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Foreword

ISO 10551:1995(E)

ISO (the International Organization for Standardization)”is
federation of national standards bodies (ISO member bodies
preparing International Standards is normally  carried out
technical committees. Each member body jinterested in
which a technical committee has been established has th
represented on that committee. Internatichal organizations,
and non-governmental, in liaison with |$0, also take part in
collaborates closely with the Interrfational Electrotechnica
(IEC) on all matters of electrotechniéal standardization.

Draft International Standardsyadopted by the technical co
circulated to the member bodies for voting. Publication as a
Standard requires approval\by at least 75 % of the member
a vote.

International Standard ISO 10551 was prepared by Technig
ISO/TC 159, . Ergonomics, Subcommittee SC 5, Ergon
physical environment.

Annexes A B and C of this International Standard are for inf

a worldwide
. The work of
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e right to be
governmental
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Commission
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h International
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al Committee
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rmation only.
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Introduction

The present lmlemational Standard forms part of a series of standards on

the assessmen
This series is ¢

1) establish
ing the cha
thermal proy

2) establish
temperate €

This Internatio
expert assessn
subjected to v
various climatid
assessment W
physiological m|
a psychologica
site opinions o
(diagnosis) and
described else

The ergonomis
places is able

PPD, WBGT) W
comfort or the

t of thermal stress and strain in the work environment.
ncerned in particular with:

ng specifications on methods for measuring and estimat-
L i iatin ~lhsaimaal maraman +ara T atia anviranm
pny

acteristic SiCal paraimeiers of climatic environme
erties of clothing and metabolic heat production;

n+a
nis,

ng methods for assessing thermal stress in hot, cold and
nvironments.

hal Standard proposes a set of specifications on direct
nent of thermal comfort/discomfort expressed by persons
hrious degrees of thermal stress during periods spentiih
conditions at their workplace. The data provided Ry’ this
il most probably be used to supplement physical and
ethods of assessing thermal loads. The methodsibelong to
approach consisting in gathering, as appropriate, the on-
f persons exposed to the conditions under consideration
thus may complete data provided by predictive approaches
vhere in this series.

I who is concerned with the thermal environment of work-
o determine the value of various indices (WCI, PMV and
hich will predict the averagé glimatic conditions for thermal
hverage degree of thermal stress suffered by a worker in a

number of gemeral cases. In practice) specific cases often differ from

general cases
temporal fluct
Thus it becom
initial predictiv
experience wh
of their corresg

n ways such as spatial heterogeneities, local differences,
Lations, clothingCarrangements, personal characteristics.
es necessary.to) supplement the values proposed in an
b approach.by~a direct determination of the subjective
ch persans ‘at work have of the climatic environment and
onding-personal state, an experience which these persons

can judge and gxpress=The approach is diagnostic.

These data arel

not obtained by means of a questionnaire; it is left to the

user to incorporate the scales into a list of more comprehensive or more
specific questions (medical survey, list of work stresses), presented in a
form (oral, written; individual, collective) adapted to the particular case and
to the collective standards (national, professional) in force.

If persons exposed to thermal 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 should first be established between these
persons and the organization responsible, through the persons conducting
the ergonomic investigation.
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The thermal environments which lend themselves to the application of
subjective judgement scales relate to conditions which differ to a mode-
rate degree from thermal neutrality. Under extreme conditions, physical
and physiological assessment methods of the thermal load shall be
preferred, provided that their results can be used as criteria for a decision.
In particular, tolerance limits for thermal load cannot be confidently based
on subjective judgements and have to be decided in view of accepted
health risk criteria. More specific conditions for applying the judgement
scales will be made clear in connection with each of them.

The subjective nature of the data obtained using judgement scales leads
some experts to doubt their benefit and prefer "objective”, physical or

physiological data. The question of the validity of subje
regards thermal environments can be viewed in two disfinct

a)

To what extent is the information provided by these data thg
provided by "objective” data?

The first approach corresponds to the following.guestior]:

Ctive data as
ways:

same as that

The relation which may or may not existbetween objective gnd subjective

data will be examined with the aim of.substituting collection
by that of the latter, which are more easily obtained. This
Standard is not concerned withrthis approach, however inte
be once the relation has beer established.

of the former
International
resting it may

b) The second approachkicorresponds to the following que

What is the intrinsicivalue of the data supplied by these sca

The opinions held/by persons about the thermal environments
work have a value in themselves. It is up to the ergonomist wh
take them®into account. The reputation of these data for lack of]
not justify-dismissing them out of hand. The aim of this Interna
is precisely to improve their reliability by specifying the appropriz
in_collecting them and the requirement for using them.

I'

on:
s?

in which they
ether or not to
reliability does
jonal Standard
te tools to use
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PPD predicted percentage of dissatisfied (see ISO 7730);
WBGT wet bulb globe temperature (see ISO 7243);

WCI wind chill index (see ISO/TR 11079).

4 Subjective judgement scales for thermal environments: Principles of scale construc-
tion and conditions of use

There are a number of subjective judgement scales for thermal 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 organlsm) or Iocallzed present or past, instantaneous or extended over a perlod of time.

They also diffe
perature, hum
situation, temy

This Internatio
In the case of
normal manne
people make 3
are typically in

of priority given to their treatement). In general, judgements made by people about.théir personal thermal

more relevant

In the case of
conditions), ag
of steady clin
corresponding
(Ic| > 1,0 clo)

In each of thg
workers feel t
retains judge
perception, pre

This Internatio
and for more i

NOTE 1 T
scales by a g

in most instan
the persons' 0
using exactly t

NOTE 2 T
extended pe

By repeatedly
constant cond

dothing than customary.

0] parts (tem-
dity, air movement; thermal state of the body skin wetness respiration), permanent @ d¢mporary
erate or extreme conditions.

hal Standard recommends subjective judgement scales based on the thermal state of the body.
teady climatic conditions, with sedentary working people (60 W/m2 < Met <%9-W/m?) clgthed in a
[(0,56 £0,2) clo < Iy < (1,0 £ 0,2) clo] and after a stay of at least 30 miQ;-the global judgement
bout their own thermal state and the global judgement they make abogt\the ambient tenjperature
agreement. At the workplace, these situations are of particular imporfance (in terms of frequency,
state are
o ergonomists than judgements made about their thermal surroundings.

transient
the case
the level
or more

varying climatic or clothing factors, as well as in the case of\variation in physical activity
eement between both kinds of judgement does not necessarily occur. The same is true in
atic conditions associated with people with a level\Of physical activity higher than
to sedentary working (Met > 70 W/mZ2), or with-people clad in less (/g] < 0,5 clo)

how the
Standard
between

se cases, it is more important from the poipt of view of ergonomic practice to know
emselves than to know how they judge the\local climate. Thus the present International
ents that workers make about their awn thermal state as a whole. It distinguishes
sent affective assessment (comfort/discomfort) and future preference.

nal Standard also uses the same §cales, with appropriate modification, for temperate envijonments

tensely hot or cold environments.

his International Standard alsa suggests supplementing the perceptual, evaluative and preferential jidgement

tatement of acceptability and a scale of tolerance of thermal environments.

to gather
30 min),

ces, the exposure talgiven climatic conditions lasts for several hours. Therefore, it is useful
binions throughout~by repeating the expression of the judgements at regular intervals (e.g|
ne same scales.

he procedure»of obtaining synthetic judgements by hypothetically integrating spot impressiong over an

riod of tinde should be avoided.

applying the same scales, the evolution with time of the thermal comfort or strain experlenced in
tions may be assessed and an integrated judgement obtained over the whole time of exgosure by

appropriate co

mputation of the data (e.g. overait mean). In the case of ransient conditions, the same repeated

judgement collection applies to seasonal or other contextual (time of day, task demand, management style),
variations in thermal comfort or strain experienced by the same persons in otherwise constant climatic conditions.

Basic difficulties are encountered in any area which involves the use of language. In this regard, bias and variability
in the data can result from inconsistencies and inappropriateness of accompanying instructions. Therefore, it be-
comes crucial to standardize preparatory instructions which explain the study, as well as the wording of the
judgement scales. Of special importance is the terminology used to denote the degrees on the judgement scales.
This International Standard specifies the structure of the scales, with annex A providing suggestions regarding
wording selection in the various languages.

NOTE 3 International usage and acceptance of the scales in this International Standard will result in the fixing of suitable
wording of the degrees on the scales in various languages .
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Other judgement scales are in use concerning the thermal state of various parts of the body (e.g. head, torso,
hands, feet), the total thermal environment or various components of it (e.g. temperature, humidity or air move-
ment), other aspects of the thermal experience of the person (e.g. wetting of the skin) or evaluations conducted
over a certain period of time, including periods during which climatic conditions have not been measured. Other
scales, e.g. a bipolar affective evaluation scale, have been structured differently on the model of thermal
perception; such a scale is useful for taking into account thermal pleasure and is more sensitive than the unipolar
discomfort scale in the region of thermal conditions near to thermal neutrality.

This International Standard is limited to the five scales described in clauses 5 and 6. The gathering of subjective
judgement should first be concerned with localized thermal sensations (parts of the body) and with wetting of the
skin in constant conditions, given the current interest and application of these data. The second concern should be
for data gathered under transient conditions, which are extremely important but are not yet sufficiently well

known.

5 Pelceptual, evaluation and preferential judgement scales

5.1 Instructions for using the judgement scales

The three|judgement scales shall be applied in the following order: perceptual scale, evaluative spale, scale of
preferencg. The combination of possible replies provides all the required informatian.,

The following introductory questions shall be posed:

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

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

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

A 7-degref scale shall be applied in the case of environments judged to be temperate (close to thefmal neutrality
or slightly|hot or cold); a 9-degree scale shall be apglied in the case of environments judged to be more intensely
hot or colgl. A practical limit between the two catégories of environment is suggested at PMV =+ 2.

NOTE § It is recommended that the full scales be presented, even in cases of surroundings located only in the cold or
in the Warmth. The wording of all the degrees of a scale provides a frame of reference useful to those asHed to verbalize
their ingtantaneous thermal experiences

5.2 Sg¢ale of perception 6f the personal thermal state

5.2.1 Structure of the scale

A symmeitrical 7-degreée two-pole scale, which can be extended to 9 degrees, comprising a central indifference
point and ftwo times 3'(or 4) degrees of increasing intensity.

Degrees Point Degrees
Polg A (=4 —-3-2-1 0 +14+2+3(+4) Pole B
of intensity of indifference of intensity

5.2.2 Wording of the degrees

The poles A and B are either end of the scale from A = COLD to B = HOT. The central point of indifference
corresponds to the ABSENCE OF HOT AND COLD.

The wording of the degrees will depend on the vocabulary choices in each language. The selection of the terms
shall be carried out carefully and tested beforehand on a representative number of persons who are native
speakers of the given language.
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The following wordings shall be taken as an illustration:

© SO

— for languages which have several (at least two) distinct terms to denote different degrees of intensity for HOT

and COLD,

these terms will be used along the lines of English or Russian wording;

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

Table A.1 gives examples for each case.

5.3 Evaluative scale

5.3.1 Structure of the scale
A 4-degree ong-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.
Ppint of Degrees of
0 1 2 3 (4) Unique pole
brigin intensity
5.3.2 Wording of the points
The unique pdle devoted to the evaluation of the thermal 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).
NOTE 5 Table A.2 gives an example.
5.4 Thermal preference scale
5.4.1 Structure of the scale
A symmetrica| 7-degree bipolar scale comprising a central point of indecision and two times 3 degrees of
Increasing intefsity.
Degreé€s Point Degrees
Pole A -3/~2+1 0 +1+2+3 Pold B
of intensity of indecision of intensity
5.4.2 Wording of the.degrees
Poles A and Blar@at either end of the scale from A = COOLER to B = WARMER. The central point of ipdecision

corresponds to the ABSENCE OF CHANGE.

The degrees shall be worded using for each pole a comparative term which can be modulated in intensity by
means of adverbs. It is possible to reduce the three degrees of each of the poles to a single degree worded by

means of an un

NOTE 6 T

modulated comparative term.

able A.3 gives an example.
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6 Personal acceptability statement and tolerance scale

6.1 General

In addition to the previous judgements, information shall be obtained indicating how the workers personally feel
toward their thermal situation.

This assessment would be in terms of rejection or acceptance on a personal level, complemented in any case by a
relative judgement of the degree of personal tolerance. Rejection or acceptance is 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 contragt to the three preceding scales, the personal acceptability statement and the tolerance sdale consist of
judgemerjts made about the thermal surroundings (local climate).

6.2 Instructions for using the judgement expression forms

The acceptability statement form and tolerance scale shall be applied after the perception-and assegsment scales
described above, and shall be in the following order: acceptability statement form, then.tolerance scgle.
The following introductory questions shall be posed:
— beford application of the acceptability statement form:
(a) jn explicit terms: "How do you judge this environment (local climate) on a personal level?”
(b) Mwith the initial statement: "Taking into account only your personal preference ..."
1) either: "... would you rather accept this environment (local climate) than reject it?”
2) or: “... would you rather reject this environment (localclimate) than accept it?”
— beford the application of the tolerance scale:
"lsft...2"

6.3 DTcription of the forms of judgement expression
6.3.1 St

The form|of the personal acceptability statement will be a binary structure of the type:

PERSONAL ACCEPTANCE (GENERALLY “ACCEPTABLE) — PERSONAL REJECTION (GENEHALLY UNAC-
CEPTABLUE).

The persopnal tolerance scale will have a unipolar 5-degree structure, the single pole expressing QIFFICULTY IN
TOLERATING, with a point of origin’indicating no difficulty in tolerating and with 4 degrees of incregsing difficulty
in toleratihg, the 4th degree expressing intolerable.

ucture of the forms of judgement expression

Point Degrees
0 1,2,3 4 Unique pole
of origin of intensity
6.3.2 Wording of degrees
The wording’of the two categories on the personal acceptability statement form may consist of:
(a) either a clarification of the judgement of the person questioned:
Categories Wording Response

ACCEPTABLE Environment (local climate) acceptable rather
than unacceptable

UNACCEPTABLE Environment (local climate) unacceptable
rather than acceptable



https://standardsiso.com/api/?name=8ae04bca7fa384032b0dff9f1766dd5a

ISO 10551:1995(E)

(b) or the expression of agreement or disagreement of the person questioned with the initial statement.

©1SO

initial staterment Category ACCEPTABLE Category UNACCEPTABLE
either "personal acceptance” yes (agreement) no (disagreement)
or "personal rejection” no (disagreement) yes (agreement)
NOTE 7 The degrees on the personal tolerance scale can be worded in terms of difficulty in tolerating (or bearing). An

example is given in table A.5.

7 Instructigns for repeat enquiries

Persons submifted to repeated application of the same judgement scales shall be informed beforehand, in

U uiniucon

instructions coy

’\\I/\;A Ilnf"c 1
avoi sire

TAS A
AS yOu USY

means of th

~<I
0]

e same scales, to ju

Q »w
]
— —+

AL

\V/e1¥! \l\/”l hﬁ QQ[(DH oY=}
T GoKTuUu ST

veral times, \at regular inte

he thermal conditions; please do it carefully,-considering each ti

actual expefience at that moment. You will thus be in a position to express, (rjofe) accurately the

changes in t

8 Summary of the scales

Table 1 summa3
thermal stress

he thermal conditions you may experience over a longer period of exposure”.

Table 1 — Thermal stréss assessment

order to
bllowing

rvals, by
me your

possible

rizes the various judgements which are recommended for an assessment of thermal comfort or
based on subjective data.

{or extremely)

1 2 3 4 5
_Type of Perceptual Aftective Thermal Personal PersoIaI
judgement evaluation preference acceptability tolerance
Subject under Personal thermal state Thermal ambience
judgement
Wording "How do "Do yeu find it....... ?" | "Please state "How do you "Isit...?
you feel 4 or-5.degrees, how you judge this 5 degrees,
(at this from would prefer to environment from
precise COMFORTABLE to be now" (local climate) perfectly
moment)?” very 7 (or 3) degrees, on a personal TOLERABLE
(or extremely), from (much) level?” 2 degrees, to
7 or 9 degrees, | UNCOMFORTABLE COLDER to GENERALLY INTOLERABLE
from very (much) ACCEPTABLE,
(or.extremely) WARMER GENERALLY
COLD to very UNACCEPTABLE

HOT
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9 Formats and methods of presentation of the scales

~ ad tanantintia 2 A 7 AarQ

PRy [Py - ~ H
cales with more than two degrees can be presented in a discontinuou rmat: 3, 4, / or © sepa
|

re s fo
equal intervals; the response consists of ticking the degree corresponding to the judgement.

n AAa~nrana ~Aan -~

U')

fAarm
I

The same scales can also be presented using a continuous format, e.g. a segment of a straight line or curve com-

_______ ~r Q f A | th tha
prising 3, 4, 5, 7 or 9 equally spaced marks with the corresponding wording next to them. This format not only

makes it possible to indicate the mark corresponding to the judgement, but also to locate the response anywhere
within the intervals between marks.

Normally presented in written form to be completed manually, these scales can also be presented on a video
display unit and the responses given using a keyboard, or other equivalent, and an appropriate code.

10 Datla analysis and application of the results

The numerical properties (i.e. in terms of mathematical structure) of the data collected, by“applving the above
judgement scales, and the statistical characteristics of the distributions of these data dictate the {ype of quanti-

tative andlysis that can legitimately be applied to them.

he exanjple given in annex B illustrates a number of treatments and the resultg-that can be obtaiped: indices of

central tdndency, of scatter and of association in particular, or statistical testS-for significance of|difference, of
effects of factors or of association.

NOTE |8 This International Standard encourages pratictioners and researchérs with sufficient data, or thoge who are able
to colldct data, to publish studies on the statistical characteristics of the satnple distributions of such data.
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Annex A
(informative)

Examples of the wording of subjective judgement scales
on thermal conditions

Table A1 — Scale of perceptual judgements on personal thermal state
(after the question "How are you feeling now?")

© ISO

Two-term wordings

One-term wording

Poles DUQIUCD L'__Ilg“Dh Rtsstan Frereh Spou;\h
(+4) very hot O4eHb ropavo extrémement chaud| caloféxcesivo
+3 hot ropayo tres chaud mucho dalor
HOT
+2 warm Tenno chaud calot
+1 slightly warm cnerka Tenno légerementehaud algo de ¢alor
INDIFFERENCE 0 neutral HW TENNO HK ni chaud™di froid ni calor nji frio
XONOAHO
-1 slightly cool cnerka xonofgHo léderement froid algo deffrio
-2 cool XONOAHOC froid frio
COLD
-3 cold 04€eHb XONOAKO tres froid mucho ffrio
(—4) very cold ncknidurensHo | extrémement froid frio excgsivo
XOnogHO
Common iptroductory term(s) I'm feeling/I'm..... MHe..... Jai..... Tengp
NOTES
1 The two-tern) wording is possible in Danish, English,:German, Japanese, Russian and Swedish. One-term wording is
appropriate in Flench, Italian, Spanish and Turkish, although in some of these languages the degrees on the COLD pple
could be expresped by mean of two terms (frais, froid in French; fresco, freddo in Italian; fresco, frio in Spanish).
2 The central tendency of the perceptual judgements obtained by applying one of the above-mentioned scales yields an
observed mean lvote which can be compared with the Predicted Mean Vote (PMV index) determined according to 15O 7730.

Table A.2 —(Scale of evaluative judgements on personal thermal state
(after the question “Do you find this

Pole Degree Wording of degrees
0 comfortable
1 slightly uncomfortable
2 uncomfortable
DISCOMFORT 3 very uncomfortable
4 extremely uncomfortable

Common introductory terms

| find it

ISO 7730.

NOTE By summing up the judgements which express discomfort, one obtains an observed percentage of dissatisfied
people, which can be compared with the Predicted Percentage of Dissatisfied (PPD index) determined according to
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Table A.3 — Thermal preference scale
(after the instruction "“Please state how you would prefer to be now")

ISO 10551:1995(E)

Poles Degrees o dogree seale. 3-degres scale

+3 much warmer

WARMER +2 warmer warmer
+1 a little warmer

0 neither warmer nor cooler

-1 slightly cooler

COOLER -2 cooler codler
-3 much cooler

Common introductory terms

| would prefe

r to be......

Table A.4 — Personal acceptability statement form

Categories a) Explicit wording b) Wording of degrees after initial statement 1) or 2)
of the degrees
After the question: "How do you | After the common instrlictions: “Taking into account pnly your
judge this environment (local personal preference). . "
climate) on a personal level?"”
Initial statement1): Initial statemen{ 2):
would<you accept this "....would you |reject this en-
environment (local climate) vironment  (Idcal  climate)
rather.than reject it?” rather than accqpt it?"
"On a personal level, this
environment is for me.....
D | acceptable rather than Yes Np
unacceptable”
L .... unacceptable rather than No Yds
acceptable”
instead of using a two-category statement form, personal acceptability may be expressed on a continuous scgle, such as the
following
clearly agceptable {ust acceptable just unacceptable clearly unaccgptable
The preliminary instrdctions would be as follows [after the question "How do you judge this environment (local

climate)
mark thej
mark the

bn a personal level?” or after instruction "Taking into account only your personal preferepce”]: "Please
appropriate place on the scale to express your acceptance of the environment (local climate). Do not
middle of the scale, but express either acceptance or unacceptance”.

NOTE

9 In addition to the same information obtained by applying the two-category statement form, a more gradual
judgement can be expressed which may 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 B, example A).
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Table A.5 — Personal tolerance scale
(after the question: "ls it.....7")

Pole Degrees Wording of degrees
0 perfectly bearable/tolerable
DIFFICULTY 1 slightly difficult to bear/tolerate
IN 2 fairly difficult to bear/tolerate
TOLERATING 3 very difficult to bear/tolerate
4 unbearable/intolerable
Common introductory terms Itis .....

10
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Annex B

(informative)

Application of assessment procedure and judgement scales:
Examples, including data analysis

B.1 Introduction

Three exgmples-are-giver—Fhe-firstisthe-rrest-extensive—in-orderto-Hlustrate-theprocedure—and-a, more detailed
data anallsis. It concerns the application of the judgement scales in a working situation whereg-spmewhat cool
conditiony prevailed, creating slight discomfort. The other two examples are more specific; ongycongerns a labora-
tory setting providing thermal comfort, in which repeated assessments were carried out."[he Igst example is
related td a public transport situation in which the climatic conditions corresponded to slight'thermal ptress.

B.2 Example A: Working places with slight cool discomfort
B.2.1 Afp ergonomist decided to gather the judgements of 40 workers on the’thermal conditiong they actually
encountelred at work. The estimated PMV values (see ISO 7730) at the workplaces were between 4 1,0 and + 0,9
for varioys combinations of physical activity and thermal insulation of cléthing, observed under megsured climatic

conditionp.

B.2.2 The aim of the inquiry was explained to the workers: it was.,intended to establish how they fglt with regard
to their ojvn thermal state and to the climatic environment, by means of a standardized questionnairg.

While thg workers responded to the questions, the climatic parameters of the 40 workplaces were jmeasured and
estimate$ made of metabolic heat production and clothipgtinsulation.

Each worker received a form containing the following questions:

1 How gio you feel at this precise moment?.{thark appropriate box): | am

very cold cool slightly neither hot slightly warm hot very
cold cool nor cold warm hot
O O m] | ] m] m] O o

2 Do yop find this.....7

comforf slightly uncomfor- very extremely
table uncomfor- table uncomfor-  uncomfor-
table table table
m] ) 0O m] 0

3 At thi$ mement, would you prefer to be.....7

much cooler slightly without slightly warmer much
cooler cooler change warmer warmer
o ] m| m} O O O

4 Taking into account your personal preference only, would you accept rather than reject this climatic environ-
ment?

Yes O No O

1"
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5 Is this environment, in your opinion

perfectly
bearable

m]

slightly fairly

difficult difficult

to bear to bear
O O

?

very

difficult

to bear

a

un-

bearable

O

© SO

B.2.3 The pooling of the results provided the following distribution of replies (n = number of replies of a given

category):

B.2.3.1 Thermal perception

very cold caal slightly neutral slightly warm hot very- no
cold cool warm hot reply
-4 -3 -2 -1 +1 +2 +3 +4
n 8 12 10 2 7 1
B.2.3.2 Affective assessment
comfort slightly uncom- very no
table uncom-  fortable uncom- reply
fortable fortable
0 1 2 3
n 22 4 10 2 2
B.2.3.3 Thermal preference
much cooler slightly no slightly warrer much no
cooler cooler change warmer warmer reply
-3 -2 -1 0 +1 +2 +3
n 4 ‘ 18 ! 14 4 0
B.2.3.4 Persognal acceptability
yes no | no reply
n 22 14 ’ 4
B.2.3.5 Personal tolerance
perfectly | slightly fairly very un- no
bearablg | difficult difficult difficult  bearable reply
to bear t0 bear to bear
1 2 3
n 9 15 7 0 2

B.2.4 Analysis of the data took into account the numerical properties of the data and the known statistical charac-

teristics of thei

12

r distributions.
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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);
— for the scatter, the semi-interquartile distance (half the difference between the first and third quartiles);

— for the association in probability, the rank coefficients (Spearman's rho, Kendall's tau) or the coefficient of
concordance (Kendall's W).

The appropriate statistical tests of the null hypothesis are of the nonparametric type (e.g. sign test, median test or
certain types or variance analysis).

The replig

equivalen

— for the
— for theg

s on the acceptability statement form fall into two distinct categories of data, which caofrg
re classes (nominal or categorical data). The relevant statistics are the following:

central tendency, the mode (point of maximum frequency);
scatter: the entropy of the distribution;

spond to two

— for the probability association, various coefficients such as the coefficient of association or the contingency
coeffigient.

The apprqpriate statistical tests of the null hypothesis are also of the nonparametric type (e.g. binomial test or chi-

squared test).

The statidtics and null hypothesis tests relevant to nominal data are alSo relevant to ordinal data.

The only ptudy devoted to the statistical characteristics of data ‘distributions concerns those obtaingd by applying

two 7-degree scales: the ASHRAE thermal perception scale and the Bedford mixed scale combinin

ception a
at equiva
(interval g

hd evaluation [2]. It was shown that degrees other'than the two extreme ones are psycholg
ent distances and may thus be treated as continuous data whose differences are defing
cale); they approximate normal distributions, s¢’it is quite legitimate to calculate the mean

y thermal per-
gically located
td numerically
and standard

deviation| and to submit them to calculations of carrelations and regression applied to continuous ariables. The
appropriafe statistical tests of the null hypothesis dre’the parametric type (e.g. t or F tests, variance gnd covariance
analyses)

There appears to be no published material~regarding the statistical characteristics of data from pfeference and
tolerance|scales, and from acceptability ‘statement forms.

B.2.5 Results

The folloy

B.2.5.1

centra
scatte

ving results relatete*the data reported in B.2.3.

Thermal perception (n = 39)

tendency (mean: Y): - 0,31
I (standard deviation): 1,36

signifi

Lande of the difference hetween ohserved ¥ and ¥ =0 (rtest farn < 60) 1= 1 .42 p> 005

Conclusion: not significant

B.2.5.2

centra
scatte

Affective assessment (n = 38)

| tendency (median point): comfortable
r (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 the
Predicted Percentage of Dissatisfied (PPD) corresponding to a Predicted Mean Vote (PMV) equal to — G,31

13
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PPD corresponding to PMV = —=0,31: 7 % (ISO 7730:1994, figure 1). This defines a theoretical two-category
population consisting of "discomfort” judgements in the proportion P = 0,07 and of “comfort” judgements in a
complementary proportion Q = 0,93

The probability of obtaining 16 "discomfort” judgements (the observed number) or more in a sample of
38 judgements drawn from the theoretical population defined above. The sampling distribution of the numbers (or
proportions) of events (here, the judgements) of one category that can be observed in random sampies drawn
from theoretical two-category populations such as that defined above is known: it is the so-called binomial
distribution. It specifies that the exact probability of obtaining x events of one category (and n —x events of the

other category)

is

plx) = {n!/l(x!(n = x)!1} - Px- Q(n—=x)

where

n is the total nd

x is the numbe
P is the probab

By summing up the probabilities of obtaining samples with x and more (up to x = n) events of this'catego

from the same

from the statisfical point of view [4].

In the present

mber of events in the sample;
of events of a certain category (0 < x < n),
lity of events of this category in the theoretical two-category population 0 = 1 — P.

theoretical two-category population, one obtains the probability Zp(i): which will be e

i=n

16
ase, withn = 38, x = 16, P = 0,07, Q = 0,93, one has Zp(i) = 4865 % 109
i=38

y drawn

kamined

NOTE 10 Ih the case of samples with n > 25 and probabilities P and Q:close to 0,5, the binomial distributfon tends
towards the hormal distribution, which can then be used as an appropriateyapproximation of the statistical bingmial test
[x is transforned into z = (x — nP)/\/nPQ; z is approximately normally diStributed with a mean equal to zero and g variance
equal to onel| A rule of thumb is that nPQ must equal at least 9 befofe 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 has to be used.
In conclusion, the probability of obtaining a dissatisfaction”index of 42 % is very minute, if one assumes|that the
population of jydgements is that which corresponds to'PMV = - 0,31.
B.2.5.3 Thermal preference
central tendpncy (median point): no change
scatter (semi-interquartile distance): 0;5.nterval between successive degrees
preference jhdex (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 "copler”, "no change” and “warmer"”, the observed distribution of the preference judgerhents is

significantly dif
lower, whereas

B.2.5.4 Acceq
central tend

those of the'judgements of both other categories are higher than assumed.

tability,{n = 36)
enpcyNmodal judgement): acceptable rather than unacceptable

erent (x2 = K04, with two degrees of freedom: p < 0,01). The frequency of “cooler” prefeflences is

400

unacceptabi

14 aal L . £ Al s M N Y L] Ll VAN
Yy e Pereetage O HagemMenNtS eXpressSmMygthaccepiao ity — omra personar iever J. 4u

B.2.5.5 Tolerance (n = 36)

central tend

ency (median point): fairly difficult to bear

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

painfulness

14

index (percentage of judgements expressing difficulty to bear): 86 %
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B.2.6 Conclusion

On average, the workers judged their own thermal state as being close to thermal neutrality (Y =-0,31) and the
median of their corresponding evaluative judgements was “comfortable”.

Nevertheless, the percentage of “discomfort” judgements amounted to 42, which is significantly different from
random occurrence in a sample of judgements drawn from a population with only 7 % “discomfort” judgements
(this would correspond to a PMV = —0,31. The frequency of judgements preferring “cooler” was significantly
lower than that to be expected if the distribution of judgements among the three possible categories had been
equally probable. 40 % of the persons judged the thermal ambience as being "unacceptable on a personal level”,
and 86 % among them judged it as being more or less difficult to tolerate.

It can be concluded that the climatic conditions in this workplace are not optimal for thermal comfort, apparently
due to inguffictent-heating:

B.3 Expmple B: Repeated comfort assessment in a laboratory setting

B.3.1 TwWelve young healthy adults (18-28 years), six men and six women, remained seated| at rest from
08:25 a.np. until 12:00 noon in a climatic chamber. They were lightly clad (I; = 0,6 clo)and exposef to a uniform
ambient {emperature of 25 °C. They performed office tasks for 185 min, after a_short 30-min adaptation period.
The samg subjective assessment scales used in example A (see B.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-ibquiry was carried qut twice, with
a 15-min |nterval, and the replies were pooled.

B.3.2 Results

Table B.1| gives the main statistics for the successive samples of data which were collected. The jydgements are
recorded faccording to the code numbers used for each scale, as¢shown in annex A.

Table B.1 — Repeated comfort assessment in a laboratory setting

Time of inquiry
08:55 09:40-55 10:40-55 11:40-55
Number of judgements n 12 24 24 24
1 Thermal Mean +1,0%% +0,2 -0.1 0
perception|scale Standard deviation 0.7 0,7 0,7 0,6
Test V) t 5,58 1,12 0,60 0
p <,001 >,05 > ,05 > ,05
2 Affectivd Median 0 0 0 0
evaluation pcale % discomfort 25 21* 13 13
Test 2);
Theeretical population with PPD = 32 % 6 % 5% 5%
Qbserved number of discomfort jJudgements x 3 5% 3 3
Probability of obtaining x discomfort
judgements or more 0,792 0,015 0,116 0,116
3 Thermal Median 0 0 0 0
preference|scale Preferences for:
warmer 2 5 8 10
no change 5 144 13A 14
cooler 4 5 3A O0A
Test3) chi-squared 1,50 6,75 6,25 13,00
1 >, 05 <, 05 <, 05 <,01
4 Acceptability Mode accept accept accept accept
statement form Percent unacceptable 0 0 0 0
5 Tolerance scale Median 0 0 0 0
Percent difficult to bear 8 0 0 4
1) rtest of the difference between the observed mean value and zero (neutral); p: probability.
2) Probability of obtaining the observed number of discomfort judgements or more in samples of 12 or 24 judgements to which would correspond populations of
thermal judgements with a mean (PMV) equal to the observed mean of the thermal perception judgements.
3) Chi-squared test of the difference between the observed distributions of preference judgements (cooler — no change — warmer) and the probability of an
equal distribution of the same judgements among the three categories.
*: Significant at a 0,05 level.
**: Significant at a 0,01 level.
A: Main contributions to the chi-squared test.

15
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Table B.2 — Results presented according to gender
Time of inquiry
08:55 09:40-55 10:40-55 11:40-55
Number of judgements n 6 12 12 12
1 Thermal perception judgements: Men +1,3 +0,5 0 -0,1
the mean Women +0,8 -0,2 +0,2 0
Difference +0,5 +0,7* +0,2 -0,1
Test 1) t 1,34 2,62 0,63 0,31
p > 0,05 > 0,02 > 0,05 > 0,05
2 Affective evaluation scale: Men 2 2 1 0
number of discprrfertiadgerrents Women 1 3 2 3
Test 2) chi-squared 0,33 0,10 0,10 3,00
p > 0,05 > 0,05 > 0,05 3 0,05
1) rtest of the difference between the two means (men vs. women); p: probability.
2) Chi-squared tept of the difference between the two frequencies (number of discomfort judgements).
*: Significant at tHe 0,05 level.

B.3.3 Concluysion

On average, people felt very close to thermal neutrality and evaluated it as(ecomfortable; they preferrgd not to
change, and jlidged the surroundings as being acceptable and tolerable vith only a few exceptions. pt 09:40-

09:55, the nurmber of observed discomfort judgements significantly exceeded the PPD, which correspon

mean of the s

not feel so ong hour later. A further influence of time was shown by thedistribution of the preference jud
the trend wag from a well-balanced distribution at 09:40-09:55-te<an unbalanced distribution (preferen
warmer) at the end of the exposure. People tended to feel cooler with the passing of time. The gender dif

were not sign

than in men at|09:40-09:55.

B.4 Thermial stress in a public transport'situation

B.4.1 Atace

stress were expressed by regular users_dnd‘an on-site inquiry was carried out. Air temperature was

27 °C and 30

humidity ranggd from 34 % to 50 %..and mean air velocity was 0,4 m/s, with irregular bursts up to 3,

persons were

between 15 and 78 years old (ayerage age: 41 years). Outside air temperature was within the 4 °C to 12

depending on
between 1,0
applied after a

16

multaneous thermal judgements. Depending on the time,people first felt “slightly warm’

ficant (see table B.2), except that the mean, thermal perception was significantly lower iy

rtain period of traffic flow during the winter in an underground railway section, complaints 9
C (mean: 29,2 °C, st. dews.0,98 °C), mean radiant temperature was in the same range
interviewed once, in-February, in the morning or in the afternoon. There were 47 men, 46
the time of day;. ‘Aence people wore winter clothing, with estimated thermal insulation

lo and 1,8 clo_fmean: 1,45 clo). The same judgement scales used in example A (see B
30-min staygintthe trains, either seated or standing.

s to the
, but did
hjements:
ce to be
ferences
women

f thermal
between
Relative
m/s. 93
women,
*C range,
5 ranging
.2) were
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