
Citation: Hou, G.; Tweed, C.; Wei, S.

An Investigation of Occupants’

Thermal Requirements in Indoor

Transitional Space in Entertainment

Buildings. Buildings 2024, 14, 1896.

https://doi.org/10.3390/buildings

14071896

Academic Editor: Ricardo M. S.

F. Almeida

Received: 19 April 2024

Revised: 28 May 2024

Accepted: 3 June 2024

Published: 21 June 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

buildings

Article

An Investigation of Occupants’ Thermal Requirements in Indoor
Transitional Space in Entertainment Buildings
Guoying Hou 1,2,*, Chris Tweed 2 and Shen Wei 3

1 School of Architecture and Art Design, Hebei University of Technology, Tianjin 300400, China
2 Architectural Science Group, Welsh School of Architecture, Cardiff University, Wales CF10 3NB, UK;

tweedac@cardiff.ac.uk
3 The Bartlett School of Sustainable Construction, University College London (UCL), 1–19 Torrington Place,

London WC1E 7HB, UK; shen.wei@ucl.ac.uk
* Correspondence: 2019052@hebut.edu.cn

Abstract: Indoor transitional space is a popular buffer space between buildings’ interior and exterior
environments nowadays. Maintaining a comfortable indoor thermal comfort for transitional spaces
often poses challenges to building designers and engineers. Some existing studies have already
explored this topic, but they are mainly carried out in academic buildings. There are, however, still
many other types of buildings containing transitional space, including entertainment buildings such
as theaters and tourist centers. To provide useful information about people’s thermal requirements in
the transitional space of entertainment buildings, this study has adopted both field measurement
and questionnaire methods. Additionally, the same method has been repeated in an academic
setting as well, so the results can be compared with existing studies. By comparing participants’
thermal requirements, it indicates that people’s thermal requirements are significantly impacted by
operative temperature, which can give architects suggestions to improve the thermal environment in
transitional spaces. In addition, in transitional spaces, people had a high tolerance for their thermal
environment, especially participants in entertainment buildings, who showed a fairly high thermal
satisfaction rate of 96% in winter and 94% in summer, far beyond the rates of 89% and 73% in
academic buildings. Combined with the analysis of participants’ thermal preferences and the reason
people stay in transitional spaces, it implies a close relationship between participants’ thermal comfort
differences and the function that transitional spaces provide.

Keywords: indoor transitional space; thermal requirement; field studies; thermal adaptation

1. Introduction

In current society, transitional spaces are a special type of room in buildings, as they
provide a link between indoor and outdoor environments [1]. Transitional space commonly
includes outdoor transitional space (e.g., bus stations and courtyards), semi-outdoor space
(e.g., train stations and porches), and indoor transitional space (e.g., foyers and lift lob-
bies) [2]. Within these types, indoor transitional space has been developed to work as a
buffer space between indoor and outdoor environments. In modern non-residential build-
ings, indoor transitional space has become very common, providing functional areas like
resting areas, performance areas, and meeting areas [3]. Although indoor transitional space
often takes up no more than 40% of buildings’ total floor area, their energy demand could
be up to three times that from the remaining parts of buildings [4]. Therefore, reducing
the energy consumption of this special space type becomes very important for reducing
overall building energy consumption. To achieve this intention, a good understanding
of occupants’ thermal requirements is essential for guiding architectural design, system
selection, and building operation [2,5–7].

Existing studies in terms of the thermal requirements in indoor transitional spaces were
mainly carried out in academic buildings. In Bangkok, Thailand, Jitkhajornwanich et al. [8]
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studied the thermal environment of indoor transitional space in two academic buildings,
using calculated neutral temperatures and preferred temperatures for both cool and warm
seasons. In a study carried out by Pitts et al. [9] in one academic building and one office
building, a wider thermal comfort range in transitional space was observed than was
predicted by Fanger’s PMV model. In a laboratory building, Wu and Mahdavi [10] assessed
people’s thermal requirements in transitional states and suggested that the change in
thermal sensation was consistent with the respective difference in temperature. In Malaysia,
Kwong and Adam [11] conducted a field study in the enclosed lift lobby of an educational
institution, and their result showed a lower thermal expectation than conventional space. In
another study by Kwang and Adam [12], it was found that occupants’ thermal perception
was directly related to the level of human occupancy in transitional space. Additionally,
a sudden change in temperature may lead to discomfort for occupants. To investigate
the thermal performances of both semi-opened and fully enclosed transitional spaces in
different seasons, Hui and Jiang [13] conducted a study in one academic building in Hong
Kong. In this study, they observed that people accept a wider thermal environment in
transitional spaces, and their thermal response varies with dressing, activity level, past
thermal experience, and prior thermal preference. Therefore, they believed that the current
comfort standards and criteria are not suitable for designing transitional spaces.

In addition to the studies carried out in academic buildings, there are some relevant
studies carried out in other types of buildings as well. For example, Hwang et al. [14]
studied occupants’ thermal requirements in the transitional space of one commercial build-
ing in Bangkok, Thailand. From the study, they observed that the thermal requirements
of occupants in the transitional space were similar to those in an office environment. Ko-
topouleas and Nikolopoulou [15] conducted a study in airport terminals, evaluating the
thermal perceptions of both passengers and staff. Their study revealed the complications
of thermal requirements in airport terminals. Avantaggiato [16] conducted a study in three
Italian shopping centers, and the study demonstrated the inappropriateness of using both
Fanger’s PMV model and the adaptive comfort model for transitional spaces, as customers
were found to have a much wider range of indoor comfort feelings. However, research
data regarding the thermal environment of transitional areas are still lacking [13,17,18].
The majority of studies [4,5,13,19–23] came to the conclusion that a greater variety of com-
fort conditions than those suggested by Fanger’s model can be accepted by individuals
in transitional settings. They contend that Fanger’s model is limited by the steady-state
settings in which it was created, but transitional regions include dynamic characteristics
that render Fanger’s model inappropriate. According to certain research [8–11], users in
transitional spaces are also more adaptive. This observation may be influenced by the
amount of time spent in the transitional area as well as prior thermal experience. All these
studies concluded that further investigation on thermal comfort in transitional spaces at
different times of the year is required to expand the database of evidence. All of these
studies came to the conclusion that in order to increase the body of evidence, more research
on thermal comfort in transitional spaces at various times of the year is needed.

The above review work reflects that most existing studies in terms of indoor tran-
sitional space focused on academic buildings, with some investigations carried out in
other building types, including airport terminals and lobbies. To obtain a comprehensive
understanding, more data are still highly required, especially from non-academic buildings.
In current society, entertainment buildings have started to play an important role, as they
can provide functions like cinemas, leisure centers, cafés, amusement arcades, et al. This
building type may consume a high level of energy, but relevant studies seem to be rare,
especially for their transitional space. To fill this gap, this study has selected one entertain-
ment building located in the UK, and data relevant to occupants’ thermal requirements
were collected by both subjective and objective methods. To compare occupants’ thermal
requirements between this building type and academic buildings, which have been better
understood, data were collected using the same methods from one academic building close
by. We hope that the results from this study will provide field evidence about the thermal
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requirements of the transitional space in entertainment buildings to help control this space
more efficiently.

2. Methodology

The methodology conducted in this research included on-site questionnaire surveys
and physical measurements, one existing entertainment building and one academic build-
ing with indoor transitional spaces were chosen as the case study building. The monitoring
of both interior and outdoor environmental conditions occurred concurrently with the field
studies and the administration of questionnaire surveys.

2.1. Case Study Buildings

In this study, two buildings with different operational functions were investigated.
One is an academic building, and another is an entertainment building. Both buildings
are in the city of Cardiff, UK (51◦29′0′′ N, 3◦11′0′′ W, alt. 65 m) and have transitional
space inside. Figure 1 depicts the two buildings and the layouts of the transitional spaces
in them. Both transitional spaces connect with the main entrances of the two buildings,
and they contain communal spaces like cafés, bars, and shops. For the transitional spaces
in the two buildings under investigation, there are some common functional areas, such
as corridors for passing through, resting areas, eating and drinking areas, and informal
meeting areas. The TSAB (Transitional Space in the Academic Building), however, has one
more function than the TSEB (Transitional Space in the Entertainment Building), which
is the study area. To maintain a comfortable indoor thermal environment, both spaces
were centrally controlled by dedicated HVAC systems, so the users have no control over
the indoor thermal environment. Table 1 lists some key information about the two indoor
transitional spaces investigated in this study.
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Table 1. Key characteristics of the investigated transitional spaces.

TSEB TSAB

Year of building 2004 2007
Business type Entertainment Academic
Building floor area 19,020 m2 2490 m2

Measured Transitional space area 1298 m2 810 m2

Main orientation West North
Window type Double glazing Double glazing
Openable windows No No

Type of building services Winter Air conditioning Air conditioning
Summer Air conditioning Air conditioning

2.2. Physical Measurements

The survey was conducted in both winter (the last week of January for the TSAB
and the first week of February for the TSEB) and summer (the first week of August for
the TSAB and the second week of August for the TSEB) to reflect seasonal variations.
The measurement was performed in two consecutive weeks to ensure a similar outdoor
environment. The data were collected daily, from the opening of the buildings (9 a.m. for
both TSEB and TSAB) to the closure of the buildings (7 p.m. for the TSEB and 5 p.m. for
the TSAB).

In this study, indoor environmental parameters, namely, air temperature, mean radiant
temperature, relative humidity, and air velocity, were measured and recorded. Operative
temperature and relative humidity were measured by an AREXX TSN-TH70E Wireless
Temperature and Humidity Sensor (accuracy: ±0.2 ◦C for temperature and ±5% for
humidity), and air velocity was measured by a Testo RS327-0640 hot-wired anemometer
(accuracy: ±0.1 m/s). All measurements were carried out at the center of different thermal
zones within the indoor transitional space, 1.1 m above the floor (the abdomen level
recommended in ISO 7726) [24], with the avoidance of direct sunlight and local heating and
cooling sources. The measurement intervals were set at 2 min. The outdoor temperature
was measured by a DELTA-T WS-GP1 weather station (accuracy: ±0.2 ◦C), located on
the roof of one building on the campus of Cardiff University, at an interval of 2 min as
well. The weather station was installed three meters above the roof level to avoid the heat
generated by the building.

2.3. Questionnaire Surveys

In addition to the above physical parameters, relevant subjective information was also
collected using questionnaires to reflect occupants’ thermal sensations and preferences.
The questions were developed according to ASHRAE Standard 55 [25]. The questionnaire
consists of three main sections. Section 1 collects relevant personal information, such as
participants’ gender, age, and occupation. Section 2 investigates participants’ historical
interactions with the building and the indoor transitional space under investigation, such
as their purposes for using the space, activity level, previous visit frequency, time spent at
the interviewed location, and clothing insulation. Section 3 focuses on participants’ thermal
perceptions of the indoor transitional space. All participants were randomly selected from
the users of the investigated transitional spaces. All participants required a minimum setup
time of 5 min to ensure sufficient time to experience the local thermal environment. To
determine participants’ metabolic rate, their activities were recorded by the researcher of
this study through observation. Their clothing insulation was estimated by themselves
using the checklist given in ASHRAE Standard 55. Finally, a total of 494 interviews were
conducted throughout the survey period, with 243 (49%) performed in the winter and
251 (51%) performed in the summer. To balance gender, there were 232 (47%) females
and 262 (53%) males who participated. All participants were selected randomly from the
targeted transitional spaces.
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2.4. Data Analysis

The data collected from the field studies were first compiled into spreadsheets and then
analyzed using the Statistical Package for Social Science (SPSS) version 20. The data were
prepared separately for both buildings, and the results were then compared. To statistically
estimate the potential effect of various factors on participants’ thermal sensation, such as
operative temperature and cloth insulation, linear regression was adopted [26], with the
outcomes analyzed based on two significance levels, namely, average statistical significance
(p < 0.05) and high statistical significance (p < 0.01). For the analysis of participants’
thermal preference and preferred temperature, probit analysis was applied, as in previous
studies [14].

3. Results and Discussion
3.1. Results from the Academic Building (with Comparisons to Existing Studies)

The data analysis of this study started in the academic building, so its results can be
compared with existing studies. Table 2 has included the main results from both this study
and previous studies. The results indicate that in a tropical climate country, the cloth value
of people using the indoor transitional spaces is close to the cloth value in the summer
UK. In terms of the metabolic rate, it indicates that except for the quite large metabolic
rate range of 0.7–3.8 in research on transient thermal comfort in the UK, the metabolic rate
in other research both in the UK and tropical countries has a little difference of 1.0–1.9.
The results indicate that people in cooler climates favor cooler conditions than people in
warmer climates. Therefore, it can be assumed that people in the UK should favor a cooler
temperature range than those in tropical climate countries. As approved by the survey
results in this research, the neutral temperature in Cardiff (UK) transitional space is about
4 ◦C lower than that in those tropical climate countries, while preferred temperature is 3 ◦C
lower and the comfort temperature range is 4–5 ◦C lower. It can be seen that the comfort
range in this study is wider than both these two surveys in Greece and the UK.

Table 2. Comparison of results from other field research related to indoor transitional space.

Location Cardiff (Current
study) Malaysia Bangkok,

Thailand
Taichung,
Taiwan Greece Sheffield, UK Hong Kong, China Jaipur, India

Space type Foyer, café,
corridor

Enclosed lift
lobby

Lobby,
foyer,

atrium
Foyer Atrium Lobby

Fully enclosed lift
lobbies and

corridors

Corridor,
entrance
canopy,

stairwell

Samples 245 113 1143 587 300 1794 84 50

clo value (clo) 1.24 (winter)
0.46 (summer) 0.62 0.53–0.65 0.54 -

0.72 (spring)
0.57 (summer)
1.01 (autumn)
1.06 (winter)

- 0.45–0.51

Metabolic rate
(met) 1.0–1.5 1.2 1.0–1.9 1.0–1.2 - 0.7–3.8 - 1.3–1.4

Surveyed
temperature
range (◦C)

20.2 (winter)
24.3 (summer) 23–32 23–32 20–30

10.2–16.6
(winter)
19.0–29.1
(summer)

21.9 (spring)
23.5 (summer)
21.2 (autumn)
20.0 (winter)

18.20–21.31 ◦C
(winter)/

25.62–27.32 ◦C
(summer)

28.1 ◦C

Neutral
temperature

(◦C)

20.8 (winter)
22.5 (summer) - 26.5 26.3

14.98 (winter)
24.22

(summer)
- - -

Preferred
temperature

(◦C)

21.4 (winter)
22.3 (summer) - 25.5 24.5 - - - -

Comfortable
range (◦C)

14.0–27.0 (winter)
14.5–27.8
(summer)

26.8 25.5–31.5 24.0–27.8

13.47–16.49
(winter)

22.71–25.73
(summer)

21–22 (spring)
23 (summer)

21.0 (Autumn)
19–20 (winter)

- 30.06–30.39

The previous studies also showed multiple space types in the transitional spaces
of academic buildings, such as lift lobby, foyer, atrium, café, and corridor. Furthermore,
occupants’ activity level was different as well while in different space types, such as walking
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and standing occurring mainly in corridors or lift lobby, resting and meeting occurring
mainly in resting areas, and eating and drinking occurring mainly in cafés). This may
explain why people showed different neutral temperatures and acceptable temperature
ranges in different transitional spaces. To further investigate the relationship between
thermal comfort and the architecture design of indoor transitional spaces, a comparison
between the research on thermal comfort in indoor transitional spaces of academic buildings
and entertainment buildings is conducted.

3.2. Results from the Entertainment Building (with Comparisons to the Academic Building)
3.2.1. Descriptive Analysis

The total number of responses collected from the questionnaire surveys was 494, with
detailed statistics listed in Table 3. The results reflect a good distribution in both winter and
summer, as well as between males and females. It includes the measured values of both
environmental and non-environmental parameters that affect occupant thermal sensations.
In terms of age, the results indicate that people who visit TSAB are younger than those who
visit TSEB. Due to the academic function of TSAB, quite a lot of visitors are students. In
terms of clothing insulation, the results indicate that visitors wear more clothing in TSAB
than in TSEB in winter, but TSAB’s visitors wear less in summer. This is affected by the
time participants stay in the spaces, especially in winter. If people stay in the transitional
spaces for a very short time or just pass through the spaces, they will not take off their
coat. It is indicated that participants in the transitional spaces of TSEB and TSAB have
approximate cloth insulation. In summer, the transitional space occupants had very similar
clothing insulation values, while in winter, the effect of outdoor weather resulted in distinct
variations in clothing levels between the different individuals.

Table 3. Summary of the surveyed and monitored results.

TSEB TSAB

Winter Summer Winter Summer

Total response (N) 120 129 123 122
Male respondents (N) 56 64 57 61
Female respondents (N) 64 65 66 51

Age Mean 41 39 26 26
SD 16 15 13 11

Clothing value (clo) Mean 1.11 0.53 1.24 0.46
SD 0.34 0.16 0.33 0.13

Activity level (met) Mean 1.51 1.50 1.34 1.32
SD 0.29 0.24 0.26 0.17

Indoor temperature (◦C) Mean 19.4 20.1 22.1 25.6
SD 1.4 3.3 1.3 2.1

Relative humidity (◦C) Mean 41.0 64.1 45.0 56.0
SD 5.6 8.9 8.4 8.2

Air velocity Mean 0.20 0.15 0.12 0.19
SD 0.10 0.22 0.13 0.18

Temperatures shown were the record taken during the time when the questionnaire survey was conducted.

Participants’ metabolic range is indicated similarly in the transitional spaces of TSEB
and TSAB. In TSEB, the metabolic rate of participants is similar to that in TSAB, even though
the activity level is a little different: participants rarely use entertainment as a transitional
space for study and working. The participants’ activity in the entertainment transitional
space was predominantly eating and drinking (1.5 met), social, watching performances
(1.2 met), or sitting (1.0 met). In TSAB, this was predominantly reading and writing, social
(meeting and talking), watching performances and working on computers (1.2 met) or
sitting (1.0 met), but a small number of them were eating or drinking (1.5 met).

As mentioned in the research methodology, three major environmental parameters,
namely, operative temperature (To), air velocity (AV), and relative humidity (RH), have
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been monitored in this study. It could be observed that in terms of average values, most
parameters are similar between the two types of buildings, except the indoor operative
temperature in summer (25.6 ◦C in the TSAB vs. 22.1 ◦C in the TSEB).

3.2.2. Comparisons of Occupant Thermal Comfort

The best that people can realistically hope to achieve is a thermal environment that
satisfies the majority of people in the space, or, more simply, ‘reasonable comfort’. Fanger
claimed that, in general, a comfort zone is an environment situation in which 80% of the
occupants feel satisfied with their environment, and the HSE (Health & Safety Executive)
in the UK also considers 80% of occupants as a reasonable limit for the minimum number
of people who should be thermally comfortable in an environment [27,28].

Thermal sensation: The statistical distributions of the survey participants’ perceptions
of the thermal environment are summarized in Figure 2. In winter, 55% of participants
in TSEB expressed their thermal sensation as “neutral”, while in TSAB, the percentage is
29%. In summer, 54% of participants in TSEB and 34% of TSAB expressed their thermal
sensation as “neutral”. In winter TSAB, almost 50% of the votes fell in the “warmer than
neutral” region of the scale, i.e., including “slightly warm” (34%), “warm” (7%), and “hot”
(3%) and 50% of the votes “cooler than neutral”, i.e., including “slightly cool” (19%), “cool”
(9%), and “cold” (2%). In entertainment, this ratio is less and relatively equal to 18% and
27% separately. In summer TSAB, more than ten times as many votes fell in the “warmer
than neutral” region of the scale, i.e., including “slightly warm” (43%), “warm” (12%), and
“hot” (6%), compared to the votes “cooler than neutral”, i.e., including “slightly cool” (5%),
“cool” (1%), and “cold”(0%), which shows a relatively equal ration in TSEB, as 24% and
23% separately, even the votes on “slightly cool” are 2% higher than “slightly warm”.
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The PPD thermal comfort index is based on the assumption that people voting in the
middle three categories (i.e., “slightly cool” −1, “neutral” 0, and “slightly warm” +1) of the
7-point thermal sensation scale are satisfied with their thermal environment. Extending the
assumption to the AMV in the survey of TSAB, 82% of the participants in the winter and
summer were satisfied with their transitional space thermal conditions. But in TSEB, it is as
high as 99% in winter and 98% in summer. By logical extension, votes on +2 (warm), +3
(hot), −2 (cool), and −3 (cold) can be regarded as an expression of thermal dissatisfaction,
which in TSAB amounted to 18% both in winter and summer when in entertainment it was
only 1% and 2%. It indicates that in both buildings, a quite high percentage of participants
are satisfied with their thermal environment compared to the industry-accepted minimum
standard of 80% acceptability, as recommended in regulatory documents such as ASHRAE’s
Standard 55 [29].
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Thermal satisfaction: The data analysis indicated that the thermal conditions in the
two surveyed transitional spaces in buildings regularly meet people’s thermal requirements.
In both cases, the satisfaction with the thermal environment according to the ASHRAE
scale central categories (−1, 0, +1) meets the ASHRAE standards requirement of 80% [30].
Actually, it is far more than 80% in TSEB; the satisfactory rate is close to 100% both in
winter and summer. In terms of direct acceptability, higher acceptability also happens
at TSEB for 96% in winter and 94% in summer, whereas at TSAB it is 89% and 73%. It
indicates that, according to the thermal sensation scale or direct acceptability, people in
TSEB indoor transitional spaces have a much higher thermal satisfaction rate than in TSAB,
even though the measured operative temperature in them is quite beyond the comfort
temperature boundary.

Figure 3 indicates the operative temperature during survey time, together with the
80% and 90% acceptability temperature ranges. During the winter surveys, the temperature
lies within the acceptable range of 80% in TSEB, and 85% in TSAB during the monitoring
time. However, the summer operative temperature in all of these two cases was not
100% within the 80% acceptable range. Especially in TSAB, the percentage of operative
temperature remains within that range for only 73% of the time, which highlights the
periods of overheating. Additionally, the acceptable temperature range in winter TSEB is
far wider than the actual operative temperature range, which also illustrates a high thermal
tolerance of the environment for participants in TSEB.
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Thermal perception: This study defines the relative contribution of environmental
and personal parameters (heat-balance parameters) to the thermal perception of subjects in
indoor transitional spaces. To find which environmental parameters had a strong influence
on thermal comfort in two indoor transitional spaces, two steps of statistical analysis were
conducted. Firstly, a correlation analysis was carried out between AMV and the evaluation
parameters (environmental and personal parameters). Secondly, a further ordinal regression
analysis was carried out on the correlated environmental and the personal parameters
with AMV.

Table 4 shows the results of the correlation analysis between AMV and the evalu-
ated parameters in TSEB and TSAB, respectively. The results indicate that AMV is more
correlated with operative temperature than with any other physical variable, with the



Buildings 2024, 14, 1896 9 of 19

associated coefficients being 0.256 for TSEB and 0.492 for TSAB (all significant at p < 0.01).
In terms of personal parameters, AMV correlated to clothing insulation rather than activity,
as indicated by the results of −0.019 for TSEB (significant at p > 0.05) and −0.327 for TSAB
(significant at p < 0.01). Therefore, these variables are analyzed by using ordinal regression
analysis (because the AMV value is an ordinal variable).

Table 4. Correlation analysis between AMV and evaluate parameters.

To AV Rh Clo Met

TSEB
Pearson Correlation 0.256 ** 0.008 0.050 0.010 −0.019

Sig. (2-tailed) 0.000 0.899 0.431 0.875 0.766

TSAB
Pearson Correlation 0.492 ** 0.069 0.067 −0.327 ** 0.076

Sig. (2-tailed) 0.000 0.279 0.296 0.000 0.235

* Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed).

Table 5 shows the results of the ordinal regression to predict the criterion variable
(AMV). For the data collected in TSEB, operative temperature (p < 0.001) and clothing
insulation (p = 0.001) are the significant variables and account for almost 10% of the variation
in the actual sensation vote (AMV). However, r2 = 0.095 indicates weakness in the ability of
the predicted model to fit that data. By comparing it to clothing insulation, the Wald value
also indicates that operative temperature (Wald = 26.801 p < 0.001) is the most important
predictor that influences the actual thermal sensation votes of TSEB’s participants. Clothing
insulation for participants in TSEB was found to be significant in predicting the AMV;
however, it had less influence on the AMV compared to operative temperature. The Wald
value of clothing insulation is 10.715 and p = 0.001. In TSAB, explanatory variables include
operative temperature and clothing insulation, which screen out correlation analysis. As
can be seen, operative temperature is the significant variable (p < 0.001) and accounts for
almost 24% (Cox and Snell r2 = 0.235) of the variation in the actual sensation vote (AMV).
However, r2 = 0.235 indicates weakness in the ability of the predicted model to fit that
data. The Wald value also indicates that operative temperature (Wald = 39.792 p < 0.001) is
the most important predictor that influences the actual thermal sensation votes of TSAB’s
participants. This result suggests the importance of solar radiation intensity together with
air temperature. Thus, the mitigation of solar and air temperatures is significant for the
design of indoor transitional spaces, and these two parameters could have a great impact
on the use of the indoor transitional spaces and may determine the number of people and
activities in them.

Table 5. Ordinal regression statistics and best fit model to predict AMV using environmental and
personal data from TSEB and TSAB.

R Squared (Dependent Variable: AMV) Wald Chi-Square

TSEB 0.095
To 12.664

20.287
Clo 0.375

TSAB 0.235
To 39.792

15.974
Clo 0.306

Thermal preference: The preferred sensation is the sensation people actually expected,
compared to the neutral sensation, which indicates people feel comfortable. The comparison
of preferred sensations between different groups could help to explore differences or
similarities in their thermal perception. The smaller difference between the neutral and
preferred sensations of people relates to their good adaptation to the thermal environment.
Figure 4 shows the distribution of survey participants’ thermal preference votes in relation
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to their thermal sensation votes using probit analysis. In TSEB, it shows participants’
preference did not coincide with the thermal neutral condition, but it was shifted slightly
toward a positive value both in winter and summer on the sensation scale. In TSAB, this
preference did not coincide with the thermal neutral condition but was shifted slightly
toward a positive value in winter and a negative value in summer on the sensation scale.
As thermal sensation increased (i.e., from cold to hot), the percentage of subjects voting for
‘want cooler’ generally increased. As one might expect, the percentage of those preferring
to be warmer (i.e., ‘want warmer’ responses) tended to increase as thermal sensation
decreased from warm to cool. The preferred thermal sensation indicates that in winter, both
groups were a little warmer than neutral, with 0.21 and 0.22 sensation levels in TSAB and
TSEB, while in summer, people prefer cooler with −0.18 and 0.02 sensation levels in TSAB
and TSEB. The higher sensitivity level of 0.02 in summer proves the operative temperature
in summer TSEB is lower than TSAB. The analysis of preference votes demonstrated an
asymmetrical correlation between thermal sensation and thermal preference in TSAB both
in winter and summer, and an asymmetrical correlation between thermal sensation and
thermal preference in winter and a symmetrical correlation in summer in TSEB.
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3.2.3. Investigation of the Thermal Conflict

This study raised the question of how the thermal comfort requirements in indoor
transitional spaces in both entertainment and academic buildings in UK climate, such as
the thermal sensitivity and the neutral temperature. Additionally, if the different thermal
comfort requirements in different indoor transitional spaces depend on the different func-
tions (different ways of subjects using them). The analysis of thermal neutral temperature,
preferred temperature, and comfort temperature range was explained in detail.

Neutral temperature: Neutral temperature is the thermal index value corresponding
with a maximum number of building occupants voting neutral on a thermal sensation
scale [31,32]. When a neutral temperature can be achieved, most people will feel thermally
comfortable and accept the thermal environmental condition [25]. The average neutral
temperature has been used in thermal comfort research to study the effects of experience
on respondents’ thermal perception [33]. A binned method was adopted by setting the
increments of indoor operative temperature at half-degree Celsius in order to eliminate
the outliers [34–37]. This study adopted linear regression to evaluate neutral temperatures,
which has been used to investigate thermal comfort datasets since the 1930s [38,39].

Data collected from TSAB and TSEB were used to calculate the neutral temperatures
to examine how people from different indoor transitional spaces adjust to their thermal
perceptions. The “bin mean thermal sensation vote” rather than the individual actual votes
was used to reduce individual differences [14,40]. This can be achieved by gathering several
votes that correspond with half or more To degrees, depending on the highest value of
r2 obtained.

Because of the significance of the operative temperature as a predictor of the thermal
sensation in the context of this study, it was therefore used as a thermal index to calculate



Buildings 2024, 14, 1896 11 of 19

the neutral temperature and examine the thermal sensitivity. The sensitivity of subjects’
thermal sensation to operative temperature was evaluated by examining the mean thermal
sensation vote response for each half-degree interval. The plotted data are in Figure 5, and
the fitted regression lines for subjects’ sensation prediction versus operative temperature in
winter and summer are as follows:

Winter TSEB:
AMV = 0.162 To − 3.264, r2 = 0.716 (1)

Summer TSEB:
AMV = 0.254 To − 5.730, r2 = 0.867 (2)

Winter TSAB:
AMV = 0.180 To − 3.740, r2 = 0.600 (3)

Summer TSAB:
AMV = 0.150 To − 3.173, r2 = 0.586 (4)

In adaptive thermal comfort theory, it regards the gradient of this regression equation
as being inversely proportional to the adaptability of the building occupants under analysis.
A very shallow gradient indicates the subjects were able to adapt very effectively to changes
in temperature (instead of feeling over- or under-heated and shifting their thermal sensation
accordingly), whereas a steep regression line suggests the subjects were not successful in
adapting because they quickly felt warm (or cool) as the room temperature shifted away
from their neutrality. At more than five and six degrees per thermal sensation unit, the
regression equation shows this sample to be remarkably successful at adapting to changes
in indoor temperature.
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Figure 5. Mean observed sensation in indoor transitional spaces in winter and summer.

The neutral temperatures (Tn) can be calculated by using Equations (1) to (4) when
AMV = 0. The actual neutral temperature in winter is 20.8 ◦C and 20.1 ◦C in TSAB and
TSEB, while in summer it is 21.1 ◦C and 22.6 ◦C, respectively. As can be seen, the neutral
temperature of the TSAB group is lower in winter but higher in summer. The result shows
differences in thermal sensitivity and neutrality between these two indoor transitional
spaces. This finding shows that the thermal requirements of people in indoor transitional
spaces must be considered separately according to the function of the space. This is mainly
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due to the difference in the prevailing thermal environment in both of these two locations
and the influence of thermal adaptive methods.

Preferred temperature: The preferred sensation and preferred temperature are the
sensation and temperature people actually expected, compared to the neutral sensation
and temperature in which people feel comfortable. The comparison of temperatures
between different groups could help in exploring differences in their thermal perceptions
or similarities. The smaller difference between the neutral and preferred choice of sensation
and temperature for a group of people relates to their good adaptation to the thermal
environment. Probit analysis is employed for advanced analysis in thermal studies to
survey thermal preference sensations and calculate the preferred temperature. This method
is used for thermal sensation assessments by Ballantyne, Hill and Spencer [41], which
were conducted separately on the preferences of the participants in winter and summer for
warmer and cooler conditions.

The cumulative frequency distributions for the “wanting warmer” and “wanting
cooler” inclinations were plotted against the operative temperature scale of the environ-
ment in winter and summer (Figure 6). The point located at the intersection of the two
cumulative curves corresponds to the participants’ preference in terms of sensation. To
investigate preferred temperatures, participants’ preference votes were binned into half de-
gree intervals of indoor operative temperature. The point of intersection between the “want
cooler” and “want warmer” probit models is taken to represent the group’s preferred tem-
perature. According to the regression model, the preferred temperature in winter is 20.2 ◦C
in TSAB and 21.6 ◦C in TSEB; in summer, the temperature is 21.5 ◦C and 21.9 ◦C separately.
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Thermal comfort range: regression equations describing the dependence of sample
mean thermal sensation on mean indoor operative temperature are often used to define
acceptable temperature limits for a particular sample. In the case of ASHRAE 55-2013, the
so-called “comfort zone,” as expressed on a temperature-humidity graph has its boundaries
defined as −0.5 PMV on the cool side and +0.5 PMV on the warm side. Different from the
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fundamental logic adopted in ASHRAE and also ISO to define their comfort zones [25,30,42],
some scholars research in the thermal comfort of transitional spaces and expand the comfort
zone in these spaces as −1 < PMV < +1 [7], which can be applied to the results obtained
in this thermal comfort survey of participants in transitional spaces in the present study.
But with key differences, rather than using predicted mean thermal sensations (PMV), this
survey has the advantage of actual mean thermal sensations. The mean indoor operative
temperatures corresponding to mean thermal sensations of +1 and −1 stretch from 14 ◦C
to 27.0 ◦C in winter and from 14.5 ◦C to 27.8 ◦C in summer (marked region on Figure 7).
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Figure 7. Mean thermal sensation votes (−3 = cold, through 0 = neutral to +3 = hot) related to indoor
operative temperature in summer.

In TSEB, the mean indoor operative temperatures corresponding to group mean
thermal sensations of +1 and −1 stretch from 14.0 ◦C to 26.3 ◦C in winter and from 18.6 ◦C
to 26.5 ◦C in summer. In TSAB, the mean indoor operative temperatures corresponding
to group mean thermal sensations of +1 and −1 stretch from 15.2 ◦C to 26.3 ◦C in winter
and from 14.5 ◦C to 27.8 ◦C in summer. The widest comfort temperature range in winter
is TSEB at 12.3 ◦C, and in summer it is TSAB at 13.3 ◦C. The results prove again that in
winter TSEB participants and in summer TSAB participants had the highest tolerance for
their thermal environment. This result is in line with previous findings about acceptable
temperatures in transitional spaces [4,5,9,13,19].

3.3. Thermal Preference and the Use of the Spaces

Table 6 shows the most popular areas the participants chose to stay in and the popular
reason for it in these two cases. It indicates that in both of these two indoor transitional
spaces, thermal consideration truly is a reason with quiet proportion when people choose
a favorite space to stay. But this reason is always not the most important one; people
frequently put their use requirements as the most significant reason to choose a space
to stay.
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Table 6. Most popular area and popular reasons.

Transitional Space TSEB TSAB

Most Popular Area South Foyer Seat Area South Foyer Seat Area

Popular reason

For warm/cool 13% 25%

For quite 6% 4%

For light 19% 4%

For facilities 13% 35%

Good view 13%

For performance 44%

For social 6% 5%

Fresh air 9%

For refreshment 9%

No draft

Figure 8 indicates that people in TSEB have a lower thermal preference rate for all of
the stay reasons, but in TSAB, this rate is higher. It can be seen that the reason for passing
through has the highest thermal non-preference rate, which means people passing through
the indoor transitional space care less or less sensitivity about the thermal environment.
The stay reason for working or study shows the highest thermal preference rate, which
means people stay in the indoor transitional space because working or study cares more
and more sensitivity to the thermal environment in the indoor transitional space. People
staying in the indoor transitional spaces for thermal reasons (warm or cool) show a high
preference rate, as expected.
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Figure 8. Thermal preference of participants depends on the stay reason.

The data analysis showed a high thermal comfort acceptable level of 96% and 94% of in
winter and summer in TSEB, which is quite higher than in TSAB. Correlation analysis was
applied in this study to investigate the relationship between the environmental variables
and the actual thermal sensation votes of participants. Operative temperature appears to be
the most important predictor of thermal sensation in two indoor transitional spaces, which
could have an excessive impact on the use of the indoor transitional spaces in the UK climate
and may determine the number of people and activities in them. Strong correlations were
identified for the influences of the operative temperature on people’s thermal sensations.
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Similar trends were identified for the two surveyed buildings, where the gradients were
all positive. In other words, the higher the indoor operative temperature, the warmer
the thermal sensation the building occupants would have [36,39]. Both the design and
management of indoor transitional spaces can influence the operative temperature in them,
for instance, moderate the size of the glass facade, change the seat area to avoid direct sun
light, and use a moderate heating–cooling system to mitigate the air temperature in indoor
transitional spaces [43]. Additionally, the cloth insulation also significantly affects subjects’
evaluation of their thermal sensation.

The investigation results of thermal sensation showed that people in TSAB were more
thermally sensitive than people in TSEB in winter, as the slope value corresponds to 5.5 ◦C
per sensation unit in TSAB and 6.1 ◦C in TSEB. However, in summer, people in TSEB were
more thermally sensitive than people in TSAB; the corresponding degrees were 3.6 ◦C
and 3.9 ◦C, respectively. This also means that people in winter in TSEB and people in
summer in TSAB were thermally comfortable at a wider range of operative temperatures.
The mean operative temperature in winter TSEB is lower when summer TSAB has a higher
mean operative temperature. A possible explanation for why people in winter TSEB and
summer TSAB were found to be less thermally sensitive might be due to the difference
in clothing insulation and the way people use indoor transitional spaces (stay area, visit
frequency, visit time, and stay time). A further analysis was carried out to quantify the
acceptable temperatures in terms of neutral temperature, preferred temperature, and
comfort temperature range. It shows the differences in acceptable temperature between the
two different groups of participants in indoor transitional spaces. Excluding in summer
TSAB, all other samples’ results reveal that neutral temperatures lie above or are the
same with the mean operative temperature occupants experienced. In summer TSAB,
the mean operative temperature is as high as 4.5 ◦C than the neutral temperature. The
comparison revealed that the summer group of participants in TSAB was more comforted
by the cooler environment than the other three groups of participants. Additionally, the
difference between the preferred temperature and the neutral temperature of the two
groups demonstrates the occurrence of thermal adaptation. In addition, the comparison of
a neutral temperature with a preferred temperature could explain which group is better
adapted to its thermal environment. The differences between neutral temperature and
preferred temperature in winter in academic and TSEB are 0.6 and 1.5 ◦C separately; in
summer, they are 0.3 and 0.7 ◦C separately. The results prove that TSAB’s participants have
a better adaptation ability (smaller difference between neutral temperature and preferred
temperature) to their thermal environment. The profile of the preferred temperature
follows that of the neutral temperatures, and the two almost do not coincide. In TSEB, it
demonstrates the preference for cooler temperatures in summer and warmer temperatures
in winter. However, even in winter TSAB, participants still prefer a cooler environment,
which explains the overheated thermal environment in it. This phenomenon is deduced
due to the higher operative temperature in the sitting area in TSAB; even in winter, some
participants complain it is too warm in this area. The high temperature of this area is
gained through the big facade of glazing, and the north–south layout also results in longer
sunshine time.

4. Conclusions

In this research, the field studies carried out in the indoor transitional spaces in dif-
ferent types of buildings show that people use the transitional spaces in different ways.
There were 494 customers who attended the interview survey, and two surveyed build-
ings produced an evaluation of the thermal environmental performance and people’s
adaptability. The detailed calculation of thermal comfort requirement parameters includes
neutral temperature, preference temperature, and comfort temperature range. The comfort
temperature range is quite wide as in TSEB from 14.0 ◦C to 26.3 ◦C in winter and 18.6 ◦C to
26.5 ◦C in summer; and from 15.2 ◦C to 26.3 ◦C in winter and 14.5 ◦C to 27.8 ◦C in summer
in TSAB. The results indicate that participants in TSEB’s indoor transitional space have a
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higher thermal tolerance than in TSAB due to the different way of using the space, which
also means the possibility of energy savings and specific design depends on the different
functions of indoor transitional spaces.

The ordinal regression analysis was carried out to examine how the environmental
variable related to the actual thermal sensation votes of participants. Operative temperature
appeared to be the most important predictor of thermal sensation in two cases. In both
entertainment and academic indoor transitional spaces, people had a wider thermal comfort
temperature range than the CIBSE guide and fully occupied spaces such as offices in a
moderate climate. It indicates participants in indoor transitional spaces had a higher
tolerance for their thermal environment, which evidently suggests the possibility of useful
energy savings through a modest (and realistic) relaxation of comfort standards regulation
in transitional spaces. Additionally, this study has found that the way people use indoor
transitional spaces has an important influence on participants’ thermal requirements. The
design of indoor transitional spaces has a significant influence on the thermal environment
and the way people use indoor transitional spaces.

Environmental variables could have a great impact on the use of indoor transitional
spaces in the UK’s moderate climate. The thermal environment in the indoor transitional
space can be determined by the design and setting of the cooling and heating system
inside it. Design-related environmental improvements are necessary, but they may not be
sufficient for a successful design of indoor transitional spaces. On the other hand, physical
features appear to play an important role in attracting people to indoor transitional space,
but thermal comfort plays a significant influence on how people use the indoor transitional
spaces. Access to good indoor transitional spaces is a luxury or a need for people, which
is determined by the function of the building and each area of indoor transitional spaces.
Indoor transitional spaces that offer good design and allow social activities are likely to
influence their users to stay longer.

The surveyed buildings served different purposes, and the people’s activity inside
the buildings was different. People visited TSEB for public events such as building tours
and watching the show; this led to a relatively higher respondent’s activity level when
compared to TSAB because a greater number of people were walking or standing before
taking the questionnaire surveys. On the other hand, in TSAB, more people used the
transitional spaces for resting, dining, and discussion. This may explain why TSEB had
a lower neutral temperature and a wider acceptable temperature range when compared
to TSAB. From another perspective, different architectural designs of transitional spaces
could influence thermal comfort [43–45]. In this study, it was explained that this may
be due to the different people’s usage and activity levels within the spaces as a result of
architectural designs.

This statement was supported by the investigations of thermal preference and stay
reasons. It indicated that thermal consideration truly is a reason with quiet proportion when
people choose a favorite space to stay. But this reason is always not the most important
one; people frequently put their use requirements as the most significant reason to choose
a space to stay. However, the results of the analysis of thermal preference depending on
the stay reason indicate that the participants’ thermal perception has a close relationship
with the participants’ stay reasons in the indoor transitional spaces. Currently, transitional
spaces are quite common in many types of buildings. In this study, clear evidence has been
provided to justify the different thermal comfort requirements in academic buildings and
entertainment buildings. From this conclusion, it would be reasonable to say that data
need to be collected from other types of buildings with transitional spaces to control their
thermal environment with higher energy efficiency.

This study focuses on human thermal comfort and the use of indoor transitional spaces
in the UK. The studied sites are only located in Cardiff, UK, and the research focuses only
on transitional spaces in academic and entertainment buildings. There are benefits and
drawbacks to the field study methodology for research. The inability to directly regulate
environmental factors and the challenge of accurately determining human physiological
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parameters are sources of limitations. However, field research is crucial to understanding
thermal perception in an actual setting with regular operations. Moreover, only guests
were considered in this study; staff were excluded from analysis to ensure that the sample
presented participants who have self-adaptive freedom (staff were limited to moving their
location and opening windows to modify thermal comfort conditions). Based on this
research, further work needs to be conducted to cover more geographical areas within the
UK climate since this study covers only Cardiff. Such an expansion may generalize the
findings of this study or explain any particularities associated with the sites of the current
study. Moreover, this investigation of the thermal comfort in indoor transitional space
and the way people use the space should be further investigated. It has emphasized the
important influence of improving the thermal environment in indoor transitional space
and the possibility of energy saving in indoor transitional space.
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