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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-govermmental, in liaison with 1SO, also take part in the work. ISO collaborates closely with
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bl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

bl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart 2.
fask of technical committees is to prepare International Standards. Draft International Standa
y the technical committees are circulated to the member bodies for voting\»*Publication as
bl Standard requires approval by at least 75 % of the member bodies castingawote.

shall not be held responsible for identifying any or all such patent rights.

804 was prepared by Technical Committee ISO/TC 159, Ergonomics, Subcommittee S(
s of human-system interaction.

dition of ISO 9241-304, together with ISO 9241-302:2008,°1SO 9241-303:2008, ISO 9241-305:2

orates the Amendment 1SO 9241-3:1992/Amd.1:2000, replacing that Amendment's test met
e specified in Clause 8.

consists of the following parts, under the general title Ergonomic requirements for office work |
ay terminals (VDTs):

General introduction

Guidance on task requirements

Keyboard requirements

Workstation layout and postural requirements
Guidance on.the work environment

Requirements for non-keyboard input devices
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drawn to the possibility that some of the elements of this document.fnay be the subject of patent
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P41-307:2008, cancels and replaces 1ISO 9241-3:1992L0f which it constitutes a technical revision. It
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vith

Part 1

1."Guidance on usability

Part 1

Part 12: Presentation of information
Part 13: User guidance

Part 14: Menu dialogues

Part 15: Command dialogues

Part 16: Direct manipulation dialogues

7: Form filling dialogues
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ISO 9241 also consists of the following parts, under the general title Ergonomics of human-system interaction:
— Part 20: Accessibility guidelines for information/communication technology (ICT) equipment and services
— Part 110: Dialogue principles

— Part 151: Guidance on World Wide Web user interfaces

— Part 171: Guidance on software accessibility
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— | Part 302: Terminology for electronic visual displays

— | Part 303: Requirements for electronic visual displays

— | Part 304: User performance test methods for electronic visual displays

— | Part 305: Optical laboratory test methods for electronic visual displays

— | Part 306: Field assessment methods for electronic visual displays

— | Part 307: Analysis and compliance test methods for electronic-visual displays
— | Part 308: Surface-conduction electron-emitter displays (SED) [Technical Report]
— | Part 309: Organic light-emitting diode (OLED) displays [Technical Report]

— | Part 400: Principles and requirements for physi¢al input devices

— | Part 410: Design criteria for physical input-devices

— | Part 920: Guidance on tactile and hdpfic interactions

Fol the other parts under preparation, see Annex A.
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Introduction

ISO 9241 was originally developed as a seventeen-part International Standard on the ergonomics
requirements for office work with visual display terminals. As part of the standards review process, a major
restructuring of 1ISO 9241 was agreed to broaden its scope, to incorporate other relevant standards and to
make it more usable. The general title of the revised ISO 9241, “Ergonomics of human-system interaction”,
reflects thgse changes and aligns the standard with the overall title and scope of Technical Comm%ee

ISO/TC 15P, Subcommittee SC 4. The revised multipart standard is structured as series of standards
numbered |in the “hundreds”: the 100 series deals with software interfaces, the 200 series with human-¢entred

design, thg 300 series with visual displays, the 400 series with physical input devices, and so on.
See AnneX A for an overview of the entire ISO 9241 series.

ISO 9241-8:1992, Annex C, offered users a provisional alternative method for testing)thé visual quality qf a
display, intended for novel display technologies for which no optical test method was available. The
Amendment 1SO 9241-3:1992/Amd.1:2000 replaced this test method and made~the previously informative
Annex C nprmative. ISO 9241-7:1998, ISO 9241-8:1997 and 1SO 13406-2:200%. (all three of which have sipce
been cancglled and replaced by other parts of the ISO 9241 “300” subseries)-referred to that Amendment{ as
providing gn alternative user performance test method.

This part of ISO 9421 not only incorporates the Amendment, but extends its basis to provide guidance on the
general prgcess of assessing the visual ergonomics of displays in a.specific context of use by means of a user
performange test method. The test method specified in this part<of ISO 9241 is applicable only to user tasks
involving the handling and processing of text. However, it"is expected that test procedures will also|be
developed|for using maps and for handling and interpreting-photographs and moving images, with these then
being incofporated into a future edition.

The structure of this part of ISO 9241 is an exception®in the ISO 9241 “300” subseries in that it establishes fthe
conformange of a visual display used for text.réndition according to its own user performance test method,
instead of by means of a compliance route given in ISO 9241-307 (in which no compliance route relevanf to
this part of|/ISO 9241 is provided).

Vi © 1SO 2008 — All rights reserved
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Ergonomics of human-system interaction —

Part 304:

User performance test methods for electronic visual displays

1 | Scope

This part of ISO 9241 provides guidance for assessing the visual ergonomics of display technologié
performance test methods (as opposed to the optical test methods given in 1ISO;9241-305). Its use
engure that, for a given context of use, a display meets minimum visual ergonomics requirement
only visual attributes and does not address the ergonomics or usability ©of the whole product tha
visyal display.

Th
att
use
car
as
pe
judgment of the display end users themselves forevaluating the quality of a display, and includ
diverse range of technologies, users, tasks and environments.

general principles laid down by this part of ISO 9241 apply toxany colour or monochrome vis
ched to a system with which human beings interact. Thiscineludes, but is not limited to, visu
d with desktop and portable computers, those used on mebile devices such as mobile telepho
neras and personal digital assistants, and status displaysrused on consumer electronics equig
printers, in-car navigation systems and microwave; ovens. It extends the basic idea of

Begause of this diversity, it is not feasible forthis part of ISO 9241 to stipulate a single, generic t
that can be used with all display technologies. Instead, the basic principles for generating a test 1
given. This method will be valid for evaluating specific displays in specific contexts of use: t
generated according to Clause 8 is-applicable only to tasks involving the handling and processing
other examples are given. An essential property of the process is that it permits the verification of t
of & visual display for a representative task, performed by representative users, taking their perfor
judgment as measured quality values. It does not, however, permit the measurement of specific
attiibutes such as luminahce contrast or display flicker in isolation.

s with user
will help to
5. It covers
[ houses a

ual display
al displays
hes, digital
ment such
the visual

ormance and comfort test specified in 1ISO 9241-8:1992/Amd.1:2000 to the use of the perforinance and

€S a more

st method
nhethod are
he method
of text. No
ne usability
mance and
perceptual

ure display
nce.

The¢ main users ofthis part of ISO 9241 will be those who procure displays or who need to meas
pefformance during-product development. Its application assumes a background in behavioural scig
2 | Normative references

The docy

refe
document (including any amendments) applies.

ISO 9241-5, Ergonomic requirements for office work with visual display terminals (VDTs)
Workstation layout and postural requirements

— Part 5:

ISO 9241-6, Ergonomic requirements for office work with visual display terminals (VDTs) — Part 6: Guidance
on the work environment

ISO 9241-302, Ergonomics of human-system interaction — Part 302: Terminology for electronic visual
displays

© 1SO 2008 — All rights reserved 1
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ISO 9241-303:2008, Ergonomics of human-system interaction — Part 303: Requirements for electronic visual

displays

ISO/IEC 8859 (all parts), Information technology — 8-bit single-byte coded graphic character sets

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 9241-302 apply.

4 GuidLng principles

The guidin
effectively
users' heal

j principles of this part of ISO 9241 are that visual displays should help people carry out their ta

th.

Formal opfical test methods as specified in ISO 9241-305 might not be available to sUpport the procurem

of newer
usability of
approach {

It sets out
visual disp

a) specif

b) define

Hisplay technologies. In such cases, requiring manufacturers to demonstrate evidence of
their displays provides the most effective route for ensuring good ergonomics quality. This is
bken by this part of ISO 9241.

our steps for generating test methods that can be used to measure the ergonomics visual qualit
ays:

the visual ergonomic test objectives (see Clause 6);

the test procedure (see Clause 7);

c) carry qut the test (see Clause 8);

d) analyg

5 Conf

Whereas

e the data (see Clause 8).

ormance

SO 9241-303 and ISO 9241-305 refer to the compliance routes defined in 1SO 9241-307

establish the conformance of _a Visual display, this part of ISO 9241 itself specifies a test method

establishin

If the test g

g such conformance:

isplay is compared to a benchmark display and the test procedure is based on either alphanum

or non-alphanumeric text; conformance is achieved when both

— the se
with th

e benchmark display, and

sks

and efficiently, and that displays should be satisfying to use and not in any way be-harmful to their

ent
the
the

of

to
for

Bric

arch speed for the test display is not statistically significantly lower than the search speed obtaiped

significantly lower than that of the benchmark display.

the perceived quality, as measured by its visual comfort rating, of the test display is not statistically

The procedure used for determining search speed and perceived quality shall be in accordance with Clause 8.

© 1SO 2008 — All rights reserved
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6 Specifying the visual ergonomics test objectives

6.1 General

Visual ergonomics can be measured like any other engineering attribute. Although the data from user
performance tests are derived from objective and subjective measures of human performance, this does not
mean that the data are simply personal opinions. A good test design will generate data that are objective and
unbiased. Useful information on many practical aspects of test design in general is given in 1SO 20282;

ISO 20282-1, in particular, provides valuable background information in this area.

Te$ling only makes sense it the test results are compared with criteria that define a display as ac
unacceptable. The aim of this step is to define those criteria for the display to be tested.

Criterion description

Th¢ criterion description defines the context of the measurements and the performance characte
will be measured. In most cases — when, for instance, a novel display technology*is used in a vig
helps perform an existing task (such as word processing in an office) Z\the visual quality
display is assessed against that of a benchmark display known to mee€t or exceed the requi
ISQ 9241-303, using a measuring method according to ISO 9241-305 and’a conformance method

Ceptable or

ristics that
ual display
of the test
rements of
according

to ISO 9241-307.

EXAMPLE A test of a display that will be used for in-car navigation*might use as the criterion: “Eas¢ of reading
infgrmation from the display when it is used by experienced drivers in bright ambient lighting”.

6.3 Measuring method

Thé measuring method describes how the criterion will be measured, i.e. the scale that will be used for the
me@asurement and how the values will be derived,

Aslan example, in ISO 9241-11, three separate’ measures are taken:
effectiveness (the accuracy and completeness with which customers achieve specified goals);
efficiency (the accuracy and.completeness of goals achieved in relation to resources);
satisfaction (freedom from' discomfort, and positive attitudes towards the use of the visual display).
It n

exa
deg

ns that, for
o that of a

eeds be realized that-these three measures from ISO 9241-11 are context-dependent; this mea
mple, the effectiveness of a mobile phone display could be low — even very low compared f
ktop display & yet entirely satisfactory in the context of mobile phone use.

EX/
disf
wel

\MPLE
nguish_different colours (effectiveness), the speed with which a participant can read text on the display (&
as/the participant's overall attitude towards the display's image quality (satisfaction).

A test of a display used on a mobile phone measures the accuracy with which a participant can
fficiency) as

6.4 Performance criteria

If the test display is compared to a benchmark display, the performance criterion is normally that the test
display have at least the same visual quality as the benchmark one. But in other cases, making a decision on
the value that is acceptable can require some market analysis. Useful questions to ask at this stage include
the following.

Is there an earlier version of the tested display that is relevant in this context? If so, how is its visual
quality rated?

How do competitors displays perform?

© 1SO 2008 — All rights reserved
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These values provide the engineer with a lower limit to place on the performance of the display. Human
factors specialists recommend that the response range be considered as a continuum ranging from
“Unacceptable”, through a “Minimum” range into a “Target” range, and finally into an “Exceeds” range, as

follows.
a) Unacceptable
If the display performs within this range, it cannot be released.

b) Minimum

If the display performs within this range, it is barely acceptable. Management must weigh the benéfits

releasjng a barely adequate display now, versus waiting for the usability defects to be fixed.

c) Target

If the display performs within this range, it can be released. This is the performance range thought to

necespary to succeed.

d) Exceqds

5 of

be

If the display performs within this range, it could be that the developmentiteam have put too much effort

into the design of the display and/or developed a product surpassing requirements.

This appropch makes it unlikely that the development team will either.unider- or over-engineer the display.

7 Defining the test procedure

7.1 General

The test p
performan
typical tash

7.2 Alphanumeric and non-alphanumeric text

rocedure shall be oriented towards a.task carried out with the help of a visual display: a u
te test method as defined in this partof ISO 9241 relies on a user behaving as when performin
of this kind.

ser
g a

The visual [performance and comfort test specified in Clause 8 may be used to establish the conformance ¢f a
visual display to a certain quality, according to user performance, applicable to tasks involving the handling
and procesgsing of text. Its.test procedure is suitable for such tasks, typical of an office environment. Tlest
methods fqr other types oftasks, with their appropriate devices, remain to be developed.

NOTE 1 So far, no‘test procedure for using maps has been developed.

NOTE 2  [So.far,Xno test procedure for handling and interpreting photographs has been developed.

NOTE 3 O far, no 1est procedure for handling and nterpreting moving images has been developed.

4 © 1SO 2008 — All rights reserved
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8 Visual performance and comfort test — Carrying out the test and analysing
the data

8.1 General

This clause specifies a method that can be used to test the visual quality of electronic visual displays where
the entire set of physical requirements (viz. ISO 9241-303) cannot be applied — for example, in the case of

novel display technologies such as new types of flat panel display (e.g. electroluminescent or field emission
displays). The test consists of a letter search task and an assessment of visual comfort.

The context of use is text processing, such as that which takes place in office work. The combindtion of test

results will be referred to as the visual quality of the display.

The¢ various stages of the test, such as recruiting participants, running a pilot test and administering the final
tesf are described (see also ISO/TS 20282-2), as is the analysis of the test data, dncluding application of
stafistics.

8.4 Purpose

The method tests displays that cannot otherwise be tested for conformance with ISO 9241. If is not an
altgrnative test method in the sense that a display manufacturer has the option of choosing either the physical
requirements described in 1ISO 9241-303 or this method. Instead, the test method provides a testing route for
displays that cannot be tested according to the requirements specified in ISO 9241-303 because the display
under test uses a new technology that makes metrological{ measurements such as those specified in
ISQ 9241-305 difficult or impossible.

8.3 Overview

8.311 General

This test procedure measures the effectiveness of the transfer of visual information in terms of participants’
sedrch performance for targets embedded in alphanumerics on a candidate display versus those same
pairticipants' performance for such a task on a benchmark display. Effectiveness in this context megns that the
user is able to detect and recognize the visual targets accurately, quickly and without visual discomfort. If the
display passes this particular yiSual search and rating performance test, it can be assumed capaljle of other
presentations of information such as, but not limited to, non-alphanumeric languages.

NOJTE For a generalbackground on this type of test methodology, see ISO/IEC 25062.

The¢ dependent variables of the test are the search speed achieved by the test participants in a Visual letter
sedrch task and<subjective ratings of visual comfort using a category scale. Testing takes place in a simulated
office environment, with test participants representative of the anticipated user population.

Th¢ methed, i.e. a letter search task applying pseudo-text in combination with scaling of experienced visual
comfert,was first developed and tested by researchers of the centre for research on user-system|interaction
(1PQ):H12L. (3]

The visual quality of a display, referred to as a test display, is assessed against a benchmark display known to
meet or exceed the requirements of ISO 9241-303. Both the speed in the visual search task and the
subjective ratings must meet certain minimum requirements for the test display to pass. Sequential statistics,
or an equally robust equivalent statistical procedure, are used to determine if the participant's performance on
the test display exceeds, is equal to, or falls short of, performance on the benchmark display.

© 1SO 2008 — All rights reserved
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8.3.2 Avoidance of bias

All tests are open to bias, and this is especially true in the area of psychological testing. The assessment shall
therefore be carried out under the supervision of those qualified to carry out such testing, having the
necessary education and at least one year of experience. Rules governing the ethical conduct of human
experimental testing shall be followed. Examples of such rules can be found in References [14] and [15].

The test administrator should ensure that all potential sources of error are minimized or controlled. The

following list describes some potential sources of bias and error; it is not intended to be exhaustive.

Selection of test participants: for example, avoid selecting particular age groups.

— Configuration of displays: during the test, the benchmark display shall meet all requireménts| of
ISO 9241-303.

— Envirgnmental conditions: lighting and other conditions shall be equal for both displays, in\order to aJoid
detrimiental conditions for one of them.

— Instrugtions to the test participants: these should be impartial.

8.4 Test participants

Test partic|pants should be a sample representing the anticipated user population. The following assumes this

population
for require
visual acui
any obviol

] image quality apply, and other tests would need to be designed. All test participants shall h
ty that is normal, or corrected to normal, at the design viewing distance, and they shall be with
s physical or physiological conditions that could influence either their search performance or

quality of the images that they perceive.

8.5 The

The test d
that would
filters and

displays

splay shall be a production or full-feature“pre-production unit. It shall incorporate any treatme
be in the production unit, for example, surface treatments such as anti-glare and anti-reflect

display and shall meet or exceed all requirements of ISO 9241-303; it shall have approximately the same s

as the test

The displa
these cond

display.

ys may be labelled for identification purposes: for example, as “Display 1” and “Display 2”. Un
itions, the test participants-should not be informed as to which is the test and which the benchm

to have unimpaired vision; for people with visual impairments~Using visual displays, other critg¢ria

hve
out
the

nts
ion

treatments. The benchmark display.‘shall be supplied or nominated by the supplier of the {est

ize

der
ark

display, with half the number of-est participants first having “Display 17, the test display, and the other half first
having “Digplay 2”, the benchmark display.

8.6 Test setup

8.6.1 Geperal

The test shall,be conducted in an area that is free from distractions and external interference that cquld

influence t!

14

3 + it baoll £foll v tbio th o= i 100 Q244 & T
I (CST TCSUTtST

cse

Tk ambiant adibian £+ dafia.
e armoTCTIC CUTTUTOOTTS - STraiT rait vt T e Tarnyg T UcTrioUu 1T oo Iz O i

conditions shall be comfortable and shall not be subject to significant variation during the test, either within a
test participant's session or between test participants.

8.6.2 Test environment

The thermal environment, the background noise level, the ambient lighting and the reflectance of work
surfaces shall meet the minimum requirements set out in ISO 9241-5 and 1SO 9241-6. The ambient
illumination shall be designed so as to minimize glare and specular reflections. Constant lighting conditions
shall be maintained both within a participant's session and between test participants. The test participants
shall be light-adapted by being placed in the test room for 10 min prior to the test.

NOTE This period can be used by the experimenter to instruct each test participant about the test.

© 1SO 2008 — All rights reserved
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8.6.3 Test workstation

The display and associated equipment (e.g. the keyboard) shall be supported by a work surface in
accordance with 1ISO 9241-5.

For both the benchmark and test displays, the viewing distance shall be set according to the design viewing
distance. This distance should be constrained by a head-and-chin rest, the height of which is adjustable. The
individual height adjustments for the test participants should be such that for both the test display and the
benchmark display, the position of the eyes with respect to the display is equal for all test participants. The
position of the test participant's eyes shall comply with the line-of-sight angle requirements given in
1ISQ9241-303-2008 514

The¢ brightness and contrast settings of the benchmark display shall be specified by the manufacturer who
nominates the display: at these settings it shall meet or exceed all respective requirements given in
IS® 9241-303.

NOJTE A measurement procedure for specifying brightness and contrast is given in ISO 9241-305.

At the option of the manufacturer, the brightness and contrast of the test display’should be either
a) | fixed at settings specified by the manufacturer, or

b) | adjustable by test participants to their personal optimum settings.

Both displays shall be allowed to warm-up for at least 20 min prigr to testing.

The test participant shall be seated in accordance with ISO 9241-5.

8.6l4 Test material

The¢ test material shall be pseudo-text generated from a character set associated with an 8-bit single-byte
coded graphic character set as specified ISO/IEC 8859, which describes a collection of characler sets for
varjous languages. If a system cannotcdisplay text in an alphabet familiar to the users, text|should be
displayed by double-byte coded characters (e.g. Asian characters). In this case, the language uséd shall be
spgcified in the compliance statement.”Each test will use a specified character subset (e.g. “A” td “Z”, “a” to

Z’|and “0” to “9”). The same subset shall be used for both displays.
Pséudo-text shall be generated from the character set according to the following constraints.
— | Pseudo-text shall*‘consist of blocks of random strings of characters separated by spaces.

— | The texts, on-both test and benchmark displays, shall consist of a constant number of lines and a
constant.number of characters per line (including space characters).

— | Thetnumber of characters per line shall be chosen so that the line length (in centimetres) i$ less than
25'times the line-to-line distance (i.e. the height of the display area divided by the maximum|number of
[ines). However, a line should contain at least 30 characters (including embedded spaces) The total
number of characters in a pseudo-text shall be between 400 and 600, embedded spaces included. The
pseudo-text blocks shall be sized such that, if five blocks could be displayed at once (one in each corner
and one in the middle), they would have minimum overlap while maximizing coverage of the display area.

— Each test participant shall be instructed to count the occurrences of a single target character over the
entire test (e.g. test participant X is instructed to search for “A’s during the entire test, test participant Y is
instructed to search for “R’s, etc.).

— The number of targets shall be 2 % to 3 % of the total number of characters in the text, including
embedded spaces.

© 1SO 2008 — All rights reserved 7
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— The position of the targets shall be randomly chosen with the restriction that a line shall not start or e
with the target character.

— The text shall contain a constant number of spaces. The space fraction shall be 15 % (i.e. the number
spaces relative to the total number of characters, including embedded spaces).

nd

of

NOTE Although the average word length does vary over different languages, pseudo-texts with 15 % space

fraction do resemble normal texts with respect to their string length distributions.

The position of the spaces shall be randomly chosen with the following restriction:

a) aline ghall neither start nor end with a space character (all spaces are embedded);

b) a spage character shall not be adjacent to another space character (strings are separated by single

spacesg);
c) the mihimum string length shall be two characters.

8.6.5 Test procedure

Display pspudo-text as a block of characters in one of five screen locations. The-test participant's task is
scan the tgxt and identify each instance of the target character.

to

Place the blocks of pseudo-text in the upper left, upper right, lower left;lower right and centre of the screen.

Locate the|centre block so that the middle character of the block is.approximately in the centre of the acji
area of the| screen. Place text in each of the four corners so that it abuts the extreme corners of the screen.

ve

Inform the [test participants that the objective of the test is to €valuate the quality of the image on the display.

If, for the purposes of the experiment, the manufacturer of the test display has decided that the brightness

nd

contrast may be adjusted by test participants, give the'dest participants the opportunity to adjust the f{est

display to |their preferred settings. Set the brightness*and contrast settings of the benchmark display
accordancg with the manufacturer's instructions. This:shall not be adjusted by the test participant.

Manufactufers should be aware that, if the user is allowed to adjust the display, this can give the user
indication ¢f the display under test and therefore could affect the results of the test. This may be prevented

n

an
by

asking the Juser to adjust the settings before the test and then performing the test with the controls hidden fijom

view.

Present the five test blocks at_the)five locations in random order. Instruct each test participant to scan fthe

pseudo-text from the top to thebottom line and indicate each occurrence of the target character. In ordef
overcome [the problem of-initial learning effects, train the test participants before the main experiment
performing| the task forjat/least 10 pseudo-texts (i.e. 10 trials). Residual learning shall be controlled

counter-bajancing thestimulus order within the main experiment. These practice trials shall use pseudo-lext

placed in pny of the)five possible screen locations. Practice trials shall be presented on both test
benchmark displays.

to
by
by

nd

Continue gractice trials until the test participant's performance on any one block of pseudo-text is error-friee.

Do not use data collected from the practice trials to evaluate the quality of the display.

For the experimental trials, measure the time taken for the test participant to identify each instance of the
target character in each block of pseudo-text and the number of errors made by the test participant (see 8.8).

Allow the test participant a rest break of up to 1 min between trials, with a minimum break of 10 s.

Instruct test participants to respond by pressing predefined keys or buttons to: initiate a trial; count spotted

targets; and sfop a trial.
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A keyboard or any other appropriate input device may be used for this purpose. If the keyboard is used, the
“‘ENTER” key should be defined to initiate/stop a trial, and the space bar should be defined to register spotted
targets.

Register the interval between initiation and stopping of a trial as the search time for this trial.

Instruct test participants to minimize errors as far as possible and yet work as quickly as possible. They shall
be instructed to minimize their error rate, regardless of the visual quality of the display under test; for example,
if the display has deteriorated in comparison to a previous one. It is very important to give the proper
instruction to the test participants in this respect, who then generally are well able to keep their error rate

co

stant and low

Ha
firs

On
dis
cor

.

completion of the visual search task with a display, ask the test participants to ratefthe’visual qu
play on a nine-point numerical scale (shown below), with 1 being “Poor” and!Qbeing “Exce
npletion of the trials with the test display or the benchmark display, ask the test‘participants to

perceptual quality of that display with respect to its visual comfort.

Thq
ma

AS

8.6
Dis
dis
the

1 2 3 4 5 6 7 8 9

Poor Fair Excellent

e following written instructions shall be given to the test participants to explain how responses
de.

“We would like you to indicate how you judge the display you have just used with respect t
comfort. Please circle the number corresponding to your judgement.”

ample set of instructions for test participants is given in 8.6.7.

6 Task conditions

play attributes (character-size, resolution, visual angle, fonts, etc.) of the test display and the
blay shall be specified bythe manufacturer who nominates the display. These attributes shall b
compliance statement.

The same font'shall be used on both the test and the benchmark display. This font shall be a
font which<cemplies with the requirements for size, shape and spacing of characters
ISO 9244-803.

For each test participant, a fixed target character shall be used over the whole experiment.

f of the test participants shall use the benchmark display first, and the other half shall use-the test display

ality of that
lent”. After
assess the

are to be

b its visual

benchmark
e stated in

fixed-width
5 given in

Ntorant chaorantar chall haovn oviarana 1 A aithar toa oy nar o hinh Aicaeiain ol ot

" the other

.
targetr— trnaratter—Srama v e —avera gttt —t0 0 1OWTHor—t0O—THgr —trStrttiaotty—vwitt
J I~ It J

characters used — for example, do not use “O”, “0” or “Q”). This test method is not intended to evaluate

font design.
The number of target occurrences shall be variable over different pseudo-texts.

The total number of targets over all trials shall be constant for each display. The test participan
be informed of these totals.

ts shall not

The number of different pseudo-texts per test participant shall be large enough to prevent memorizing

effects. An appropriate number is 20 (or less if the number of trials per test participant is less).
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The pseudo-texts shall be presented counterbalanced over all conditions (displays) and/or test

partici

pants.

The test participants should scan the text line-by-line, each line either from left to right or from right to left,
according to the direction of reading that they apply in their native language.

Search time shall begin immediately after the pseudo-text is presented on the display. Search time shall

end w

hen the test participant indicates completion of the page of pseudo-text.

The test participants shall use a button (or key on keyboard) each time a target is spotted. The number of

count

ot 4+ ball lo Y <l lo l £ Ll 4 s whiad 4 4 ' Tl wf.
U Lalyctc o01dil VT |UU|OLC|CU do d UIITUN UT 1T 1ICol partvipdliit o CUTNLTTIatvult. TT1C PCTTUTTTIa

measyrement shall be neglected from statistical treatment if the recorded number of targets differ
> 10 % from the actual number of targets in the block.

The tgst participants shall use another button (or key) to start/stop time registration.

8.6.7 Ins

These are
keyboard i
right and will need to be modified if another direction of reading or a non-keyboard'input device is used.

The instrugtions shall be presented to the participants on paper; an example*of how they might read follows|.

10

“Than

tructions to test participants

sample instructions that should be modified for the particular testing sifuation. They assume t

you for taking part in this test. The aim of this test is\to evaluate character legibility. Ple

remember that we are testing the display(s) and not you!

“You
capita

vill be presented with a series of screens similar\to' the example below. Your task is to find e

ce
by

hat

Nput is to be used in a country in which the direction of reading the native language is from leff to

ASe

ach

letter “A”. You should read the text from thedop left to the bottom right, as if you are readin

normgl page of text. When you are ready to start a.trial, press the ENTER key on the keyboard. You

your s

parch immediately after a pseudo-text appears on one of five locations on the display (top-left,

J a
art

p_

right, hottom-left, bottom-right or in the centre). Whenever you see a capital letter “A”, press the space par

on the]
throug
varies
target

the vigual quality of the display under test has deteriorated in comparison to a previous one you hav
work glower, but if it has improved in comparison to a previous one you have to work faster. If you h
any questions, please askdhe-test administrator now.

WhwNdzo zltpVY 1CCAe kDw he t3
TkW3rm8U ya BpE 02B L8Y A5 She
PQOtb 90DViRCDG 1H pSM yEQZz 6F
jyA3 sATQesa ANUU VLH Oulp2JBE
vbR 11Y5rVr SA9mr DmPETLV 2u02
7phnFd2oyT 83ee zKo8h KyiTJgAL

keyboard. After you have finished reading the entire text, press the ENTER key again. Please work
h the screens as accurately and\as quickly as possible. The number of targets in each scrg¢en
so please pay careful attention to properly reading, searching and indicating the presence of fthe
letter in each screen in the seties as accurately and also as quickly as possible. This means that if

to
hve

XM 6Kuagm 3F1kxasQWhCKIFTMA T6A

LuGF5 ad HsicT HOjkHv ssAqg U8Q
8dW rmrtfGgh HCsnGAYIMQEITS fo
ol XVw6 2VogMFo6 PH uJdD3c DX3j8
yW 5LN 6Bv0 fGPhdZ Cn x9gUiaH3
fySFoauaxj UeK bKQz 2uZa MmnCN
4t HT30FuMUSo pigluUh8tdRbK1Tn
Ez 33Q 6w fvVR 7B gyz Ns5 5Ami
7T5k 6bc2 ZH1 f£JmDO GwJ9 ECKYm
Xob3m t9 SU ZR el 31Fg lwc jdw
nToPDF RCUb nyMHs rMIOoizFL8dx
a27Z sD AK5R1 Q8jiI wBeeA L2Rz0
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8.7 Dependent measures

8.7.1 General

Two dependent measures shall be recorded from the experimental trials for each test participant. Data from
the practice trials shall not be used in the following analysis.

The dependent measures shall be the following:

a) the average search speed obtained from trials with error rates < 10 %;

b) | the subjective ratings of visual comfort.
Errpr rate, E, is defined as:
E =M %100 %

Ty
where
Ty is the total number of target characters in the page of pseudostext shown to the test participant;
T is the total number of target characters counted by the test participant.

The performance measurement shall be neglected from statistical treatment if the number of missgd or extra
targets is too large (one missed or extra target is accepted,in a text with 10 targets).

8.712 Average search speed

Frgm the registered search time, T;, corresponding to the valid trials (£ < 10 %), the performance measure of a
tes} participant, the average search speed,vs; measured in characters/s, is calculated by:

-1

/1t
Vg =Nt - g - ZT|

i=1
where
ny is the number of valid trials for that test participant;

n. is the'total number of characters in a pseudo-text (including embedded spaces).

C

NOJTE The vg values for the test and benchmark displays can be analysed by applying a sequential testing procedure
for puccCessive test participants (see 8.8).

8.7.3 Subjective ratings

Each test participant shall give, for both the test and the benchmark displays, a subjective rating of visual
comfort on a nine-point scale.

NOTE These ratings can be analysed using the sequential testing procedure for successive test participants
described in 8.8.
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8.8 Stat

istical treatment of results

8.8.1 General

If sequential analysis is used for conducting conformance testing it can reduce the number of participants

required to achieve a statistically reliable test of the null hypothesis.
NOTE The main feature of sequential analysis is that the sample size is not determined in advance; instead, the
validity of the null hypothesis is tested after each set of results has been collected.
Other Stati tlua: PIUUUdUIUO Glld alla:yo;o, fUI GI\GIII}J:U, (=] ttUOt, |||ay bU Uall:cd uut do :UIIU do dil adcq Gte
sample sizp is used.
If the beloyv sequential analysis procedure is not used, it shall be ensured in the test and statistical-analysis
that the Tyjpe 2 error rate, f, is smaller than 0,05 for a standard deviation, D, of 0,5, and that the‘criterion| ¢,
manufactufer's risk, shall be 0,05 (see Table 1).
Statistical freatment of the results involves comparing the dependant measures for the(test display againgt a
benchmarl. Since no statistical tests can prove that two products are the same, this“test is used to dedide
whether performance for the test product is significantly worse or better than-the’ benchmark. If the {est
product is|not significantly worse than the benchmark, the test product is .considered to conform to the
standard.
Hence, thg null hypothesis, H,, is that the scores of the test display are equal to or better than those for [the
benchmarl display. The alternative hypothesis, H,, is that the scores for the test display are significaptly
worse thar those for the benchmark display.
8.8.2 General theory
Statistical decisions are prone to two kinds of error. The' first type of error (Type 1) occurs when the pull
hypothesis|is falsely rejected; the second type (Type 2) when the null hypothesis is falsely not rejected. These
two risks afe usually symbolized by ozand S (see Table 1).
Table 1 — Types of decision that can be made using a statistical test
Decision after testing
Test display accepted Test display rejected

Tedt display gt least as good as Correct decision Error Typle 1.:

berlchmark display manufacturer's risk, o

Tedt display worsé than Error Type 2: .

berlchmark display user's risk, S Correct decision
In non-sequential testing, the sample size in an experiment shall be fixed in advance by using the followjing
formula adapted from Reference [ 101

where

D

12

v 2(ﬂa+ﬂﬁ)2

D2

are the normal deviates (z scores) corresponding to «zand £

is the standard deviation.
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For example, if a and £ are both set to 0,05 and the aim is to detect a difference between the means of half a
standard deviation:

2(165+165)°

N=——_— 7~ =87,12 rounded to 87.

0,52

Hence, at least 87 test participants should be tested.

8.8.3

Statistical test

Bafnard’s U test [17] is used to compare the average search speeds and the ratings of visual €on
test and the benchmark displays. This test presupposes an interval scale for differences betwee
bemchmark values of search speed and visual comfort ratings. This is clearly true for search speed
whereas it is less trivial for visual comfort rating differences. The visual comfort ratings” are do

fort for the
n test and
differences,
he using a

numerical category scale, i.e. an ordinal scale. However, it has been shown on several occasions that

numerical category ratings are nearly linearly related to the corresponding valuesion-the interval s

cale that is

constructed with Thurstone's law of categorical judgment [181. [19], [20]. Hence, Batniard's U test can indeed be
used for comparing the average search speeds as well as the ratings of visualeomfort. Tables 2 t9 4 provide
a step-by-step guide to Barnard’s U test, and a worked example.
Table 2 —Barnard's U test
Step Description Symbol|/Equation
a) Record a, the risk of asserting a significant difference.when the displays are the same,
and g, the risk of asserting no significant difference when the displays are in fact ,
different; both shall be set to 0,05.
b) Record D, the difference — in units of standdrd deviation — between the means that is D
important to detect; it shall be set to 0,5.
2 |For each test participant, obtain a score(for the benchmark display (xg) and for the test o4
display (x4). D 1
3 | Compute the score difference. xq — X4
4 | Compute F, the sum of the score differences for all test participants tested. F= (xo _x1)
% | Compute S, the sum of the squared differences. 2
§=p (xo-xq)
6 |Compute the U statistic. F
Uf—
Js
T |Compare this statistic with the boundary values, Uy and Uy according to the appropriate
values.of ¢, fand D (see 8.8.1).
If U< Uy then the null hypothesis is not rejected, and the test display passes.
If U > Uy then the null hypothesis is rejected in favour of the alternative hypothesis, and the
test display rtails.
If Uy < U < Uy, no decision can be made and testing shall continue.
© 1SO 2008 — All rights reserved 13
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Consider the worked example of Table 3, where x; and x, denote the average search velocities (in characters
per second) for a test display and a benchmark display, respectively.

Table 3 — Example of sequential testing using Barnard's U test

N X1 X0 XQ — X1 F S U Uy @ v, @

1 9,78 7,92 -1,86 -1,86 3,50 -1,000 — —

2 17,19 14,48 -2,71 -4,57 10,8 -1,391 — —

3 38.32 39.39 1.07 -3.50 12.0 —1.007 — —

4 16,08 14,20 -1,88 -5,38 15,5 -1,364 — —

5 13,56 12,17 -1,39 —-6,76 17,4 -1,621 — —

6 19,57 11,45 -8,12 -14,88 83,4 -1,629 -2,070 —

7 6,26 6,38 0,12 -14,76 83,4 -1,616 -1,790 —

8 8,20 7,06 -1,14 -15,90 84,7 -1,728 £1,510 2,560

9 24,16 22,23 -1,93 -17,83 88,4 -1,896 -1,330 2,510

10 10,35 7,90 -2,45 -20,28 94,4 -2,087 -1,150 2,460

11 13,83 10,37 -3,46 -23,74 106 ~2,306 -1,034 2,436

12 12,21 6,97 -5,24 -28,98 134 +2,503 -0,918 2,412
N s the humber of test participants.
For the megning of the other symbols, see Table 2.
@  The critfcal values are listed in Table 4.
After eight|test participants, U < U, therefore the null-hypothesis is not rejected, i.e. the search speed for fthe
test display is not significantly slower than for the'benchmark display and the test display passes this part of
the test.
8.9 Critical values for Barnard's ¢/ test
Table 4 prpvides critical values for\Barnard's U test for =0,05, f=0,05 and D=0,5. These values pre
interpolated (using linear regression) from Table L.3 in Reference [16]. Boundary values, shown in Table 4 in
Zggie;ritcambre ckets, are included to assist in the drawing of boundaries and shall not be used in making a

14
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Table 4 — Critical values for Barnard's U test

Test participant Ug Uy Test participant Ug Uy

2 [-6,96] — 45 0,79 2,44

3 [-5,045] — 46 0,816 2,45

4 [-3,13] [3,01] 47 0,842 2,46

5 [-2,6] [2,87] 48 0,868 2,47

6 -2,07 [2,73] 49 0,894 2,48

7 -1,79 [2,645] 50 0,92 2,49

8 -1,51 2,56 51 0,944 2,499
9 -1,33 2,51 52 0,968 2,508
10 -1,15 2,46 53 0,992 2,517
11 -1,034 2,436 54 1,016 2,526
12 -0,918 2,412 55 1,04 2,535
13 -0,802 2,388 56 1,064 2,544
14 -0,686 2,364 57 1,088 2,553
15 -0,57 2,34 58 1,112 2,562
16 -0,498 2,334 59 1,136 2,571
17 -0,426 2,328 60 1,16 2,58
18 -0,354 2,322 61 1,18 2,59
19 -0,282 2,316 62 1,2 2,60
20 -0,21 2,31 63 1,22 2,61

21 -0,154 2,308 64 1,24 2,62
22 -0,098 2,306 65 1,26 2,63
23 —-0,042 2,304 66 1,28 2,64
24 0,014 2,302 67 1,3 2,65
25 0,07 2,3 68 1,32 2,66
26 0,114 2,304 69 1,34 2,67
27 0,158 2,308 70 1,36 2,68
28 0,202 2,312 71 1,378 2,69
29 0,246 2,316 72 1,396 2,70
30 0,29 2,32 73 1,414 2,71

31 0,328 2,328 74 1,432 2,72
32 0,366 2,336 75 1,45 2,73
33 0,404 2,344 76 1,468 2,74
34 0,442 2,352 77 1,486 2,75
85 0,48 2,36 78 1,504 2,76
36 0514 2,368 79 1.522 2,77
37 0,548 2,376 80 1,54 2,78
38 0,582 2,384 81 1,557 2,79
39 0,616 2,392 82 1,574 2,80
40 0,65 24 83 1,591 2,81

41 0,678 2,408 84 1,608 2,82
42 0,706 2,416 85 1,625 2,83
43 0,734 2,424 86 1,642 2,84
44 0,762 2,432 87 1,659 2,85
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Annex A
(informative)

Overview of the ISO 9241 series

This annex presents an overview of 1ISO 9241: its structure, subject areas and the current status of both
published and projected parts, at the time of publication of this part of ISO 9241. For the latest information on
the series, [see:

http://isotc.liso.org/livelink/livelink ?func=Il1&objld=651393&objAction=browse&sort=name.

Part no. Subjectititle Current status

1 Seneral introduction International Standard
(intended to be replacedby 1ISO/TR 9241-1 and
ISO 9241-130)

2 Suidance on task requirements Interpational Standard
3 isual display requirements Replaced-by.the ISO 9241 “300” subseries
4 Keyboard requirements International Standard
(intended to be replaced by the ISO 9241 “400”
subseries)
5 Vorkstation layout and postural requirements International Standard

(intended to be replaced by ISO 9241-500)

6 Suidance on the work environment International Standard
(intended to be replaced by ISO 9241-600)

7 Requirements for display with reflections Replaced by the ISO 9241 “300” subseries
8 Requirements for displayed colours Replaced by the ISO 9241 “300” subseries
9 Requirements for non-keyboard input devices International Standard
(intended to be replaced by the SO 9241 “400”
subseries)
11 Suidance on usability International Standard
12 Presentation of information International Standard

(intended to be replaced by ISO 9241-111 and
ISO 9241-141)

13 User guidance International Standard
(intended to be replaced by ISO 9241-124)

14 Menu dialogues International Standard
{intended to be replaced by 150 9241-1371)

15 Command dialogues International Standard
(intended to be replaced by ISO 9241-132)

16 Direct manipulation dialogues International Standard
(intended to be replaced by ISO 9241-133)

17 Form filling dialogues International Standard
(intended to be replaced by ISO 9241-134)

20 Accessibility guidelines for International Standard
information/communication technology (ICT)
equipment and services
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