance data, physiological data and user-reported data.
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A.5 Tactile/haptic properties of objects

Table A.4 — Tactile/haptic properties of objects

Recommendation Sourcea Type of methodb Measuresc
910 920 Sub- Tech |[Inspect| Task Obs Per- |Physio| User
clause eval test use form rep
Distinguishability v 8.7 v v v v v

All patterns created should be tested for
distinguishability by the user.

Objects 6.2

Using approgriate object size v 6.2.1 v v v

The size of a kactile/haptic object should be
appropriate for the task and to the user's
perceptual cppabilities.

Creating disfinguishable tactile/haptic v 6.2.2 v v v vi
symbols

Tactile/hapt|c symbols should be easily

distinguishaple.

Creating tac{ile/haptic symbols from v 6.2.3 v vi

visual symbdgls

Tactile symbjls should be chosen for their
tactual, rather than for their visual, distin-
guishability.

Tactile/hapt|c object angles v 6.2.4 4 vi

Tactile/hapt|c angles and perspectives
should be clgse to those found naturally.

Tactile/hapt]c object corners v 6.2.5 v v

When using § single point interaction style,
rounded corpers should be used rather
than sharp ohes.

a Sources qre IS0 9241-910:2011 and ISO 9241-920:2009.

b Methodsjare technical evaluation, inspection, task test and abserve use.

¢ Measure} are performance data, physiological data and user-reported data.
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A.6 Haptic device interaction properties

Table A.5 — Haptic device interaction properties

Recommendation Sourcea Type of methodb Measures¢
910 920 Sub- Tech |[Inspect| Task Obs Per- |Physio| User
clause eval test use form rep
Tactile/haptic functional effects 8.2
Activation and deactivation of effects v 8.2.2 v v

All tactile/haptic functional effects
avdilable for a certain tactile/haptic
deyice should be able to be activated and
dedctivated independently and should not
influence each other.

Spifing effect v 8.2.5 v v

A spring effect should generate a force pro-
poytional to a given factor and the distance
of fhe probe’s position to a defined point.

Daping effect v 8.2.6 v v

A damping effect should generate a force
prdportional to a given factor and the
velpcity of the probe’s movement.

Maks effect v 8.2.7 v v

A npass effect should generate a force
prdportional to a given factor and the
acdeleration of the probe’s movement.

a Sources are ISO 9241-910:2011 and ISO 9241-920:2009.
b Methods are technical evaluation, inspection, task test and observe use.

c Measures are performance data, physiological data and user-reported,data.

A.7 Prevention of avoidable harm

Table(A;6 — Prevention of avoidable harm

Recommendation Sourcea Type of methodb Measjuresc
910 920 Sub- Tech |[Inspect| Task Obs Per- |Physio| User
clause eval test use form rep
Linmiting acoustic output of tactile/haptic v 3.31

display

Acqustic energy emissions/created by a
taqtile/haptic display should not inter-

ferp with:

— |the user pérceiving presented auditory v v v v
infprmations

— |nearby(equipment and/or persons; v 4 v v
— |seCurity requirements. v 4 v
Limiting heat gain of contact surface v 3.3.2

The heat gain of the contact surface (not

intentionally generated) should not:

— deform the contact surface; v v v
— disturb the user’s haptic perception; v v v
— cause thermal discomfort; v v
— injure the user’s skin; v v v
— damage the haptic interface. v 4 v

a Sources are ISO 9241-910:2011 and ISO 9241-920:2009.

b Methods are technical evaluation, inspection, task test and observe use.

c Measures are performance data, physiological data and user-reported data.
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Table A.6 (continued)
Recommendation Source2 Type of methodb Measuresc
910 920 Sub- Tech |Inspect| Task Obs Per- |Physio| User
clause eval test use form rep

Avoiding sensory adaptation v 3.3.3 v v v
The system should minimize the effects of
sensory adaptation to vibration.
Recovering from sensory adaptation v 3.34 v v v
The system should enable the user to re-
cover from s RSOLy qrhprah'rm tostimuli
Preventing upintended perceptual illusions 4 3.3.5 v v M
The system ghould minimize the occur-
rence of unirftended perceptual illusions.
Preventing tpmporal masking v 3.3.6 v v vl
The system ghould prevent the occurrence
of temporal thasking.
Avoiding unj'ltended oscillation v 7.3.2 v v v V]
The system ghould avoid oscillations relat-
ed to controllloop instability.

a Sources dre IS0 9241-910:2011 and IS0 9241-920:2009.
b Methodslare technical evaluation, inspection, task test and observe use.

c Measure} are performance data, physiological data and user-reported data.
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Annex B
(informative)

Haptic effect design principles

:2017(E)

B.t—Gemerat
B.1.1 Overview
This annex lists recommendations from ISO 9241-920 on haptic effects, together with types df methods
andl measurement types appropriate for each recommendation.
B.1.2 Contents of the annex
— | B.2 Performance optimization: elements related to efficient operation of the haptic system;
— | B.3 Virtual environment attributes: advice on parameters thathelp the user interact effelctively;
— | B.4 Encoding of information: ways to clarify the meaningof the haptic commands;
— | B.5 Encoding of attributes: means by which hapticdicons can convey information;
— | B.6 Encoding of graphical data: guidance on presenting shapes in a tactile display.
Se¢ Tables B.1 to B.5.
B.2 Performance optimization
Table’B.1 — Performance optimization
Recommendation Sourcea Type of methodb Measpures¢
910 920 Sub- Tech |Inspect| Task Obs Per- |Physio| User
clause eval test use form rep

Optimizing performance v 311
The¢ system should be optiinized to take
intp account:
a) [the accuracy of-available devices, v 4 v

the accuracy of the user, and 4 4 v

the required accuracy of the task; v v v
b) [theability of a user to control the speed v v v
and thefforce involved in operations;
¢) active exploration over passive explora- v v v
tion, when appropriate;
d) multiple point-of-contact operation, v v v
when possible and appropriate;
e) the overall amount and distributed v v v
nature of cognitive and sensory task
demands.
a Sources are IS0 9241-910:2011 and ISO 9241-920:2009.
b Methods are technical evaluation, inspection, task test and observe use.
c Measures are performance data, physiological data and user-reported data.
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B.3 Virtual environment attributes

Table B.2 — Virtual environment attributes

Recommendation Sourcea Type of methodb Measuresc
910 920 Sub- Tech |Inspect| Task Obs Per- |Physio| User
clause eval test use form rep
Accessible information v 3.1.2 v v

The system should provide accessible
descriptions of all tactile/haptic user inter-
face element TRAY hrethrerthosedeser ipL;UllD

are automatically presented or not.

Contextual ipformation v 3.1.3 v v vl

The system ghould provide context to help
the user to upderstand the meaning of the
tactile/haptic perception and the environ-
ment or program.

Consistent I3bels v 3.1.4 V]

Labels of usgr interface elements that are
presented infa tactile/haptic modality

should:

— be considtent in size and distances v v v
from other tgctile objects;

— belocated according to a consistent v v v
rule;

— be unifoymly oriented. v b v
Identifying sjrstem state v 3.1.5 v v v
The system ghould provide information

that allows the user to know which task or
function is agtive.

Minimizing fptigue 3.1.6

The system ghould:

— ensure ufer comfort over extended v, v v v v v v
periods of tine;

— avoid or ninimize user fatigue. v v v v v v v
Alternative ihput methods v 3.1.7 v v vi

The system ghould enable users to ac-
complish theJsame function in a number
of ways, witlf at least one of these not
requiring fine manipulation skills on the
part of the uger.

Coherence b¢tween modalities v 3.1.8 v v

The system ghould maintaifrecoherence,
where appropriate, betweenthe tactile/
haptic modality and othermodalities,
including thq descriptions of actions.

Isolation of ipdividual interface elements v 3.1.11 v v

The system stroutd preverrt TrirteTTdet
effects on non-activated interface elements
due to the activation of a nearby interface
element.

a Sources are IS0 9241-910:2011 and ISO 9241-920:2009.
b Methods are technical evaluation, inspection, task test and observe use.
c Measures are performance data, physiological data and user-reported data.
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Table B.3 — Encoding of information

IS0 9241-940:2017(E)

Recommendation

Source2

Type of methodb

Measuresc¢

920

Sub-
clause

Tech
eval

Inspect

Task
test

Obs
use

Per-
form

Physio

User
rep

High level guidance

4.1

Using unfamiliar tactile/haptic elements

Where available, well-known tactile/hap-

411

tic patterns, which are familiar in daily life,
shquld be used for presenting information.

v

Making tactile/haptic encoding obvious

WHere possible, tactile/haptic encoding
shquld be made obvious to the users by
enduring cues are:

— | simple and intuitive;

— |easy to learn and discriminate.

AN

<

<

Comformity to user expectations

Syqtem behaviour should conform to user
expectations.

Using sensory substitution

Th¢ system should use the most appropri-
ate|sensory substitutions for presenting/
redeiving the information to/from the user.

Appropriate spatial addressability and
resplution

Th¢ system’s spatial addressability and
resplution should be appropriate for the
taiF and the user's perceptual capabilities.

Ussitlg distal body parts for high spatial
resplution

WHere high spatial resolution is needed,
thequser should interact with the system
onlly with the distal body parts.

Prqventing spatial masking

Th¢ system should avoid spatial masking.

4.1.10

a Sources are ISO 9241-910:2011 and 1SO 9241-920:2009.

b Methods are technical evaluation, inspection, task test and observe use.

c Measures are performatice data, physiological data and user-reported data.
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B.5 Encoding of attributes

Table B.4 — Encoding of attributes

Recommendation Sourcea Type of methodb Measuresc
910 920 Sub- Tech |Inspect| Task Obs Per- |Physio| User
clause eval test use form rep
Guidance on specific attributes v 4.2
Discriminating between attribute values v 4.2.2 v v

Attribute values should be discriminable

Limiting the pumber of attribute values v 4.2.3 v vi

Unless proven that a user can discrimi-
nate betweep a larger number of values,
the number ¢f different values (as for
vibration an§l thermal conductivity) used
for encodinglany single attribute should
be limited to|three, significantly different
from each other.

Limiting conjplexity v 4.2.5 v v Vi

All purposefjul combinations of attribute
values withip a system should be dis-
criminable.

Encoding by pbject shape v 4.2.6 v vi

When encodjng information by shape, the
system should employ recognisable shapes.

Encoding infprmation by temporal pattern v 4.2.7 v v v

When encod|ng information in a temporal
pattern, the fime between signals should
be perceivabje and adjustable.

Encoding infprmation by vibration ampli- v 4.2.8 v vi
tude

When encod|ng information using different
discrete vibrption amplitude levels, the
system should allow setting a number of
levels betwegn the detection threshold and
the comfort/jpain threshold.

Encoding infprmation by vibration fre- 4.29
quency

When encodng information by vibration
frequency, the system should:

— use not njore than seven different, v v v
levels of frequency;

— use a diffierence of at leasy20'% of the v v v
lower frequency between levels;

— use freqyencies betyveen 10 Hz and v v vl
600 Hz unlegs a lowefifréquency can be

discriminated.

Encoding infprimation by location v 4.2.10 v v 4 v

When encoding information by location,
the system should take into account the
spatial resolution of the body part that is
intended to perceive the information.

Encoding information by temperature 4.2.11

When encoding information by tempera-
ture:

— the range of temperature values to be v v v v v
used should be well within the comfort
limits of the users;

a Sources are IS0 9241-910:2011 and ISO 9241-920:2009.
b Methods are technical evaluation, inspection, task test and observe use.

c Measures are performance data, physiological data and user-reported data.
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Table B.4 (continued)
Recommendation Sourcea Type of methodb Measuresc
920 Sub- Tech |[Inspect| Task Obs Per- |Physio| User
clause eval test use form rep
— the values of temperature used should v v v v v
remain discriminable over the duration of
exposure.
Encoding information by thermal con- 4.2.12
ductivity
The values of thermal conductivity used
shquidr
— | make due allowance for users’ adapta- v v v v v
tiop to them;
— |be limited to four in number. v v v
Idefntifying information values v 4.2.13 4 v
Th¢ system should aid the user in identify-
inglthe values of individual attributes.
Comtent-specific encoding 5
En¢oding and text data v 5.1 v v
The speed of presentation of dynamic text
infprmation should be controllable.
a Sources are ISO 9241-910:2011 and ISO 9241-920:2009.
b Methods are technical evaluation, inspection, task test and observe use.
¢ Measures are performance data, physiological data and user-reported data.
B.6 Encoding of graphical data
Table B.5 — Encoding of graphical data
Recommendation Sourcea Type of methodb Measpures¢
920 Sub- Tech |[Inspect| Task Obs Per- |Physio| User
clause eval test use form rep
Digplaying tactile/haptic graphs 521
Tadtile/haptic graphics should be suffi= v 5.2.1.1 v v v v
cieptly simple to be recognized without
long exploration.
Th¢ important elements of atactile/haptic v 5.2.1.2 v v v v v
grdphic should be readily perceived by
usdrs of the tactile/haptiedisplay.
Usilng grids on tactilé)graphs v 5.2.2 v v v v
Grids on tactile graphs may be used when
exdct reading.of values is required, but
shduld not ifiterfere with the information
on fhe graph:
Prqviding landmarks on tactile maps v 5.2.3
When appropriate to the use of the map, a
tactile map should emphasize landmarks.
Providing scales for tactile maps v 5.2.4
Where distance scales are provided on
tactile maps, they should
— be presented in the orientation most v v v
relevant to the map contents;
— make use of units that are most accessi- v v v
ble to the intended user group.
a Sources are ISO 9241-910:2011 and ISO 9241-920:2009.
b Methods are technical evaluation, inspection, task test and observe use.
c Measures are performance data, physiological data and user-reported data.
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Annex C
(informative)

Haptic effect task elements

C.1 Gengerat

C.1.1 Oyerview

This annef lists recommendations from ISO 9241-910:2011, Clause 7 and ISO 9241-920:2009, Clause 7
on haptic fask elements, together with types of methods and measurement types appropriate for each
recommerndation.

C.1.2 Contents of the annex

— C.2 Presence of haptic task elements: basic tasks that a user can do in ‘@ haptic interaction;
— (.3 Sdarching: finding a haptic virtual object;

— (.4 Oyerviewing: understanding the haptic virtual scenario;

— C.5 Navigation: guidance in helping users get around a haptic virtual scenario;

— C.6 Tqrgeting: helping a user get to an intended virtualicon;

— C.7 Sellection: selecting the intended virtual icon}

— C.8 Manipulation: help in creating, deletingianid modifying a virtual icon or haptic scenario.

See Tableq C.1 to C.7.

C.2 Presence of haptic task‘elements

TFable C.1 — Primitives in haptic tasks

Recommendation Source? Type of methodb Measures¢
910 920 Sub- Tech |[Inspect| Task Obs Per- |Physio| User
clause eval test use form rep
In any task, the user should be able to: v 7.1
— search; 4 v v
— gain an ojérview; v v v
— navigate; v v v
— target; v v v
— select; v v v
— manipulate. v v v

a Sources are IS0 9241-910:2011 and ISO 9241-920:2009.
b Methods are technical evaluation, inspection, task test and observe use.

c Measures are performance data, physiological data and user-reported data.
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Table C.2 — Search
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Recommendation Sourcea Type of methodb Measures¢
920 Sub- Tech |[Inspect| Task Obs Per- |Physio| User
clause eval test use form rep
The system should allow users to initiate 7.2 v v
a search for a specified tactile/haptic
object, for part of an object or for an item
of information and, once the search has
bedn conducted, have the required result
prgsented to them.
a Sources are ISO 9241-910:2011 and ISO 9241-920:2009.
b Methods are technical evaluation, inspection, task test and observe use.
¢ Measures are performance data, physiological data and user-reported data.
C.4 Overviewing
Table C.3 — Overview
Recommendation Sourcea Type-of methodb Measpures¢
920 Sub- Tech< |Inspect| Task Obs Per- |Physio| User
clause eval test use form rep
Th¢ system should allow users to geta 7.3 v v v
raylid overview of the tactile/haptic ob-
jects, their layout and relationships to each
otller and the user.
a Sources are ISO 9241-910:2011 and ISO 9241-920:2009.
b Methods are technical evaluation, inspection, task test and obsex¥e use.
¢ Measures are performance data, physiological data and usersreported data.
.5 Navigating
Table C.4 — Navigation
Recommendation Sourcea Type of methodb Measjuresc
920 Sub- Tech |Inspect| Task Obs Per- |Physio| User
clause eval test use form rep
Th¢ system should alléw\iSers to move in 7.4.1 v v v
and between tactile/Haptic objects in order
to find an object diid.to explore the space;
Th¢ system should allow users to identify 7.4.2 v v v
thdir location,in tactile/haptic space and
finfl the©ptimal path to get to required
objects.orinformation.
Providimgmmavigatiom imformation v 7T v v v
Navigation information support should
be available to assist users of tactile/
haptic space.
Supporting path planning v 7.1.2 v v v
The display should enable the user to plan
the shortest path to a target.
a Sources are SO 9241-910:2011 and ISO 9241-920:2009.
b Methods are technical evaluation, inspection, task test and observe use.
¢ Measures are performance data, physiological data and user-reported data.
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Table C.4 (continued)

Recommendation Source2 Type of methodb Measuresc

910 920 Sub- Tech |Inspect| Task Obs Per- |Physio| User
clause eval test use form rep

Providing well-designed paths v 7.1.3 v v v

The system should ensure that paths
between objects have a clear structure, as
well as clear start and end points.

Making landmarks easy to identify and v 7.1.4 v v v
recognize

The system ghould provide well-defined
and easy-to-find reference points or
landmarks i1} the environment and ensure
thatlandmayks are easily identifiable and
recognizabld.

Providing appropriate navigation tech- v 7.1.5 v v v
niques

The system ghould provide the most ap-
propriate nayigation technique (e.g. stylus,
fingertip, myltiple fingers, both hands)
based on:

a) thetargef users, domains, and task
goals;

b) the size of the real or virtual space,
density of objjects, and object properties;

c) thelayouf of the tactile/haptic space.

Understandihg the tactile/haptic space v 7.1.7 v v v

The system ghould allow users to move

about and explore the tactile/haptic space,
acquiring anfaccurate understanding of the
objects and their arrangement in the space.

Supporting gxploratory strategies (pro- 7.1.8
cedures)

The system ghould:

a) enable uslers to use their natural 2 4 4 v vl
strategies fof exploring the presented
information;

b) provide sjupport for learning additional v v v
exploratory §trategies appropriate to the
user, applicafion, and/or device.

a Sources gre IS0 9241-910:2011 and 1S0.92%1-920:2009.

b Methodslare technical evaluationfinspection, task test and observe use.

c Measure} are performance datayphysiological data and user-reported data.

C.6 Tangeting

Table C.5 — Target

Recommendation Source? Type of methodb Measures¢
910 920 Sub- Tech |Inspect| Task Obs Per- |Physio| User
clause eval test use form rep
The system should allow users to identify v 7.5 v v v
and find an object or item of information
accurately and rapidly.

a Sources are IS0 9241-910:2011 and IS0 9241-920:2009.

b Methods are technical evaluation, inspection, task test and observe use.

¢ Measures are performance data, physiological data and user-reported data.
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C.7 Selection

Table C.6 — Selection

IS0 9241-940:2017(E)

Recommendation

Source2

Type of methodb

Measuresc¢

910 | 920

Sub-
clause

Tech
eval

Inspect

Task
test

Obs
use

Per-
form

Physio

User
rep

Selection in general

The system should allow users to select
objects singly or in multiples.

7.6.1

v

v

v

Th¢ system should allow users to select
any object or function to which they cur-
rerjtly have access.

7.6.2.1

The system should allow users to [select
any object] separately from performing
any action on the object, for example,
actjvation.

7.6.2.2

It should be clear to which objects or func-
tiops a user currently has access.

7.6.2.3

C

epr feedback on selection should be given.

7.6.2.3

Grqup selection

Th¢ system should allow users to select
any defined group of objects to which they
culrently have access.

7.6.3

Spdce selection

Th¢ system should allow users to select
any defined portion of the tactile/haptic
spdce to which they currently have access.

7.6.4

Syqtem property selection

Th¢ system should allow users to select
any property of the system to which they
cuijrently have access and change that
prdperty where permitted.

7.6°5

a Sources are [SO 9241-910:2011 and ISO 9241-920:2009.

b Methods are technical evaluation, inspection, taskitest and observe use.

¢ Measures are performance data, physiologicaldata and user-reported data.

C.8 Manipulation

Table C.7 — Manipulation

Recommniendation

Source2

Type of methodb

Measjures¢

910 | 920

Sub-
clause

Tech
eval

Inspect

Task
test

Obs
use

Per-
form

Physio

User
rep

Intfoductign

Th¢ syStem should allow users to operate

7.7.1

v

on, Manage or, In S0Me way, Inf[uence an ob-
jectin ways that are appropriate to the task.

Zooming

The system should allow users to change
the scale of the tactile/haptic space in
which they are performing a task.

7.7.2

Reorienting

The system should allow users to change
the orientation of the tactile/haptic space
in which they are performing a task.

7.7.3

a Sources are ISO 9241-910:2011 and ISO 9241-920:2009.

b Methods are technical evaluation, inspection, task test and observe use.

c Measures are performance data, physiological data and user-reported data.
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Table C.7 (continued)

Recommendation Source2 Type of methodb Measuresc
910 920 Sub- Tech |Inspect| Task Obs Per- |Physio| User
clause eval test use form rep
Moving v 7.7.4 v v

The system should allow users to move an
object within the tactile/haptic space.

Sizing v 7.7.5 v v

The system should allow users to change
the size of a n]'\:'nr‘f withinthe f:u‘h']n,/

haptic space

Attribute in5|pection 7.7.6

The system ghould allow users to inspect v 7.7.6.1 v v
the attributefs of objects within the tactile/
haptic spacewithout activating them;

The system ghould allow users to deter- v 7.7.6.2 v v
mine which properties are modifiable and

which are n

Creation and|deletion v 7.7.7 v v

The system ghould allow users to create
and delete objects in the tactile/haptic
space, whergappropriate to the task.

Modifying aj:‘ributes v 7.7.8 v vi

The system ghould allow users to modify
attributes offtactile/haptic objects, where
appropriate fo the task.

a Sources qre IS0 9241-910:2011 and 1SO 9241-920:2009.

b Methodslare technical evaluation, inspection, task test and observe use.

c Measure} are performance data, physiological data and user-reported data.
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Annex D
(informative)

Context of use

D.t—Gemnerat

D.1.1 Overview

Thjs annex lists recommendations from ISO 9241-910:2011, 9.2 and ISO 9241-20:2008, 10.2 ¢n context
of [use attributes, together with types of methods and measurement types-appropriatg for each
redjommendation.

D.1.2 Contents of the annex
— | D.2 Physical environment: physical conditions of the workspace of the haptic interaction
— | D.3 Other aspects of the context of use: task complexity, user skills and social pressure.

Se¢ Tables D.1 and D.2.

D.2 Physical environment

Table D.1 —'Physical environment

Recommendation Seurcea Type of methodb Measpures¢
910 20 Sub- Tech |Inspect| Task Obs Per- |Physio| User
clause eval test use form rep
Wqrking position v 9.2.14.1 v v v

The¢ working position required by a haptic
device should be considered when choos*
ingla haptic device.

(e.g. Is the operator in a comfertable posi-
tiop, sitting or standing?)

Limb support v 9.2.14.2 v v v

-

Hufnan limb supportto-assist the user
during the task.shotild be considered when
chdosing a haptic/device.

(e.g. Is there.an appropriate rest place for
limbs and jeints involved in interaction?)

Acqustic noise v 9.2.12.1 v v v

The acoustic noise of a haptic device
should be considered when choosing a
haptic device.

(e.g. Is there distracting noise from the
device?)

Designing environments v 10.2

Special consideration should be given to
the needs of users in respect of the follow-
ing when designing environments:

a Sources are IS0 9241-910:2011 and ISO 9241-20:2008.

b Methods are technical evaluation, inspection, task test and observe use.

¢ Measures are performance data, physiological data and user-reported data.
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Table D.1 (continued)
Recommendation Source2 Type of methodb Measuresc
910 20 Sub- Tech |Inspect| Task Obs Per- |Physio| User
clause eval test use form rep

a) lighting and surface treatments (e.g. v 10.2 a) v v v v v v v
indirect lighting to reduce glare);
b) layout and use of space (e.g. wheelchair v 10.2b) v v v v v v
access);
c) acoustics (e.g. echo reduction); v 10.2¢) v v v v v v
d) thermal characteristics (e.g. protective v 10.2.d) v v v v v v
mitts in cold|weather).
a Sources 4re IS0 9241-910:2011 and ISO 9241-20:2008.
b Methodsjare technical evaluation, inspection, task test and observe use.
c Measure} are performance data, physiological data and user-reported data.

D.3 Other aspects of the context of use

Table D.2 — Other aspects of the context of use

Recommendation Source? Type of methodb Measures¢
ISO/IEC 25063 Sub- Tech |Inspect| ‘Task Obs Per- |Physio| User
clause eval test use form rep
The haptic d¢vice should operate appro- v 5.6.2 v
priately witH the supporting hardware and

software.

(e.g. Are complementary visual and
acoustic effefts synchronized with haptic
effects?)

Implementatfion of the haptic system v 5.3.2 v v v v Vi
should take §ccount of the motivations
and skills of fhe intended users and their
frequency offuse.

Implementatfion of the haptic system v 5.5.1 v v v v v
should take dccount of the frequency,

length and c¢mplexity of the tasks it will
be used for.

should take dccount of the effects of social

ere is more than one user.

Implementatfion of the haptic system v 5.6.3 v v v v v
pressure iftal

Implementatlion of the haptic system v 5.6.4 v v v v vi
should take §ccount of the effects.of exter-
nal vibration|, e.g. while in a moying vehicle.

a Source iISO/IEC 25063:2014.

b Methodslare technicalevaluation, inspection, task test and observe use.

c Measure} are performance data, physiological data and user-reported data.
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Annex E
(informative)

Specific usage qualities

E.1—Generat

E.1.1 Overview

Thjs annex lists recommendations from ISO 9241-910:2011, Clause 9 and ISO 9241920:2009, Clause 3
andl measures for usage qualities from ISO/IEC 25023.

E.1.2 Contents of the annex
— | E.2 Installability;

— | E.3 Learnability;

— | E.4 Ease of operation;

— | E.5 Adaptability;

— | E.6 Portability;

— | E.7 Reliability;

— | E.8 Maintainability;

— | E.9 Safety.

Se¢ Tables E.1 to E.8.

E.2 Installability

Indtallability measures are used to assess the degree of effectiveness and efficiency with which a
product or system.ean be successfully installed and/or uninstalled in a specified environmert.

Table E.1 — Installability

Hecommendation or measure Sourcea Type of methodb Meaguresc
910 920 IS0/ Sub- Tech In- Task Obs Per- | Phys- | User
IEC clause | eval | spect | test use form o rep
25023
Ease of installation may be consid- v 9.2.15.3 v v v

ered when choosing a haptic device.

Installation time efficiency: The v 8.9.2 v v v
time required to install the system
should be considered.

a Sources are IS0 9241-910:2011, ISO 9241-920:2009 and ISO/IEC 25023:2016.

b Methods are technical evaluation, inspection, task test and observe use.

c Measures are performance data, physiological data and user-reported data.
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E.3 Learnability

Learnability measures are used to assess the degree to which a product or system can be used by
specified users to achieve specified goals of learning to use the product or system with effectiveness,
efficiency, avoidance of harm from use and satisfaction in a specified context of use.

Table E.2 — Learnability

Recommendation

Source?

Type of methodb

Measuresc¢

920 150/

Sub-

1EC25022 <l

Tech
1

In-

i

Task

Obs Per-
fornr

Physio | User

P

Self-explanatpry user interface: for
public systens, the ability of new
users to compplete common tasks
without priorfstudy or training or
seeking exterjnal assistance should
be considereq.

v 8.5.2

v

v

v v v

The ability of|the intended users

to learn to usp the system with
acceptable leyels of effectiveness,
efficiency and satisfaction should be
considered.

v 8.5.2

Error messages understandability:
The extent toJwhich error messages
state the reagon why the error oc-
curred and h¢w to resolve it should
be considereq.

v 8.5.2

a Sources

¢ Measure

re IS0 9241-910:2011, ISO 9241-920:2009 and ISO/IEC 25023:2016.
b Methodsfare technical evaluation, inspection, task test and observe use.

are performance data, physiological data and user-reported data.

E.4 Eas

Operabilit
make it eg

e of operation

sy to operate and control.

Table E.3 — Ease of operation

[y measures are used to assess the degree to which a product or system has attributes that

Recommendation or measure

Sourcea

Type of methodb

Measuresc

920 150/

Sub- Tech

IEC25023| clause eval

In-
spect

Task
test

Obs Per- |Physio| Uspr
use form rep

Operational donsistency: the extent
to which intefactive tasks have a

behaviour anfl feel that are consist:
ent both withfin the task and @gross
similar tasksfhould be cahsidered.

v 8.5.3

v

v

v v v

Message clarity: the extent to
which messages fromithe system
convey the rightouteome or give
instructions {o the user should be

v 8.5.3

considered.

Undo capability: the extent to which
tasks that have a significant conse-
quence should provide an option for
re-confirmation or undo capability
should be considered.

v 8.5.3

The fidelity of a device in carrying
out the task (the ability of the haptic
system to simulate real-world inter-
actions) should be considered when
choosing a tactile/haptic device.

9.2.16

a Sources are 1S0 9241-910:2011, ISO 9241-920:2009 and ISO/IEC 25023:2016.
b Methods are technical evaluation, inspection, task test and observe use.

c Measures are performance data, physiological data and user-reported data.
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E.5 Adaptability

Adaptability measures are used to assess the degree to which a product or system can effectively
and efficiently be adapted for different or evolving hardware, software or other operational or usage
environments.

One means of achieving accessibility (E.3) is to enable a system to be adapted to support use by the
widest range of capabilities of people.
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Table E.4 — Adaptability

Recommendation Source? Type of methodb Measuresc
910 920 1S0/ Sub- Tech In- Task Obs Per- |Physio| User
IEC25023 | clause eval spect test use form rep
Functional customizability: the v 8.5.3 v v v v

extent to which users and maintain-
ers are able to customize functions
and operational procedures for

the convenience of users should be
considered.

User interface customizability: the 4 8.5.3 4 4 4 v
extent to whifh users and maintain-
ers are able t¢ customize the user
interface for {he convenience of users
should be cor]sidered.

Enabling usets to change modalities v 3.2.1 v 4 v v

The system should enable the user
both to disable tactile output and/
or have outpyt presented in another
modality.

Enabling forck feedback override v 3.2.2 v v

The system should allow any force
feedback to e overridden by the
user.

Enabling usets to individualize v 3.2.3 Z v v
tactile paramjeters

Options to adjust tactile/haptic
parameters should be provided to
prevent discdmfort, pain or injury to
users of interpctive systems.

Modifiable tofa task v 9.2.154 v v v

Modification|of the haptic device
required by the task should be
considered when choosing a haptic
device.

Controllably §daptable to a task v 9.2.15.2 v v v

Special contrpl of the haptic device
appropriate ffo the task should be

considered when choosing a haptic
device.

Reconfigurinf the tactile/haptic 7.2.1
space

The system:

— may provjde an option for recen- v 4 v
figuring the thctile/haptic space;

— should obfain user confirmation v v 4 v
before changing the frame of refer-
ence of the tagtile/hafitic space.

a Sources 4re IS0 9241-910:2011, ISO 9241-920:2009 and ISO/IEC 25023:2016.

b Methods are technical evaluation, inspection, task test and observe use.

¢ Measures are performance data, physiological data and user-reported data.

E.6 Portability

Portability measures are used to assess the degree of effectiveness and efficiency with which a system,
product or component can be transferred from one hardware, software or other operational or usage
environment to another.
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Recommendation Sourcea Type of methodb Measuresc
920 1S0/ Sub- Tech In- Task Obs Per- |Physio| User
IEC25023| clause eval spect rest use form rep
v 8.9 v v v v

Operational environment adaptabil-
ity: the extent to which it is possible
to implement the haptic system in
different operational environments
should be considered.

a Sources are IS0 9241-910:2011, ISO 9241-920:2009 and ISO/IEC 25023:2016.

b Metotsare techmTat Evat rat o, IS PeECt o, tasK testart DOSeT Ve USE:
c Measures are performance data, physiological data and user-reported data.

E.7 Reliability

Reliability measures are used to assess the degree to which a system, product or component performs
spécified functions under specified conditions for a specified period of timé.
Table E.6 — Reliability
Recommendation Sourcea Type of methodb Meajuresc
920 1S0/ Sub- Teeh In- Task Obs Per- |Physio| User
IEC25023| clause eyal spect test use form rep
Th¢ reliability of the haptic device 9.2.15.4 v v
shquld be considered when choosing
a hjptic device.
Failure rate: the extent to which the v 8v6.1 v v
nuipber of failures during a defined
petfiod is acceptable should be
corfsidered.
Doyvn time: the extent to which the v 8.6.2 v v
timle that a system stays unavailable
when a failure occurs is acceptable
shquld be considered.

a Sources are IS0 9241-910:2011, IS0 9241-920:2009 and ISO/IEC 25023:2016.
b Methods are technical evaluation, inspection, task test and observe use.

¢ Measures are performance data, physiolbgical data and user-reported data.

E.8 Maintainability

Malintainabilityaneasures are used to assess the degree of effectiveness and efficiency with which a

product or systém can be modified by the intended maintainers.
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Table E.7 — Maintainability

Recommendation Source? Type of methodb Measuresc
910 920 1S0/ Sub- Tech In- Task Obs Per- |Physio| User
IEC25023 | clause eval spect test use form rep
Modification capability: the extent to v 8.8.4 v v v v

which it is possible to make needed
modifications to the system in an
acceptable length of time should be
considered.

The ease of maintenance of the v 9.2.15.5.1 v v v v v
device should be considered when
choosing a tagtile/haptic device.

The required|time and difficulty of v 9.2.15.5.2 v v v v v
maintenancefare acceptable.

Ideally, routie maintenance tasks v 9.2.15.5.3 v 4 4 4 v
should be carfied out locally, while
more complex tasks should be under-
taken by an appropriate service with
minimal timeldelay.

When purchalsing a device, there v 9.2.15.5.4 v v 14 v v
should be a clear understanding as

to the detailsfof the manufacturer's
warranty — yhat is covered and how
long the warrfanty lasts.

a Sources 4re 1S0 9241-910:2011, ISO 9241-920:2009 and ISO/IEC 25023:2016.
b Methodsjare technical evaluation, inspection, task test and observe use.

¢ Measure} are performance data, physiological data and user-reported data.

E.9 Safpty

International Standards relevant to the safety of humati-computer interactions include:
— IEC 61;50—1[ﬁ];

— SO 16484-2:2004[, Annex A25];

— SO 13482[23];

— IS0 10218-1[22].

Table E.8 — Safety

Re¢ommendation Sourcea Type of methodb Measures¢
910 920 Subclause Tech |Inspect| Task Obs Per- |Physio| User
eval test use form rep
Mechanical dafety v 9.2.13.1.1 v V]

The mechanijcal safety of a haptic
device shoulfl bé.considered when
choosing a hapticdevice

The risk of actuators propelling parts v 9.2.13.1.2 v v v
of the device into violent contact with
a user should be avoided or reduced.

Ways of shutting down the device v 9.2.13.1.3 v v v
when it is not being held should be

considered.

The user of the device should be able v 9.2.13.1.4 v v v

to disengage from the device.

a Sources are IS0 9241-910:2011 and ISO 9241-920:2009.

b Methods are technical evaluation, inspection, task test and observe use.

¢ Measures are performance data, physiological data and user-reported data.
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Table E.8 (continued)
Recommendation Source2 Type of methodb Measuresc
920 Subclause Tech |[Inspect| Task Obs Per- |Physio| User
eval test use form rep
Electric safety 9.2.13.2.1 v v
The electrical safety of a haptic
device should be considered when
choosing a haptic device.
It should be ensured that the user is 9.2.13.2.2 v v
shielded from dangerous electrical
VolFapes:
Intprnationally recognized electrical 9.2.13.2.3 v v
codes (rules) should be followed to
engure the device’s safety.
If the electrical power fails, the de- 9.2.13.2.4 v v
vicp should enter a safe state.
Thermal safety 9.2.13.3 v v
Th¢ thermal safety of a haptic device
shquld be considered when choosing
a hpptic device.
a Sources are IS0 9241-910:2011 and ISO 9241-920:2009.
b Methods are technical evaluation, inspection, task test and observe use.
¢ Measures are performance data, physiological data and user-reported data.
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Annex F
(informative)

Human-centred quality

F.1 Gengerat

F.1.1 Oyerview

This anngx lists recommendations and requirements from various usability standards<on hum
centred qiiality aspects of haptic interactions, together with types of methods and measurement ty
appropriafe for each recommendation.

Human-c¢gntred quality is a collective term for the outcomes of interaction when a system is us
usability (effectiveness, efficiency and satisfaction), accessibility, user expetience and avoidancs
harm from use.

Human-cgntred quality can be evaluated when a haptic system is useddn a given context of use (i.e.
given user groups, tasks and environment). Human-centred quality*ean be influenced not only by
quality of[the haptic system, but also by the characteristics, capabilities or personal style of the usg
and by th¢ tasks that they perform. It can also depend on thé<physical environment (for example, {
of a prodyct inside or outside a building) or the social envifénment (for example, use alone or as p
of a grou

Annex ] d¢scribes how usability (see F.2) can be evaluated by a usability walkthrough or usability t
It is also plossible to evaluate whether a system conforms to established ergonomic design guidance
usable sydtems, such as that in ISO 9241 standards.

F.1.2 Contents of the annex

— F.3.2 Haptic interaction as assistive technology: potential modification of the user interface;

— E.3.3 Accessibility of tactile displays: alternative modalities, altering parameters for the user;
— F.3.4 Accessibility of devicé documentation: understandable, on-line, on accessibility features;
— F.3.5 Accessibility for those with limited physical capabilities: for limited motor force or control
— FE.3.6 Accessibility for those with limited cognitive capabilities: assisting understanding and acti

See Tabled F.1to’E.7.
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F.2 Usability

F.2.1 Effectiveness

Recommendation Sourcea Type of methodb Measures¢
ISO IS0/ Sub- Tech |Inspect| Task Obs Per- |Physio| User
9241-11 IEC clause eval test use form rep
25022
The accuracy and completeness v 6.2
with which users can achieve their
goals should be considered v v 4 v v
v 8.2
a Sources are IS0 9241-11:2017 and ISO/IEC 25022:2016.
b Methods are technical evaluation, inspection, task test and observe use.
¢ Measures are performance data, physiological data and user-reported data.
F.2.2 Efficiency
Recommendation Sourcea Type of methodb Measpures¢
ISO IS0/ Sub- Tech |Inspect|Task Obs Per- |Physio| User
9241-11 IEC clause eval test use form rep
25022
The resources (including time, v 6.3
hu pan effort, co.sts and. v v v v
makerials) used in relation to
thegresults achieved should be v 8.3
corfsidered.
a Sources are ISO 9241-11:2017 and ISO/IEC 25022:2016.
b Methods are technical evaluation, inspection, task test and observe use.
¢ Measures are performance data, physiological data and user-repérted data.
F.2.3 Satisfaction
Recommendation Sourcea Type of methodb Measpures¢
ISO IS0/ Sub- Tech |Inspect| Task Obs Per- |Physio| User
9241-11 IEC clause eval test use form rep
25022
Th¢ user's physical, cognitive and v 6.4
emptional responses that result v v v
from the use of a system, product
or $ervice should be considered. v 8.4
a Sources are ISO 9241-11:2017 and ISO/IEC 25022:2016.
b Methods are teehnical evaluation, inspection, task test and observe use.
c Measures,axe performance data, physiological data and user-reported data.
F.3 CAccessibility

F.3.1 General

Accessibility is the extent to which products, systems, services, environments and facilities can be used
by people from a population with the widest range of user needs, characteristics and capabilities to
achieve identified goals in identified contexts of use. For a haptic system to be usable by the widest
range of potential users, it needs to be designed for accessibility (see, for example, ISO 9241-20).
Accessibility can be evaluated by testing the usability of the system by people at the extremes of the
range of potential physical and cognitive abilities. It is also possible to evaluate whether a system
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conforms to established design guidance for accessible systems, such as those given in ISO 9241-20 and
IS0 9241-171.

NOTE Some countries have accessibility requirements suitable for public procurement (such as
Reference [5]).

F.3.2 Haptic interaction as assistive technology

Table F.1 — Haptic interaction as assistive technology

Requjrenrents Setireel Fype-eofmethedd Measuress
ISO ISO Sub- Tech |[Inspect| Task Obs Per- |Physio | User
9241-20 9241-171 clause eval test use form rep
User interfa¢e element v 8.5.4 v v
information

Software shdll provide
assistive technology with
information pbout individual
user interfade elements.

(Inits role ag assistive
technology, does the haptic
interaction alllow access to in-
dividual intefface elements?)

Change focu§ and selection v 8.5.5 v v

Software shdll allow assistive
technology tp modify focus
and selectionf attributes of
user interfade elements.

(Inits role ag assistive
technology, does the haptic
interaction modify the focus
and selectionf attributes of
user interfade elements?)

Event notification v 8:5.7 v v

Software shdll provide
assistive technology with no-
tification of ¢vents relevant
to user interqctions.

(Inits role aq assistive
technology, oes the haptic
interaction gperate seamless-
ly with the other elements of
user interactjion?)

a Sources 4re IS0 9241-20:2008 and1SO 9241-171:2008.

b Methodslare technical evalwation; inspection, task test and observe use.

¢ Measure} are performance/data, physiological data and user-reported data.
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F.3.3 Accessibility of tactile displays

Table F.2 — Accessibility of tactile displays

Recommendation Sourcea Type of methodb Measures¢
ISO ISO Sub- Tech |[Inspect| Task Obs Per- |Physio| User
9241-20 9241-171 clause eval test use form rep
Not by tactile alone v 10.9.1 v

Software should not use tac-
tile output alone as the only

Wap-teeatrrerHerRRHeot
inc{icate an action.

Usj[familiar tactile patterns v 10.9.2 v v

Software should use well-
kn¢wn tactile patterns
(failiar in daily life) for
prgsenting tactile messages.

Engble tactile output to be v 10.9.3 v v v v
adjusted

Sofftware should allow users
to ddjust tactile output
patameters to prevent dis-
corpfort, pain or injury.

a Sources are ISO 9241-20:2008 and IS0 9241-171:2008.

b Methods are technical evaluation, inspection, task test and observe use.

c Measures are performance data, physiological data and user-reported data.

F.3.4 Accessibility of device documentation

Table F.3 — Accessibility of device documentation

Recommendation and Source? Type of methodb Measjuresc
requirement
ISO ISO Sub- Tech |Inspect| Task Obs Per- |Physio| User
9241-20 9241-171 clause eval test use form rep
Unflerstandable documen- v 11.1.1 v v v v
tatjon

Prqduct documentation and
help for software should be
wr|tten using a clear and
sinjple language to the extent
that this can be done using
thgvocabulary of the task:

In 3ccessible electromicform v 11.1.2 v v

Alljuser documtentation and
help shall be.provided in an
eleftroniciferm that meets
applicable documentation
acdessibility standards.

Online in accessible forms v 11.1.3 v v

Information presented in pic-
tures and graphics by soft-
ware shall also be provided
as descriptive text suitable
for screen reading, printing,
or Braille conversion so that
it can be read by an alterna-
tive method[39][44].

a Sources are IS0 9241-20:2008 and 1SO 9241-171:2008.

b Methods are technical evaluation, inspection, task test and observe use.

¢ Measures are performance data, physiological data and user-reported data.
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Table F.3 (continued)

Recommendation and Sourcea Type of methodb Measuresc
requirement
ISO ISO Sub- Tech |Inspect| Task Obs Per- |Physio| User
9241-20 9241-171 clause eval test use form rep
Without unnecessary device v 11.1.4 v v
references

a) Notdevice-specific

Instructions and help for
software should be written
so that they fefer to the
users' actionk and resulting
output withdut reference to a
specific devife.

b) Referenc¢ device only v 11.1.4 v v
when necesspry

References tp devices should
only be mad¢ when they are
integral to ajid necessary for
understandipg of the advice
being given.

On accessibility features v 11.1.5 v v

Help or documentation

for softwarefshall provide
general inforymation on the
availability df accessibility
features and|information
about the pufpose of and how
to use each fg¢ature.

a Sources gre IS0 9241-20:2008 and ISO 9241-171:2008.

b Methodslare technical evaluation, inspection, task test and observe use.

c Measure} are performance data, physiological data and user-reported data,

F.3.5 Agcessibility for those with limited physical capabilities

Table F.4 — Accessibility for those with limited physical capabilities

Recommendation Sourcea Type of methodb Measures¢
ISO 1S0 9241-171 Sub- Tech |Inspect| Task Obs Per- |Physio| User
9241-20 clause eval test use form rep
For limited physical move- Y 7.5.1 v v v vi
ment

ICT equipmeht and services
should suppgrt users who

have limited[physical movet
ment.

Adjustable I¢cation.of v 7.5.2 v v v v
controls

The placemept'ef ontrols and
displays should be adjustabte
to heights and locations that
the users canreach.

Supporting use of either hand v 7.5.3 v v v v

Controls should be operable
using either hand.

a Sources are 1SO 9241-20:2008 and SO 9241-171:2008.
b Methods are technical evaluation, inspection, task test and observe use.

c Measures are performance data, physiological data and user-reported data.
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Table F.4 (continued)

Recommendation Sourcea Type of methodb Measuresc

ISO 1S0 9241-171 Sub- Tech |[Inspect| Task Obs Per- |Physio| User
9241-20 clause eval test use form rep

Avoid simultaneous use of v 7.5.3 v v v v
both hands

Controls should avoid the
need for simultaneous use of
both hands.

Limiting required physical v 7.5.4 v v v v

forfe
Co{trols should be movable
with the minimum force
reduired, within the con-
strpints of the operation
being performed.

—-

Linhiting required motor v 7.5.5 v v 4 v
corjtrol

ICT equipment and services
shduld support users with
limfited motor control and
shquld not require high
degterity (e.g. by providing a
voife control alternative).

Cofnpensating for limited v 7.5.6 v v v v
mofor control

Conptrols should be designed
to gompensate for limitations
injine motor control capabil-
itigs (e.g. tremors).

Us¢r control of response v 7.5.7 v v v v
tinfing

If aJtask requires users to
ma{<e responses (e.g. press a

bufton or type information)
within a limited time in
order for that response to be
valjd, the time range should
be pdjustable by the user,
incjuding the option to turn
offfall timing requirements.

a Sources are IS0 9241-20:2008 and¥S0 9241-171:2008.
b Methods are technical evaluation, inspection, task test and observe use.

¢ Measures are performaficedata, physiological data and user-reported data.
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F.3.6 Accessibility for those with limited cognitive capabilities

Table F.5 — Accessibility for those with limited cognitive capabilities

Recommendation Sourcea Type of methodb Measuresc
I1SO ISO Sub- Tech |[Inspect| Task Obs Per- |Physio| User
9241-20 9241-171 clause eval test use form rep
For limited cognitive capa- v 7.6.1 v v v v
bilities

ICT equipment and services
should suppgreusers-whe
have limitatipns in their
cognitive cagabilities.

Limited cogrfitive demands v 7.6.2 v v v v

ICT equipmeht and services
should avoidfunnecessarily
high cognitije demands on
users by ensyiring that the
basic activities required

to operate thle equipment
or to use thefservice are as
straightforwjard and simple
as possible.

Aiding undeilstanding v 7.6.3 v Y v vi

Information phould be
presented ar]d organized in a
manner thatwill aid under-
standing by fisers.

Using undergtandable vo- v 7.6.4 v v v vi
cabulary

The vocabulgry used to de-
scribe and ogerate ICT equip-
ment and serjvices should use
expressions ind terminology
that are as edsy as possible to
understand, Jrrespective of
the level of expertise and cog-
nitive capabiflities of users.

Providing information pic- v 7.6.5 v v v vi
torially

Where possiple, informa-
tion should He provided in
symbolic or pictorial form to
enhance the piser’s ability to
comprehend|the information.

Providing appropriate cues v 7.6.6 v v v i

ICT equipmeht and services
should provifle appropriate
cues to assisfusers in paying
attention to importantinfor-
mation (e.g. fontrol status).

Adjusting sp¢ed of interaction v 7.6.7 v v v vi

Where possible, the speed of
interaction should be adjust-
able by the user.

a Sources are IS0 9241-20:2008 and IS0 9241-171:2008.

b Methods are technical evaluation, inspection, task test and observe use.

c Measures are performance data, physiological data and user-reported data.
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Recommendation

Sourcea

Type of methodb

Measuresc¢

ISO
9241-20

ISO
9241-171

Sub-
clause

Tech
eval

Inspect

Task
test

Obs
use

Per-
form

Physio

User
rep

Enabling pausing or stopping

Whenever moving, blinking,
scrolling or auto-updating
information is presented, the
user should be enabled to
pause or stop this dynamic

pr

sentation.

v

7.6.8

v

v

v

Mi

Th
an
to
an
for|

himizing the need for

trajning

design of ICT equipment
services should relate
ommon user experiences
thus minimize the need
special training.

7.6.9

Suj
lin
Th
des

eq
shd
caf

lan|

porting cultural and
buistic differences

vocabulary used to
cribe and operate ICT
ipment and services

uld use expressions that
be understood by users

with differences in culture or

uage.

7.6.10

a

b

c

Sources are IS0 9241-20:2008 and 1SO 9241-171:2008.

Methods are technical evaluation, inspection, task test and observe use.
Measures are performance data, physiological data and user-reported‘data:

F.4

U
an

%]

User experience

Table F.6 — User experience

br experience can be understood by studying the aspirations and experiences of individ
| can be measured by using questignnaires for outcomes such as pleasure and engagement.

ual users,

Recommendation

Sourcea

Type of methodb

Measuresc¢

ISO
9241-210

1S0/
IEC 25022

Sub-
clause

Tech
eval

Inspect

Task
test

Obs
use

Per-
form

Phj

Fsio

User
rep

De
er-

es
an

ign user tasks, us-
ystem interaction,and

usdr interface to meet iser
reduirements, taking into
corjsiderationthe’'whole user
experience: tlie'person'’s
petjceptions and respons-

esulting from the use
/oranticipated use of a

v

8.4.4

6.4.2
with 2.15

product, system or service,
including all the users' emo-
tions, beliefs, preferences,
perceptions, physical and
psychological responses,
behaviours and accomplish-
ments that occur before,
during and after use.

a Sources are ISO 9241-210:2010 and ISO/IEC 25022:2016.

b Methods are technical evaluation, inspection, task test and observe use.

c Measures are performance data, physiological data and user-reported data.
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F.5 Avoidance of harm from use

Improved usability can mitigate or remove the potential harm from use that can arise from
inappropriate forms of interaction or inappropriate outputs (see A.6). Potential harm from use that can

be assessed includes:

a) harm to the user:

— harm during interaction including stress, fatigue, frustration or lack of empowerment and other

potential hazards to health and safety;

— harm from failure to achieve the intended outcome including inconvenience, wasted time| or

financial costs;

— other harm including lack of trust, security or privacy;

b) harmito the manufacturing organization:

— design and development of the product, system or service not meeting infended targets [for

ugability, accessibility, and/or user experience;

— the delivered system not supporting operational needs in the customer organization;

— e¢onomic or reputation consequences resulting from a develaped system not being purchased

ol a developed service not being used;

— harm from inadequate operational safety;

c¢) harmifto the wider community;

d) harmito the environment.

Table F.7 — Avoidance of harm from use

from humanuse, including
risks of harnj to economic
status, human life, health, or
the environnpent, should be
considered.

Recommendation Sourcea Type of methodb Measures¢
ISO 1SO/. Sub- Tech |Inspect| Task Obs Per- |Physio| User
9241-11 1EC 25022 clause eval test use form rep
The potentiall for adverse v v A.6 v v v v v v V]
consequences to the user or
organization|within which
the user is wprking, resulting 8.5

a Sources 4re ISO 9241-11:2017 and ISO/IEC 25022:2016.

b Methodsfare technieal'evaluation, inspection, task test and observe use.
c Measure} are’performance data, physiological data and user-reported data.

F.6 Ethical considerations

The final use of a haptic interaction should be assessed for conformance to standard ethical guidelines.
Ethical use is codified in ISO 26000, mainly pertaining to the role of states and enterprises in social
responsibility. The bibliography of that standard contains a list of standards and conventions relevant
to ethical considerations. A general awareness of the field would assist a reviewer in making this
judgement. The various standards and conventions, including the Declaration of Helsinki, should be

consulted as required.
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Annex G
(informative)

Gesture attributes

Sed

General

.1.1 Overview

s annex lists recommendations from ISO 9241-960 on gesture attributes, together wit
thods and measurement types appropriate for each recommendation.

.1.2 Contents of the annex

G.2 Ergonomics of gestures: constraints of both body position and-gésture sensing;
G.3 Process for gesture definition: recommended ways to define gestures;

G.4 Features of gestures: feedback, feedforward and variability of gestures;

G.5 Timing and speed: recognition of gestures at different speeds;

G.6 Sequences of gestures: beginning, middle andend of gestures; gesture transitions;
G.7 Gesture sets: purpose and relationshipJetween gestures in a gesture set;

G.8 Documentation of gestures: guidance for descriptions of gestures.

r Tables G.1 to G.7.

h types of
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G.2 Ergonomics of gestures

Table G.1 — Ergonomics of gestures

Recommendation Sourcea Type of methodb Measuresc
9260 Sub- Tech |Inspect| Task Obs Per- |Physio| User
clause eval test use form rep
Ergonomic constraints v 5.1 v v v v v v

Gestures that are performed repetitively
should not create unnecessary fatigue in
the bOdy pargs whicharetobe puacd OT
moved durinjg the gesture.

a) Users shduld be involved in determin- v 5.1a) v
ing the need for such repetitions.

b) Ifrepetit]ve gesturing is unavoidable, v 5.1b) v
hazard identffication, risk estimation,
risk evaluatipn and risk reduction should
be performedl in order to avoid musculo-
skeletal disofders.

Device capalilities v 5.2 v v 4 v

A device for feceiving gestures should have
the capability of detecting the trajectory
of a stroke off a pose within all conditions
imposed by the environment.

Device constfaints v 5.3 v V]

A device for feceiving gestures can restrict
the trajectorjy or pose that a human intends
to form. The user should be made aware of

these restricfions.

a Source iSO 9241-960:2017.
b Methodsjare technical evaluation, inspection, task test and observe use.

¢ Measure} are performance data, physiological data and user-reported data.

G.3 Prqcess for gesture definition

Table G.2'>— Process for gesture definition

Re¢ommendations and Sourcea Type of methodb Measuresc
requirements
960 Subclause Tech |Inspect| Task Obs Per- |Physio| User
eval test use form rep
Gestures shduld be suitable for fearning. v 6.1.1¢) v v
Only intentidnal gestures should be pro- v 6.1.1g) v v v

cessed in a ggstural interface.

Users shouldbe madé'aware of the device's 4 6.1.1g) v v
capability to[processdintentional gestures.

Explore the de§ign space v 6.1.2.1 v v v

The potentially available design alterna-
tives, including the design rationale, should
be explored for the intended users and
contexts of use.

Explore widely human movements v 6.1.2.2 a) v v v v v v v

The investigation should include not only
the hands, but also limbs and full body
movements, as well as head and eye move-
ments and other facial expressions.

a Source is IS0 9241-960:2017.
b Methods are technical evaluation, inspection, task test and observe use.

c Measures are performance data, physiological data and user-reported data.
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Table G.2 (continued)
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Recommendations and
requirements

Source?

Type of methodb

Measuresc¢

960

Subclause

Tech
eval

Inspect

Task
test

Obs
use

Per-
form

Physio

User
rep

Alternative body parts for gestures, range
of motion, tolerance of tremors, ability
for simultaneous action, and ability to
walk should be considered for better
accessibility.

6.1.2.2b)

v

v

v

Explore single and synchronized move-

6.1.2.3

mepts

Exploration of gestures should consider
nof only movement of single body parts but
alsp synchronized coordinated movements
of hultiple body parts.

Explore simultaneous and synchronized
mojvements

Exploration of gestures should consider
both simultaneous and sequential move-
mepts.

6.1.2.4

Explore movements made by multiple users

a) |The design should include consideration
of gestures performed by multiple users
independently as well as gestures formed
collaboratively by two or more users.

b) |Social acceptance of gestures should be
corlsidered.

6.1.2.5

Identifying purposes

Deyelopers shall identify the purposes for
whfich humans need to express gestures in
relption to the information and communi-
catjon technology (ICT) system.

Deyelopers should identify at least one ges-
turje for each gesture command based on
the following sources of gestures, in order
of descending priority:

a) |pre-existing gesture in the culture;
b) |internationally standardized gestures;

c) |gestures suggested by one or many
usqrs;

d) |gestures suggested by.the-eontext of
usg;

e) |gestures from other'€ontexts of use;

f) |gestures typical to the devices being
usqd;

g) |gesturessuggested within a design

tealm.

6.1.4.1

6141

W[Ipn r‘pcigning agesture set prn-pvicfing
gestures [in the cultural or social setting]
should be identified and considered for
inclusion in a gesture set.

Matching gestures and functionality

Mappings should take existing manual op-
erations such as handwriting into account.

4.4

User-defined gestures

User-defined gesture sets should be availa-
ble over a wide range of contexts of use and
across devices when appropriate.

6.1.4.2

a Source is IS0 9241-960:2017.

b Methods are technical evaluation, inspection, task test and observe use.
c Measures are performance data, physiological data and user-reported data.
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Table G.2 (continued)

Recommendations and Source2 Type of methodb Measuresc
requirements
960 Subclause Tech |Inspect| Task Obs Per- |Physio| User
eval test use form rep
Identify variability of gestures v 6.1.4.3 v v v v v

The error tolerance of the gesture move-
ment should be determined and shall be
commensurate with 6.6.4. (Gesture sets
should be designed to allow the user to
discriminate between gestures.).

Evaluating gpstures v 6.1.6 v v v v v vi

Developer-d¢fined gestures shall be
evaluated tofensure they meet the needs
of the intendpd users within the intended
contexts of ufse.

Iterating the|gesture interface v 6.1.7 v v

The design pfocess of the gesture in-
terface should be iterative according to
IS0 9241-21(, taking both the interactive
system and ifs context of use into account.

Training use}s in gestures v 6.1.9 v v v

a) Usersshquld be able to explore ges-
tures withoyt adversely affecting system
content.

b) Users shduld be able to explore the
possible trajgctories or poses involved in
a gesture.

a Source ig1S0 9241-960:2017.

b Methodslare technical evaluation, inspection, task test and observe use.

c Measure} are performance data, physiological data and user-reported daté

G.4 Features of gestures

Table G.3 — Features of gestures

Recommendation Source? Type of methodb Measures¢

960 Subclause Tech |Inspect| Task Obs Per- |Physio| User
eval test use form rep

6.2.1 4 v v v

AN

Mapping of gesture commands to functions

Designers of|gestures should erisure that
the mapping|of the gesture command to

a function isfconsistent with’user expec-
tations.

Feedback for]strokegestures v 6.2.3 v v v v

If feedback if generated for a gesture, the
user should e made aware of strokes not
recognized as partofa gesture.

Continuous feedback for gesture commands v 6.2.4 v v v

Continuous gesturing should not require
interruptions or pauses in the movement in
order to gain feedback.

a Source is IS0 9241-960:2017.
b Methods are technical evaluation, inspection, task test and observe use.

c Measures are performance data, physiological data and user-reported data.
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Table G.3 (continued)

Recommendation Sourcea Type of methodb Measuresc
9260 Subclause Tech |[Inspect| Task Obs Per- |Physio| User
eval test use form rep
Feedforward information v 6.2.5 v v v

When designing feedback for stroke ges-
tures, information should be considered
from the feedforward feature.

Once the gesture interface identifies a v 6.2.5 4 v
gesture command, the user should not be
required to CONtInue tre gesture to e ena
of fhe movement.

Pagameters of gesture commands v 6.2.6 v v v

Vagiations of gestures can be used as
mogifications of a gesture command. Users
shduld be able to identify such parameters.

a Source is ISO 9241-960:2017.
b Methods are technical evaluation, inspection, task test and observe use.

c Measures are performance data, physiological data and user-reported data.

G.p Timing and speed

Table G.4 — Timing and speed

Recommendation Sourcea Type of methodb Measjuresc

9260 Subclause Tech |Inspect| Task Obs Per- |Physio| User
eval test use form rep

Regognition of gesture at different speeds v 6.3.1 v v v

A device should be able to recognize the
sarpe gesture made at different speeds.

Usg¢ of the speed of a gesture v 6.3.2 v v v

The duration of a gesture should not affect
its functionality, unless speed is included
as g parameter of the gesture.

Tolerance of gesture interface v 6.4 v 4 v

The¢ gesture interface should be designed
to Jupport a sufficient variety ofmaove-
mets while being able to distihguish
betfween intentional and unintentional
gedtures.

a Source is ISO 9241=960:2017.

b Methods are technical evaluation, inspection, task test and observe use.

c Measures‘areperformance data, physiological data and user-reported data.
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G.6 Sequences of gestures

Table G.5 — Sequences of gestures

Recommendation Sourcea Type of methodb Measuresc
9260 Subclause Tech |Inspect| Task Obs Per- |Physio| User
eval test use form rep
Beginning a gesture v 6.5.1 v v v

Users should be able to indicate the begin-
ning of an intentional gesture clearly, so
that the userfisabtetoavordttheuminten
tional start df some functionality of the
interactive system.

Feedback of gesture initiation v 6.5.2 v v v

The information and communication
technology (JCT) system’s ability to inter-
pret gesturefcommands should be clearly
indicated to fhe user.

Completing the purpose of a gesture v 6.5.3 v v vi

The user shopld be made aware of the com-
pletion of th¢ gesture command.

Need for trajsition between gestures v 6.5.5 v v v

If the device for gestural input needs to be
reset to its irfitial state for further gestural
input, the usg¢r should be made aware of
any extra mdvements needed.

The effect offtransitions between gestures v 6.5.6 v v v

Extra movenpents that form a transition
between gesfures should be considered.

State changef v 6.5.8 4 v v

Where changing states impact the func-
tionality of a|gesture, the system should
notify the uspr that the state has changed
and provide fhe user with a means of iden-
tifying the cyrrent state of the system.

a Source i1S0 9241-960:2017.
b Methodsjare technical evaluation, inspection, taskdestand observe use.

c Measure} are performance data, physiological.data’and user-reported data.
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G.7 Gesture sets

Table G.6 — Gesture sets

IS0 9241-940:2017(E)

Recommendation

Source2

Type of methodb

Measuresc¢

Tech
eval

Subclause

Inspect

Task
test

Obs
use

Per-
form

Physio

User
rep

Introduction

Gestures should be grouped within a
gesture set.

v 6.6.1

v

Pufrpose of a set of gestures

Eagh gesture within a gesture set should
be fesigned for a purpose, a device and a
corftext.

v 6.6.2

Cotpsistency among gestures

Gegtures within a gesture set should be
suffficiently similar so that remembering
ong gesture should enable the ready recall
of gnother gesture in the set.

v 6.6.3

Digcriminability of gestures

Gegture sets should be designed to allow
theuser to discriminate between gestures.

v 6.6.4

A

)

tprnative subsets within a gesture set

Altprnative gestures should be provided
for|the needs of specific users.

v 6.6.6

a Source is ISO 9241-960:2017.

b Methods are technical evaluation, inspection, task test and observe uses
¢ Measures are performance data, physiological data and user-reported data.
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G.8 Documentation of gestures

Table G.7 — Documentation of gestures

Recommendation or requirement Sourcea Type of methodb Measuresc
9260 Subclause Tech |Inspect| Task Obs Per- |Physio| User
eval test use form rep
Documentation of gestures v 6.1.8 v v v

Documentation of gestures should be
suitable for the intended users and con-
texts of use.

Explaining gpstures v 6.1.9 v v q

Gestures and gesture commands shall be
described injdocumentation available to
the user. Thif documentation should be
offered at th¢ initialization of the gestural
interface.

Documentat{on v 6.7.1 v

The documentation of each gesture should
include:

— the namgq of the gesture;

— avisual description of the shape of the
gesture, e.g. flrawing, animation or video;

— atextual|description of how to form the
gesture;

— adescription of the gesture’s mapping
to the purpoge.

Naming a gegture v 6.7.2 v
The name shpuld be:

— specifiedin the language of the intend-
ed users;

— unambighous within the context of use;
— easy to ldarn and memorize;

— concise.

Visualizatior) of gestures % 6.7.3 v

Visual documentation of gestures should
indicate:

— astartpgint;
— anend pgint;

— the traje¢tory of any motien inthe
gesture;

— thedirecfion of any.motion along the
trajectory;

— which boldy patts are involved;

— the sequ¢nce-of any forces involved in
the gesture.

a Source is IS0 9241-960:2017.

b Methods are technical evaluation, inspection, task test and observe use.

c Measures are performance data, physiological data and user-reported data.
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Table G.7 (continued)

IS0 9241-940:2017(E)

Recommendation or requirement

Source?

Type of methodb

Measuresc¢

Subclause

Tech
eval

Inspect

Task
test

Obs
use

Per-
form

Physio

User
rep

Textual documentation of a gesture

a) Textual documentation of a gesture
should include:

— the physical interaction considered as
the start of the gesture;

6.7.4 a)

v

Bokants
P

(e.g. body parts or device manipulated
by fhe users) involved in this gesture,
incjuding:

— their physical relationships;
— their temporal relationships;

— |a description of the movement and
forfes involved:

start points and end points;

the trajectory of a gesture and the

dirpction of motion along the trajectory;

— timing (including speed, pauses,
acdeleration);

force, if appropriate;
— variability of these properties;

— |additional information as appropriate,
e.g| ergonomic and technical capabilities
influencing the gesture.

b) |A description of a gesture should be
deqcribed from the user’s perspective in
cothpliance with the characterization of
oripntation and direction of movements as
deqcribed in ISO 1503.

6,7.4b)

c) |A description of a gesture may include
refprence to the limitations or capabilities
of 4 device.

6.7.4 ¢)

d) |If there are intellectual-property own-
ership factors to consider with any gés-
turfes not defined by the users themselves,
do¢umentation of gestures should include
infprmation on such ownership.

6.7.4 d)

a Source is ISO 9241-960:2017.

b Methods are techni€al évaluation, inspection, task test and observe use.

c Measures are perfermance data, physiological data and user-reported data.

© IS0 2017 - All rights reserved

63


https://standardsiso.com/api/?name=9326c9fdf39a2c67f03c3b013821697b

IS0 9241-940:2017(E)

Table G.7 (continued)

Recommendation or requirement Source2 Type of methodb Measuresc

9260 Subclause Tech |Inspect| Task Obs Per- |Physio| User
eval test use form rep

Describing the purpose of a gesture v 6.7.5 v

The expected response or outcome of the
system in response to the gesture should
be described in the documentation and
comply with the purpose identified in
1SO 9241-960:2017, 6.1.3 (see Table G.2).

Documenting aBeSTUTE SET v 6.7.0 v

a) Where agplicable, gestures should be
grouped intqappropriate sets according

to G.7.

b) Where agplicable, all gestures within a
gesture set should be identified and made
available to tlhe user.

c) Agesturgset should have a meaningful
and unique name within the context of use.

Documenting gestures with common v 6.7.7 v
movements

If gestures wlithin a gesture set have com-
monalities if] their trajectories, the docu-
mentation siould indicate clearly both the
commonality and how each gesture within
the gesture det is unique.

a Source ig1S0 9241-960:2017.

b Methodsljare technical evaluation, inspection, task test and observe use.

¢ Measure} are performance data, physiological data and user-reported data.
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Annex H
(informative)

Examples of evaluation of device attributes

H.A—E } tdevi bV .
H.1.1 General

The following are examples of methods for testing, but are not the only possible méethods t
usé¢d. These examples are derived from ISO 9241-910:2011, Clause 9. They relate-generally f{

:2017(E)

hat can be
o desktop

kirjaesthetic devices. Each sample test should be carried out with the intenided application in mind;

some tests will be more important than others for the intended application:

Following the categories set out in Table 2, they have been split betweén attributes specific to
aspects of the device and specific qualities that are auxiliary to thethaptic aspects.

H.1.2 Haptic device attributes

H.1.2.1 Device-body interface

Is the device to be handled by the hands and fingers; or by another part of the body? Con
application carefully to determine how the device\will be interfaced to the user.

Is fhat part of the body sufficiently sensitive-drdexterous to deal with the interaction?

H.1.2.2 Degrees of freedom

the haptic

sider your

Generally, count translation directions and rotation angles along independent axes and add them up to

gef the degrees of freedom.

The following indicate typical meanings of the degrees of freedom (DOF) in a haptic ¢
“mpvements” relate to the device-body interface.

— | 1 DOF moves iCenly one direction or angle (like a straight line or a simple rotation);
—| 2 DOF moves-in a plane, or twists in two angles about independent axes;
—| 3 DOFeves in a volume, or twists in three angles about independent axes;

— | 4DOF moves in a volume and twists in one angle;

levice. All

— 5 DOF moves 1n a volume and twists 1n two angles about independent axes;
— 6 DOF moves in a volume and twists in three angles about independent axes;

— 7 DOF moves in a volume, twists in three angles, and carries a scissors-type handle.

Further degrees of freedom are possible. The device should be observed carefully and the motions on

independent axes counted. (Independent axes are generally at right angles to one another.)

H.1.2.3 Maximum stiffness

The maximum stiffness required for a task should be considered when choosing a haptic device.
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Maximum stiffness along a degree of freedom is the highest stiffness that can be imparted to a virtual
surface or a virtual angular stop without inducing vibration in the device.

To assess this, a computer model is needed to make the virtual surface or angular stop. The user
controls a virtual probe (within the computer model) by means of the device. The user presses the
virtual probe into the surface while controlling the elastic constant of the surface. By trial and error
with different elastic constants, the user finds the maximum elastic constant (or stiffness) that will not
excite vibration.

H.1.2.4 Motion range

The rangqg of motion can be estimated by handling the device, moving it between the extremes. of the
motion rahge in each independent coordinate.

Motion in|the different degrees of freedom can be coupled. For example, note the limitsrof’rotational
motion atvarious locations in the translational workspace.

Motion rapge can be linked to the movements of the limbs. For example, workspaces could be tern}ted
” ({3 il

“whole arpn”, “forearm”, “wrist” or “finger”, depending on the part of the limb_that is kept still w
manoeuvrfing the device. These descriptions might relate very well to the intended operation of the devjce.

H.1.2.5 Peak force and torque

A well-trajned arm could estimate peak force, but this would be difficult for most observers. The devlice
force coulfl be compared with the felt weight of a known mass to gain a better idea of the value of the
peak forcg.

» o«

It might suffice for most applications to command peakforce and classify it as “strong”, “mediym
and “weal”.
If peak foifce is important to the application, the duration should be noted for which the peak force ¢an
be sustained before it is relaxed by the device’s responding to motor overheating.

H.1.2.6 Maximum continuous force and torque

Like peak{force, the estimate of maximum continuous force by an observer may be quite approximgte.
It is the fdrce which can be sustained by the device indefinitely. Some experimentation will sufficq to
give the cpntinuous force or torque’as the load (imposed by the observer) that does not trigger moftor
overheating.

» o«

Force can|be classified heuristically as “strong”, “medium” or “weak”. Some idea of motor overheatjng
might be given by carefully feeling the motor temperature, if it is accessible.

H.1.2.7 Minimuni-displayable force and torque

Minimum |ferce is a quantity that can be felt intuitively, by comparison with typical light forces wjith

which thelobserveris n]rnaﬂy familiar Reasanahle r‘nmpnricnnc canbe made iFnh}'nr‘fc of known wei ;rht

are available.

The observer should try to discern if different small forces can be displayed. If there is no felt difference
between such forces, then they might be masked by friction.

H.1.2.8 Free space motion resistance

Friction can be estimated by moving the device-body interface in free space. Steady friction will be a
constant resistance to motion. It can be distinguished from inertia by the fact that it stops as soon as
pressure from the user’s hand is stopped, while inertia will continue to go in the same direction.

Friction might come with a random force or torque component. Because of this component, this friction
can be distinguished from inertia.
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Components of force or torque in free space can appear as periodic functions of spatial position. These
could be from magnets in brushless motors or from gears being driven in reverse by force or torque
from the user.

These motion-resisting forces may feel different with and without the electrical parts of the apparatus
turned on, since there could be some software or electrical compensation of the effects. Generally, the
device should feel acceptable in its free space motion without the activation of the electrical components.
Software or electrical compensation could deteriorate over time. However, there may be cost savings
with this type of compensation. The user will have to judge cost benefits versus device reliability.

H.1-279 Inertia

Ingrtia can be felt as motion that continues after the user stops forcing the device in a cértain|direction.
It if difficult to tell inertia from frictional force resistance, except for the smoothness:of'the ihertia and
itsftendency to “overshoot” the intended motion.

Inqgrtia can be compensated by software, but it is a potentially unstable algorithm, difficult to fmplement
sug¢cessfully over a wide range of conditions.

Indrtia can stabilize user tremors and smooth out the motion. It does impart an unnatural slyggishness
to a device if the application involves simulating a real-world interactien.

H.1.2.10 Peak acceleration

If 4 hard virtual surface is set up, peak acceleration can be tested by moving in free space against the
virtual surface. High peak acceleration is revealed by a‘selid tap on the surface without attenflant noisy
vibrations.

Su¢h a tap is also indicative of high bandwidthy low system latency and low device lateLcy. These
parameters cannot be determined on their ow# by the observer without measuring instruments, but
thgy do add up to a high peak acceleration,

H.1.2.11 Static friction

Stqtic friction is resistance to starting a device from rest. It can have components of inertig and gear
bagklash and noise, but it adds*up to the same effect. The user should judge carefully if fesistance
to ptartup motion is important to the intended application. High static friction can cause fa position
ovérshoot when first applying force.

H.1.2.12 Kinetic friction

Kinetic friction<is resistance to motion once motion is underway. It can have componenfts of gear
bag¢klash andynoise, but it adds up to the same effect — a general resistance to motion. The uger should
judge carefully if resistance to startup motion is important to the intended application. High static
fri¢tiofi ¢an cause a position overshoot when first applying force.

H.2 Examples of device assessment by lab measurement

H.2.1 General

Certain tests can be applied to a device that probe its characteristics beyond the level of a visual,
audio or haptic inspection. The tests described here assume access to software that can control the
device and simple instruments such as load cells (or laboratory weigh scales) and clamps to hold linear
measurement scales. The equipment setup is described for each test, along with examples of typical
outcomes.

© IS0 2017 - All rights reserved 67


https://standardsiso.com/api/?name=9326c9fdf39a2c67f03c3b013821697b

IS0 9241-940:2017(E)

H.2.2 Maximum stiffness measurements

H.2.2.1 General

When the maximum stiffness of a motorized haptic system is exceeded, unintended vibration will
occur. For example, rather than making a passive presentation of touch, the system introduces energy
into the interaction that reveals it to be a poor simulation of what it is trying to represent.

A convenient test for maximum stiffness is to present the device with a virtual wall with adjustable
spring constant and no damping. The maximum stiffness is the highest spring constant of the wall that

The handle has to be gripped by the user in the same manner that it would be gripped during normal
operation| If held in a rigid grip, the measured stiffness will be slightly higher than its actual vallue
in normal| operation; if held loosely, the measured stiffness will be slightly lower than_it,would bg in
normal opleration.

The concept of a standard testbed with a mechanical grip that duplicates the humdn grip is a subjecf of
research. The impedance of the human arm and hand could be mimicked with an.appropriate mechanism
or mass of elastic material at the device-user interface. This could give an objective measure without the
subjectivity of user damping by gripping more or less firmly (see References {7], [43] and [44]).

The following implicitly assumes a kinaesthetic device.

H.2.2.2 Equipment

A control |computer with a simulation of a virtual wall with a variable amount of springiness - the
surface offthe wall is modelled by a spring governed by Hooke's law. The haptic device is connected o a
small virthal sphere, so that the sphere moves synchrofiously with the movement of the haptic devjce.
The wall Has a return force, F, proportional to the depth of penetration, d, by the virtual probe into the
wall, wherte k is the constant of proportionality (also known as the spring constant).

F=-ky

The compfiter software should be set uip so as to

a) give the user control over a ppint'virtual probe by means of the haptic device under test,
b) locatda virtual wall, typically the local x, y or z Cartesian reference plane,

c) allow[the user to place the virtual probe onto the surface of the wall, but to pull it back at will, and

d) allow|the user to\increase or decrease the spring constant of the wall.

H.2.2.3 Testprocedure

Find the maximum spring stiffness that does not cause vibration. Use a hifurcation technique as followvs.
a) Setthe wall spring stiffness to any value near the expected maximum stiffness.

b) If vibration occurs, reduce the spring constant.

c) Ifvibration does not occur, increase the spring constant.

d) Continue increasing and decreasing the spring constant, bracketing ever closer the maximum
stiffness where vibration does not occur.

e) When the smallest iteration crosses the line between vibration and no vibration, the maximum
stiffness where vibration does not occur has been located.
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A convenient way to vary the stiffness is to use a slide bar. When the mouse is used to select the slide
bar, the roller on top of the mouse will move the slide bar, thus changing the stiffness. The user can vary
the stiffness with one hand, sight unseen, while focusing attention on the device while it is controlled
with the other hand.

Figure H.1 a) shows a sphere touching a surface in isometric view. The sphere is termed a “ball-probe”,
and it is shown just touching the surface. Figure H.1 b) shows a side view of the ball and the surface, with
the ball-probe pushed into the surface by a distance d. Figure H.1 c) shows a user’s hand with a pencil-
like grip on the handle of a haptic device. The device handle is linked to the virtual ball, so when the user
presses down on the handle, she feels an opposing force, F, that is proportional to the distance, d.

Figure H.1 d) shows a graphic user interface with two slide bars. One of the slide bars cdntrols the
stiffness, k, of the haptic interaction between the ball and the surface. This slide bar can provide the
stiffness control that will give the highest stiffness possible for the virtual surface.as prolped by the
virftual ball. It can be operated by the keyboard cursor keys with one hand, while-the tester probes
th¢ virtual surface with his other hand on the haptic device. This way, the highest stiffness|value can
be [found strictly by feel and sound, without reading the stiffness values in the panel until [the test is
complete.

[OL7

a) b)

NS

Wirtual Wl

[T Active

Select a joink or axis:

Joirk 0 {Back-Fronk) Joint 3 (Pitch) 2 Als
Jairk 1 {Up-Dioven) Joink 4 (Roll) Hxis
Joirk 2 {Left-Right) Joink 5 (Y aw) 7 Axis

Stiffness:

I
1 J '

OFfszt:
12|
3 T
Pc5|t|vei i
)] d)

Key
1  ball-probe
2 surface
3 haptic/tactile device where vibration could be felt
4  stiffness slide bar

Figure H.1 — Virtual probe set to measure haptic/tactile display vibration
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H.2.3 Motion range measurements

H.2.3.1 General

Motion range is also known as workspace. The appropriate device motion range is typically determined
by the planned range of motion of the device-body interface.

Motion range typically consists of translational and rotational components. These can be partitioned,
as in serial devices, or coupled, as in parallel devices.

Typically,
a device Will be defined by three orthogonal axes. These might be defined relative to the obsery
vertically

Similarly,
rotation a

H.2.3.2

The equip
(@ “ruler”) and an independent means of support for the scale. For example, in-devices in which the u

swings his

of clamps
holding gl

The equip

3 o dayzion it thenn teonclotianal dagrennc af froodaom +tha tranclationl g Lcnac

of

TIT o T v ICTTvv ol ot c o orarrstoacrotor. ot agT et U 1T OO, tratrstacroar vy O Isspaty

bottom to top, horizontally left to right, and horizontally forward and backward.

fthere are three rotational degrees of freedom, the rotational workspace could be defined
bout three orthogonal axes.

Equipment

ment for measurement of the translational workspace consists of alinear measurement sq

arm at the elbow, a meter stick would suffice for the measurement. It could be held by a p
each attached to a single vertical support pole. Such clamps are used in chemistry labs
hssware.

ent for measurement of the rotational workspace consists of a protractor (typically a sc

yer,

by

ale
Ser
air
for

ale

of angles ¢gver 180° drawn on a clear plastic surface). It could’be held by a single of clamps attached fo a
single vertical support pole.

It is usefu] to note the values of the positions as note@by the device sensors, for comparison with
values redord from measurements based on an external scale.

H.2.3.3

est procedure

The extenf of the translation workspace‘is found by noting the position of the motion extremes of
device-us¢r interface. For each axis,

g)

note

the m

the

he

)

otion range is the difference of the two measurements.

ind

The extent of the rotational workspace is found by noting the position of the motion extremes of the
device-user interface. For each rotational degree of freedom,

1y
2)
3)
4)

70

arran

ge for the protractor to be supported independently of the device under test,

set the protractor just under but not touching the device as it moves, its origin at the rotation axis,

move

the device to the extreme in one direction,

note the rotation of the device on the fixed protractor, looking at right angles to the protractor,
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5) move the device to the extreme in the other direction,
6) note the rotation of the device on the fixed protractor, looking at right angles to the protractor, and

7) the motion range is the difference of the two angular measurements.

H.2.4 Force and torque measurements

H.2.4.1 General

Fo anslational

degrees of freedom may be defined along three orthogonal axes.

Similarly, if there are three rotational degrees of freedom, torque could be defined|by alhout three
orhogonal axes.

For each force and torque direction, it is possible to define the peak instantaneeus value, the mnaximum
comtinuous value, the minimum displayable value and the resolution of the parameter.

A peak force could last as short as 10 ms, while a continuous force couldjlast an indefinite tine (5 min
to hours if necessary).

The dynamic range of force and torque can be defined as the ratio-ef the highest to the lowesf values in
th¢ force or torque along or around a given axis. It is typicallyexpressed in decibels.

H.2.4.2 Equipment

Force or torque is measured typically with a load cell;a device that measures force in compyression or
terjsion. A widely available load scale is found inlab scales, or even personal bathroom scalps. A scale
with a range appropriate to the forces imposedby the device under test should be selected.

Idgally, the load cell output would be readable by a computer, so that a series of values can be taken
quickly and efficiently as force is applied.

The device control software should.be set up so as to
a) | give the user control overthe output force or torque of the haptic device under test,
b) | record the applied force/or torque as perceived by the device, and

c) | record the measured force or torque as perceived by the load cell.

H.2.4.3 Test procedure

The peak translational force is found by noting the force reading of an external load cell being pressed
or pulled;by the device-user interface of the device.

a) | €hoose the component of forced or torque to be measured. Identify its direction.

b) Setup the load cell with support independently supported and fixed relative to the device.
c) Arrange to the device so as to press or pull on the load cell, as appropriate.
d) Setthe force to maximum and record the results. Hold it long enough to record several data points.

e) Set the force to a series of decreasing values and note the internally perceived and externally
measured values.

f) Continue down to nearly zero, noting the minimum force that makes a reading.

g) Set the force to the expected continuous maximum value. Leave recording for 30 min.
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h) If the force is sustained for 30 min, increase the value and record for 30 min.

i) Continue increasing the value until an unsustainable force is reached.

j)  The highest sustainable value is the maximum continuous force.

Repeat for other degrees of freedom as appropriate.

If a weigh-scale is used for the tests, it should typically be kept horizontal with the device under test
arranged to bear down on the scale vertically.

H.2.5 Infertia measurements

H.2.5.1 ¢
Inertia sh

Dependin
units of m

Inertia caI be measured by oscillating the device with its own motors, while®ecording both the driv|

force or t
the device

H.2.5.2 1
Both viscd

Figure H.?
20 Hz. (T

change tl‘E principles of the calculation.) The plots*show two sinusoidal functions. The lower

marked “J
shows the
duration d

Note that
¢, about 0
the angle

reneral
pws itself in free space motion resistance. It is a perceived mass at the device-body interfa

b on the degree of freedom and its design, inertia can be translational jnertia, expressed
pss, or rotational inertia, expressed in units of mass times distance squared.

rque and the measured position. The necessary instrumentatign*can typically be found
itself.

ixample measurement
us friction and inertia may be derived from oscillatioinl experiments.

| shows the results of applying an oscillating torque signal to Joint 0 at a frequency of neg
his is well below resonance, but a slower gs¢illation may have been desirable. It does

int 0 Torque” represents the driving.fGnction, while the upper plot marked “Joint 0 Ang

f the plots.

1 of a full 50 ms cycle. The-jnformation is contained in this phase lag and in the amplitudg
pscillation.

CE.

in

ng
on

rly
not
lot
le”

resulting angle oscillation. Each plotshows two cycles of the function during the 100 ms tijme

the angle oscillation lags theitorque oscillation by about 5 ms. This represents a phase anjgle

e of

72

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=9326c9fdf39a2c67f03c3b013821697b

-0,108
g7 13 19 25 31 37 43 49 55 61 67 73 79 85 91 97

-0,109

-0,111

-0,112

-0,113

-0,114

-0,115

IS0 9241-940:2017(E)

Ke)

RS

s8]

Ac

wh

04

[

0,2

/ \ /

~ | 0
L 7\13 19 25 3/ 37 43 49 55 \§1 67 73 79/85 91 97
-0,1 /
-0,2

-0,3

04

torque, N-m
angle, rads
time, ms

Joint 0 Angle.
Joint 0 Torque.

Figure H.2 — Oscillating Joint 0 at 19,5 Hz

fording to the theory developed below, inertia is given by

T
I=—2—cos¢

2
Qmaxw

ile dampingfis-given by

T
C,=5"2—sing

4 Omax 0

(H.1)

(H.2)

¢ is the phase lag between angle and torque oscillation;
Omax is the amplitude of the angle oscillation;
To is the amplitude of the torque oscillation;

W is the frequency of the torque oscillation.

In the example given in Figure H.2, the following parameters can be derived:
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Torque amplitude To 0,33 N.m

Torque period T 0,053 s, so frequency f= 18,96 Hz
Angle amplitude Omax 1,67 mrad

Angle phase lag 0] 0,70 radians

Inserting these values into Formulae (H.1) and (H.2), we find angular inertia I = 0,010 65 kg-m?2 and the
coefficient of friction €, = 1,086 kg-mZ2/s for Joint 0. These angular quantities may be converted to linear

quantitiec ]r\y r‘inir]ing ]ny the upper arm ]nngfh’ n") m, to yin]r‘ inertiam — 266 o and r‘]amping constant
c=26,7kg/s.

H.2.5.3 Derivation of formulae for inertia and damping

The derivation of the two formulae involves an assumption of freedom from extraneous:spring forges,
other thah the oscillating motor, and also of oscillating at a frequency well below the resonance
frequency]for the structure.

A general| oscillator equation for a one-dimensional oscillator with visceus/damping is shown| in
Formula (H.3):

mx +dx +kx =F, sint (H.3)
where m is the mass (or inertia), c is the damping coefficient, kiis the spring constant restoring foice,
and the right side is a force of amplitude F, and frequency w.

If the oscillating frequency is near a resonance, then the structure acts like a spring, giving a restorjng
force that|causes large oscillations. We assume explicitly:that we are well below any such resonance.|By
assumingfthat there is no restoring force, the oscillation equation takes on the following form:

mx +dx =F, sinot (H.4)
As a joint|is oscillated, a sinusoidal motion’appears, shifted in phase from the driving function. This
solution njay be written as shown in Eormula (H.5):

x=Asin(wt+9) (H.5)
Substitutihg this back intoEormula (H.4), we get

~mAdf sin(at +¢J¢bAwcos(wt+¢)=F, sinat (H.6)
Using the |dentities shown in Formula (H.7)

sin(x {3} =sin x cos y+cosxsin y (H.7)
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cos(x+y)=cosxcos y—sinxsiny

Formula (H.6) can be written as Formula (H.8):

—mAw? [sinwtcosq) + coswtsinq)] + bAw[cos wtcosP— sinwtsinq)] =F, sinwt (H.8)

Collecting terms in sinwt and coswt, we get Formula (H.9):

[—msz cos¢—bAa)sin¢}sin a)t+[—mAa)2 sin¢ —bAwcos (b}cos wt=F, sinwt (H.9)

Eqpate terms in coswt and sinwt to get components in phase with force and in quadratuve ag shown in

Fofmula (H.10):
[-mAw? cos¢ - bAw sing] sinwt = F, cos¢ (H.10)

[-mAw? sing + bAw cos¢] sinwt = 0

Eqpating coefficients of coswt and sinwt

-mAw? cos¢p - bAw sing = F, (H.11)
-mAw? sing + bAw cos¢ =0

Multiplying the first of Formula (H.11) by cos¢ and.the second by sin¢, and adding, we get Formula (H.12):
-mAw? (cos? ¢ + sinZ ¢) = F, cos¢ (H.12)

whiich simplifies to a formula for inertia'shown in Formula (H.13):

F
02 cosp (H.13)

Aw

m=

Myltiplying the first of Fermula (H.11) by sing and the second by cos¢, and subtractirjg, we get
Formula (H.14):

—bAa)(0052 psin 2 ¢) =F, sing (H.14)

wHich simplifies to a formula for damping coefficient shown in Formula (H.15):

F
b=~—2-sin¢ (H.15)
Aw

H.2.6 Free space resistance measurements

Low free space motion resistance indicates the ability to move the haptic device with minimal
opposition throughout the workspace. Ideally, the device does not produce forces on the user’s hand
when there is no interaction with an object in the virtual world.

Free space motion resistance can be composed of both steady forces and variable forces. Steady forces
can include friction and inertia; variable forces may include gear noise, backlash (unwanted free motion
in gears) and elasticity in the transmission.

Free space resistance is measured with a load cell pushing the device or connected in series with a
string or rope pulling the device-user interface.
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H.2.7 Acceleration measurements

The ability of a device to deliver high peak acceleration is evident in crisp contacts and impulses that
involve rapid changes of velocity.

Peak acceleration may be measured by placing accelerometers at the device-user interface. As a check
on other measurements, it is equal to peak force divided by inertia.

H.2.8 Friction measurements

Friction is-resistance to maotion in a haph'r‘ device It is exhibited in two distinct categories = frict
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the haptic loop can be implemented-per second (also known as the update rate).

vidth is affected by factors such as the rate of digitization of sensor signals in the haptic dev
the communications between the haptic device and the control computer, and the time tal
he haptic simulation and eempute information to be returned to the haptic device. There
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Device latency is the time delay between sending a command to a haptic device and receiving a
response from that device. The device latency may be considered as a device-specific contribution to
the bandwidth of a haptic system. It can be separated from bandwidth only by applying an external
control system to the device itself - using a forcing signal from an oscillator, for example, and sampling
the device angle sensors in a digital sampler of known high bandwidth (or equivalently, low latency).
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Annex I
(informative)

Unique aspects of haptic interaction

:2017(E)

b evaluator should be aware of the unique aspects of haptic interaction. Haptic intefactio
ception by sensory and motor activity based on the skin, muscles, joints and tendons:.

b following elements present challenges to the evaluator of haptic interactions:

Personal nature of haptics

ptic interaction is generally personal and private to the user, often having direct contact with

Cause of the private nature of haptics, the evaluator who is(interested in the haptic experig
br should employ methods that elicit a description of the effect. The user could describe it g
bhing against an obstacle, or like running a pencil through a grove, or touch my hand to thg

s research into the user’s experience does not preélude evaluating the efficiency and eff
the interaction in performing a task. Such efficiency can be deduced by analysing the t4
come.

AMPLE A surgeon is learning to stitch merves together with the aid of a virtual reality surgical
P size of the movements and the muscle control that she is learning are entirely personal to her oy
vement. As explained in ].3.6.1, a verbal protocol will help to communicate the user’s feeling to th
kiliary measurement instruments could help assess sensed force and torque (see ].3.6.2.3).

Bidirectional interaction

h bidirectional interdction, the system pushes back in ways that instruct the user. In a big
praction, it can bedifficult for the user to separate haptic effects that he senses from force
t he delivers (seg).4.2.3), the whole tactile/haptic interaction, rather than parts of the w
ther observation and experience, the effect of the device and the logic and structure of thg

Unidirectional interactions

n involves

the user’s
users.

nce of the
s intuitive
floor.

bctiveness
sk and its

| simulator.

vn sense of
b evaluator.

irectional
or torque
hole. With
p software

Many types of hapftic interaction are unidirectional. They share this characteristic with visual and
audio displays, but differ in that sense from keyboard and mouse.

Unidirectional haptic interaction can be initiated by a user. In the case of a gesture, it is typically
unidirectional from the user toward the device. An inspector could judge the efficiency of a gesture
without the use of an electronic receptor. In this case, it is possible to separate the gesture from the
gesture-detecting device.

In the case of a tactile unidirectional interaction, it is unidirectional from the device to the user. Action
can be required as a result of a signal, but the signal itself is passively received. An evaluator can
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interrogate the user on what she feels or observe the user’s response to the implied command. In this
case, it is not possible to separate the experience from the device producing the tactile stimulus.

EXAMPLE1 A tactile vest can be used by a supervisor to quietly signal a worker. The haptic effect could be on
the front, back or either side of the torso. The signal is passively received, but could result in some agreed action
or motion on the part of the individual receiving the signal.

EXAMPLE 2 An electric wire is buried around the perimeter of a property. It carries a signal that activates
a shock device carried in the collar of a dog. The dog learns not to cross or approach the perimeter, in order to
avoid the electric shock. Thus, the dog is trained in a passive way to stay within the bounds of a yard. The action
is personal to the dog and is not shared or felt by other animals or people.

I.5 Sensory substitution

Haptic interaction can be employed to enhance other types of human-computer interaction. It is ¢ne
more modality in a suite of senses that increase the bandwidth between the user and the/domputer.

Having ar] alternative modality can be especially important in assistive applicatiors. If one or mpre
senses ar¢ not usable, then a suitable haptic environment can provide an altérhative. An evaluajtor
should kegep in mind the full context of the haptic interaction, including the ability of the user to find
substitutés.

EXAMPLE [ A person who is partially deaf keeps a fire alarm receiver ow’a bedside table and a vibrator pad
under the pillow. Vibrations can then alert the user to potential danger<and confirms a barely heard audjble
alarm. The| evaluator of such a system can observe its effect on alerting/a Gser, then determine what modality
gave rise tq the most immediate response.

EXAMPLE £ Other haptic devices can enable a person to perceive music through rhythmic sensations senf to
different pgrts of the body. Some of the enjoyment can come frem'the view of the orchestra or the visual effdcts
of an accorppanying light show. The evaluator needs to keepin mind these auxiliary effects while assessing[the
usefulness|of a haptic music display.

1.6 Distributed contact points

Haptic deyices within the scope of this document include force feedback joysticks, vibrating cell phopes
and vibrators embedded in clothing, distributed over the human body. They include devices that detect
and interpret movements of the human body that are interpreted as gesture commands in humpn-
computer finteraction.

Haptic intpraction could use@ny part of a user’s body, depending on the design of the system and fhe
planned ipteraction. It tefads to direct attention to some part of the user’s body when it is used| or
activated.

Since hapfic interactions could address any part of the body, test design should be sensitive to cultural
and genddr aspects 0f such touching. The user sample should be broad enough that cultural and genfler
issues are|addressed (see ].4.2.7).

1.7 Adaptation
Haptic interactions can be altered by adaptation and masking over an extended time. This is especially

true for vibrotactile feedback to the user’s skin. Tests should be long enough to determine if adaptation
or masking will be issues (see ].4.2.6).
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Evaluation by usability walkthrough or usability task te

:2017(E)

st

J.I—Gemerat

A ysability test consists of evaluating representative users carrying out representative fasks fo identify
any usability problems and/or to obtain measures of effectiveness, efficiency and/er satisfaction. The
pufpose of the evaluation can be “formative”: to improve the object of evaluation, and/or “summative”:

to produce conclusions about the merit or worth of the object of evaluation.

A ysability walkthrough consists of an expert inspection where the expertidentifies potentig
problems while attempting to complete tasks playing the role of a user.“This can be comh

1 usability
ined with

ingpection to identify deviations from criteria based on user requirements, principles, guidelines or

estlablished good practice for usability and accessibility.

J.Z Stepsin a usability walkthrough or usability-test

The steps to evaluate haptic interaction by a usability.test or by expert evaluation using :
wallkthrough are listed in Table J.1, together with special issues related to the evaluatior
intpractions.

NO[TE This procedure is adapted from ISO/TS 20282-2 and ISO/IEC 25066.

W usability
of haptic
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Table J.1 — Evaluation steps

Evaluation activity

Haptic issues

1) Plan the evaluation

a) Establish the purpose of the evaluation

[s the evaluation intended to improve the haptic
system (formative) or to verify or validate re-
quirements such as those listed in this document
(summative)?

b) Decide what is to be evaluated

Is the haptic system a finished device, a prototype,
or a concept?

c) Decid

e on the type of evaluation

This annex describes the usability walkthrough
and usability testing methods.

d) Identfify the types of user groups to be included in the

Which are the most frequent or mostimportant

evaluation types of users?

e) Specify goals to be evaluated Whatare the most frequent or mostcommon tagks

that this device will be used for?

f) Identjfy the data to be collected during evaluation How to describe sensation thatis sensed haptically?

g) Decide on the number of users for testing or evaluators |Are there limitations dn time or device access
for inspection

h) Check that the product is capable of being used in the Will a prototypeubstitute for the real thing?
identified pcenario

i) Consider ethical issues and assess potential harm Will a us€r'be placed out of her comfort zgne
from use during-atest?

2) Prepay

e the evaluation

a) Recryit the users or identify the inspectors

Users should be representatives of the target
population.

b) Configure the product or prepare the prototype Set up a reliable demonstration.

c) Specify test scenarios and goal criteria For usability testing, how to measure the effect
of the use of the haptic system on the person’s
performance and satisfaction?

d) Specify the environmental characteristicsito be used Carry out test in the intended context of use|to
assess if the haptic effect is discernable.

e) Estallish the test or inspection procedure Be methodical with test procedures and devjce
preparation.

f) Wher testing, carry out a pilottest A pilot test will ensure stakeholders of the evjal-
uation process.

g) When testing, informthe’user of the intended goal

h) Creatle the evaluatfefrenvironment Set up prototype or product in test environmept.

3) Carry ¢ut the evaluation

a) Run the testsior carry out the walkthrough as planned |Be prepared for unexpected events with complex
devices.

b) Analysetheresults Be gpentoallpossible reactionstohapticdevices.

c) Establish conclusions

Make allowances for the condition of the prototype.

4) Document and disseminate the results

a) Prepareareport

Include an executive summary as haptics might
not be fully understood.

b) Ensure that the report is given appropriate distribution
to stakeholders

Follow up with readers of the report to obtain a
response.
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J.3 Plan the evaluation

J.3.1 Establish the purpose of the evaluation

The purpose of the evaluation (see Clause 5) and scope of the evaluation shall be defined to enable an
appropriate evaluation to be designed that provides the required information.

].3.2 Decide what is to be evaluated

Decide on which of the general categories of attributes from Table ].1 are to be evaluated.

NO[FE1 Haptic interactions typically make use of a device that helps a user interact with\a synthetic
enyironment. Determine if the whole interaction is to be evaluated, or just the device or the synthétic efvironment
on their own.

NO[TE 2 .3.5 gives further help on deciding on the scope of tasks and contexts of use that'are to be evaluated.

J.3l3 Decide on the type of evaluation
Thjs annex describes

a) | a usability walkthrough by experts (note that this could be combined with inspection fo identify
deviations from predefined criteria; see 6.3), and

b) | ausability test to identify usability problems and/or todmeasure user performance and/of to obtain
physiological data about the user's experience (see 7.3).

]J.3l4 Identify the intended user groups

].314.1 General

Idgntify the range of actual or potential users of the product. Different user groups may use tlhe product
to pchieve different goals. It is important to consider use by people who are towards the pnd of the
range of user characteristics withinthe user population, especially for products made availaple for use
by [the public. Relevant user characteristic, including vision, hearing, cognition, strength, deyterity and
lodomotion, can vary over a wide'range of capabilities.

Indpections should take account of the intended types of users. Users or inspectors are selectled in ].4.1.

J.3{4.2 User physiology
Variations in usér'physical characteristics should be taken into account.

Users can vapy greatly in the size and sensitivity of the body part engaged in the device-useif interface.
Gender and age can make for differences in hand size or the size of other relevant parts of the body.

Users'can vary greatly in their sensory characteristics. Haptic sensitivity can differ betweer] male and
female participants, both for skin touch and for a sense of [imb and body Iocation.

EXAMPLE For tests with tactors in contact with user bodies, it is recommended that the evaluator ask test
users how ticklish they are in general and for the particular area of the tactor, and if they have any skin rash or
sensitivities in that body area.

J.3.4.3 User psychology

Variations in user perceptual and cognitive characteristics should be taken into account. Some of these
are related to the physiological capabilities of the user, while others are more related to their brain
development. This is especially true in testing children, who undergo growth in a wide range of mental
capabilities as they grow toward maturity.
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J.3.5 Specify goals to be evaluated

The user goals to be evaluated shall be defined. The goals need to be defined in conjunction with the
identification of user groups, as different user groups can have different goals. It is usually appropriate
to evaluate the most frequent or most important goals.

For the goals to be used for evaluation, it should be possible to:
— identify typical contexts of use that are representative of the use of the system for that goal;

— identify criteria for successful achievement of the goal.

Achievement of a goal can depend on achievement of sub-goals.

EXAMPLE A mobile device has been designed to guide a person through city streets. It makes use,of GP$ to
compare it present location with the destination. It is carried in a pocket, and it starts to vibrateif the perfon
walks in the wrong direction. The frequency of the vibration is higher according to the deviatiofiof the directlion
of walking ffrom the predicted direction. The goal is to arrive safely and efficiently at the destination.

EXAMPLE A tactile vest has been designed to support spatial orientation in pilotsOTactors are embedgled
throughout a vest and are activated to alert pilots with regard to “which way is up”. {t'can also be programmed
to alert heljcopter pilots with regard to altitude and orientation during hover. The gealis for the aircraft pilof to
maintain aareness of aircraft position and orientation.

EXAMPLE B A tactile belt, integrated with GPS and android map-based<technology, has been designed to
support uspr navigation, wayfinding and communication. The tactors omjthe belt indicate the correct directfion
and arriva] at destination, and tactile patterns represent communications from another user. The goal i to
navigate tq a location and receive covert communications from others without having to attend to hand-Held
devices (i.4. hands-free and eyes-free).

EXAMPLE # A tactile driver’s seat has been designed to\support automobile driving and navigation. The
tactors canbe programmed as driver alerts (e.g. driving speed) or as navigation aids (e.g. take the next left tufn).
The goal is|to support driving effectiveness while reducingdriver workload.

J.3.6 Identify the data to be collected during usability testing

J.3.6.1 Verbal protocol
A verbal protocol to describe the haptic interaction should be established.

A user’s vocabulary for hapti¢ experiences might be limited, making it difficult to describe what is
felt. This |imitation should.be)taken into account when evaluating user satisfaction, and indeed [for
all communication involving verbal information. Interviews, spoken descriptions or diaries may|be
solicited, ;Eut the user should be offered some assistance in expressing their feeling and describing tHeir
sensations.

NOTE1 [A user might find suggested analogies helpful. The feeling of not knowing the next step in a sequepce
can be compared to being lost while driving. Fatigue can be likened to exhaustion after an intense sprin{ or
downhill srq:i run, or holding a bag of groceries too long while waiting.

NOTE 2  Psychometric rating scales can be used to assess the degree to which the user can feel a sensation,
and whether they found the sensation distracting, annoying, too noisy, too difficult to feel and so on. This can be
useful for devices such as tactors (designed for unidirectional tactile interaction).

].3.6.2 Measures

J.3.6.2.1 General

If measures are to be taken, it is important that the evaluation is as realistic as possible, and that the
participant is not given any hints during interaction.
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