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Abstract

With the global spread of thermal comfort studies, thermal scales are translated into different languages to adapt local context
in which the studies are applied. However, translating thermal comfort studies does not maintain the scales’ behaviour
associated with the original English versions. Behaviour differences include irregular categories’ width, asymmetry, and
deviation of the middle category centre from the centre of the thermal continuum. These differences have a negative influence
on the results of thermal comfort studies and their accuracy. Applying the successive categories method, this paper explores
the change in ASHRAE, Bedford, and Nicol scales’ behaviour when translated into the Arabic language. The translated scales
were integrated into questionnaires distributed among female high school students in Muscat, the capital city of Oman, as part
of a larger survey that lasted for a whole year. The findings revealed the deviation of the translated scales from the original
assumptions of the English versions. This included categories’ irregular widths and asymmetry in addition to the deviation of the
centre of the middle categories from the centre of the thermal continuum. Besides, it was found that both ASHRAE and Bedford
scales covered different ranges on the thermal continuum, which questions their assumed equivalence. Based on these
findings, the accuracy of the thermal comfort analysis is negatively affected. Considering the sensitivity of scales’ behaviour to

the used phrases, further explorations implementing the terms examined in this study are recommended.
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1. Introduction

Satisfying thermal comfort requirements of buildings’ occupants is a considerable challenge for two
reasons. First, these requirements are generally an important consumer of energy in buildings [1,2].
Second, thermal comfort has a subjective nature that requires a good understanding of users’ thermal
demands [3]. With the aim of contributing towards this understanding, researchers usually conduct
thermal comfort studies inside real buildings. In these studies, they often distribute questionnaires that
involve using thermal scales as a major tool to seek participants’ thermal sensations. Voting a thermal
sensation requires the subjects to feel, evaluate, and express their thermal states using thermal

scales. It is possible to consider these word-based scales as numerical measures of subjective
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experience as the thermal votes obtained from the distributed questionnaires are usually expressed in
numerical form for analysis purposes.
Among several sensation scales found in the literature [4,5], ASHRAE and Bedford scales are widely
used. Both scales consist of seven categories that are usually converted during analysis into a
numerical range from (-3) to (+3) as follows:
- ASHRAE scale: cold (-3), cool (-2), slightly cool (-1), neutral (0), slightly warm (+1), warm
(+2), hot (+3)
- Bedford scale: much too cool (-3), too cool (-2), comfortably cool (-1), comfortable neither
warm nor cool (0), comfortably warm (+1), too warm (+2), much too warm (+3)
Moreover, thermal preference scales are mainly introduced to overcome possible confusion between
neutrality and culturally desirable sensations [6—8]. McIntyre, Nicol, and a modified version of
ASHRAE sensation scales are widely used to report thermal preferences. These scales have three,
five, and seven categories respectively as follows:
- Mclintyre scale: warmer (-1), no change (0), cooler (+1)
- Nicol scale: much warmer (-2), a bit warmer (-1), no change (0), a bit cooler (+1), much cooler
(+2)
- ASHRAE scale: much warmer (-3), warmer (-2), slightly warmer (-1), no change (0), slightly

cooler (+1), cooler (+2), much cooler (+3)

1.1. Challenges in using thermal sensation scales
Despite the continuous implementation of thermal sensation scales, there are some challenges in

applying them. These challenges may be classified into those related to scales in their English or
original form and those related to the translated versions. The reasons for these challenges include
the difference between neutrality and comfort, the effect of the climatic and cultural background, and
participants’ difference in realising thermal sensations and their distribution on the thermal continuum
[8]. Additional reasons include the variations that result from translation. Translating thermal scales
has a positive impact on the participation rate as it adapts the scales to the local context [9,10].
However, deviations from the original English scales exist due to the absence of equivalent
sensations in the translated languages or the difference in the impressions associated with these
sensations [11].

Examples of such challenges include the statistical evidence on the different interpretations of

ASHRAE sensation scale [7]. Another is the use of a numerical system to describe a psychological



experience [6]. Some studies attempt to overcome this via using continuous scales like the study of
[12]. According to Mcintyre cited in [4], employing continuous scales may reflect accurate sensations,
especially under slight or slow variations of temperature. However, such scales may be impractical,
introduce errors [6], and reduce the results’ accuracy [13].

Regardless of the widely accepted assumption of exchangeable use of ASHRAE and Bedford scales,
the former assumes that thermal comfort is equivalent to any sensation from the central categories
(i.e. slightly cool, neutral, slightly warm), whereas the latter integrates (comfort) in its categories.

The inequality between neutrality and comfort was proven statistically in a study that requested the
subjects to identify thermal comfort along ASHRAE scale. The findings indicated that neutrality was
cooler than comfort for the involved participants. It is worth mentioning that this study was conducted
in winter with a majority of English participants [8]. A similar result was found in a recent study
conducted for a whole year among Eastern Arabs; yet, neutrality was warmer than comfort, which can
be justified by the influence of the climatic background of the participants [14].

Furthermore, some studies highlighted few discrepancies in the exchangeable use of ASHRAE and
Bedford scales [9,15,16]. For instance, accepting thermal surroundings was higher by about 20%
using Bedford scale compared with ASHRAE in a study that took place in a high school in Singapore.
In this study, thermal acceptability and the votes in the central categories were assumed to be
equivalent [15]. However, scales’ difference may be due to their use in that study as ASHRAE scale
was applied to evaluate ambience temperature and Bedford scale was applied to evaluate thermal
sensation.

In another study that compared Indonesian translations of both scales, variations in votes’ distribution
were revealed. In specific, ASHRAE votes distributed relatively evenly, whereas Bedford votes
clustered in central categories. Accordingly, the researchers concluded that ASHRAE scale had a
better behaviour [17], which may justify their use of ASHRAE data in their analysis. However, applying
successive categories method indicated that Bedford scale behaved better [18] and, thus, computing
neutral temperature using its data may lead to conclusions with better accuracy. Additionally, a similar
clustering of thermal votes using Bedford scale in the central categories compared with ASHRAE
scale was reported in [19]. The clustering behaviour of Bedford votes may indicate a lack of sensitivity
[5] and the reasons for this pattern of distribution are not clearly known. It is probably due to people

variation in their perception to thermal ambience or their interpretation of thermal scales [4].



Another possible reason is the integration of (comfort) in the central categories; usually, people tend
to keep themselves thermally comfortable as indicated by the adaptive principle.

Considering the challenges associated with translation, the translated thermal scales deviates from
the assumptions of the English scales and, consequently, changes their behaviour. Examples of
these deviations include the divergence of the middle category centre from (zero), unequal width of
categories, and asymmetrical categories. Such changes were reported when translating ASHRAE
and Nicol scales into French, Swedish, Portuguese, and Greek languages [11,18]. Similar changes in
scales’ behaviour were revealed in a study that translated both scales into Japanese and compared
their behaviour with a Japanese scale [18,20]. Likewise, comparing the translated sensation phrases
used in some Arabic studies of thermal comfort revealed that the translated phrases associated
possibly desirable impressions to sensations outside the three central categories. Besides, the
translated scales covered different ranges on the thermal continuum compared with the ASHRAE or
Bedford 7-points scales [14].

It should be mentioned that these variations in scales’ behaviour are not attributed to the translation
effect solely. Climatic background and acclimatisation can be considered as other contributors [18]. In
this regard, a recent study investigated the climatic effect on thermal responses and terms of
Bangladeshi and Japanese participants. A translated version of ASHRAE 11-point scale was
integrated in the distributed questionnaire besides imaginary thermal scenarios at which participants
should describe their sensations. Significant variations in thermal sensations were reported, which

emphasises the impact of the climatic background [21].

1.2. Thermal scales in literature
This section presents the literature concerned with thermal scales to highlight the lack of research

regarding the behaviour of translated thermal scales applying the successive categories method,
which is the focus of this paper. Indeed, there are few studies concerned with thermal scales in
general [22] despite their wide applications in thermal comfort studies. Reviewing the literature
revealed recent investigations regarding different aspects of thermal scales including people
interpretation of thermal scales [8,11,14,22,23], examining the scales’ assumptions [4,8,14], the
relationship between comfort and neutrality [8,11,14,24], uncertainty of thermal comfort
measurements related to thermal scales and survey protocol [13], comparing different thermal scales
[5,25], and proposing a nhew preference scale [26]. As noted, the majority of these studies were

published during the last year.



People vary in their interpretation of thermal scales, which was noted in studies like [4,8,14]. These
variations include the differentiation between phrases, identification of the phrases’ positions and
distances, and the concepts associated with each sensation. For instance, a relatively weak
differentiation between (slightly cool) and (cool) as well as between (slightly warm) and (warm) were
revealed among Eastern Arab students. Linking this to the participants’ climatic background highlights
the importance of considering it when translating thermal scales and defining thermal comfort zone
[14]. People’s variations in identifying the positions of and the distances between ASHRAE sensation
phrases were not random from a statistical point of view. This implies that comfort is not necessarily
related to the three central thermal sensations as widely assumed. Interestingly, grouping participants
based on these variations can increase the prediction accuracy of thermal comfort models [22]. In this
regard, the generalisation of thermal votes was questioned based on the different conceptions and
experiences associated with the sensation phrases of ASHRAE scale [23].

Regarding the scales’ assumptions, it was revealed that the assumptions of equal categories’ width
and comfort range may not be valid and the used scale type (ordinal or continuous) affects survey
results. This implies that temperature steps, which are the temperature changes required to move by
one thermal sensation, are not necessarily uniform [4]. However, these findings may require further
examination considering the sample size of the experiment.

Moreover, the degree of which thermal neutrality can be considered as an indication of thermal
comfort was investigated by a recent study conducted in Norwegian and British offices. The study
highlighted that ASHRAE definition of thermal comfort does not refer to neutrality; yet, several studies
of thermal comfort considered them as equivalents. The findings confirm the difference between
comfort and neutrality as around 36% and 60% of the participants in the questionnaires and
interviews respectively wanted different sensations than neutrality [24], which was highlighted in other
studies [8,11,14].

Additionally, the effect of the survey protocol, including participants’ number and votes per participant
number, and questionnaire characteristics, including scale type (continuous or discrete) and choices’
number, on the intra-individual and subjective measurement uncertainty was investigated. The intra-
individual variation refers to the change in the one participant votes under similar thermal

environments. It is recommended to use discrete thermal scales of no more than 7-points to reduce



the intra-individual variations. Increasing the number of votes per person has a positive influence on
the subjective measurement uncertainty and a recommended number is 40 person-votes [13].

Some researchers investigated the assumption of equivalence between the different thermal scales
[5,25]. The former study highlighted the absence of a well-established base to compare thermal
sensation scales. The researchers suggested considering the scales with an equal number of
categories equivalent although they differ in the associated phrases. Besides, they suggested unifying
the length of scales with different categories number by categories’ redistribution [25]. Obviously, this
attempt involves changing the original widths of categories besides assuming equality between
extreme sensations. It is worth to mention that such equality lacks evidence. Moreover, exploring
scales’ behaviour, by applying the successive categories method, may reveal some variations in the
scales’ behaviour despite their equal number of categories. In another study, the application of a
categorical scale, a visual analogue scale, and a combined scale with visual analogue and categorical
features was explored by integrating them in a questionnaire besides an accompanied experiment.
The scales were translated into Korean and Japanese to suit participants’ mother tongue. It was
found that verbal scales expressed thermal sensations more precisely and exhibited higher
correlations with indoor air temperature compared with visual scales [5].

Furthermore, an application was designed to collect users’ thermal preference votes promptly using
their smartphones or computers. The integrated scale implemented ASHRAE phrases except (slightly
cool) and (slightly warm). The results indicated the application success in fulfilling its purpose.
Besides, the accompanied field study revealed that preference votes were mostly influenced by the
ambient temperature [26]. It is noteworthy that exploring the properties of the used scale was out of

scope in that study.

1.3. Research aim
Translated thermal scales are supposed to maintain the assumptions of their English versions

(original version). However, maintaining a similar behaviour is affected by the characteristics of the
translated language and the accuracy of the translation. Any deviation from the scales’ original
assumptions has a negative influence on the results of the thermal comfort studies. For instance, the
irregularity in categories’ widths had a negative effect on the results of the regression analysis. This
analysis is widely applied in the thermal comfort studies and it requires equal intervals of both the
dependent and independent variables [6]. The paper at hand attempts to explore the behaviour of

ASHRAE, Bedford, and Nicol scales when translated into the Arabic language applying the



successive categories method; in particular, it investigates to which extent do the translated scales
maintain equal distances between categories, symmetry around the middle category, and the
coincidence between the middle category and the centre of the thermal continuum. These
assumptions were investigated in previous studies using free positioning only where the participants
were requested to distribute thermal phrases on the thermal continuum [4,8,14]. Up to the knowledge
level of the authors, this study is the first concerning thermal scales translated into the Arabic
language.

In this research, the investigated phrases covered a range on the continuum similar to that covered by
the internationally agreed Arabic version, which is available in [27]. However, the phrases of this
version were not applied in the current research because they are not commonly used in the Eastern
Arabic region that includes Oman, where the investigation was applied. It is worth to mention that the
Arabic language has different dialects and the used vocabulary is affected by the geographical origin
of the speaker [28].

As noted from sections (1.1.) and (1.2.), there is a lack of research regarding the behaviour of
translated thermal scales, especially when translated into the Arabic language, despite the recent
interest in studying thermal scales. Additionally, few thermal comfort studies are generally conducted
in the Arabic region regardless of its extreme climatic conditions and the high dependence on non-
renewable energy in satisfying thermal comfort demands. It is hoped that this study will contribute
towards filling this gap of knowledge and encourage other researchers to carry out more thermal
comfort research in the Arabic region as well as to apply the successive categories method to
investigate the thermal scales’ behaviour.

2. Methodology

The investigated scales in this study (i.e. ASHRAE, Bedford, and Nicol) were integrated into two
guestionnaires distributed among high school students as part of a thermal survey that was
conducted for a whole academic year. The successive categories method was applied to compare the
scales’ behaviour and examine their stability during the survey. Widely used in psychometric studies,
the method is recently implemented to explore the properties of the thermal scales by defining the
actual width of the scales’ categories as perceived by the participants. This enables comparing the
categories’ widths and their relative positions and, thus, exploring the scales’ behaviour. To apply the

method, the compared scales should be derived from the same survey, i.e. the same subjects and



similar thermal conditions. Although the method may not be accurate for extreme categories (i.e. cold
and hot in ASHRAE sensation scale for instance), the formed conclusions are generally not
influenced as usually very few votes fall in those categories [18].

In general, comparing the behaviour of thermal scales includes making assumptions regarding the
participants’ response or regarding the thermal conditions. For instance, some studies assumed that
different participants, answering questionnaires with different scales, have almost similar responses
under identical conditions like [5]. Other attempts like [15] involved distributing a questionnaire with
more than one thermal sensation scale to the same participants. Neither approach is theoretically
correct because of the participants’ change in the former study and the time lag in the latter.
Moreover, distributing more than one sensation scale within the same questionnaire increases the risk
of subjects’ boredom due to questions’ repetition. In the research reported in this paper, the same
participants answered questionnaires that integrated the explored scales separated by time lag under

similar thermal conditions.

2.1. Data
The data analysed in this paper are part of a thermal survey conducted in Muscat, the capital city of

the Sultanate of Oman. Five female high schools were visited twice in summer and three of them
were visited twice in winter. Two schools were excluded from winter study because of unforeseen
problems. In total, 15 and 9 classrooms were visited in summer and winter respectively. In each visit,
the classrooms’ objective data represented in the indoor air temperature, globe temperature, relative
humidity, and air velocity were collected for a whole school day. Besides, a questionnaire was
distributed among the students once towards the end of the fourth, fifth, or sixth class. The
guestionnaire integrated a translated version of ASHRAE or Bedford sensation scale, whereas Nicol
preference scale was integrated into all questionnaires’ versions. The sequence of distributing the
guestionnaires is illustrated in Figure 1. Besides, the translated head questions and the translated
phrases of scales’ categories are displayed in Table 1. These translations are included because the
scales’ behaviour depends on the used terms, i.e. it is possible for two scales translated into one

language using different terms to behave differently [18].



Surlvey

Summer Winter
! ! ' !
18t visit: 2nd yisit: 18t visit: 2nd yisit:
ASHRAE & Nicol Bedford & Nicol Bedford & Nicol ASHRAE & Nicol

Figure 1: Sequence of questionnaires’ distribution

ASHRAE Bedford Nicol
English Arabic English Arabic English Arabic
5 5 Currently, | would T B
. . ‘ . . ) .. .
Currently, | feel: = =&l (Ll Currently, | feel: = el lla arefer to be: 10sSh ol ) s
Cold [FENY A Much too cool Jaa 32 ,L Much warmer IS A
Cool 3L Too cool B3l A bit warmer S8 A
Slightly cool S8 33 )l Comfortably cool Aali e oSIaa No change uxd Y
. i Yl Y Aal ) .
Neutral Ui Comfortable, neither X J o A bit cooler S 3l
cool nor warm 4al
Slightly warm Sl Al Comfortably warm Aali yo oS asals Much cooler 1 8
Warm aals Too warm aals
Hot Jas dadla Much too warm [EENEREN

Table 1: Arabic translations of questions and scales’ categories as used in the questionnaires

As noted from Table 1, the non-central categories of ASHRAE and Bedford scales (i.e. categories -3,
-2, +2, and +3) were translated to identical Arabic phrases. This allows exploring the stability of these
categories’ behaviour besides exploring the translation impact on comfort range (i.e. the three central
categories). It is noteworthy that both (cool) and (cold) words are often translated into one term in the
Arabic language. To distinguish between the two sensations, the latter was literally translated as (very
cold). Moreover, the literal translation of (warm) may be a desirable sensation especially in winter;
thus, it was translated to a phrase that means (hot) to convey the negative impression of this
category. This led to translating (hot) as (very hot), which additionally maintained the scales’
symmetry. Consequently, the thermal ranges covered by the two scales’ versions (i.e. English and
Arabic) are different; yet, this change is acceptable as it is part of adapting scales to the local context.
In the Smart Controls and Thermal Comfort (SCAT) project, the French, Greek, and Portuguese
versions of the scale were manipulated in a similar manner [11]. Despite this difference in the thermal
ranges, both English and Arabic scales’ versions are assumed to maintain similar uniform gaps

between the consecutive sensations.

2.2. Participants
The research presented in this paper is a part of a larger survey that requires participants with a

certain level of English language capacity. The participated students spent at least nine years
studying English as a second language and, thus, had acquired a suitable level of the language for

the survey. However, the genders separation of the Omani educational system, the conservative



nature of the Omani society, and the lack of resources to recruit male research assistants to distribute
the questionnaires among male participants can create a selection bias. Consequently, votes’
clustering in some categories may occur as noted in previous studies [29—-37] that explored the
difference in thermal responses among different genders. This votes’ clustering may have an
influence on the categories’ boundaries. However, the nature of the exploration reported in this paper
does not ‘really’ require a representative sample as stated by [7]: “For an exploration of the interior
dynamic of the scale, it was not necessary to choose respondents by representative sampling, nor
thermal environments strictly representative of the respondents’ thermal experience, and nor was

comprehensive measurement of the thermal environment required.”

2.3. Site description and selected schools
Located at 23.61°N longitude and 58.54°E latitude, Muscat is the capital city of Sultanate of Oman.

According to Koppen-Geiger climate classification, the city is located within a desert hot arid region.
However, its mountainous nature and proximity from the Indian Ocean changed that climate to a hot
and humid one [38—40]. It is possible to distinguish two climatically distinctive periods in the city. The
first starts in April and extends to October and it forms the hot humid period. Maximum air
temperature reaches 45 °C in May and the mean extends from 30 °C in April and October to 35 °C in
June. Mean relative humidity extends between 42% and 74% in May and August respectively. The
other period is relatively cooler as mean air temperature extends between 21 °C in January and 26 °C
in November and mean relative humidity ranges from 57% to 66% in March and December
respectively. It is noteworthy that temperature drop at night is minor in Muscat because the basaltic
rock formations in the city release the heat absorbed during daytime causing continuous high
temperatures and relative humidity [39].

There are 10 governmental high schools for female students in Muscat city. Two of these schools are
located in rural areas, which make their participation in the research inconvenient. Thus, a primary list
of the schools consisted of a convenient sample that included eight governmental schools. They were
classified into four groups based on their architectural style, namely courtyards, clustered courtyards,
linear form, and a combination of courtyards and wings. One school from each group was selected to
participate in the survey. A fifth school was investigated because it has three floors, unlike the other
schools that have two floors only. It is worth mentioning that private schools were excluded from this

investigation due to the limited number of students in each classroom.



3. Results and discussion

Recalling that applying successive categories method requires deriving the explored scales from one
thermal survey, the thermal environments of the participated classrooms were investigated to ensure
that the students were subjected to similar conditions. It was found that some classrooms were
thermally different. Therefore, all questionnaires from these classrooms were excluded from the
analysis below. Discussing the thermal conditions of the investigated classrooms is out of this paper’s
scope. Besides, the questionnaires returned from students who were involved in physical education
classes before participating in the survey were excluded. As a result, 333 and 349 copies of ASHRAE
and Bedford questionnaires respectively of summer study were included in the analysis. The
corresponding copies of winter study were 209 and 194.

The successive categories method was applied to determine the probits that represent the categories
upper limits. To compute the probits, the students’ votes in each category were determined and the
cumulative numbers of votes were calculated. The cumulative proportion of each category was
computed by dividing the cumulative number of votes in that category by the total number of votes.
The cumulative proportions were then transformed into probits using the cumulative normal
distribution of unit standard deviation on the psychological continuum. The application of the
successive categories method in the thermal comfort field is comprehensively illustrated in chapter
(18) of Adaptive Thermal Comfort: Foundations and Analysis book [18].

The computed probits of thermal scales in summer are displayed in Table 2 and those in winter are
presented in Table 3. To visualise the findings, graphical representations of the tables are
demonstrated in Figure 2 for the former and in Figure 3 for the latter. Based on these tables and
figures, it is possible to compare the translated scales and investigate their behaviour through
comparison with the original assumptions of the English scales. In particular, the categories’ width
and symmetry can be obtained from these figures besides the coincidence between the scales’
middle categories and the thermal continuum centre. More details are discussed in the following

sections.



ASHRAE, N =333

Bedford, N = 349

Category Cum. Prop. Probit SE Cum. Prop. Probit SE
-3 0.009 -2.37 0.173 0.009 -2.38 0.172
-2 0.027 -1.93 0.126 0.072 -1.46 0.094
-1 0.168 -0.96 0.079 0.269 -0.61 0.070
0 0.661 0.41 0.072 0.771 0.74 0.076
+1 0.877 1.16 0.093 0.880 1.17 0.092
+2 0.985 2.17 0.224 0.989 2.27 0.252
+3 1.000 - - 1.000 - -

Nicol (ASHRAE), N = 333 Nicol (Bedford), N = 349
-2 0.000 - - 0.006 -2.53 0.193
-1 0.111 -1.22 0.086 0.135 -1.10 0.081
0 0.351 -0.38 0.070 0.507 0.02 0.067
+1 0.814 0.89 0.083 0.917 1.38 0.104
+2 1.000 - - 1.000 - -
Table 2: Cumulative proportions, probits, and standard errors of thermal categories (summer)
Bedford, N =194 ASHRAE, N =209

Category Cum. Prop. Probit SE Cum. Prop. Probit SE
-3 0.015 -2.16 0.186 0.010 -2.34 0.206
-2 0.041 -1.74 0.143 0.053 -1.62 0.130
-1 0.222 -0.77 0.097 0.124 -1.15 0.105
0 0.711 0.56 0.098 0.612 0.29 0.089
+1 0.820 0.91 0.111 0.828 0.95 0.108
+2 0.979 2.04 0.270 0.952 1.67 0.171
+3 1.000 - - 1.000 - -

Nicol (Bedford), N =194 Nicol (ASHRAE), N = 209
-2 0.005 -2.57 0.250 0.005 -2.59 0.248
-1 0.088 -1.36 0.118 0.062 -1.54 0.124
0 0.448 -0.13 0.090 0.344 -0.40 0.088
+1 0.871 1.13 0.123 0.804 0.86 0.104
+2 1.000 - - 1.000 - -

Table 3: Cumulative proportions, probits, and standard errors of thermal categories (winter)

Nicol (Bedford) mw | abw [ nc ] abc | mc
Nicol (ASHRAE) mw [ abw | nc | abc
Bedford mtc [ ¢ | cc ] c f[ew] tw [ miw
ASHRAE cd [c] sc n [ sw [ w ] h
T T T T T 1 T
3 2 -1 0 1 2 3

Key:

ASHRAE: cd = Cold, cl = Cool, sc = Slightly cool, n = Neutral, sw = Slightly warm, w = Wam, h = Hot

Bedford: mtc = Much too cool, tc = Too cool, cc = Comfortably cool, ¢ = Comfortable neither warm nor cool,
cw = Comfortably warm, tw = Too warm, mtw = Much too warm
Nicol: mw = Much warmer, abw = A bit warmer, nc = no change, abc = A bit cooler, m¢ = Much cooler

Figure 2: Comparing thermal categories’ widths of ASHRAE, Bedford, and Nicol scales in summer

Nicol (ASHRAE) mw [ aw [ nc | abc | mc
Nicol (Bedford) mw [ aw [ nc [ abc | mc
ASHRAE cd [ ¢ T[sc] n [sw [ w | h
Bedford mtc [tc] cc ¢ [ew] tw \ mtw
T T T T T T T
3 2 K 0 1 2 3

Key:

ASHRAE: cd = Cold, ¢l = Cool, sc = Slightly cool, n = Neutral, sw = Slightly warm, w = Warm, h = Hot

Bedford: mtc = Much too cool, tc = Too cool, cc = Comfortably cool, ¢ = Comfortable neither warm nor cool,
cw = Comfortably warm, tw = Too warm, mtw = Much too warm
Nicol: mw = Much warmmer, abw = A bit warmer, nc = no change, abc = A bit cooler, m¢ = Much cooler

Figure 3: Comparing thermal categories’ widths of Bedford, ASHRAE, and Nicol scales in winter



3.1. Categories’ widths

In the following sections, the categories’ widths are compared at three levels as illustrated in Figure 4.
In the first level, the categories’ widths are compared within each scale. In the second, the compared
categories are from different scales. This includes comparing widths of ASHRAE and Bedford
categories besides comparing them with those of Nicol scale. Considering the third level, it compares

the widths of the same categories from different questionnaires within the same survey.

______ N TT T T T TN
|
Summer | ASHRAE | e | Bedford |
L I«—| Nicol |+—I
______ | . - (-
Winter | ASHRAE | LM} | Bedford |
N e J N o /

Key:
T —7 Level 1: same scale, same questionnaire, same survey

<«— Level 2: different scales, same or different questionnaires, same survey
n Level 3: same scale, different questionnaires, same survey

Figure 4: Levels of comparing categories’ widths within the thermal survey

3.1.1. Comparing categories’ widths within each scale
As noted in Figure 2 and Figure 3, the widths of sensation categories were irregular in both seasons.

Accordingly, moving between categories required unequal temperature steps besides applying
regression analysis, to compute the neutral temperature for instance, may not be totally accurate as
the equation is negatively influenced by these irregularities. The middle categories are the widest,
which indicates that wide ranges of temperature are considered (neutral) or (comfortable) for the
investigated students. In both seasons, (comfortably warm) category was noticeably narrow perhaps
for climatic and cultural reasons as it is possible that the students found it difficult to combine comfort
with a warm sensation. Regarding Nicol scale, roughly uniform temperature differences were required
to move between preference categories due to their relatively equal widths. It is noteworthy that (a bit
cooler) category during ASHRAE questionnaire of summer study had no defined width owing to votes’
absence in (much cooler) category. Similarly, end categories of all scales had no defined widths.
3.1.2. Comparing categories’ widths from different scales

The thermal continuum ranges covered by sensation categories were almost similar in summer and
slightly different in winter as observed in Figure 2 and Figure 3 respectively. In both seasons, (neutral)
category was shifted to the cool side of the continuum, whereas (comfortable) was almost centred on

the continuum centre (i.e. zero point) regardless of their assumed equivalence. Although an identical



Arabic phrase was used for both (cool) and (too cool), they had noticeably different widths in both
seasons. This indicates that translation is not the only factor that determines categories’ widths.
Considering Nicol scale, (neutral) and (comfortable) sensations were preferred for the investigated

students as they contained the centre of (no change) category in both seasons.

3.2. Middle categories’ shift from the thermal continuum centre
The distances between the thermal continuum centre (i.e. zero point) and the centres of (neutral) and

(comfortable) categories were determined. Accordingly, the behaviour of Bedford scale in both
seasons seems to be relatively better owing to the closeness between the median sensation (i.e. zero
point) and the centre of (comfortable) category as demonstrated in Figure 2 and Figure 3. The reason
is possibly related to the used phrase that emphasised the absence of (cool) or (warm) sensations.
Besides, it seems that Bedford scale exhibited a better response to the season change. This is
because the centre of its middle category moved from the warm side in summer to the cool side in
winter. Additionally, the spread of air conditioning systems in Omani buildings [41,42] may have an
influence on the investigated students as (neutral) was shifted to the cool side of the continuum in
both seasons. Supporting this influence is the shift of (no change) preference to the cool side of the
continuum. It may worth mentioning that the literal translation of the phrase used for (neutral) means

(moderate) or (mild).

3.3. Categories’ symmetry
With respect to the middle category centre, the categories of ASHRAE scale seem to be more

symmetrical compared with those of Bedford scale as observed in Figure 2 and Figure 3. The general
asymmetry of the Bedford scale may be related to integrating (comfort) in its central categories; it is
possible that the students found it difficult to feel comfortable while feeling warm as in (comfortably
warm) category owing to their climatic background. It is noteworthy that the votes of (slightly warm)
were almost double those of (comfortably warm) in each season. Additionally, the categories of Nicol
scale were relatively symmetrical around its central category in both seasons indicating good

behaviour.

3.4. Accuracy of categories’ boundaries
To determine the accuracy of the categories’ limits, it is crucial to ensure the independence of the

involved data [18]. Considering the research at hand, the analysed data were truly independent as
each student provided one vote in each questionnaire. The computed standard errors of summer and

winter studies are presented in Table 2 and Table 3 respectively. The standard errors of Bedford



scale categories were marginally smaller in summer, whereas those of ASHRAE scale were relatively
smaller in winter. This is mainly related to the sample size and was reflected by the associated Nicol
scales. Indeed, the influence of sample size on the accuracy is obvious comparing the standard errors
of each scale in summer with those in winter. Likewise, the standard errors of the central categories in
all scales were comparatively smaller mainly owing to the usual clustering of votes in the central
categories [18].

It should be mentioned that the standard errors in both seasons were generally large. Consequently,
the calculated widths of categories may be considered as approximate estimations. It is possible that
these errors reflected the students’ doubt in using the investigated scales, which may be reasonable

considering that it was the first time for almost all of the students to answer a questionnaire.

3.5. Stability of sensation scales
The widths of sensation categories were different in the explored seasons as observed in Figure 2

and Figure 3. To investigate the stability of the scales’ behaviour, the correlation between categories’
widths in summer and winter are plotted in Figure 5. Ideally, the correlation coefficient should be unity.
Nevertheless, this is highly unlikely owing to the seasonal thermal variations [18]. In ASHRAE scale,
the correlation coefficient was high (r = 0.995); however, it was negligibly higher in Bedford scale (r =
0.996). Therefore, it seems that both scales maintained their behaviour throughout the survey period.
3.00
2.00

1.00

0.00

Winter data

-1.00

-3.00 -2.00 -1.00 0.00 1.00 2.00 3.00
Summer data

OASHRAE ABedford

Figure 5: Comparing categories’ widths of sensation scales

Besides, it is noted from Figure 5 that the plotted probits, that represent the categories upper limits,
were on their assumed locations in both scales with few exceptions. In ASHRAE scale, both (cool)
and (slightly cool) were shifted towards the cool side of the continuum. The exceptions in Bedford
scale were (comfortable) and (comfortably warm) as the former category was shifted to the warm side

as a result for the narrow width of the latter.



3.6. Centres of translated categories
Based on the probits, the categories’ centres were determined as presented in Table 4. It should be

mentioned that the displayed centres are adjusted in order to maintain (0) as the centre of the middle
categories. The computation of the centres is straightforward considering that the probits are the
upper limits of the categories and it is possible to determine the centres of the end categories by two
methods [18]. The first method was applied in Table 4. Considering the centres’ adjustment, it is
performed by moving the computed centres so the centre of the middle category coincides with the
thermal continuum centre (i.e. zero point) while maintaining the standard deviation of the scale. First,
the probit of the middle category is equalised to zero by subtracting or adding its absolute value. This
step is then applied to the probits of the other categories. Second, the ratio between the standard
deviations of the original scale (i.e. from -3 to +3 in the case of sensation scale for instance) and that
resulted from the first step is determined. Third, the resulted values from the first step are multiplied
by the ratio from the second step. As observed in Table 4, the actual categories’ centres were

different from those assumed, which confirms the change in the behaviour of the translated scales.

Assumed Summer Winter

centres ASHRAE Nicol Bedford Nicol Bedford Nicol ASHRAE Nicol
-3 -2.34 -2.91 -2.66 -2.53
-2 -1.88 - -2.15 -1.84 -2.12 -1.75 -1.81 -1.64
-1 -1.17 -0.79 -1.19 -1.05 -1.32 -1.04 -1.12 -0.97
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
+1 +1.06 +1.06 +0.97 +1.03 +0.96 +1.06 +1.23 +1.06
+2 +1.94 +2.13 +1.80 +1.89 +1.82 +1.93 +2.04 +2.00
+3 +2.71 +2.67 +2.78 +2.83

Table 4: Categories’ centres of ASHRAE, Bedford, and Nicol scales in summer and winter studies
4. Conclusion
It is widely assumed that translating thermal scales maintain the characteristics of the original
(English) scales. To investigate this assumption, the behaviour of Arabic translations of ASHRAE,
Bedford, and Nicol scales was explored in this paper by applying the successive categories method.
The translated scales were integrated into questionnaires that were distributed among female high
school students in Muscat, Sultanate of Oman. The findings revealed that:

- The categories had irregular widths and the middle sensation categories were the widest
indicating wide ranges of (neutral) and (comfortable) temperatures for the investigated
students

- (Neutral) and (comfortable) categories covered different ranges on the thermal continuum
despite their assumed equivalence with the former shifted to the cool side and the latter

centred on the continuum centre



- ASHRAE scale exhibited better symmetry around (neutral) category and Bedford scale
exhibited a better seasonal response
- The shift of (neutral) and (no change) categories to the cool side of the thermal continuum
may indicate the influence of the air conditioning systems on the investigated students
- Nicol scale had roughly equal width of categories and thus were relatively symmetrical around
(no change) category
- The findings confirm that categories’ widths are not affected by translation only.
- The computed centres of the scales’ categories were different from those widely assumed
- The accuracy of the thermal comfort measurements applying regression analysis (like neutral
temperature) is likely to be affected negatively.
Moreover, it was found that the deviations in the scales’ behaviour were stable during the whole
survey period. It should be mentioned that the calculated categories’ widths should be considered as
approximate estimations considering the relatively large standard errors of the categories’ boundaries.
Besides, the application of this investigation in female high schools is associated with some
limitations. It was the first time for almost all the students to participate in a questionnaire and the
majority thought that the questionnaires will be graded. This apparently may lead some of them to
answer trying to please the researcher. Besides, some teachers were restricted regarding time, which
created unnecessary tension on the students. Regarding the used phrases, the lack of differentiation
between (cool) and (cold) in everyday Arabic vocabulary resulted in changing the covered range on
the thermal continuum compared with the English version. It is recommended to conduct further
explorations maintaining the implemented phrases of this study. This is because using other phrases
may lead to other findings, which would be even interesting considering the lack of research regarding
thermal scales’ behaviour, especially in Arabic. Finally, it is worth mentioning that the successive
categories method that was applied in this research has relatively a limited application in thermal
comfort studies. However, it is useful in revealing the behaviour of thermal scales without the need to
apply the free positioning task which is usually used to study the scales’ behaviour. This has the
advantage of reducing the questionnaires’ size, which is usually reflected in an increased participation

rate and, expectedly, increasing results’ accuracy.
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Abstract

With the global spread of thermal comfort studies, thermal scales are translated into different languages to adapt local context
in which the studies are applied. However, translating thermal comfort studies does not maintain the scales’ behaviour
associated with the original English versions. Behaviour differences include irregular categories’ width, asymmetry, and
deviation of the middle category centre from the centre of the thermal continuum. These differences have a negative influence
on the results of thermal comfort studies and their accuracy. Applying the successive categories method, this paper explores
the change in ASHRAE, Bedford, and Nicol scales’ behaviour when translated into the Arabic language. The translated scales
were integrated into questionnaires distributed among female high school students in Muscat, the capital city of Oman, as part
of a larger survey that lasted for a whole year. The findings revealed the deviation of the translated scales from the original
assumptions of the English versions. This included categories’ irregular widths and asymmetry in addition to the deviation of the
centre of the middle categories from the centre of the thermal continuum. Besides, it was found that both ASHRAE and Bedford
scales covered different ranges on the thermal continuum, which gquestions their assumed equivalence. Based on these
findings, the accuracy of the thermal comfort analysis is negatively affected. Considering the sensitivity of scales’ behaviour to

the used phrases, further explorations implementing the terms examined in this study are recommended.

Keywords: Thermal scale; thermal comfort; translation influence; Successive categories method; Arabic language; Oman

1. Introduction

Satisfying thermal comfort requirements of buildings’ occupants is a considerable challenge for two
reasons. First, these requirements are generally an important consumer of energy in buildings [1,2].
Second, thermal comfort has a subjective nature that requires a good understanding of users’ thermal
demands [3]. With the aim of contributing towards this understanding, researchers usually conduct
thermal comfort studies inside real buildings. In these studies, they often distribute questionnaires that
involve using thermal scales as a major tool to seek participants’ thermal sensations. Voting a thermal
sensation requires the subjects to feel, evaluate, and express their thermal states using thermal

scales. It is possible to consider these word-based scales as numerical measures of subjective
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experience as the thermal votes obtained from the distributed questionnaires are usually expressed in
numerical form for analysis purposes.
Among several sensation scales found in the literature [4,5], ASHRAE and Bedford scales are widely
used. Both scales consist of seven categories that are usually converted during analysis into a
numerical range from (-3) to (+3) as follows:
- ASHRAE scale: cold (-3), cool (-2), slightly cool (-1), neutral (0), slightly warm (+1), warm
(+2), hot (+3)
- Bedford scale: much too cool (-3), too cool (-2), comfortably cool (-1), comfortable neither
warm nor cool (0), comfortably warm (+1), too warm (+2), much too warm (+3)
Moreover, thermal preference scales are mainly introduced to overcome possible confusion between
neutrality and culturally desirable sensations [6—8]. McIntyre, Nicol, and a modified version of
ASHRAE sensation scales are widely used to report thermal preferences. These scales have three,
five, and seven categories respectively as follows:
- Mclintyre scale: warmer (-1), no change (0), cooler (+1)
- Nicol scale: much warmer (-2), a bit warmer (-1), no change (0), a bit cooler (+1), much cooler
(+2)
- ASHRAE scale: much warmer (-3), warmer (-2), slightly warmer (-1), no change (0), slightly

cooler (+1), cooler (+2), much cooler (+3)

1.1. Challenges in using thermal sensation scales
Despite the continuous implementation of thermal sensation scales, there are some challenges in

applying them. These challenges may be classified into those related to scales in their English or
original form and those related to the translated versions. The reasons for these challenges include
the difference between neutrality and comfort, the effect of the climatic and cultural background, and
participants’ difference in realising thermal sensations and their distribution on the thermal continuum
[8]. Additional reasons include the variations that result from translation. Translating thermal scales
has a positive impact on the participation rate as it adapts the scales to the local context [9,10].
However, deviations from the original English scales exist due to the absence of equivalent
sensations in the translated languages or the difference in the impressions associated with these
sensations [11].

Examples of such challenges include the statistical evidence on the different interpretations of

ASHRAE sensation scale [7]. Another is the use of a numerical system to describe a psychological



experience [6]. Some studies attempt to overcome this via using continuous scales like the study of
[12]. According to Mcintyre cited in [4], employing continuous scales may reflect accurate sensations,
especially under slight or slow variations of temperature. However, such scales may be impractical,
introduce errors [6], and reduce the results’ accuracy [13].

Regardless of the widely accepted assumption of exchangeable use of ASHRAE and Bedford scales,
the former assumes that thermal comfort is equivalent to any sensation from the central categories
(i.e. slightly cool, neutral, slightly warm), whereas the latter integrates (comfort) in its categories.

The inequality between neutrality and comfort was proven statistically in a study that requested the
subjects to identify thermal comfort along ASHRAE scale. The findings indicated that neutrality was
cooler than comfort for the involved participants. It is worth mentioning that this study was conducted
in winter with a majority of English participants [8]. A similar result was found in a recent study
conducted for a whole year among Eastern Arabs; yet, neutrality was warmer than comfort, which can
be justified by the influence of the climatic background of the participants [14].

Furthermore, some studies highlighted few discrepancies in the exchangeable use of ASHRAE and
Bedford scales [9,15,16]. For instance, accepting thermal surroundings was higher by about 20%
using Bedford scale compared with ASHRAE in a study that took place in a high school in Singapore.
In this study, thermal acceptability and the votes in the central categories were assumed to be
equivalent [15]. However, scales’ difference may be due to their use in that study as ASHRAE scale
was applied to evaluate ambience temperature and Bedford scale was applied to evaluate thermal
sensation.

In another study that compared Indonesian translations of both scales, variations in votes’ distribution
were revealed. In specific, ASHRAE votes distributed relatively evenly, whereas Bedford votes
clustered in central categories. Accordingly, the researchers concluded that ASHRAE scale had a
better behaviour [17], which may justify their use of ASHRAE data in their analysis. However, applying
successive categories method indicated that Bedford scale behaved better [18] and, thus, computing
neutral temperature using its data may lead to conclusions with better accuracy. Additionally, a similar
clustering of thermal votes using Bedford scale in the central categories compared with ASHRAE
scale was reported in [19]. The clustering behaviour of Bedford votes may indicate a lack of sensitivity
[5] and the reasons for this pattern of distribution are not clearly known. It is probably due to people

variation in their perception to thermal ambience or their interpretation of thermal scales [4].



Another possible reason is the integration of (comfort) in the central categories; usually, people tend
to keep themselves thermally comfortable as indicated by the adaptive principle.

Considering the challenges associated with translation, the translated thermal scales deviates from
the assumptions of the English scales and, consequently, changes their behaviour. Examples of
these deviations include the divergence of the middle category centre from (zero), unequal width of
categories, and asymmetrical categories. Such changes were reported when translating ASHRAE
and Nicol scales into French, Swedish, Portuguese, and Greek languages [11,18]. Similar changes in
scales’ behaviour were revealed in a study that translated both scales into Japanese and compared
their behaviour with a Japanese scale [18,20]. Likewise, comparing the translated sensation phrases
used in some Arabic studies of thermal comfort revealed that the translated phrases associated
possibly desirable impressions to sensations outside the three central categories. Besides, the
translated scales covered different ranges on the thermal continuum compared with the ASHRAE or
Bedford 7-points scales [14].

It should be mentioned that these variations in scales’ behaviour are not attributed to the translation
effect solely. Climatic background and acclimatisation can be considered as other contributors [18]. In
this regard, a recent study investigated the climatic effect on thermal responses and terms of
Bangladeshi and Japanese participants. A translated version of ASHRAE 11-point scale was
integrated in the distributed questionnaire besides imaginary thermal scenarios at which participants
should describe their sensations. Significant variations in thermal sensations were reported, which

emphasises the impact of the climatic background [21].

1.2. Thermal scales in literature
This section presents the literature concerned with thermal scales to highlight the lack of research

regarding the behaviour of translated thermal scales applying the successive categories method,
which is the focus of this paper. Indeed, there are few studies concerned with thermal scales in
general [22] despite their wide applications in thermal comfort studies. Reviewing the literature
revealed recent investigations regarding different aspects of thermal scales including people
interpretation of thermal scales [8,11,14,22,23], examining the scales’ assumptions [4,8,14], the
relationship between comfort and neutrality [8,11,14,24], uncertainty of thermal comfort
measurements related to thermal scales and survey protocol [13], comparing different thermal scales
[5,25], and proposing a new preference scale [26]. As noted, the majority of these studies were

published during the last year.



People vary in their interpretation of thermal scales, which was noted in studies like [4,8,14]. These
variations include the differentiation between phrases, identification of the phrases’ positions and
distances, and the concepts associated with each sensation. For instance, a relatively weak
differentiation between (slightly cool) and (cool) as well as between (slightly warm) and (warm) were
revealed among Eastern Arab students. Linking this to the participants’ climatic background highlights
the importance of considering it when translating thermal scales and defining thermal comfort zone
[14]. People’s variations in identifying the positions of and the distances between ASHRAE sensation
phrases were not random from a statistical point of view. This implies that comfort is not necessarily
related to the three central thermal sensations as widely assumed. Interestingly, grouping participants
based on these variations can increase the prediction accuracy of thermal comfort models [22]. In this
regard, the generalisation of thermal votes was questioned based on the different conceptions and
experiences associated with the sensation phrases of ASHRAE scale [23].

Regarding the scales’ assumptions, it was revealed that the assumptions of equal categories’ width
and comfort range may not be valid and the used scale type (ordinal or continuous) affects survey
results. This implies that temperature steps, which are the temperature changes required to move by
one thermal sensation, are not necessarily uniform [4]. However, these findings may require further
examination considering the sample size of the experiment.

Moreover, the degree of which thermal neutrality can be considered as an indication of thermal
comfort was investigated by a recent study conducted in Norwegian and British offices. The study
highlighted that ASHRAE definition of thermal comfort does not refer to neutrality; yet, several studies
of thermal comfort considered them as equivalents. The findings confirm the difference between
comfort and neutrality as around 36% and 60% of the participants in the questionnaires and
interviews respectively wanted different sensations than neutrality [24], which was highlighted in other
studies [8,11,14].

Additionally, the effect of the survey protocol, including participants’ number and votes per participant
number, and questionnaire characteristics, including scale type (continuous or discrete) and choices’
number, on the intra-individual and subjective measurement uncertainty was investigated. The intra-
individual variation refers to the change in the one participant votes under similar thermal

environments. It is recommended to use discrete thermal scales of no more than 7-points to reduce



the intra-individual variations. Increasing the number of votes per person has a positive influence on
the subjective measurement uncertainty and a recommended number is 40 person-votes [13].

Some researchers investigated the assumption of equivalence between the different thermal scales
[5,25]. The former study highlighted the absence of a well-established base to compare thermal
sensation scales. The researchers suggested considering the scales with an equal number of
categories equivalent although they differ in the associated phrases. Besides, they suggested unifying
the length of scales with different categories number by categories’ redistribution [25]. Obviously, this
attempt involves changing the original widths of categories besides assuming equality between
extreme sensations. It is worth to mention that such equality lacks evidence. Moreover, exploring
scales’ behaviour, by applying the successive categories method, may reveal some variations in the
scales’ behaviour despite their equal number of categories. In another study, the application of a
categorical scale, a visual analogue scale, and a combined scale with visual analogue and categorical
features was explored by integrating them in a questionnaire besides an accompanied experiment.
The scales were translated into Korean and Japanese to suit participants’ mother tongue. It was
found that verbal scales expressed thermal sensations more precisely and exhibited higher
correlations with indoor air temperature compared with visual scales [5].

Furthermore, an application was designed to collect users’ thermal preference votes promptly using
their smartphones or computers. The integrated scale implemented ASHRAE phrases except (slightly
cool) and (slightly warm). The results indicated the application success in fulfilling its purpose.
Besides, the accompanied field study revealed that preference votes were mostly influenced by the
ambient temperature [26]. It is noteworthy that exploring the properties of the used scale was out of

scope in that study.

1.3. Research aim
Translated thermal scales are supposed to maintain the assumptions of their English versions

(original version). However, maintaining a similar behaviour is affected by the characteristics of the
translated language and the accuracy of the translation. Any deviation from the scales’ original
assumptions has a negative influence on the results of the thermal comfort studies. For instance, the
irregularity in categories’ widths had a negative effect on the results of the regression analysis. This
analysis is widely applied in the thermal comfort studies and it requires equal intervals of both the
dependent and independent variables [6]. The paper at hand attempts to explore the behaviour of

ASHRAE, Bedford, and Nicol scales when translated into the Arabic language applying the



successive categories method; in particular, it investigates to which extent do the translated scales
maintain equal distances between categories, symmetry around the middle category, and the
coincidence between the middle category and the centre of the thermal continuum. These
assumptions were investigated in previous studies using free positioning only where the participants
were requested to distribute thermal phrases on the thermal continuum [4,8,14]. Up to the knowledge
level of the authors, this study is the first concerning thermal scales translated into the Arabic
language.

In this research, the investigated phrases covered a range on the continuum similar to that covered by
the internationally agreed Arabic version, which is available in [27]. However, the phrases of this
version were not applied in the current research because they are not commonly used in the Eastern
Arabic region that includes Oman, where the investigation was applied. It is worth to mention that the
Arabic language has different dialects and the used vocabulary is affected by the geographical origin
of the speaker [28].

As noted from sections (1.1.) and (1.2.), there is a lack of research regarding the behaviour of
translated thermal scales, especially when translated into the Arabic language, despite the recent
interest in studying thermal scales. Additionally, few thermal comfort studies are generally conducted
in the Arabic region regardless of its extreme climatic conditions and the high dependence on non-
renewable energy in satisfying thermal comfort demands. It is hoped that this study will contribute
towards filling this gap of knowledge and encourage other researchers to carry out more thermal
comfort research in the Arabic region as well as to apply the successive categories method to
investigate the thermal scales’ behaviour.

2. Methodology

The investigated scales in this study (i.e. ASHRAE, Bedford, and Nicol) were integrated into two
guestionnaires distributed among high school students as part of a thermal survey that was
conducted for a whole academic year. The successive categories method was applied to compare the
scales’ behaviour and examine their stability during the survey. Widely used in psychometric studies,
the method is recently implemented to explore the properties of the thermal scales by defining the
actual width of the scales’ categories as perceived by the participants. This enables comparing the
categories’ widths and their relative positions and, thus, exploring the scales’ behaviour. To apply the

method, the compared scales should be derived from the same survey, i.e. the same subjects and



similar thermal conditions. Although the method may not be accurate for extreme categories (i.e. cold
and hot in ASHRAE sensation scale for instance), the formed conclusions are generally not
influenced as usually very few votes fall in those categories [18].

In general, comparing the behaviour of thermal scales includes making assumptions regarding the
participants’ response or regarding the thermal conditions. For instance, some studies assumed that
different participants, answering questionnaires with different scales, have almost similar responses
under identical conditions like [5]. Other attempts like [15] involved distributing a questionnaire with
more than one thermal sensation scale to the same participants. Neither approach is theoretically
correct because of the participants’ change in the former study and the time lag in the latter.
Moreover, distributing more than one sensation scale within the same questionnaire increases the risk
of subjects’ boredom due to questions’ repetition. In the research reported in this paper, the same
participants answered questionnaires that integrated the explored scales separated by time lag under

similar thermal conditions.

2.1. Data
The data analysed in this paper are part of a thermal survey conducted in Muscat, the capital city of

the Sultanate of Oman. Five female high schools were visited twice in summer and three of them
were visited twice in winter. Two schools were excluded from winter study because of unforeseen
problems. In total, 15 and 9 classrooms were visited in summer and winter respectively. In each visit,
the classrooms’ objective data represented in the indoor air temperature, globe temperature, relative
humidity, and air velocity were collected for a whole school day. Besides, a questionnaire was
distributed among the students once towards the end of the fourth, fifth, or sixth class. The
guestionnaire integrated a translated version of ASHRAE or Bedford sensation scale, whereas Nicol
preference scale was integrated into all questionnaires’ versions. The sequence of distributing the
guestionnaires is illustrated in Figure 1. Besides, the translated head questions and the translated
phrases of scales’ categories are displayed in Table 1. These translations are included because the
scales’ behaviour depends on the used terms, i.e. it is possible for two scales translated into one

language using different terms to behave differently [18].
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Summer Winter
! ! ' !
18! visit: 2nd yisit: 18t visit: 2nd yisit:
ASHRAE & Nicol Bedford & Nicol Bedford & Nicol ASHRAE & Nicol

Figure 1: Sequence of questionnaires’ distribution

ASHRAE Bedford Nicol
English Arabic English Arabic English Arabic
5 5 Currently, | would T B
. . ‘ . . ) .. .
Currently, | feel: = =&l (Ll Currently, | feel: = el lla arefer to be: 10sSh ol ) s
Cold [FENY A Much too cool Jaa 32 ,L Much warmer IS A
Cool 3L Too cool B3l A bit warmer S8 A
Slightly cool S8 33 )l Comfortably cool Aali e oSIaa No change uxd Y
. i Yl Y Aal ) .
Neutral Ui Comfortable, neither X ) o A bit cooler S 3l
cool nor warm 4al
Slightly warm Sl Al Comfortably warm Aali yo oS asals Much cooler 1 8
Warm aals Too warm aals
Hot Jas dadla Much too warm [EENPEENTw

Table 1: Arabic translations of questions and scales’ categories as used in the questionnaires

As noted from Table 1, the non-central categories of ASHRAE and Bedford scales (i.e. categories -3,
-2, +2, and +3) were translated to identical Arabic phrases. This allows exploring the stability of these
categories’ behaviour besides exploring the translation impact on comfort range (i.e. the three central
categories). It is noteworthy that both (cool) and (cold) words are often translated into one term in the
Arabic language. To distinguish between the two sensations, the latter was literally translated as (very
cold). Moreover, the literal translation of (warm) may be a desirable sensation especially in winter;
thus, it was translated to a phrase that means (hot) to convey the negative impression of this
category. This led to translating (hot) as (very hot), which additionally maintained the scales’
symmetry. Consequently, the thermal ranges covered by the two scales’ versions (i.e. English and
Arabic) are different; yet, this change is acceptable as it is part of adapting scales to the local context.
In the Smart Controls and Thermal Comfort (SCAT) project, the French, Greek, and Portuguese
versions of the scale were manipulated in a similar manner [11]. Despite this difference in the thermal
ranges, both English and Arabic scales’ versions are assumed to maintain similar uniform gaps

between the consecutive sensations.

2.2. Participants
The research presented in this paper is a part of a larger survey that requires participants with a

certain level of English language capacity. The participated students spent at least nine years
studying English as a second language and, thus, had acquired a suitable level of the language for

the survey. However, the genders separation of the Omani educational system, the conservative



nature of the Omani society, and the lack of resources to recruit male research assistants to distribute
the questionnaires among male participants can create a selection bias. Consequently, votes’
clustering in some categories may occur as noted in previous studies [29—-37] that explored the
difference in thermal responses among different genders. This votes’ clustering may have an
influence on the categories’ boundaries. However, the nature of the exploration reported in this paper
does not ‘really’ require a representative sample as stated by [7]: “For an exploration of the interior
dynamic of the scale, it was not necessary to choose respondents by representative sampling, nor
thermal environments strictly representative of the respondents’ thermal experience, and nor was

comprehensive measurement of the thermal environment required.”

2.3. Site description and selected schools
Located at 23.61°N longitude and 58.54°E latitude, Muscat is the capital city of Sultanate of Oman.

According to Koppen-Geiger climate classification, the city is located within a desert hot arid region.
However, its mountainous nature and proximity from the Indian Ocean changed that climate to a hot
and humid one [38—40]. It is possible to distinguish two climatically distinctive periods in the city. The
first starts in April and extends to October and it forms the hot humid period. Maximum air
temperature reaches 45 °C in May and the mean extends from 30 °C in April and October to 35 °C in
June. Mean relative humidity extends between 42% and 74% in May and August respectively. The
other period is relatively cooler as mean air temperature extends between 21 °C in January and 26 °C
in November and mean relative humidity ranges from 57% to 66% in March and December
respectively. It is noteworthy that temperature drop at night is minor in Muscat because the basaltic
rock formations in the city release the heat absorbed during daytime causing continuous high
temperatures and relative humidity [39].

There are 10 governmental high schools for female students in Muscat city. Two of these schools are
located in rural areas, which make their participation in the research inconvenient. Thus, a primary list
of the schools consisted of a convenient sample that included eight governmental schools. They were
classified into four groups based on their architectural style, namely courtyards, clustered courtyards,
linear form, and a combination of courtyards and wings. One school from each group was selected to
participate in the survey. A fifth school was investigated because it has three floors, unlike the other
schools that have two floors only. It is worth mentioning that private schools were excluded from this

investigation due to the limited number of students in each classroom.



3. Results and discussion

Recalling that applying successive categories method requires deriving the explored scales from one
thermal survey, the thermal environments of the participated classrooms were investigated to ensure
that the students were subjected to similar conditions. It was found that some classrooms were
thermally different. Therefore, all questionnaires from these classrooms were excluded from the
analysis below. Discussing the thermal conditions of the investigated classrooms is out of this paper’'s
scope. Besides, the questionnaires returned from students who were involved in physical education
classes before participating in the survey were excluded. As a result, 333 and 349 copies of ASHRAE
and Bedford questionnaires respectively of summer study were included in the analysis. The
corresponding copies of winter study were 209 and 194.

The successive categories method was applied to determine the probits that represent the categories
upper limits. To compute the probits, the students’ votes in each category were determined and the
cumulative numbers of votes were calculated. The cumulative proportion of each category was
computed by dividing the cumulative number of votes in that category by the total number of votes.
The cumulative proportions were then transformed into probits using the cumulative normal
distribution of unit standard deviation on the psychological continuum. The application of the
successive categories method in the thermal comfort field is comprehensively illustrated in chapter
(18) of Adaptive Thermal Comfort: Foundations and Analysis book [18].

The computed probits of thermal scales in summer are displayed in Table 2 and those in winter are
presented in Table 3. To visualise the findings, graphical representations of the tables are
demonstrated in Figure 2 for the former and in Figure 3 for the latter. Based on these tables and
figures, it is possible to compare the translated scales and investigate their behaviour through
comparison with the original assumptions of the English scales. In particular, the categories’ width
and symmetry can be obtained from these figures besides the coincidence between the scales’
middle categories and the thermal continuum centre. More details are discussed in the following

sections.



ASHRAE, N =333

Bedford, N = 349

Category Cum. Prop. Probit SE Cum. Prop. Probit SE
-3 0.009 -2.37 0.173 0.009 -2.38 0.172
-2 0.027 -1.93 0.126 0.072 -1.46 0.094
-1 0.168 -0.96 0.079 0.269 -0.61 0.070
0 0.661 0.41 0.072 0.771 0.74 0.076
+1 0.877 1.16 0.093 0.880 1.17 0.092
+2 0.985 2.17 0.224 0.989 2.27 0.252
+3 1.000 - - 1.000 - -

Nicol (ASHRAE), N = 333 Nicol (Bedford), N = 349
-2 0.000 - - 0.006 -2.53 0.193
-1 0.111 -1.22 0.086 0.135 -1.10 0.081
0 0.351 -0.38 0.070 0.507 0.02 0.067
+1 0.814 0.89 0.083 0.917 1.38 0.104
+2 1.000 - - 1.000 - -
Table 2: Cumulative proportions, probits, and standard errors of thermal categories (summer)
Bedford, N =194 ASHRAE, N =209

Category Cum. Prop. Probit SE Cum. Prop. Probit SE
-3 0.015 -2.16 0.186 0.010 -2.34 0.206
-2 0.041 -1.74 0.143 0.053 -1.62 0.130
-1 0.222 -0.77 0.097 0.124 -1.15 0.105
0 0.711 0.56 0.098 0.612 0.29 0.089
+1 0.820 0.91 0.111 0.828 0.95 0.108
+2 0.979 2.04 0.270 0.952 1.67 0.171
+3 1.000 - - 1.000 - -

Nicol (Bedford), N =194 Nicol (ASHRAE), N = 209
-2 0.005 -2.57 0.250 0.005 -2.59 0.248
-1 0.088 -1.36 0.118 0.062 -1.54 0.124
0 0.448 -0.13 0.090 0.344 -0.40 0.088
+1 0.871 1.13 0.123 0.804 0.86 0.104
+2 1.000 - - 1.000 - -

Table 3: Cumulative proportions, probits, and standard errors of thermal categories (winter)

Nicol (Bedford) mw abw [ nc ] abc | mc
Nicol (ASHRAE) mw [ abw | nc [ abc
Bedford mtc [ tc [ cc | c [ew] tw [ miw
ASHRAE cd [c ][ sc ] n [ sw [ w | h
T | T T | T T
3 2 -1 0 1 2 3

Key:

ASHRAE: cd = Cold, ¢l = Cool, sc = Slightly cool, n = Neutral, sw = Slightly warm, w = Wam, h = Hot
Bedford: mtc = Much too cool, tc = Too cool, cc = Comfortably cool, ¢ = Comfortable neither warm nor cool,
cw = Comfortably warm, tw = Too warm, mtw = Much too warm

Nicol: mw = Much warmer, abw = A bit wammer, nc = no change, abc = A bit cooler, mc¢ = Much cooler

Figure 2: Comparing thermal categories’ widths of ASHRAE, Bedford, and Nicol scales in summer

Nicol (ASHRAE)

Nicol (Bedford)

ASHRAE

Bedford

Key:

mw | aw [ nc [ abc | mc
mw | aw [ nc [ abc | mc
cd [ ¢ [sc] n [ sw ] w | h
mtc [tc] cc ] c [ew]  tw ] mtw
| T | T T T T
-3 -2 -1 0 1 2 3

ASHRAE: cd = Cold, cl = Cool, sc = Slightly cool, n = Neutral, sw = Slightly warm, w = Warm, h = Hot
Bedford: mtc = Much too cool, tc = Too cool, cc = Comfortably cool, ¢ = Comfortable neither warm nor cool,
cw = Comfortably warm, tw = Too warm, mtw = Much too warm

Nicol: mw = Much wamer, abw = A bit warmer, nc = no change, abc = A bit cooler, m¢ = Much cooler

Figure 3: Comparing thermal categories’ widths of Bedford, ASHRAE, and Nicol scales in winter



3.1. Categories’ widths

In the following sections, the categories’ widths are compared at three levels as illustrated in Figure 4.
In the first level, the categories’ widths are compared within each scale. In the second, the compared
categories are from different scales. This includes comparing widths of ASHRAE and Bedford
categories besides comparing them with those of Nicol scale. Considering the third level, it compares

the widths of the same categories from different questionnaires within the same survey.

Key:
T —7 Level 1: same scale, same questionnaire, same survey

<«— Level 2: different scales, same or different questionnaires, same survey
n Level 3: same scale, different questionnaires, same survey

Figure 4: Levels of comparing categories’ widths within the thermal survey

3.1.1. Comparing categories’ widths within each scale
As noted in Figure 2 and Figure 3, the widths of sensation categories were irregular in both seasons.

Accordingly, moving between categories required unequal temperature steps besides applying
regression analysis, to compute the neutral temperature for instance, may not be totally accurate as
the equation is negatively influenced by these irregularities. The middle categories are the widest,
which indicates that wide ranges of temperature are considered (neutral) or (comfortable) for the
investigated students. In both seasons, (comfortably warm) category was noticeably narrow perhaps
for climatic and cultural reasons as it is possible that the students found it difficult to combine comfort
with a warm sensation. Regarding Nicol scale, roughly uniform temperature differences were required
to move between preference categories due to their relatively equal widths. It is noteworthy that (a bit
cooler) category during ASHRAE questionnaire of summer study had no defined width owing to votes’
absence in (much cooler) category. Similarly, end categories of all scales had no defined widths.
3.1.2. Comparing categories’ widths from different scales

The thermal continuum ranges covered by sensation categories were almost similar in summer and
slightly different in winter as observed in Figure 2 and Figure 3 respectively. In both seasons, (neutral)
category was shifted to the cool side of the continuum, whereas (comfortable) was almost centred on

the continuum centre (i.e. zero point) regardless of their assumed equivalence. Although an identical



Arabic phrase was used for both (cool) and (too cool), they had noticeably different widths in both
seasons. This indicates that translation is not the only factor that determines categories’ widths.
Considering Nicol scale, (neutral) and (comfortable) sensations were preferred for the investigated

students as they contained the centre of (no change) category in both seasons.

3.2. Middle categories’ shift from the thermal continuum centre
The distances between the thermal continuum centre (i.e. zero point) and the centres of (neutral) and

(comfortable) categories were determined. Accordingly, the behaviour of Bedford scale in both
seasons seems to be relatively better owing to the closeness between the median sensation (i.e. zero
point) and the centre of (comfortable) category as demonstrated in Figure 2 and Figure 3. The reason
is possibly related to the used phrase that emphasised the absence of (cool) or (warm) sensations.
Besides, it seems that Bedford scale exhibited a better response to the season change. This is
because the centre of its middle category moved from the warm side in summer to the cool side in
winter. Additionally, the spread of air conditioning systems in Omani buildings [41,42] may have an
influence on the investigated students as (neutral) was shifted to the cool side of the continuum in
both seasons. Supporting this influence is the shift of (no change) preference to the cool side of the
continuum. It may worth mentioning that the literal translation of the phrase used for (neutral) means

(moderate) or (mild).

3.3. Categories’ symmetry
With respect to the middle category centre, the categories of ASHRAE scale seem to be more

symmetrical compared with those of Bedford scale as observed in Figure 2 and Figure 3. The general
asymmetry of the Bedford scale may be related to integrating (comfort) in its central categories; it is
possible that the students found it difficult to feel comfortable while feeling warm as in (comfortably
warm) category owing to their climatic background. It is noteworthy that the votes of (slightly warm)
were almost double those of (comfortably warm) in each season. Additionally, the categories of Nicol
scale were relatively symmetrical around its central category in both seasons indicating good

behaviour.

3.4. Accuracy of categories’ boundaries
To determine the accuracy of the categories’ limits, it is crucial to ensure the independence of the

involved data [18]. Considering the research at hand, the analysed data were truly independent as
each student provided one vote in each questionnaire. The computed standard errors of summer and

winter studies are presented in Table 2 and Table 3 respectively. The standard errors of Bedford



scale categories were marginally smaller in summer, whereas those of ASHRAE scale were relatively
smaller in winter. This is mainly related to the sample size and was reflected by the associated Nicol
scales. Indeed, the influence of sample size on the accuracy is obvious comparing the standard errors
of each scale in summer with those in winter. Likewise, the standard errors of the central categories in
all scales were comparatively smaller mainly owing to the usual clustering of votes in the central
categories [18].

It should be mentioned that the standard errors in both seasons were generally large. Consequently,
the calculated widths of categories may be considered as approximate estimations. It is possible that
these errors reflected the students’ doubt in using the investigated scales, which may be reasonable

considering that it was the first time for almost all of the students to answer a questionnaire.

3.5. Stability of sensation scales
The widths of sensation categories were different in the explored seasons as observed in Figure 2

and Figure 3. To investigate the stability of the scales’ behaviour, the correlation between categories’
widths in summer and winter are plotted in Figure 5. Ideally, the correlation coefficient should be unity.
Nevertheless, this is highly unlikely owing to the seasonal thermal variations [18]. In ASHRAE scale,
the correlation coefficient was high (r = 0.995); however, it was negligibly higher in Bedford scale (r =
0.996). Therefore, it seems that both scales maintained their behaviour throughout the survey period.
3.00
2.00

1.00

0.00

Winter data

-1.00

-3.00 -2.00 -1.00 0.00 1.00 2.00 3.00
Summer data

OASHRAE ABedford

Figure 5: Comparing categories’ widths of sensation scales

Besides, it is noted from Figure 5 that the plotted probits, that represent the categories upper limits,
were on their assumed locations in both scales with few exceptions. In ASHRAE scale, both (cool)
and (slightly cool) were shifted towards the cool side of the continuum. The exceptions in Bedford
scale were (comfortable) and (comfortably warm) as the former category was shifted to the warm side

as a result for the narrow width of the latter.



3.6. Centres of translated categories
Based on the probits, the categories’ centres were determined as presented in Table 4. It should be

mentioned that the displayed centres are adjusted in order to maintain (0) as the centre of the middle
categories. The computation of the centres is straightforward considering that the probits are the
upper limits of the categories and it is possible to determine the centres of the end categories by two
methods [18]. The first method was applied in Table 4. Considering the centres’ adjustment, it is
performed by moving the computed centres so the centre of the middle category coincides with the
thermal continuum centre (i.e. zero point) while maintaining the standard deviation of the scale. First,
the probit of the middle category is equalised to zero by subtracting or adding its absolute value. This
step is then applied to the probits of the other categories. Second, the ratio between the standard
deviations of the original scale (i.e. from -3 to +3 in the case of sensation scale for instance) and that
resulted from the first step is determined. Third, the resulted values from the first step are multiplied
by the ratio from the second step. As observed in Table 4, the actual categories’ centres were

different from those assumed, which confirms the change in the behaviour of the translated scales.

Assumed Summer Winter

centres ASHRAE Nicol Bedford Nicol Bedford Nicol ASHRAE Nicol
-3 -2.34 -2.91 -2.66 -2.53
-2 -1.88 - -2.15 -1.84 -2.12 -1.75 -1.81 -1.64
-1 -1.17 -0.79 -1.19 -1.05 -1.32 -1.04 -1.12 -0.97
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
+1 +1.06 +1.06 +0.97 +1.03 +0.96 +1.06 +1.23 +1.06
+2 +1.94 +2.13 +1.80 +1.89 +1.82 +1.93 +2.04 +2.00
+3 +2.71 +2.67 +2.78 +2.83

Table 4: Categories’ centres of ASHRAE, Bedford, and Nicol scales in summer and winter studies
4. Conclusion
It is widely assumed that translating thermal scales maintain the characteristics of the original
(English) scales. To investigate this assumption, the behaviour of Arabic translations of ASHRAE,
Bedford, and Nicol scales was explored in this paper by applying the successive categories method.
The translated scales were integrated into questionnaires that were distributed among female high
school students in Muscat, Sultanate of Oman. The findings revealed that:

- The categories had irregular widths and the middle sensation categories were the widest
indicating wide ranges of (neutral) and (comfortable) temperatures for the investigated
students

- (Neutral) and (comfortable) categories covered different ranges on the thermal continuum
despite their assumed equivalence with the former shifted to the cool side and the latter

centred on the continuum centre



- ASHRAE scale exhibited better symmetry around (neutral) category and Bedford scale
exhibited a better seasonal response
- The shift of (neutral) and (no change) categories to the cool side of the thermal continuum
may indicate the influence of the air conditioning systems on the investigated students
- Nicol scale had roughly equal width of categories and thus were relatively symmetrical around
(no change) category
- The findings confirm that categories’ widths are not affected by translation only.
- The computed centres of the scales’ categories were different from those widely assumed
- The accuracy of the thermal comfort measurements applying regression analysis (like neutral
temperature) is likely to be affected negatively.
Moreover, it was found that the deviations in the scales’ behaviour were stable during the whole
survey period. It should be mentioned that the calculated categories’ widths should be considered as
approximate estimations considering the relatively large standard errors of the categories’ boundaries.
Besides, the application of this investigation in female high schools is associated with some
limitations. It was the first time for almost all the students to participate in a questionnaire and the
majority thought that the questionnaires will be graded. This apparently may lead some of them to
answer trying to please the researcher. Besides, some teachers were restricted regarding time, which
created unnecessary tension on the students. Regarding the used phrases, the lack of differentiation
between (cool) and (cold) in everyday Arabic vocabulary resulted in changing the covered range on
the thermal continuum compared with the English version. It is recommended to conduct further
explorations maintaining the implemented phrases of this study. This is because using other phrases
may lead to other findings, which would be even interesting considering the lack of research regarding
thermal scales’ behaviour, especially in Arabic. Finally, it is worth mentioning that the successive
categories method that was applied in this research has relatively a limited application in thermal
comfort studies. However, it is useful in revealing the behaviour of thermal scales without the need to
apply the free positioning task which is usually used to study the scales’ behaviour. This has the
advantage of reducing the questionnaires’ size, which is usually reflected in an increased participation

rate and, expectedly, increasing results’ accuracy.
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Table

ASHRAE Bedford Nicol
English Arabic English Arabic English Arabic
- ] . Currently, lwould . o1 i, &
Currently, I feel: = =) s Currently, | feel: = ol s prefer o be: 10sS) ol ) s
Cold laa 33 )L Much too cool Jaa 33 )L Much warmer I8 A
Cool 5L Too cool 5L A bit warmer Sl Al
Slightly cool S a5l Comfortably cool Al ye oShaa b No change PR
. i 3L Y aal .
Neutral i Comfortable, neither Ys sk ¥ aali e A bit cooler SRR
cool nor warm il B j
Slightly warm SLld sale Comfortably warm Al e oK1 dala Much cooler | €
Warm Al Too warm Al
Hot Jas dadle Much too warm Jaa aala

Table 1: Arabic translations of questions and scales’ categories as used in questionnaires



Table

ASHRAE, N =333

Bedford, N = 349

Category Cum. Prop. Probit SE Cum. Prop. Probit SE
-3 0.009 -2.37 0.173 0.009 -2.38 0.172
-2 0.027 -1.93 0.126 0.072 -1.46 0.094
-1 0.168 -0.96 0.079 0.269 -0.61 0.070
0 0.661 0.41 0.072 0.771 0.74 0.076
+1 0.877 1.16 0.093 0.880 1.17 0.092
+2 0.985 217 0.224 0.989 2.27 0.252
+3 1.000 - - 1.000 - -

Nicol (ASHRAE), N = 333 Nicol (Bedford), N = 349
-2 0.000 - - 0.006 -2.53 0.193
-1 0.111 -1.22 0.086 0.135 -1.10 0.081
0 0.351 -0.38 0.070 0.507 0.02 0.067
+1 0.814 0.89 0.083 0.917 1.38 0.104
+2 1.000 - - 1.000 - -

Table 2: Cumulative proportions, probits, and standard errors of thermal categories (summer)



Table

Bedford, N =194

ASHRAE, N =209

Category Cum. Prop. Probit SE Cum. Prop. Probit SE
-3 0.015 -2.16 0.186 0.010 -2.34 0.206
-2 0.041 -1.74 0.143 0.053 -1.62 0.130
-1 0.222 -0.77 0.097 0.124 -1.15 0.105
0 0.711 0.56 0.098 0.612 0.29 0.089
+1 0.820 0.91 0.111 0.828 0.95 0.108
+2 0.979 2.04 0.270 0.952 1.67 0.171
+3 1.000 - - 1.000 - -

Nicol (Bedford), N =194 Nicol (ASHRAE), N = 209
-2 0.005 -2.57 0.250 0.005 -2.59 0.248
-1 0.088 -1.36 0.118 0.062 -1.54 0.124
0 0.448 -0.13 0.090 0.344 -0.40 0.088
+1 0.871 1.13 0.123 0.804 0.86 0.104
+2 1.000 - - 1.000 - -

Table 3: Cumulative proportions, probits, and standard errors of thermal categories (winter)



Table

Assumed Summer Winter

centres ASHRAE Nicol Bedford Nicol Bedford Nicol ASHRAE Nicol
-3 -2.34 -2.91 -2.66 -2.53
2 -1.88 - -2.15 -1.84 212 -1.75 -1.81 -1.64
-1 -1.17 -0.79 -1.19 -1.05 -1.32 -1.04 -1.12 -0.97
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
+1 +1.06 +1.06 +0.97 +1.03 +0.96 +1.06 +1.23 +1.06
+2 +1.94 +2.13 +1.80 +1.89 +1.82 +1.93 +2.04 +2.00
+3 +2.71 +2.67 +2.78 +2.83

Table 4: Categories’ centres of ASHRAE, Bedford, and Nicol scales in summer and winter studies
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Figure 1: Sequence of questionnaires’ distribution
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ASHRAE: cd = Cold, cl = Cool, sc = Slightly cool, n = Neutral, sw = Slightly warm, w = Wam, h = Hot
Bedford: mtc = Much too cool, tc = Too cool, cc = Comfortably cool, ¢ = Comfortable neither warm nor cool,
cw = Comfortably warm, tw = Too warm, mtw = Much too warm

Nicol: mw = Much warmer, abw = A bit warmer, nc = no change, abc = A bit cooler, m¢ = Much cooler

Figure 2: Comparing thermal categories’ widths of ASHRAE, Bedford, and Nicol scales in summer
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ASHRAE: cd = Cold, ¢l = Cool, sc = Slightly cool, n = Neutral, sw = Slightly warm, w = Warm, h = Hot
Bedford: mtc = Much too cool, tc = Too cool, cc = Comfortably cool, ¢ = Comfortable neither warm nor cool,
cw = Comfortably warm, tw = Too warm, mtw = Much too warm

Nicol: mw = Much wamer, abw = A bit warmer, nc = no change, abc = A bit cooler, m¢ = Much cooler

Figure 3: Comparing thermal categories’ widths of Bedford, ASHRAE, and Nicol scales in winter



Figure

| (
[ == ) | Bedford :

Key:
T 73 Level 1: same scale, same questionnaire, same survey
<«— Level 2: different scales, same or different questionnaires, same survey

n Level 3: same scale, different questionnaires, same survey

Figure 4: Levels of comparing categories’ widths within the thermal survey
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