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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

By using this document, you can construct subjective scales that can be used to ask people how they feel
about their physical environment. That is whether they find it too hot, whether there is any noise and
if it is annoying, if the light is too bright, is it “smelly” and so on. By constructing the scales and using
them correctly, you can see, in a cost-effective way, how people find the environment. The information
can be applied to report on the environmental quality and to work out how to improve the environment.

People are exposed to a range of physical environments which can affect their health and safety,
comfort and performance An 1mportant method for assessmg phy51ca1 env1ronments particularly
whenp-eenside 2 A A active scales.
The fype of scale used and how itis admlnlstered isimportantin 1nfluenc1ng the sub]ectlve responses of
peoplle. There are principles for constructing scales and procedures for administeringthent that reduce
bias pnd ensure validity and reliability of response. There are also generic types of/scale| that can be
used|across environmental stimuli, for example, scales on which people rate sénsation or comfort or
acceptability or preference and so on.

This
prov
not 9

document provides a description of principles of scale construction and procedures fofr use. It also
jdes examples of commonly used scales across environmental components. This doqument does
tandardize any particular scale but it provides the principles upon which appropriatle scales can

be c(
parti
occu
occu
betw

nstructed. It is needed to provide consistency in the production of valid and reliablg
cularly useful to people who wish to conduct an environniental survey, for example tg
pant satisfaction of new or existing buildings or other spdces, environments where dij
's and a diagnosis of the problems is required and for peéople who are investigating the
een conditions in the physical environment and-human perception. A consistent

scales. It is
assess post
satisfaction
relationship
hpproach to

subjd tained from

inves

ctive scale construction and use also allows .a(meaningful comparison of data ob
tigations internationally.

This
and 4

document forms part of a group of international standards on the assessment of compfort, stress

train in physical environments.
This
1

series is concerned, in particular,with:

establishing specifications on methods for measuring and estimating the characteris
Pparameters of environments;

tic physical

2) establishing methods for-dssessing stress in environments.

This
expr
envil
and
cons
cons

document propopses’a set of specifications on direct expert assessment of comfort
pssed by persons’ subjected to various degrees of stress during periods spent|in physical
onments. The-data provided by this assessment can be used on its own or to supplement physical
physiological methods of assessing loads. The methods belong to a psychologir(:}l approach
sting in‘gathering, as appropriate, the on-site opinions of persons exposed to the condiitions under
deration (diagnosis) and, thus, can complement data provided by predictive approach¢s described
elsewhere in this group. The information provided in this document can be used to construct valid
subjeectivesealestoruse in-determining how people feelinthelr physical environment"This document
does not give guidance on questionnaire design and application although the scales may be used in the
construction of questionnaires.

/discomfort

If persons exposed to environments are to be asked about their corresponding experiences or
information requested on their cultural attitude in order to obtain the most appropriate subjective
judgement scales, favourable relationships may usefully be established between these persons and the
organization responsible, through the persons conducting the ergonomic investigation.

The environments which lend themselves to the application of subjective judgement scales relate to
conditions which differ to a moderate degree from comfortable conditions. Under extreme conditions,
physical and physiological assessment methods of the environmental load are preferred, provided
that their results can be used as criteria for a decision. In particular, tolerance limits for load cannot
be confidently based on subjective judgements and need to be decided in view of accepted health risk
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criteria. The decision of whether a person is exposed to an extreme environment is not left to the person
exposed as their judgement can be impaired by the conditions.

The opinions held by persons about their environment have a value in themselves. Itis up to the ergonomist
whether or not to take them into account. The reputation of these data for lack of reliability does not
justify dismissing them out of hand. The aim of this document is precisely to improve their reliability by
specifying the appropriate tools to use in collecting them and the requirement for using them.

vi © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=fe13cf35617a8d1574ead61cfd07a91a

INTERNATIONAL STANDARD ISO 10551:2019(E)

Ergonomics of the physical environment — Subjective
judgement scales for assessing physical environments

1 Scope

This document presents principles and examples of practical application for the construction of
apprppriate subjective States for Use 11T the aSSESSIIENt aId evatuation of the physicat enviironment. It
does|not standardize particular scales.

It comsiders scales of perception, comfort, preference, acceptability, expression form and tolerance, and
envifonmental components such as thermal, visual, air quality, acoustic and vibration.

It does not consider other scales such as:

— 4cales related to the effects of the environment on the ability to read-displays or signg, on manual
performance or on psychological conditions such as mood, etc.;

— gcales related to pain or scales related to stimuli that can lead(to injury.

This|document does not present principles of surveys (see Note) or questionnaire design. However, the
scalgs that are developed using this document can be incorporated into surveys or questiopnaires.

NOTH Environmental surveys are described in ISO 28802.1SO 28802 includes scales that are complementary
to, arld based upon, the principles of scale construction that are described in this document.
2 Normative references

The following documents are referred:té in the text in such a way that some or all of their content
consfitutes requirements of this document. For dated references, only the edition cited |applies. For
unddted references, the latest edition of the referenced document (including any amendmepts) applies.

[SO 13731, Ergonomics of thetthermal environment — Vocabulary and symbols

3 Terms and definitions
For the purposes®fthis document, the terms and definitions given in ISO 13731 apply.
[SO dnd IEC maintain terminological databases for use in standardization at the following gddresses:

— ISOArline browsing platform: available at https://www.iso.org/obp

4 Subjective judgement scales for physical environments: Principles of scale
construction and use

There are a number of subjective judgement scales for physical environments. They differ in whether
emphasis is placed on some aspect of judgement:

— perceptual or affective (evaluative and preferential);
— global (encompassing the whole environment or organism) or localized;

— present or past;

© IS0 2019 - All rights reserved 1
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— instantaneous or extended over a period of time.

They also differ as to the object of judgement: environment or person, the whole or its component parts,
permanent or temporary situation.

This document retains judgements that people make about their own state as a whole. It distinguishes
between perception, present affective assessment (comfort/discomfort) and future preference.

NOTE 1

scales by a statement of acceptability and a scale of tolerance of environments

This document also suggests supplementing the perceptual, evaluative and preferential judgement

In most instances, the exposure to an environment lasts for several hours. Therefore, it is useful to

gather the person’s opinions throughout, by repeating the expression of the judgements at re
intervals, uging exactly the same scales.

By repeatedly applying the same scales, the evolution with time of the comfort or strain ‘eXperig
can be assegsed and an integrated judgement obtained over the whole time of exposupéhby approp

computatio

Basic difficu
and variabi
instructions
study, as wq
the judgemsd
subjective s
established

NOTE 2
wording of tH

Other judge
hands, feet)
the person
conditions }
structured (
and is more

This docum
judgement 3
conditions,
data gather
well known

5 Perceptual,evaluation and preferential judgement scales

5.1 Instr

International usage and acceptance of the scales in this document will result in the fixing of su

of the data (e.g. overall mean, overall change, variation, etc.).

Ities are encountered in any area which involves the use of language. In this regard

. Therefore, it becomes crucial to standardized preparatory instructions which explai
1l as the wording of the judgement scales. The terminology<used to denote the degre
nt scales is of special importance. This document specifies/the principles used to dej
rales. The actual descriptors used can be influenced by.the language structure and sh
with subject experts from National Standards Body.

e degrees on the scales in various languages.

ment scales are in use concerning the state of various parts of the body (e.g. head, ]

the total environment or various comiponents of it, other aspects of the experien
br evaluations conducted over a certain period of time, including periods during wj
jave not been measured. Other scales, e.g. a bipolar affective evaluation scale, have
lifferently on the model of perception; such a scale is useful for taking into account ple
sensitive than the unipolar.discomfort scale in the region near to comfort.

ent is limited to the five scales described in Clauses 4 and 5. The gathering of subje
hould first be concerned with localized sensations (parts of the body) and in con
biven the current.interest and application of these data. The second concern should 4
bd under transiént conditions, which are extremely important but are not yet suffici

bular

nced
riate

bias

ity in the data can result from inconsistencies and inappropriateness of accompanying

n the
ES on
relop
1l be

table

orso,
ce of
hich-
been
sure

ctive
stant
e for
ently

ictions for using the judgement scales

It is important to distinguish between more objective ratings, such as sensations, and affective or
evaluative ratings, such as comfort and pleasure. In everyday language, however, these dimensions are
often confounded and distinctions are not made. In addition, the richness of the semantics for describing
environments and responses to them depends on individuals, their experiences, their language and
their culture, when investigating physical environments. Therefore, it is sometimes useful to first
investigate the psychological dimension (or constructs) which individuals and groups use to describe
their world[Zl.

Two commonly used approaches are semantic differential techniques and personal construct theory
methods. The methods invoke factor analysis or multidimensional scaling techniques to build a
psychological model of the way in which physical environments are perceived and “modelled” (represented
in psychological space) by the person. Similar stimuli on a particular dimension (or all combinations of
dimensions) are placed close together in the multidimensional model of psychological space.
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The form and method of administering the scales are important. For example, a continuous form of the
scale would be to draw a line through all points on the scale where subjective terms are placed. This
would allow a person exposed to the environment to choose values between ratings (e.g. between cool
and cold, a rating of -1,6 on a thermal sensation scale.). In an analysis of the results, this would enable
parametric statistics to be used. However, it is possible that the investigator does not consider that
data are “strong enough” for this and is prepared to use only ordinal data (ranks) and non-parametric
statistics. These, and other, points are of importance and, for further information, the reader is referred
to a text on the design and analysis of surveys and on the use of subjective assessment methods (see [6]).

The psychological interaction when the scale is administered can also influence the results. Usually, the
subjects are given the scale and asked to tick the place which represent “how they feel now”, for example.
i erpretation,
Dther issues
include range effects. The range provided, (e.g. hot to cold) influences the subject’s\judggment as do
leading questions: (e.g. “you are uncomfortable, aren’t you?”). The following impontant issues should be
cons|dered when constructing questionnaires:

— (uestion specificity;
— language;

— (¢larity;

— leading questions;

— Jprestige;

— Dias;

— e¢mbarrassing questions;
— I};pothetical questions; and

personal questions.

Othefr issues include whether knowledge of the results is given. For example, if responses afe requested
over[time, is the subject informéd-of previous ratings that he or she made, and whether the ratings are
given in the presence of others?In some circumstances, people can avoid extremes such af end points
on sdales or be influenced-by the range presented.

Althgugh subjective measurement techniques can be useful for measuring extreme envirojments, they
shoulld not be used @sy@primary measure in health and safety. In these conditions, the ability of a person
to mpke a “ratiofial” subjective judgement can be impaired. While a subject shall alwayg be allowed
to wjthdraw from an investigation, he or she does not have the overriding right to remajin in it. It is
the ipvestigatot’s judgement as to whether he or she should remain exposed (based on ghysiological
resppnsesyetc.) even if the subject is willing (enthusiastic) to do so.

The three judgement scales should he applied in the following order: perceptual scale, evalhiative scale,
scale of preference. The combination of possible replies provides all the required information.

The following introductory questions should be posed:

— before applying the perceptual scale: “How are you feeling (at this precise moment)?” (followed by
the replies from the scale);

— after the response given on the perceptual scale, and immediately before applying the evaluative
scale: "Do you find this... ?” (followed by the replies from the scale);

— after the response given on the evaluative scale, and immediately before the application of the
preference scale: “Please state how you would prefer to be now” (followed by the replies from
the scale).

© IS0 2019 - All rights reserved 3
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A 7-degree scale should be applied in the case of environments judged to be close to neutrality; a
9-degree scale should be applied in the case of environments judged to be more intense.

Full scales are presented, even in cases of surroundings located only in a limited range of conditions.
The wording of all the degrees of a scale provides a frame of reference useful to those asked to verbalize
their instantaneous experience.

There is utility to the investigator to consider a large number of environmental impacts and a variety of
scales. However, the desire for data shall be balanced with the willingness of the participants to provide
accurate perceptions, and the management’s tolerance for the use of the time required. The survey
is most acceptable if it is focused on legitimate environmental concerns specific to the environment
in question et-to—the—point-andpr

actionable data. )
5.2 Scale|of perception of the personal state
5.2.1 Strycture of the scale
Scales can be unipolar or bipolar.
For a unipolar scale, a 4-degree one-pole scale, which can be extended t6)5 degrees, with a point of
origin indicating the absence of the effect, and 3 (or 4) degrees of increasing intensity of the effect
Point|of origin Degrees of intensity
0 123(4) Unique pole
For bipolar|scales, a symmetrical 7-degree two-pole scale, which can be extended to 9 degrees,
comprising h central indifference point and two times 3.\(ér 4) degrees of increasing intensity.
Degrees of intensity Point of indifference Degrees of intensity
Pole A (-4)-3-2-1 0 +1 +2 +3 (+4) Polg B
5.2.2 Wording of the degrees
Poles A and|B are at either end pf\the scale. The central point of indifference corresponds to abgence
of sensation. The wording of the-degrees depends on the vocabulary choices in each language| The
selection of the terms shouldbe carried out carefully and tested beforehand on a representative nupnber
of persons Who are nativespeakers of the given language.
The following wordings'should be taken as an example:
— forlangpageswhich have several (atleast two) distinct terms to denote different degrees of intepsity,
these terms'are used along the lines of the English wording;

— forlanguages which do not have two terms for denoting different degrees of intensity for each of the
poles, a single term is used for each pole and its intensity modulated by the use of adverbs along the
lines of the French wording.

NOTE

Tables A.1 and C.1 give examples for each case.

5.3 Evaluative scale

5.3.1 Structure of the scale

A 4-degree one-pole scale, which can be extended to 5 degrees, with a point of origin indicating the
absence of the effect, and 3 (or 4) degrees of increasing intensity of the effect.

© ISO 2019 - All rights reserved
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Point of origin Degrees of intensity

0 123 (4) Unique pole

5.3.2 Wording of the points

The unique pole devoted to the evaluation of the load denotes a negative effect: DISPLEASURE,
DISSATISFACTION or DISCOMFORT. Its intensity can be modulated by adverbs. COMFORT, located at
the point of origin, and ABSENCE OF DISCOMFORT, are also classed as positive evaluations (pleasure,
satisfaction).

NOTH Tables A.2,C.2,D.1, and E.1 give examples for each case.

5.4 | Preference scale

5.4.1 Structure of the scale

A symmetrical 7-degree bipolar scale comprises a central point of indecision and two timés 3 degrees
of in¢reasing intensity.

Degrees of intensity Point of indecision Degrees of intensity

Pole A -3-2-1 0 +1 +2 +3 Pole B

5.4.27 Wording of the degrees

Poleg A and B are at either end of the scale. The central point of indecision corresponds to the ABSENCE
OF CHANGE.

The fegrees should be worded using, for each pole, a comparative term which can be njodulated in
interfsity by means of adverbs. It is possible to reduce the three degrees of each of the polds to a single
degrge worded by means of an unmodulated comparative term.

NOTH Tables A.3, B.2, and C.3 give examples for each case.

6 Personal acceptapility statement and tolerance scale

6.1 | General

In addition to_the previous judgements, information should be obtained indicating how the workers
personally feel toward their situation.

This fassessment would be in terms of rejection or acceptance on a personal level, complempnted in any
case [by’a relative judgement of the degree of personal tolerance. Rejection or acceptance |s expressed
on a personal level, i.e. out of context, the judgement being based purely on personal preference. The
expression of rejection on a personal level (unacceptability) is therefore not incompatible with actual
acceptance, which takes into account other contextual motivations (instructions, job requirement,
short duration of exposure, remuneration).

In contrast to the three preceding scales, the personal acceptability statement and the tolerance scale
consist of judgements made about the surroundings.

6.2 Instructions for using the judgement expression forms

The acceptability statement form and tolerance scale should be applied after the perception and
assessment scales described above, and should be in the following order: acceptability statement form,
then tolerance scale.

© IS0 2019 - All rights reserved 5
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The following introductory questions should be posed:

— beforea
1y

2)

a)

b)

pplication of the acceptability statement form:

in explicit terms: “How do you judge this environment on a personal level?”;

with the initial statement: “Taking into account only your personal preference,” either:

“...would you rather accept this environment than reject it?”; or

“...would you rather reject this environment than accept it?”;

before t
6.3 Desci

6.3.1 Stru

The form of
ACCEPTANC(

The persond
IN TOLERA
increasing d

Point ¢f origin Degrees of intensity
0 1234 Unique pole
6.3.2 Wording of the degrees
The wording of the two categories on the persondlacceptability statement form can consist of eith

a) aclarifi

1 1. e il g | 1 “y - - - =l - b L1}
LIT AP PIILALIUIT U LT LUITT AILT STAIT. 111 yUUul UPIIIUILL, 15 LT THVIT OIIIIICTIU e

[cture of the forms of judgement expression

iption of the forms of judgement expression

the personal acceptability statement will be a binary structure of<the type: PERS(
E (GENERALLY ACCEPTABLE) — PERSONAL REJECTION (GENERALLY UNACCEPTAB

| tolerance scale has a unipolar 5-degree structure, the single pole expressing DIFFICI
[ING, with a point of origin indicating no difficulty in toletating and with 4 degre
ifficulty in tolerating, the 4th degree expressing intolerable:

cation of the judgement of the pérson questioned;

NAL
LE).

JLTY
es of

er:

A.1.1.1.1| Categories A.1.1.1.2 Wording A.1.1.1.3 Responke
ACCEPTABLE Environment acceptable rather than unacceptable
UNACCEPTABLE Envirenment unacceptable rather than acceptable
b) orthe expression of agre€ment or disagreement of the person questioned with the initial stateinent.
Initiall statement Category ACCEPTABLE Category UNACCERT-
ABLE

Either “pers

nalaceeptance” |Yes (agreement) No (disagreement)

Or “personal

rejection.” No (disagreement) Yes (agreement)

NOTE

bearing). An example is given in Table A.5.

7 Instru

ctions for repeat enquiries

The degrees on the personal tolerance scale can be worded in terms of difficulty in tolerating (or

Persons submitted to repeated application of the same judgement scales should be informed
beforehand, in order to avoid undesired reactions and to present arguments justifying the application

of the proced

ure. The following instructions can be issued:

“As you usually stay several hours at this workplace, you will be asked several times, at regular
intervals, by means of the same scales, to judge the physical conditions; indicate your actual
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experience at that moment. You will, thus, be in a position to express (more) accurately the possible
changes in the physical conditions you may experience over a longer period of exposure”.

8 Summary of the scales

Table 1 summarizes the various judgements which are recommended for an assessment of comfort or

stres

s based on subjective data.

Table 1 — Stress assessment

FaY FaY 4
4 9 x

.’

5

jud

Subject under

Personal state Physical @ambig|

ment

nce

jud

Typ¢ of

]
t

Personal
acceptability

Perception Evaluation Preference

ment

Personal
plerance

Wor

“Please state
how you would
prefer to be
now.”

llIn y
is the

ding “Doyou find it ...?” “How db.yeu
judgethis en-
vitoeyiment on a

personal level?”

“How do you feel
(at this precise

moment)?” 4 or 5 degrees, from

COMFORTABLE to
very (or extremely),
UNCOMFORTABLE

5 deg
perfég
TOLH
INTQ

7 or 9 degrees
7 (or 3) degreés |2 degrees,
GENERALLY

ACCEPTABLE,

GENERALLY
UNACCEPTABLE

ment.

bur opinion
environ-
')"

rees, from
ctly

RABLE to
LERABLE

9 1

Scald
degr

The

curv
This
locat

Norn
vide
10 ]

The 1
judgd

‘format and method of presentations of the scales

s with more than two degrees can be<presented in a discontinuous format: 3, 4, 7 o
bes at equal intervals; the response consists of ticking the degree corresponding to thg

tame scales can also be presented using a continuous format, e.g. a segment of a str
e comprising 3, 4, 5, 7 or 9 equally spaced marks with the corresponding wording n
format not only makes it possible to indicate the mark corresponding to the judgemen
e the response anywhere within the intervals between marks.

nally presented in wiitten form to be completed manually, these scales can also be pry¢
display unit andthe responses given using a keyboard, or other equivalent, and an appr
Data analysis and application of the results

numetical properties (i.e. in terms of mathematical structure) of the data collected by
bment scales above, and the statistical characteristics of the distributions of these dat

r 9 separate
judgement.

hight line or
ext to them.
L, but also to

bsented on a

priate code.

hpplying the
h dictate the

ofduantitativa analucic thot ~on Ingitimaarnluy hn analind 0 41 A

type
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The example given in Annex F illustrates a number of treatments and the results that can be obtained:
indices of central tendency, of scatter and of association in particular, or statistical tests for significance
of difference, of effects of factors or of association.

NOTE

This document encourages practitioners and researchers with sufficient data, or those

who are able

to collect data, to publish studies on the statistical characteristics of the sample distributions of such data.
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Annex A
(informative)

Commonly used scales for assessing thermal environments

Table A.1 — Scale of perceptual judgements on personal thermal state

(after the question “How are you feeling now?”)

Poles Degrees English
(+5) Extremely hot;
(+4) Very hot
HOT +3 Hot
+2 Warm
+1 Slightly warm
INDIFFERENCE 0 Neutral
-1 Slightly cool
-2 Cool
COLD -3 Cold
(-4) Very cold
(-5) Extremely cold
Common introductory term(s) [ am feeling/I am
NOTE The fentral tendency of the perceptual judgements obtained by applying one of the above-mentioned dcales
(in continuoup form) yields an observed mean vote which can be compared with the Predicted Mean Vote (PMV ipdex)
determined a¢cording to 1SO 7730[21,

Table A.2 — Scale of evaluative judgements on personal thermal state

(afterthe question “Do you find this....?")
Pole Degree Wording of degrees
0 Comfortable
1 Slightly uncomfortable
OISCOMFORT 2 Uncomfortable
3 Very uncomfortable
4 Extremely uncomfortable
Common introductory terms [ find the thermal environment....

NOTE By sunimming up the Judgements Wit eXpress diSCOMort, OIE ODTalTS AT ODSErved percentage ot dissatistied people,
which can be compared with the Predicted Percentage of Dissatisfied (PPD index) determined according to ISO 7730.
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Table A.3 — Thermal preference scale
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(after the instruction “Please state how you would prefer to be now.”)

Poles Degrees Wor;ligg of degrees for Equivalent for 3-de-
-degree scale gree scale

+3 Much warmer

WARMER +2 Warmer Warmer
+1 Alittle warmer
0 Neither warmer nor cooler (no challlge)
-1 Slightly cooler

COOLER -2 Cooler Codler
-3 Much cooler

Common introductory terms [ would prefet to be...

Prefd
rates

rence scales are used in assessment as they provide a “value” judgénient from subjectg
a sensation as “slightly warm” for example, it does not indicatetwhether or not he or ghe wishes to

.If a subject

be “slightly warm”. The preference rating compares how the subject.is with how he or she would like to
be. “No change” indicates a form of acceptability, preference, andsatisfaction. Other scales dan be useful
depending upon the aims of the experiment. If a percentagef satisfaction is required then a “forced”

(the
Rati
drivi
resp
requ
coml

subject must choose) yes or no response to “Are yoursatisfied?” would give a dirgct measure.
gs of pleasure can be of interest. These can be confounded with visual stimuli (for example,
g through the countryside on a sunny day) but.solar radiation can elicit pleasant ang
bnses and should be considered. Ratings of acceptability are useful to vehicle manufacturers. They
re a sophisticated judgement based on what'a subject would feel is acceptable in that context. A
ination of scales integrated into a questiennaire provides a useful measurement too

unpleasant

. The scales

complement each other and give a detailed:profile of comfort. Subjective ratings from indiyidual parts

of the body provide some indication of whirsubjects gave their “overall” rating.

Table A.4 — Personal acceptability statement form

Catpgories |a) Explicit wording of the degrees |b) Wording of degrees after initial statemgnt 1) or 2)
After the question: “How do you judge | After the common instructions: “Taking intofaccount
this environment (local climate) on a |only your personal preference, ...”
personal level?”

Initial statement 1): Initial statement|2):
“... would you accept “...would you reject this
this environment (local environment (logal climate)
climate) rather than reject | rather than accept it?”
it?”
“On a personal level, this
environment is for me.....
0 ...acceptable l;ather than Yes No
unacceptable.
1 ....unaccept,fible rather than No Yes
acceptable.

Instead of using a two-category statement form, personal acceptability may be expressed on a
continuous scale, such as the following:

Clearly acceptable |

Just acceptable

| Just unacceptable

Clearly unacceptable

The preliminary instructions would be as follows [after the question “How do you judge this
environment (local climate) on a personal level?” or after instruction “Taking into account only your
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personal preference”]: “Please mark the appropriate place on the scale to express your acceptance of
the environment (local climate). Do not mark the middle of the scale, but express either acceptance or
unacceptance”.

NOTE In addition to the same information obtained by applying the two-category statement form, a more
gradual judgement can be expressed which can show a linear relationship with the “observed percentage of
dissatisfied” people, as defined in the evaluative judgement scale in Table A.2 (see also Annex G, Example A).

Table A.5 — Personal tolerance scale

(after the question: “Is it......?")

Pole Degree Wwording of degrees
0 bearable/tolerable
slightly difficult to bear/tolerate

DIFFICULIY IN TOLERATING fairly difficult to bedr/tolerate

1
2
3 very difficult to beat/tolerate
4

unbearabte/intolerable

Common introductory terms [ find the thermal environment ...,

10 © IS0 2019 - All rights reserved
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Annex B
(informative)

Commonly used scales for assessing acoustic environments

Loudness is a perceptual term for the acoustic environment. However, it is not normally considered in
assessment.

Table B.1 — Personal annoyance scale

(after the question: “Is it......?")

Pole Degree Wordingofdegrees
1 Notannoying
2 Slightly annoying
Annoyance -
3 Annoying
4 Very annoying
Common introductory terms I'find the acoustic environmentfto be .....

A wifely used scale for noise annoyance which is availableé:in a number of languages can|be found in
References [4] and [9].

Table B.2 — Preference scale

(after the instruction “Please state how you would prefer to be now.”)

Pole Degree Wording of degrees
1 No change
2 Slightly quieter
Preference -
3 Quieter
4 Much quieter
Common igthoductory terms [ would prefer to be...

Table B.3 — Personal acceptability statement form

Catpgories |a)Explicit wording of the degrees |b) Wording of degrees after initial statement 1) or 2)
After the question: “How do you judge |After the common instructions: “Taking intolaccount
this environment on a personal level?” |only your personal preference, ...”

Initial statement 1): Initial statement 2):
“...would you accept this  [“... would you reject this
environment rather than |environment rather than
reject it?” acceptit?”
“On a personal level, this
environment is for me.....
0 ....acceptable I;ather than Yes No
unacceptable.
1 ....unaccept’:a\ble rather than No Yes
acceptable.

© IS0 2019 - All rights reserved 11
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Instead of using a two-category statement form, personal acceptability can be expressed on a
continuous scale, such as the following:

Clearly acceptable | Just acceptable | Just unacceptable Clearly unacceptable |

The preliminary instructions would be as follows [after the question “How do you judge this environment
on a personal level?” or after instruction “Taking into account only your personal preference”]: “Please
mark the appropriate place on the scale to express your acceptance of the environment. Do not mark
the middle of the scale, but express either acceptance or unacceptance”.

NOTE In addition to the same information obtained by applymg the two- Category statement form, a more
gradual ]udg,mcut cambe TXPT essed-whithcarr strow—aHrear u—:muuumup with—tire—~“observed percentqge of
dissatisfied” people, as defined in the evaluative judgement scale in Table B.2 (see also Annex F, Example‘A)

12 © IS0 2019 - All rights reserved
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(informative)
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Commonly used scales for assessing visual environments

Table C.1 — Scale of perceptual judgements on personal state

Prefd

(after the question “The lighting environment now is...?")

Extremely dark

Table C.2 — Scale of evaluative judgements on personal state

(after the question “Do you find this....?")

Extremelylight

Pole Degree Warding of degrees
1 No discomfort
i 2 Slightly discomfort
Visual comfort -
3 Discomfort
4 Much discomfort
Common introductory terms This visual environment causes me |....

Table C.3 —<Preference scale

(after the instruction “Pléase state how you would prefer to be now.”
[ would prefer a lighting environment to be:)

Pole Degree Wording of degrees

1 Much darker

2 Darker

3 Slightly darker

Preference 4 No change

5 Slightly lighter
6 Lighter

7 Much lighter

Common introductory terms [ would prefer the visual environment tp be...

rence scales are used in assessment as they provide a “value” judgement from subjectg

an fion AF g L0 Az

anc1n

.If a subject

adhaothar oy ot ha o

rates—a

el on
o SCITSACIOTT OT

z nla 3 atindicara o aaorcha 14
UT lsllL TUT LAﬂlllPlL, ITUUUCTO TIUL TITUICAdLL VWIICLIIUTD U 1TTUL IIC UL OS1IC VW

shes it to be

“darker”. The preference rating compares how the subject is with how he or she would like to be. “No
change” indicates a form of acceptability, preference, and satisfaction. It can be that a person prefers
different aspects of the visual environment to change. In this case, the subjective scale can be used for
each different aspect. For example, a person can wish the background to be brighter but not the other
aspects of the visual environment.

© ISO

2019 - All rights reserved
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Table C.4 — Personal acceptability statement form

Categories |a) Explicit wording of the degrees

b) Wording of degrees after initial statement 1) or 2)

After the question: “How do you
judge this environment on a person-

After the common instructions: “Taking into account only
your personal preference, ...”

al level?”
Initial statement 1): Initial statement 2):
“...would you accept this “...would you reject this
UllVil OIIITICTIU T dLllUl Lildll UllVil OIIITICTIU T dLilEl Lildn
reject it?” accept it?”
“On a personal level, this
environment is for me...
0 ... acceptable 1"'ather than Yes No
unacceptable.
1 unaccept’?ble rather than No Yes
acceptable.

Instead of using a two-category statement form, personal acceptability can be expressed [on a

continuous $cale, such as the following:

Clearly gcceptable | Just acceptable

| Just unacceptable Clearly unacceptable

14
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Commonly used scales for assessing vibration environments

Annex D
(informative)

ISO 10551:2019(E)

Table D.1 — Scale of perceptual judgements on personal state

Pole Degree Wording of degrees
1 Not perceptible
Perceptible 2 Just percePtible
3 perceptiblée
4 Very percéptible
Common introductory terms [ find the vibration to be ...

Table D.2 — Scale of evaluative judgements on personal state

(after the question “Do you find-this...?”)

Pole Degree Wording of degrees
1 Not uncomfortable
2 A little uncomfortable
Comfort 3 Fairly uncomfortable
4 Uncomfortable
5 Very uncomfortable
6 Extremely uncomfortable
Common introductoty terms I find the vibration to be ...

Table D.3 — Personal annoyance scale

(after the question: “Is it ...?")
Pole Degree Wording of degrees
1 Not annoying
2 Slightly annoying
Annoyance -
3 Annoying
4 Very annoying
Common introductory terms [ find the vibration to be ...

© IS0 2019 - All rights reserved
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Table D.4 — Personal acceptability statement form

Categories |a) Explicit wording of the degrees |b) Wording of degrees after initial statement 1) or 2)
After the question: “How do you After the common instructions: “Taking into account
judge this environment on a person- |only your personal preference ...”
al level?”

Initial statement 1): Initial statement 2):
“...would you accept this “...would you reject this
environment rather than  |environment rather than
reject it?” accept it?”
"Cll d pPtl auual }CVC}, t}lib
environment is for me...
0 ... acceptable Eather than Yes NG
unacceptable.
1 unacceptjible rather than No Ves
acceptable.
Instead of using a two-category statement form, personal acceptability can/be expressed [on a
continuous $cale, such as the following:
Clearly gcceptable | Just acceptable | Just unacceptable Clearly unacceptable
16 © IS0 2019 - All rights reserved
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Annex E
(informative)

Commonly used scales for assessing air quality environments

Intensity of odour is a perceptual term for air quality which can be assessed using the scales[21[12][13],

Table E.1 — Scale of evaluative judgements on personal state

(after the question “Do you find the air to be ...?")

Pole Degree Wording of degrees
Smelliness 1 Not smelly,
2 Slightly Smelly
3 Smelly
4 Very smelly
Common introductory terms [ find the air to be ...

Table E.2 — Personal acceptability statement form

Catpgories

a) Explicit wording of the degrees

b) Wording of degrees after initial statement 1) or 2)

al level?”

After the question: “How do you
judge this environment on a person-

After'the common instructions: “Taking into agcount only
your personal preference, ...

Initial statement 1): Initial statement 2):
“...would you accept this “...would you reject this
environment rather than environment rather than
reject it?” accept it?”
“On a personal levelsthis
environment is forme...
0 ... acceptable Eather than Yes No
unacceptable:
1 unacceptjable rather than No Yes
acceptable.
Instgqad of using a two-category statement form, personal acceptability can be expressed on a

continuoussscale, such as the following:
({léarly acceptable Just acceptable Just unacceptable Clearly unacceptable
© IS0 17
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Annex F
(informative)

Application of assessment procedure and judgement scales:

Examples, including data analysis

F.1 Gene€

Three exam|
order to illu
judgement 3
discomfort.
thermal corf
public trans

NOTE

o
and use of supjective scales. ISO 28802 describes how to integrate scales and-other requirements to provi

environment|

F.2 Example A: Working places with slight cool discomfort

F2.1 An{
actually enc
-1,0 and +0
under meas

F.2.2 The
with regard
questionnai

While the v
measured a

Each workel

1. How do you feel at'this precise moment? (mark appropriate box): I am...

Very

ral

ples are given in the area of the thermal environment. The first is the most éxtensiy
strate the procedure and a more detailed data analysis. It concerns the application d
cales in a working situation where somewhat cool conditions prevailed;)creating 1
The other two examples are more specific; one concerns a laboratory setting prov
hfort, in which repeated assessments were carried out. The last example is related
port situation in which the climatic conditions corresponded to slight thermal stress.

examples provided in this annex demonstrate the application of this-document in the constry

nl ergonomics survey.

rgonomist decided to gather the judgements;of 40 workers on the thermal conditions
puntered at work. The estimated PMV values'(see ISO 7730) at the workplaces were bet]
9 for various combinations of physicalidctivity and thermal insulation of clothing, obsg
ired climatic conditions.

aim of the inquiry was explainedto the workers: it was intended to establish how the
to their own thermal state.and to the climatic environment, by means of a standar
Fe.

orkers responded to the questions, the climatic parameters of the 40 workplaces
nd estimates made 6f metabolic heat production and clothing insulation.

 received a form containing the following questions:

e, in

f the
light

iding

to a

ction

de an

they
veen
rved

y felt
lized

were

Cold Cool Slightly ~ Neither  Slightly Warm Hot Ver

cold

cool hot nor warm

y

O

cold

(| (| O (|

2. Do you find this...?

Comfortable

O

18

Slightly Uncomfortable

uncomfortable

Very Extremely

uncomfortable

(| O O O

uncomfortable
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3. At this moment, would you prefer to be...?

Much Cooler Slightly Without Slightly Warmer Much
cooler cooler change warmer warmer
| O O O O O O

4. Taking into account your personal preference only, would you accept rather than reject this climatic
environment?

Yes [ No O

5. 1Is this environment, in your opinion...?

Perfectly Slightly Fairly Very Unbearable
bearable difficult to bear difficult to bear difficult to bear
O O O O O

F.2.3] The pooling of the results provided the following distribution of.feplies (n = number|of replies of
a given category):

F.2.311 Thermal perception

Very Cold Cool  Slightly | Neutral | Slightly Warm Hot Very] |[No reply

cold cool warm hot
-4 -3 -2 -1 0 +1 +2 +3 +4
n 8 12 | %0 | 2 7 1

F.2.312 Affective assessment

Comfortable Slightly Uncomfortable Very No reply
uncomfortable uncomfortable
0 1 2 3
n 22 4 10 2 2

F.2.313 Thermal pfeference

Much Cooler  Slightly No Slightly Warmer Much No reply
cooler cooler change | warmer warmer
-3 -2 -1 0 +1 +2 +3
n 4 18 14 4 0

F.2.3.4 Personal acceptability

Yes No | No reply
n 22 14 | 4

F.2.3.5 Personal tolerance

Perfectly |Slightly diffi- | Fairly diffi- |Very difficult| Unbearable No reply

bearable cult to bear | cultto bear to bear
0 1 2 3 4
n 5 0 15 7 0 2

© IS0 2019 - All rights reserved 19
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F.2.4 Analysis of the data took into account the numerical properties of the data and the known
statistical characteristics of their distributions.

The degrees on the scales of perception, affective assessment, preference and tolerance are ranked as
classes of observable data which correspond to a totally ordered finite mathematical set (ordinal data
or scales). The relevant statistics are the following:

for the central tendency, the median (second quartile);

quartiles);

for the scatter, the semi-interquartile distance (half the difference between the first and third

for the
coefficig

The approp
median test

The replies
correspond
following:

for the (

for the {

for the
conting

The appropi
test or chi-s

The statisti(

The only sty
by applying
combining t
ones are ps
whose diffe
it is quite le
of correlatid
null hypothg

There appe
preference 3

F.2.5 Resl

association in probability, the rank coefficients (Spearman’s rho, Kendall’s tau)-o
ent of concordance (Kendall's W).

Fiate statistical tests of the null hypothesis are of the nonparametric type (e.g- sign
or certain types or variance analysis).

on the acceptability statement form fall into two distinct categories of data, v
to two equivalence classes (nominal or categorical data). The relevant statistics ar

entral tendency, the mode (point of maximum frequency);
catter: the entropy of the distribution;

probability association, various coefficients such as‘the coefficient of association o
bncy coefficient.

iate statistical tests of the null hypothesis arealso of the nonparametric type (e.g. bing
juared test).

s and null hypothesis tests relevant to nominal data are also relevant to ordinal data.

Idy devoted to the statistical characteristics of data distributions concerns those obtg
two 7-degree scales: the ASHRAE thermal perception scale and the Bedford mixed
hermal perception and evaluationlel, It was shown that degrees other than the two ext
chologically located at,equivalent distances and can, thus, be treated as continuous
rences are defined numerically (interval scale); they approximate normal distributioy
pitimate to calculate'\the mean and standard deviation, and to submit them to calcula
ns and regressipiapplied to continuous variables. The appropriate statistical tests d
psis are the parametric type (e.g. t or F tests, variance and covariance analyses).

hrs to be no’ published material regarding the statistical characteristics of data
nd tolerance scales, and from acceptability statement forms.

1lts

- the

test,

rhich
b the

r the

mial

lined
scale
reme
data
1S, SO
kions
f the

from

F.2.5.1 General

The following results relate to the data reported in F.2.3.

F.2.5.2 Thermal perception (n = 39)

Central tendency (mean: ;): -0,31

Scatter (standard deviation): 1,36

Significance

20

of the difference between observed Y and Y =0 (ttestforn<60):t=1,42,p>0,05
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Conclusion: not significant

F.2.5

.3 Affective assessment (n = 38)

Central tendency (median point): comfortable scatter (semi-interquartile distance): 1 interval between
successive degrees

Dissatisfaction index (observed percentage of judgements expressing discomfort, or observed
percentage of dissatisfied): 42 %

Significance of the difference between the observed percentage of dissatisfied (dissatisfaction index)

and

to —-0,31 PPD corresponding to PMV = -0,31: 7 % (ISO 7730:2005, Figure 1); Th
retical two-category population consisting of “discomfort” judgements in the proport

and ¢f “comfort” judgements in a complementary proportion Q = 0,93.

The
of 39
the 1

probability of obtaining 16 “discomfort” judgements (the observed numb€ér) or more
judgements drawn from the theoretical population defined above. The sampling dis
umbers (or proportions) of events (here, the judgements) of one category that can

in rgandom samples drawn from theoretical two-category populationsZsuch as that defiy

knov
even

2

whet

By s
categ

X
Yrp
i=n

/n: it is the so-called binomial distribution. It specifies that the. exact probability of
Ls of one category (and n-x events of the other category) is as Formula (F.1):

(x)={n!/[(x! (n-x)!]} - Px- Q1)

is the total number of events in the sample;
is the number of events of a certain eategory (0 < x < n);

is the probability of events of thiscategory in the theoretical two-category populat
Q=1-P.

imming up the probabilities\of obtaining samples with x and more (up to x = n) ey
fory drawn from the same theoretical two-category population, one obtains the

i) = which will beexamined from the statistical point of view!8l,

vote (PMV)
is defines a
ion p = 0,07

in a sample
tribution of
be observed
ed above is
obtaining x

(F.1)

ion

rents of this
probability

16
In thg present case, with n =38, x= 16, P = 0,07 and Q = 0,93, one has z p(i)=4,365 x 107.
i=38
In thE case/of samples with n > 25 and probabilities P and @ close to 0,5, the binomial distribution tends

towq

ation of the

rds, the normal distribution, which can then be used as an appropriate approxim

statistical binomial test X is transformed into z = (x - nP) / /nPQ ; z is approximately normally

distributed with a mean equal to zero and a variance equal to one. A rule of thumb is that nPQ needs to
equal at least 9 before the statistical test based on the normal distribution is applicable. This is
obviously not the case in the present example (nPQ = 2,47). Therefore, the binomial distribution formula
needs to be used.

In conclusion, the probability of obtaining a dissatisfaction index of 42 % is very low if one assumes that
the population of judgements is that which corresponds to PMV = -0,31.

F.2.5.4 Thermal preference

Central tendency (median point): no change
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Scatter (semi-interquartile distance): 0,5 interval between successive degrees
Preference index (percentage of judgements expressing a preference for change): 55 %

In contrast to the hypothesis of an equally probable distribution of the preference judgements among
the three categories “cooler”, “no change” and “warmer”, the observed distribution of the preference
judgements is significantly different (x2 = 10,1, with two degrees of freedom: p < 0,01). The frequency of
“cooler” preferences is lower, whereas those of the judgements of both other categories are higher than

assumed.

F.2.5.5 Acceptability (n = 36)

central tencj‘ency (modal judgement): acceptable rather than unacceptable

unacceptability index (percentage of judgements expressing unacceptability “on a personal leyel”): 40 %

F.2.5.6 T]lerance (n=36)

central tendency (median point): fairly difficult to bear

scatter (senli-interquartile distance): 0,5 interval between successive degrees

painfulnessijindex (percentage of judgements expressing difficulty to bedr): 86 %

F.2.6 Conflusion

On average, the workers judged their own thermal state as being close to thermal neutrality (Y =-p,31)
and the median of their corresponding evaluative judgements was “comfortable”.

Neverthelesss, the percentage of “discomfort” judgements amounted to 42, which is significantly
different frgm random occurrence in a sample of judgements drawn from a population with only 7 %
“discomfort]’ judgements (this would correspénd to a PMV = -0,31). The frequency of judgei:j:ents
preferring “cooler” was significantly lower than that to be expected if the distribution of judgenpents
among the three possible categories had héen equally probable. 40 % of the persons judged the thegrmal
ambience ag being “unacceptable on a.personal level”, and 86 % among them judged it as being mare or
less difficulf to tolerate.

It can be coxcluded that the climatic conditions in this workplace are not optimal for thermal conpfort,
apparently due to insufficient heating.

F3 Example B: Répeated comfort assessment in a laboratory setting

F3.1 Twe]ve young healthy adults (18 to 28 years old), six men and six women, remained seated at
rest from 08:25 a.m. until 12:00 p.m. in a climatic chamber. They were lightly clad (Icl = 0,6 clo]
exposed to i i ; i i,
short 30-min adaptation period. The same subjective assessment scales used in Example A (see F.2) were
applied at 08:55, 09:40 and 09:55, 10:40 and 10:55, 11:40 and 11:55, i.e. every hour. Except for the first
one, each inquiry was carried out twice, with a 15-min interval, and the replies were pooled.

F.3.2 Results

Table F.1 gives the main statistics for the successive samples of data which were collected. The
judgements are recorded according to the code numbers used for each scale, as shown in Annex A.
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