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Abstract: To improve the quality of school environment and reach state of comfort, it’s important that teachers
and students take appropriate personal and environmental adaptive behaviours. Studies on adaptive behaviours
are mainly focused on adults, especially in residential and office buildings while children’s adaptive behaviours
at schools are not largely studied. This paper has investigated adaptive behaviours, influential factors and their
impact on comfort and indoor quality by doing field studies in 4 primary schools and 15 classrooms in Coventry,
UK during July, September, October and November 2017 through observations, subjective and objective
measurements. The results are derived from observations on around 400 students aged 9-11 and from more
than 600 surveys. Results illustrate that students usually take personal adaptive behaviours after or before
breaks, and the number of these behaviours increases during warmer seasons and in afternoon sessions.
Students’ decisions over appropriate clothing level is related to time of year, however, 27% of students could
improve their thermal vote by taking off or taking on jumpers/cardigans. Some environmental adaptive
behaviours like door operation are less related to climatic factors, however, window operation is correlated to
indoor temperature (R2=0.29) and outdoor temperature (R2=0.35). Observations show that around 80% of all
environmental adaptive behaviours are done by teachers, teacher assistants or on their request, which can
provide conditions that are not comfortable for children. Therefore, it is important to facilitate adaptive
behaviour of children to improve their comfort level.
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1. Introduction
According to the adaptive approach by Nicol & Humphreys (2002) , “if a change occurs such
as to produce discomfort, people react in ways which tend to restore their comfort”. From
the biological perspective, occupants interact with the environment to secure and restore
their comfort if appropriate opportunity is provided (Humphreys and Nicol, 1998). Two forms
of adaptive behaviours introduced by Nicol et al. (2004) are those which help occupants to
feel comfortable in the present situation like removing a jacket or changing postures, called
personal behaviours, and those which are taken to make the environment comfortable for
the subjects like controlling windows or shadings, called environmental behaviours.
Adaptive behaviours are influenced by climatic factors like temperature, wind speed,
air movement, humidity, solar intensity and CO, concentration (Humphreys and Nicol, 1998;
Nicol, Humphreys and Olesen, 2004; Fabi et al., 2012). The study by Fabi et al. (2012) has
suggested other drivers than climatic factors for occupants’ behaviour including contextual
(e.g., building properties, orientation, heating and ventilation type, season, occupancy
patterns and time of day), psychological (expectations, habits, perception, financial and
environmental concerns and lifestyle), physiological (age, gender, clothing, activity level, food
or beverage intake) and social (occupants’ interactions for determining adaptive action).
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Occupancy patterns include proximity to the control, the number of occupants sharing a
control or type of space (private or shared), arrival and departure patterns or occupancy
intervals (just after arrival, intermediate, just before departure) (Gunay, O’Brien and
Beausoleil-Morrison, 2013; O’Brien and Gunay, 2014). The study by O’Brien and Gunay (2014)
has also identified other contextual factors including availability of controls, accessibility of
controls, complexity and transparency of automation systems, presence of
mechanical/electrical systems, view and connection with outside, interior design, experience
and foreseeable future conditions, visibility of energy use and social constraints (O’Brien and
Gunay, 2014). The study by (Humphreys and Nicol, 1998) has discussed circumstances that
restrict adaptive actions which are culture, affluence, working conditions, comfort operated
by another occupant, conflicting requirements, personality, fashion and health.

To reach comfort and improve environment’s quality, many studies have refered to the
role of adaptive behaviours (Raja et al., 2001; Nicol and Humphreys, 2002; Rijal et al., 2007;
Herkel, Knapp and Pfafferott, 2008; Fabi et al., 2012; Nicol, Humphreys and Roaf, 2012;
Gunay, O’Brien and Beausoleil-Morrison, 2013) and its effect on occupants’ forgiveness and
satisfaction (Baker and Standeven, 1997; Leaman and Bordass, 1999, 2007; Humphreys, 2005;
Nicol and Roaf, 2005; Roulet et al., 2006; Frontczak and Wargocki, 2011). According to Dubrul
(1988), behaviours are stongly related to comfort perception. Occupants who have the
possibility to control their environment, suffer from fewer building related symptoms (Paciuk,
1990; Brager, Paliaga and Dear, 2004; Toftum, Andersen and Jensen, 2009), can tolerate
higher temperatures (Brager, Paliaga and Dear, 2004) and discomfort is reported less by them
(Raja et al., 2001).

Personal and environmental adaptive behaviors and operation of controls can directly
or indirectly affect students’ comfort in educational buildings and are related to several
factors.

On personal behaviours in educational buildings, studies have shown that students’
clothing level usually follows sequence of temperature, running mean temperature and long
term fluctuation in temperature (Nicol and Humphreys, 1973; Humphreys, 1974, 1977). Study
by Humphreys (1974) shows that clothing level depends on the room temperature; optimum
temperature for students with light clothing occurs at 24.5°C, for students with heavy clothing
occurs at 21.5°C and for students with winter clothing occurs at 18.5°C (Humphreys, 1974).
Humphreys (1977) shows that the effect of temperature changes during day on discomfort
was more than its effect on clothing level. On activity type, the study by Raja and Nicol (1997)
shows that within the freedom students have for type of activity, more open activities are
preferred as temperature increases more.

On environmental adaptive behaviors in educational buildings, studies have shown that
window operation is influenced by outdoor temperature (Dutton and Shao, 2010; Stazi, Naspi
and D’Orazio, 2017), indoor temperature (Santamouris et al., 2008; Stazi, Naspi and D’Orazio,
2017), humidity (Dutton and Shao, 2010), CO, level (Dutton and Shao, 2010), time of day
(Stazi, Naspi and D’Orazio, 2017) and noise level (Montazami, Wilson and Nicol, 2012). Blinds
are operated to avoid glare or sunlight (Theodorson, 2009; Montazami and Gaterell, 2014),
prevent overheating (Montazami and Gaterell, 2014), limit outside distractions (Montazami
and Gaterell, 2014), provide outside views (Sanati and Utzinger, 2013) and to darken the room
for presentations (Theodorson, 2009). Blinds’ ease of use (Sze, 2009; Sanati and Utzinger,
2013) and window design (Sanati and Utzinger, 2013) also affect the operation of blinds.

To provide indoor environment quality in schools and reach state of comfort, it's
important that children and teachers take appropriate adaptive behaviours and the chance
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to exercise those adaptive behaviours should be provided for them. Therefore, the main
objectives of the paper are as follows:

e To investigate what factors affect adaptive behaviours of primary school children and
how these factors affect students’ practice

e To examine the effect of adaptive behaviours and occupancy patterns on
environmental variables and state of comfort

2. Methodology

Field studies were carried out in 4 primary schools and 15 classrooms in West Midlands, UK
during July, September, October and November 2017, consisting of objective measurements,
subjective measurements and observations.

2.1. Climate and weather during data collection

The investigated primary schools are located in Coventry which is the second largest city in
the West Midlands region. During the field study time from 17 July to 24 November, highest
and lowest average outdoor temperature for occupancy pattern of primary school children
were recorded 23°C in July/18 and 6.15°C in November/24, respectively, as shown in Fig 1.
Field studies were conducted in a wide range of outdoor temperature from 2.3°C in
November/24 to 24.9°C in July/18. During the time field studies were conducted, relative
humidity changed from 50-85% in July, from 81-92% in September and from 75-90% in
October and November, with one rainy day in July, two rainy days in September and no rainy
days in October and November. Outdoor variables were collected from local stations
(Weather Observations Website, 2017).
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Figure 1. Outdoor temperature of Coventry during occupied time of field study, retrieved from (Weather
Observations Website, 2017)
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2.2. Buildings Description

The investigated primary schools are all two-story naturally ventilated buildings with
classrooms in different designs and orientations as the study aims to find out how
architectural feature affect students’ adaptive behaviours. Table 1 shows some architectural
features of the classrooms like design of windows play a main role on adaptive behaviours of
students. Architectural features of classrooms including their area and orientation, windows’
area and characteristics and their type of the operation (i.e. manual or automatic) are listed
in Table 1. Controls that can be operated in each classroom include windows, blinds, interior
door, exterior door and fan, if any. Several classrooms located in the ground floor might have
an exterior door to the playground which is usually operated according to occupancy patterns
and on breaks. The only classroom that had cooling fan was Classroom 2 in School 1 and the
fan was operated during summer days. Heating systems are operated by caretakers so they
are not considered as controls that can be operated in the classroom. Table 2 shows five
different window designs, with classrooms 1-9 having the same design; however, classroom
10-14 have different designs and classrooms 15 does not have any window.

2.3. Data acquisition
For the objective of the study, subjective measurements, observations and objective
measurements were conducted in 15 classrooms to obtain more reliable data.

2.3.1. Subjective measurements and Observations:

The paper-based survey, which asks about ‘personal adaptive behaviours like change in
clothing level, fanning and drinking’, thermal sensation and preference, comfort and
tiredness, is designed for 9-11 years old students (year 5 and year 6) who can read and write
easily. More than 600 questionnaires were collected from morning and afternoon sessions,
with students filling out surveys once at the end of morning session and once at the end of
afternoon session. The design of the study defines transverse sampling in which bias is
lowered or avoided, thus, the results are more representative.

Through observations, each student was given a reference number which made
observing and recording adaptive behaviours possible. Personal and environmental adaptive
behaviours of around 400 students were observed and recorded in a logbook. The results
derived from these observations help to verify surveys’ results as reference numbers were
written on top of each survey. Table 1 provides an overview of the number of students and
the number of collected surveys in each school.

Table 3. An overview of the number of students and collected surveys

School Date Number of observed | Number of collected surveys during
Number students morning and afternoon sessions

School 1 17-21 July 2017 130 200

School 2 | 21-27 September 2017 | 110 195

School 3 | 29-31 October 2017 65 115

School 4 | 21-24 November 2017 | 85 115

2.3.2. Objective measurements

Environmental variables like air temperature, radiant temperature, humidity, air speed and
CO, level were measured at 5-minute intervals by multi-purpose SWEMA 3000, temperature,
humidity and Tiny Tag CO2-TGE-0011 data loggers. State of windows, blinds and doors was
also recorded by time-lapse cameras at 5 minute intervals.
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3. Results

3.1. Personal Adaptive Behaviours

Results of surveys and observations show that personal adaptive behaviours are correlated
with occupancy patterns, type of activity, season, outdoor temperature and time of day.
However, the time that personal adaptive behaviours happens is more related to occupancy
patterns and type of activity, and the frequency and number of those personal behaviours
are more related to season, outdoor temperature and time of day, Fig 2 & 3.

Students usually take personal adaptive behaviours like drinking water, fanning and
changing clothing level right after or before breaks, especially after breaks, physical Education
(PE) and lunch, and that is why the percent of students taking personal adaptive behaviours
increases during day, Fig 2 & 3. Percent of students drinking increases up to 92% in July and
up to 33% in October. Percent of students fanning increases up to 48% in July and up to 7%
in October. Percent of students without jumper increases up to 100% in July and up to 40%
in October. According to the results of these two months, percent of students changing
clothing level is higher than percent of students drinking and fanning. Among all personal
adaptive behaviours, changing seats and fanning are the less frequent ones. Each student is
allocated a fixed seat and students can only change seats with teacher’s permission and
according to type of activity. Fanning was rarely observed in October (7%), however it was
more frequent in July (48%). Another personal adaptive behaviour, which was observed in
the presence of glare in eyes or on TV, was changing posture or seating direction. According
to the above statistics, percentage of personal adaptive behaviours is higher in July than in
October which can be attributed to outdoor and indoor temperature and time of year. The
pattern of taking personal behaviours is almost similar, however, their frequency is different
in different seasons.

Less personal behaviours were observed during teaching activities which is mainly due
to the fact that students are not free to move around in the classroom to drink or change
seats, Fig 2 & 3. Several other studies (Santamouris et al., 2008; Stazi, Naspi and D’Orazio,
2017) show that less adaptive behaviors are taken during teaching activities than during
breaks as pupils are concentrating on lessons. Students’ freedom to change clothing level,
seating position and posture is higher in art classes which can help provide a more
comfortable environment for them as the study by Nicol & Humphreys (1973) in educational
buildings in UK has shown that students can make a more comfortable environment for
themselves by changing posture and activity.
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3.1.1. Clothing Level and Comfort Vote

Students’ decisions on what to wear mostly depend on time of year, as shown in Fig 4 & 5.
Fig 4 shows that most students wear shorts in July (48%), however, girls and boys mostly wear
trousers in October and November, 70% and 77%, respectively. The percent of girls wearing
skirt with socks decreases from July to November and the percent of students wearing skirt
with tights increases from July (24%) to September (12%) and then decreases again from
September to October (10%) and November (6%); girls start to wear more trousers in these
two months. This adaptive behaviour which starts even before getting to school shows
students’ perception of outdoor temperature and seasons. Results show that 94 students do
not even take their jumper/cardigan to school in July and this number decreases in other
months, as shown in Fig 5. Several other studies have already shown that students’ clothing
level usually follows sequence of temperature, running mean temperature and long term
fluctuation in temperature (Nicol and Humphreys, 1973; Humphreys, 1974, 1977).
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Figure 4. Students’ decision on clothing. Fig 5. The number of students not wearing jumper/cardigan in
different seasons

Results of the surveys show that 27% of students could improve their thermal
preference vote by putting on or off jumper/cardigan. Indeed, 17% of students preferred a
cooler and colder environment and had jumpers or cardigans on, as shown in Fig 6. Similarly,
10% students preferred warmer and hotter environment and did not have jumper/cardigans
on, as shown in Fig 6. Similarly, The study by Nicol & Humphreys (1973) on educational
buildings in UK shows that constraints on clothing at schools can cause discomfort equivalent
to a departure of 4°C from the optimum temperature (Nicol and Humphreys, 1973).
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Figure 6. The number of students who could improve their thermal state by taking on or off jumper/cardigan
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3.2. Environmental Adaptive Behaviours

3.2.1. Who does operations?

Observations show that around 80% of all operations are done by teachers, teacher assistants
or on teachers’ request and less than 20% are done by students or on students’ request, as
shown in Fig 7. Therefore, there is a risk that environmental conditions are mainly adjusted
based on teachers’ perceptions and preferences, and consequently classrooms’ conditions
might not suit the state of comfort of students. Results of the observation show that those
students who decide to do environmental adaptive behaviours or are asked to do
environmental behaviours, are usually seating close to the means of controls, either door,
window or blind.

120
110
100
20
80
70
60
50
40
30

20
10 - I ]
I JR— — — |
Teacher Teacher Assistant Caretaker Student on his/her will Student on teacher's Teacher on students'
request request
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Figure 7. Who has operated different controls?

3.2.2. What factors affect operations?

The results of the study show that the percentage of open window is related to indoor
temperature (R?=0.29) and outdoor temperature (R*=0.35), as shown in Fig 8. Similarly, the
number of window adjustment is correlated with indoor temperature (R?=0.24) and outdoor
temperature (R?=0.33), Fig 9. These results are supported by the evidence available in
literature reviews (Dutton and Shao, 2010; Stazi, Naspi and D’Orazio, 2017) (Santamouris et
al., 2008; Stazi, Naspi and D’Orazio, 2017). In addition, this study shows that operation of
openings (i.e. windows and doors) is not only affected by climatic factors and it is also affected
by occupancy patterns and background noise level.
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Figure 8. The relation between percentage of open window and indoor & outdoor temperature. Figure 9. The
relation between the number of window adjustment and indoor & outdoor temperature
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3.2.3. How do operations and occupancy patterns affect environmental variables?
Providing an opportunity for students to practice adaptive behaviours in classrooms is
important as all personal and environmental adaptive behaviours, students’ occupancy
patterns and the number of them can affect climatic variables and their state of comfort. Fig
10 shows an example of how operation of controls and occupancy patterns can affect
environmental variables in a single day in summer. Not only opening windows and door
affects temperature and indoor air quality, the number of students and their type of activity
also affects these variables. A noticeable difference can be seen at 9:30 and 10:00 when the
number of students increased from 28 to 53 for practicing singing. By an increase in the
number of students and change in their type of activity, radiant temperature increased more
than two degrees (from 24.6 at 9:00 to 26.8 at 10:00) and CO; level increased up to around
four times (from 658 ppm at 9:00 to 2331 ppm at 10:00). The state of windows, type of activity
and the number of students do not change from 9:30 to 10:00, yet, radiant temperature, air
temperature and CO, level increase which can be attributed to door being closed and the
longer period that the activity is taking place, Fig 10. At 10:30, when more windows were left
open and students left the classroom, radiant temperature dropped three degrees (3°C) and
CO, level decreased to around four times, Fig 10. The state of windows at different times by
time lapse camera and the percentage of window open is presented in Table 4.
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Figure 10. The effect of state of controls and occupancy patterns on environmental variables

Table 4. State of windows at different times in the classroom, Photos by Time-lapse cameras

Time 08:30 09:00 09:30

Open window (%) 0% 66% 50%

State of windows

Time

Open window (%) 50% 86% 18%

State of windows
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3.2.4. How to facilitate adaptive behaviours for children?
To provide appropriate opportunities for students to operate controls and according to their
own preference, controls especially windows and blinds should be carefully designed.
Students in [S3, C10], [S3, C12], [S4, C13] and [S4, C14] do not have an opportunity to operate
windows and blinds due to their design and type of access to them, Table 2. In [S3, C10], [S4,
C13] and [S4, C14], small windows can only be operated by teacher or teacher assistant as
the height of window sill is 1.6-1.8 (m) and they are out of reach of students, Table 1.
Moreover, windows are located at the end of the classroom and next to teacher’s desk,
which makes children’s access to them difficult, 2" and 5™ photo in Table 2. In [S3, C12],
access to windows is not difficult, however, windows at the height of students are not
operable. Therefore, only upper windows are operated by a handle which is done by teacher
or teacher assistant, Table 2. The interaction of students with windows and blinds was
observed more frequently in classrooms 1-9 in schools 1 & 2 since windows were different in
design and size, lower in height (the height of window sill is 1m) and easy to access. Two more
studies in educational buildings have shown that blinds’ ease of use and window design affect
the frequency of blind operation (Sze, 2009; Sanati and Utzinger, 2013).

4. Conclusion

Adaptive behaviours of around 400 students aged 9-11 were studied in four UK primary
schools. The study was carried out during July, September, October and November 2017
through observational field studies, subjective and objective measurements and more than
600 questionnaires were collected.

Results reveal that the time that personal adaptive behaviours takes place is more
related to occupancy patterns and type of activity, however, the frequency of personal
adaptive behaviours is more related to season, outdoor temperature and time of day.
Personal adaptive behaviours like drinking water, fanning and taking off or on
jumper/cardigan usually happens right after and before breaks, especially after breaks,
Physical Education (PE) and lunch with fewer personal behaviours during teaching activities.
Percent of students displaying personal adaptive behaviours is higher in summer than in
autumn which can be attributed to outdoor and indoor temperature. Students’ decisions over
clothing mostly depends on time of year, with boys wearing more shorts and girls wearing
more ‘skirts with socks’ in July; however, both girls and boys wear more trousers in October
and November. Many students do not take their jumpers/cardigans when outdoor
temperature is warmer. Surveys’ results show that 27% of students could improve their
thermal preference vote by taking off or taking on jumpers/cardigans.

On environmental adaptive behaviours, the operation of some of them like doors is less
related to climatic factors, however, operation of windows is correlated with indoor
temperature (R’=0.29) and outdoor temperature (R*=0.35). Around 80% of all operations are
done by teachers, teacher assistants or on their request, therefore, provided environmental
conditions can be inappropriate according to students’ state of comfort. It is important that
design of controls facilitate adaptive behaviours of children according to their physiology.
Easy to access and easy to operate controls that are safe for children can help them practice
adaptive behaviours. Adaptive behaviours and occupancy patterns influence environmental
variables, so it is important to consider the extent to which students can practice adaptive
behaviours, their arrival and departure patterns, the number of them in the classroom and
their type of activities.

PROVISIONAL PROCEEDINGS WINDSOR CONFERENCE 12th-15th April 2018



5. References

aker, N. and Standeven, M. (1997) ‘A Behavioural Approach To Thermal Comfort Assessment’, International
Journal of Solar Energy, 19(1-3), pp. 21-35. doi: 10.1080/01425919708914329.

Brager, G. S., Paliaga, G. and Dear, R. de (2004) ‘Operable Windows , Personal Control , and Occupant Comfort’,
ASHRAE Transactions 2004, 110(2), pp. 17-35.

Dubrul, C. (1988) Inhabitant Behaviour with Respect to Ventilation - A Summary Report of IEA Annex Vill, AIVC
Technical Reports. Available at: http://www.aivc.org/Publications/publications.html#Technical
reports%255Cnhttp://www.aivc.org/Subscriptions/aivc_subscriptions.htm.

Dutton, S. and Shao, L. (2010) ‘Window opening behaviour in a naturally ventilated school’, Proceedings of the
4th  National Conference of IBPSA- .., (Dutton 2009), pp. 260-268. Available at:
http://www.ibpsa.us/pub/simbuild2010/papers/SB10-DOC-TS05B-02-Dutton.pdf.

Fabi, V. et al. (2012) ‘Occupants’ window opening behaviour: A literature review of factors influencing occupant
behaviour and models’, Building and Environment. Elsevier Ltd, 58, pp. 188-198. doi:
10.1016/j.buildenv.2012.07.009.

Frontczak, M. and Wargocki, P. (2011) ‘Literature survey on how different factors influence human comfort in
indoor environments’, Building and Environment. Elsevier Ltd, 46(4), pp. 922-937. doi:
10.1016/j.buildenv.2010.10.021.

Gunay, H. B., O’Brien, W. and Beausoleil-Morrison, |. (2013) ‘A critical review of observation studies, modeling,
and simulation of adaptive occupant behaviors in offices’, Building and Environment. Elsevier Ltd, 70, pp.
31-47. doi: 10.1016/j.buildenv.2013.07.020.

Herkel, S., Knapp, U. and Pfafferott, J. (2008) ‘Towards a model of user behaviour regarding the manual control
of windows in office buildings’, Building and Environment, 43(4), pp. 588-600. doi:
10.1016/j.buildenv.2006.06.031.

Humphreys, M. A. (1974) ‘Classroom Temperature, Clothing and Thermal Comfort--A Study of Secondary School
Children in Summertime’, Reprinted from The Building Services Engineer (JIHVE), 41, pp. 191-202.
Humphreys, M. A. (1977) ‘A study of the thermal comfort of primary school chilrdren in summer’, Building and

Environment, 12, pp. 231-239.

Humphreys, M. A. (2005) ‘Quantifying occupant comfort: are combined indices of the indoor environment
practicable?’, Building Research & Information, 33(4), pp. 317-325. doi: 10.1080/09613210500161950.

Humphreys, M. A. and Nicol, J. F. (1998) ‘Understanding the adaptive approach to thermal comfort’, in ASHRAE
Transactions, pp. 991-1004.

Leaman, A. and Bordass, B. (1999) ‘Productivity in buildings: the “killer” variables’, Building Research &
Information, 27(1), pp. 4-19. doi: 10.1080/096132199369615.

Leaman, A. and Bordass, B. (2007) ‘Are users more tolerant of “green” buildings?’, Building Research &
Information, 35(6), pp. 662—-673. doi: 10.1080/09613210701529518.

Montazami, A. and Gaterell, M. (2014) ‘Occupants’ behaviours in controlling blind s in UK primary schools’,
Proceedings of 8th Windsor Conference: Counting the Cost of Comfort in a changing world Cumberland,
(April), pp. 10-13.

Montazami, A., Wilson, M. and Nicol, F. (2012) ‘Aircraft noise, overheating and poor air quality in classrooms in
London primary schools’, Building and Environment. Elsevier Ltd, 52, pp. 129-141. doi:
10.1016/j.buildenv.2011.11.019.

Nicol, F., Humphreys, M. and Roaf, S. (2012) Adaptive thermal comfort: principles and practice. Available at:
https://books.google.co.uk/books?hl=en&Ir=&id=vE7FBQAAQBAJ&o0i=fnd&pg=PT17&dqg=Adaptive+ther
mal+comfort+:+principles+and+practice&ots=0gsYgsSAnU&sig=ttYfYOEM8-tIT-bilF7Hjb68n3c
(Accessed: 3 November 2016).

Nicol, F. and Roaf, S. (2005) ‘Post-occupancy evaluation and field studies of thermal comfort’, Building Research
& Information, 33(4), pp. 338-346. doi: 10.1080/09613210500161885.

Nicol, J. F. and Humphreys, M. A. (1973) ‘Thermal comfort as part of a self-regulating system’, Building Research
and Practice, 1(3), pp. 174-179. doi: 10.1080/09613217308550237.

Nicol, J. F. and Humphreys, M. A. (2002) ‘Adaptive thermal comfort and sustainable thermal standards for
buildings’, Energy and Buildings, 34(6), pp. 563—-572. doi: 10.1016/5S0378-7788(02)00006-3.

Nicol, J. F., Humphreys, M. A. and Olesen, B. (2004) ‘A stochastic approach to thermal comfort - Occupant
behavior and energy use in buildings’, ASHRAE Transactions, 110 PART I, pp. 554-568.

PROVISIONAL PROCEEDINGS WINDSOR CONFERENCE 12th-15th April 2018



O’Brien, W. and Gunay, H. B. (2014) ‘The contextual factors contributing to occupants’ adaptive comfort
behaviors in offices - A review and proposed modeling framework’, Building and Environment. Elsevier
Ltd, 77, pp. 77-88. doi: 10.1016/j.buildenv.2014.03.024.

Paciuk, M. (1990) ‘The Role of Personal control of the Environment in Thermal Comfort and Satisfaction at the
Workplace’, 21th Annual Conference of the Environmental Design Research Association, pp. 303-312.

Raja, I. A. et al. (2001) ‘Thermal comfort: Use of controls in naturally ventilated buildings’, Energy and Buildings,
33(3), pp. 235-244. doi: 10.1016/50378-7788(00)00087-6.

Raja, I. A. and Nicol, F. (1997) ‘A technique for recording and analysis of postural changes associated with thermal
comfort [Technical note]’, Applied Ergonomics, 28(3), pp. 221-225. doi: 10.1016/S0003-6870(96)00036-
1.

Rijal, H. B. et al. (2007) ‘Using results from field surveys to predict the effect of open windows on thermal comfort
and energy wuse in buildings’, Energy and Buildings, 39(7), pp. 823-836. doi:
10.1016/j.enbuild.2007.02.003.

Roulet, C.-A. et al. (2006) ‘Multicriteria analysis of health, comfort and energy efficiency in buildings’, Building
Research & Information, 34(5), pp. 475-482. doi: 10.1080/09613210600822402.

Sanati, L. and Utzinger, M. (2013) ‘The effect of window shading design on occupant use of blinds and electric
lighting’, Building and Environment, 64. doi: 10.1016/j.buildenv.2013.02.013.

Santamouris, M. et al. (2008) ‘Experimental investigation of the air flow and indoor carbon dioxide concentration
in classrooms with intermittent natural ventilation’, Energy and Buildings, 40(10), pp. 1833-1843. doi:
10.1016/j.enbuild.2008.04.002.

Stazi, F., Naspi, F. and D’Orazio, M. (2017) ‘Modelling window status in school classrooms. Results from a case
study in Italy’, Building and Environment, 111, pp. 24-32. doi: 10.1016/].buildenv.2016.10.013.

Sze, J. L. (2009) ‘Indoor Environmental Conditions in New York City Public School Classrooms, a Survey.’

Theodorson, J. (2009) ‘Daylit Classrooms at 47N, 117W Insights from occupation’, PLEA2009 - 26th Conference
on Passive and Low Energy Architecture, (June), pp. 22-24.

Toftum, J., Andersen, R. V. and Jensen, K. L. (2009) ‘Occupant performance and building energy consumption
with different philosophies of determining acceptable thermal conditions’, Building and Environment,
44(10), pp. 2009-2016. doi: 10.1016/j.buildenv.2009.02.007.

Wang, Y. et al. (2015) ‘Evaluation on classroom thermal comfort and energy performance of passive school
building by optimizing HVAC control systems’, Building and Environment, 89. doi:
10.1016/j.buildenv.2015.02.023.

Weather Observations Website (2017) http://wow.metoffice.gov.uk/. Available at:
http://wow.metoffice.gov.uk/ (Accessed: 20 December 2017).

PROVISIONAL PROCEEDINGS WINDSOR CONFERENCE 12th-15th April 2018



