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ARTICLE INFO ABSTRACT

Keywords: The state of blinds and lights affects children’s visual environment and comfort, however, there is a
Operations on blinds significant gap in research on the factors leading to the operation of blinds and lights in primary
Solar radiance school classrooms. This study identifies and categorises the main drivers of operations on blinds and
State of lights lights and investigates optimal light levels for children in primary schools. The study collected
Energy consumption measurements of environmental variables, observations of operations on blinds and lights using

Visual preference forms and time-lapse cameras and visual sensation questionnaires in 31 naturally ventilated

classrooms in the UK for one year. Results suggest that operations on blinds and lights are influenced
by arange of contextual, occupant-related and building-related factors. Behavioural models of blind
and light operation in primary schools are developed using the data collected. With regards to
children’s visual comfort, in the current study, at 730 lux, 80% of the children were satisfied with
the light level in their classroom. The findings and models presented in this study could be used by
designers of schools to achieve more visually comfortable classrooms. For example, the results
suggest that vertical blinds rather than roller blinds may be a better design choice for classrooms as
their slats can be adjusted to control direct sunlight but also allow ventilation. The research con-
cludes with a range of strategies for managing the visual environment through operations on blinds
to both reduce lighting energy consumption, as well as increase the quality of the visual environ-
ment thereby improving school children’s health and productivity.
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1. Introduction

Children spend long periods in schools and carry out activities that involve concentration and mental effort as part of their learning
process [1]. Fry [2] states that it is essential to provide all comfort aspects in classrooms because the learning process happens through
various senses (i.e. listening, speaking and visualising). Several other studies have highlighted the role of the visual environment and
lighting conditions on students’ writing progress [3], concentration [4], learning [5], performance, productivity and health [6-8].

A study by Sleegers et al. [4] evaluated the effect of lighting conditions on the concentration of elementary school children, with the
results showing the influence of the lighting system on pupils’ concentration. The study by Hviid et al. [6] conducted a field lab study
on 92 children, aged 10-12, to determine how ventilation and lighting impact children’s academic abilities. The results showed that
math skills, concentration and processing speed improved the most in a combined scenario with dynamic cool lighting and high
ventilation rates [6]. A study by Kiiller and Lindsten [8] assessed the effects of light on students’ body growth, academic performance,
sick leave and the production of stress hormones in four classrooms with different levels of natural and artificial fluorescent light, with
the results suggesting an impact on all the variables.

Furthermore, using daylight as the main source of lighting in classrooms can provide a pleasant visual environment, impact stu-
dents’ academic performance [9] and reduce energy consumption [10]. Heschong and Wright [9] showed that students had better test
scores in daylit rather than artificially lit classrooms.

The classroom visual environment needs to provide visual comfort, a condition in which students can see the classroom board and
their own desk without any difficulty (such as direct sunlight or lack of light). Visual comfort is defined as the ability to detect, identify
and analyse anything in the line of vision, taking into account the speed, quality and accuracy of perception [11]. Therefore, the visual
environment as one of the aspects of Indoor Environmental Quality (IEQ) and visual comfort as one of the aspects of comfort [12-14]
needs to be further investigated in classrooms.

Visual environment and comfort are significantly impacted by building occupants’ use of blinds and lights, which in turn affect
lighting energy consumption. Operations on shades can quickly and easily change visual and thermal environments [15], by changing
the level of solar radiation [16]. When curtains are closed, children were more likely to switch on or request artificial lighting [17]. The
review of studies carried out in schools shows that studies have investigated students’ visual perception or preference [1,17-19] and
their operations on blinds [20-22] and lights [20,23,24], Table 1.

The study by Giuli et al. [18] compared illuminance measurements over the desks with the students’ visual satisfaction through
surveys during mid-season and summertime in Italian primary schools. The results showed that students’ visual perception was
different for similar illuminance levels and they were the same for significantly different illuminance levels, which suggests the
subjective nature of visual comfort [18]. The study by Noda et al. [1] analysed the perception of 9-11 years old children about the
lighting quality in three public elementary schools in Brazil. With the median light level of 324, most students perceived the classrooms
as being light [1]. The study by Vasqueza et al. [17] investigated children’s preferences for luminous environments and window views
in six preschool classrooms in Brazil. The results suggested that visual contact with the outside view was important to the children,
with a higher preference for natural views [17]. Furthermore, the study by Theodorson [19] carried out a post-occupancy field study of
daylit classrooms in three elementary schools in Washington, with the results showing that daylight strategies need to be considered
within the context of orientation and end-user interactions [19].

The study by Hunt [23] used time-lapse photography to collect the light use data from schools and offices. The study showed that

Table 1
A review of studies on visual environment conducted in primary or elementary schools.
Study  Location Building Period Subjects Studied Metrics with regards to blinds, lights and light level
Type Visual Blinds/shade Lights’ Blinds or lights’
perception/ operation & operation and Behavioural
preference related factors related factors Models
[18] Italy Primary Midseason and 62 students v
schools summertime (10-11
years)
[1] Brazil Elementary Winter season 97 students v
schools (9-11 years)
[17] Brazil Pre-school March-November 84 children v
[19] Washington Elementary April Teachers v v
schools
[23] UK - June-July - v v (Lights’
operation)
[20] Netherlands Primary Spring 1145 v v
schools students
(9-12 years)
[21] Taif city in Primary Winter 121 v
Saudi Arabia schools students, 44
teachers
[24] United Arab Elementary April-February - 4
Emirates schools
[22] Spokane, Elementary April - v
Washington schools




Table 2
An overview of the architectural features of the classrooms and their controls (windows, blinds and external shades).
Seasons Date No. Floor  Orientation Class  Area of Area of No. of Window Window Opening Depth to Glazing to Blind Type BA® External
Area Window (m?)!  Glazing (m Windows Operation Height Ratio  classroom Ratio Shade
(m?)
Non-heating ~ July/Sep 1.1  First NE 60 8 8 8 Manually Top-hung outward 7/32=22 8/60=13% Roller H No
2017 1.2 First SW 60 8 8 8 Manually openings at two levels blinds H No
1.3  First SwW 60 8 8 8 Manually H No
1.4 First SwW 60 8 8 8 Manually H No
1.5 First NE 60 8 8 8 Manually H No
2.6  First NW 60 8 8 8 Manually Top-hung outward 7/32=22 8/60=13% Roller H No
2.7  First SE 60 8 8 8 Manually openings at two levels blinds H No
2.8  First SE 60 8 8 8 Manually H No
2.9  First NW 60 8 8 8 Manually H No
Heating Oct/Nov  3.10 Ground S& W 65 2 14 5 Manually Top-hung outward 10/3.5 =29 14/65 = 22% Roller L Yes
2017 blinds
3.11 Ground S& W 70 2.2 9 6 Manually 11/3.5=3.1 9/70 =13% Vertical L Yes
3.12 First NwW 60 2.5 6.5 5 With a handle 6.5/3.2=2 6.5/60 =11% blinds L No
4.13 Ground W 50 0.5 2.3 2 Manually Top-hung outward 9/2.6 =3.5 2.3/50 = 5% Vertical L No
4.14 Ground W 60 0.5 2.3 2 Manually 9/2.6 =35 2.3/60 = 4% blinds L No
Jan/Feb ~ 5.15 First SW, SE 55 5.7 14.1 8 Manually Top-hung outward 7/25=28 14.1/55=26% Vertical H No
2018 5.16 First SW 55 5.7 10.1 8 Manually openings at two levels 10.1/55 = 18%  blinds H No
5.17 First SW&NW 55 5.7 14.5 8 Manually 14.5/55 = 26% H No
5.18 Ground SW 55 5.7 125 8 Manually 12.5/55 = 23% H Yes
519 Ground SW & NW 55 5.7 16.1 8 Manually 16.1/55 = 29% H  Yes
6.20 First SE 60 1.8 9.5 4 With a remote  Top-hung outward 85/2.8=3 9.5/60 = 16% Roller L Yes
6.21 First SE 60 1.8 9.5 4 control opening blinds L Yes
6.22 First SE 60 1.8 9.5 4 L yes
6.23 First SE 60 1.8 9.5 4 L Yes
6.24 First SE 60 1.8 9.5 4 L Yes
Non-heating ~ April/ 7.25 Ground SE & SW 70 3.9 20.9 6 With a handle Top-hung outward 12/3.6 = 3.3 20.9/70 =30%  Vertical L No
May 2018 7.26 Ground SE & SW 55 33 16.6 3 Manually opening 6/2.5 =24 16.6/55=30% blinds H No
7.27 First NE & NW 55 5.4 16.2 6 Manually 6/2.5=24 16.2/55 = 29% L No
8.28 Ground NE 60 2.2 6.2 4 Manually Top-hung outward 10/25=4  6.2/60 = 10% Roller L Yes
8.29 Ground NE 60 2.2 6.2 4 Manually opening 10/25=4  6.2/60 = 10% blinds L Yes
8.30 Ground NW 55 2.2 6.2 4 Manually 9/25=3.6 6.2/55=11% L Yes
8.31 Ground NW 55 2.2 6.2 4 Manually 9/25=3.6 6.2/55=11% L Yes

1. The total area of operable windows.
2. The total area of operable and non-operable windows.

3. Accessibility for blinds operations: High (H) and Low (L).
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occupants switched lights on and off throughout the day in the classrooms and the probability of switching on was closely related to the
time of day and daylight level [23]. The study by Zhang and Bluyssen [20] investigated the actions of school teachers in 21 primary
schools in the Netherlands. Results showed that teachers’ actions did not have a significant impact on children’s perception of comfort
and teachers could not fulfil the needs of all children. The study by Alwetaishi et al. [21] on primary schools in Saudi Arabia has
focused on the ultimate type of shading devices in relation to day-lighting. The results of the study showed that vertical shading
systems can block solar radiation and sunlight significantly [21].

The study by Fadeyi et al. [24] examined IEQ in sixteen elementary schools in the United Arab Emirates (UAE) between April to
February. Results showed that most classrooms relied on lights even though there was abundant daylight, which was mainly due to the
poor integration between interior arrangement and glazing such as cupboards and papers covering windows [24]. The study by
Theodorson [22] conducted a field study in three elementary schools over spring in Washington. The results showed that south
classrooms were subject to dynamic sunlight patterns with large fluctuations of daylight distribution. The study suggested that shades
need to be designed based on orientation as there were significant differences between the visual environment of north and
south-facing classrooms according to diagrams, false colour photo renderings, and descriptive statistics [22]. Table 1 provides a
summary of the reviewed studies on visual environment carried out in primary and elementary schools.

The review suggests that previous studies have not investigated a comprehensive assessment of the factors affecting the visual
environment including operations on blinds and lights integrated, especially in the UK. More importantly, Table 1 indicates that there
is a significant gap in behavioural models with regard to blinds and lights operations. Also, studies were not conducted throughout the
whole year which can show a significant difference in the visual environment. Furthermore, the optimum light level for children still
requires further investigation. International standards such as ASHRAE-55 [25] and Illuminating Engineering Society (IES) [26] do not
provide varying standards or values for different age groups and there is a significant gap in research regarding visual comfort
standards for children. This study aims to examine the factors related to the visual environment, specifically, operations on blinds and
lights, and children’s optimal light levels in primary schools. More specifically, the objectives of this study are:

(i) Identifying and categorizing the main drivers of operations on blinds and factors affecting the state of blinds and lights;
(i) Developing behavioural models based on the state of blinds and lights in relation to drivers;
(iii) Evaluating students’ preference against illuminance measurements on the desks.

2. Methodology

2.1. Classrooms

The study was carried out in Coventry, West Midlands, UK, from mid-July 2017 until the end of May 2018 to represent climatic
conditions throughout an annual period. In total, 31 naturally ventilated classrooms in eight primary schools were selected and studied
on 31 distinct days throughout one year, during non-heating and heating seasons. Table 2 shows an overview of the schools, date of
observation, the classrooms orientation and architectural features of windows and blinds. Classrooms are numbered by the school
number (1-8) followed by the classroom number (1-31), Table 2, column 3. In addition to light controls, light levels could be
controlled in all the classrooms by the use of blinds; 19 classrooms had roller blinds and 12 classrooms had vertical blinds.
Furthermore, 13 classrooms also had external shades. Classrooms with blinds that were accessible at lower heights for children, easy to
operate and throughout the length of the classroom (alongside students’ seats) are classified in Table 2 as classrooms that provide high
accessibility for blinds operations. Classrooms with blinds that were at higher heights for children or difficult to operate (with handle),
or were located at the end of the classroom (behind the teacher’s desk), are classified as classrooms that provided low accessibility for
blinds operation.

Fig. 1 shows typical classrooms in each of the eight schools studied (from school 1 represented in Fig. 1.a to school 8 displayed in
Fig. 1.h), illustrating different window and blind designs.

2.2. Data acquisition

2.2.1. Visual observations

An observation form was used to collect information passively on occupancy, students’ location in the classroom, state of blinds
(percentage open or closed), state of lights (on and off), the number of blind operations, the reasons for blinds operations and the
person responsible for the blinds operations at 10-min intervals, Table 3.

State of blinds (%) shows the percentage of blinds that is open or closed and closed blinds (%) shows the proportion of closed blinds
area (m2) to the classroom’s total blinds area (m?). For example, when the total blind area in a classroom was 8 m? with 6 m? of them
being closed, closed blind (%) is 75%. When vertical blinds covering windows were adjusted at a certain angle to let daylight in, they
were considered open blinds. The reasons for blind operations were divided into blind opening (arrival, window opening, daylight and
view) and blind closing (departure, direct sunlight on screen and desk). The reasons for blinds operations and the person responsible
for operations were clear to observe, therefore, the flow of the classroom and the occupants’ operations were not disrupted. Each
classroom was divided into three areas to see how light levels and visual sensation are different in different locations in relation to the
distance to windows: the area near to windows (0-2 m), the area in the middle of the classroom (2-4 m) and the area away from
windows (>4 m).

Visual observations were conducted to investigate how students behave when there is visual discomfort and to identify explanatory
predictors influencing operations on blinds to build more valid behavioural models. However, visual observations alone fail to describe
the level of environmental variables, therefore, it was also necessary to measure indoor environmental variables in the classrooms and
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Fig. 1. Type of internal blinds in classrooms in 8 primary schools.

obtain outdoor environmental variables.

To reduce the bias of observations as suggested by Briggs et al. [27], first, the observation was accompanied by subjective and
objective measurements and time-lapse cameras. Second, the observation procedure underwent piloting to check its validity. Third,
the observer remained silent in the back of the classroom without interrupting classroom activities or the operation of controls.
Furthermore, to make children feel at ease, the procedure of observation was not explained, however, it was explained that time-lapse
cameras were recording the state of controls and not children.

2.2.2. Environmental measurements

Environmental variables were recorded at 5-min intervals by multi-functional SWEMA equipment, temperature and humidity data
loggers with USB, TGE-0011 CO5 meter and CEM DT-1300 light meters. SWEMA equipment, designed to comply with ISO Standard
7726 (2001) and ISO Standard 7730 (2005) standards, collects data from three sensors: air velocity and temperature, air humidity and
temperature and radiant temperature. The CEM DT-1300 light meter can measure within an accuracy of +£5%=+10d for <10000Lux
and +10%=+10d for >10000Lux, with +10D meaning =+ ten times the value of the least significant digit. Furthermore, indoor tem-
perature was also recorded by data loggers that could measure a range between —35 and +80 °C, with a resolution of 0.1 °C and
accuracy of +0.3 °C. Details of the equipment including their range, resolution and accuracy are provided in Table 4.

To evaluate students’ visual sensation of variations in actual light levels, the illuminance values on students’ desks for spot surveys
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Table 3
Observation form for occupancy patterns and operations on blinds and lights in the classroom.

Observation form for occupancy and adaptive behaviours

Occupancy and position

Occupancy pattern in the classroom?
[Occupied, [INot occupied, [JLeft for break, [Left for PE, [JLeft for lunch, [JLeft for assembly, [JLeft for home
Each student’s desk location in the classroom?
[ The area near to windows (0-2 m), [] The area in the middle of the classroom (2-4 m) [J The area away from windows (>4 m)
Environmental Adaptive Behaviours
State of controls Operations Who did adjustment

Blinds Percentage of closed Total No. of Blind Operations? [OTeacher
blinds? [DArrival, [JDeparture, [JWindow opening (temperature), [JDaylight, (JView, []Direct sunlight = [JTeacher assistant
on screen, [IDirect sunlight on desk [OCaretaker

Lights On or off? - [Student on his/her will
[JStudent on teacher’s
request
[OTeacher on student’s
request

were recorded during the monitoring period. Calibrated light meters measured the illuminance level on students’ working desks while
students were filling out the questionnaire to capture the differences in the light levels on different desks. Time-lapse cameras were
installed inside the classrooms to record the state of windows, blinds and doors at 10-min intervals. Outdoor temperature was taken
from local weather stations that were maximum 3 miles away from each study site [28].

To assess the state of blinds and lights against solar altitude and radiation, solar altitudes were taken from Sustainable By Design
[29] and solar radiations were taken from the National Renewable Energy Laboratory, which were calculated based on solar pa-
rameters data and a given specific location [30]. The solar altitude (or solar elevation or solar height) is the sun’s angular height above
the observer’s celestial horizon [31]. The solar radiation received from the sun is the sum of the direct and diffuse radiations on a
horizontal surface at the level of the ground [32].

2.2.3. Students’ light sensation

For this study, children in their late middle childhood (9-11 years old) were selected because they have a better understanding of
their environment compared to their peers in early middle childhood (6-9 years old). Students’ sensation of light level was assessed
with the statement ‘The light in my classroom is ... a) Much (1) b) Enough (2) ¢) OK (average) (3) d) Not enough (4) e) Little (5)°. Students’
visual preference vote was assessed with ‘Right now I would like the light in my classroom to be ... @) more b) as it is c)less’. An earlier study
by the author [33] checked the validity and reliability of the questions. The study cross-checked sensation and preference questions
and found 97 inconsistent votes, which were removed from the analysis. Inconsistent votes were for children who found the light in the
classroom ‘little’ and preferred the light to be ‘less’ (84 votes), and children who found the light in the classroom ‘much’ and preferred
the light to be ‘more’ (13 votes). Questionnaires were filled out at the end of morning sessions (approximately 12:20 p.m.) and af-
ternoon sessions (approximately 3:30 p.m.) to not disturb teaching activities.

2.3. Statistical analyses

The statistical analyses undertaken in this study can be categorized into three main groups.

Correlational analysis was applied to show the strength and direction of the relationship [34] between the state of blinds (m?) and
predictors.

Predictive analysis was used to describe how the state of blinds and lights change by changes in environmental variables such as
solar radiation and solar altitude and building-related factors such as the area of glazing in each classroom. The set of classical sta-
tistical models used in the field of occupant behaviour modelling includes general and generalized linear models, mixed effects models,
linear time 50 series models, (hidden) Markov chains, and Bayesian networks [35]. In this study, linear regression models were used to

Table 4
Equipment specifications.
Probe/Brand Variables Meas. Range Resolution  Accuracy
SWEMA 3000 Universal Humidity and air temperature 0 to 100 %RH, 0.1% RH +0.8 %RH at 23 °C
Instrument —40 to +60 °C 0.1°C +0.3°Cat23°C
Air velocity and Air temperature 0.05-3.0 m/s at 15-30 °C, 1.1 m/s +0.04 m/s at 0.05-1.00 m/s, +4% read
+10 to +40 °C 0.1°C value at 1.0-3.0 m/s
Radiant temperature (@ globe: 0to +50 °C 0.1°C +0.1 °C
approx.150 mm)
Data Logger (EL-USB-2- Temperature —35to +80 °C 0.1°C +0.3 °C
LCD+) Humidity 0 to 100 %RH 0.5% RH +0.2 %RH
CO2 meter (TGE-0011) CO, 0-5000ppm 1 ppm 50 ppm
Light Meter (CEM DT- Light level 0 to 50000 Lux/Fc 0.1 Lux/Fc +5%+10d (<10000Lux) +10%=+10d
1300) (>10000Lux)
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describe the state of blinds mainly because both dependent variable (closed blinds (0-100%)) and independent variables (environ-
mental variables) are continuous variables. Linear regression can produce a line of best fit by minimising the Residual Sum of Squares
(RSS) which is the difference between an observed y and that predicted by the model [1]. Furthermore, linear models can explain the
observed data well in a simple way which according to Annex 66 can help the selection process of a good model [35]. The R? value in
linear regression models indicates how well the behavioural model implied by the regression equation fits the data [34]. Due to the
binary state of lights (on and off), binary logistic regression was used to assess the probability of switching lights on. Logistic regression
investigates the relationships between a categorical outcome variable and one continuous predictor variable and it leads to a model for
predicting the probability of the event happening [36].

Group differences analysis (cause and effect) was used to determine whether two or several groups of categorical data were the
same or not. Kruskal-Wallis for a not-normally distributed interval-scale variable is used to compare the medians of two or more
samples to determine if the samples have come from different population scores or not [34,37]. In this study, data on the state of closed
blinds (%) was not normally distributed, therefore, Kruskal-Wallis was used to compare their medians between different seasons.
Furthermore, One Way Analysis of Variance (ANOVA) for approximately normally distributed interval-scale variable is used to
compare the means of more than two independent groups [37,38].

The data were analysed using the Statistical Package for Social Sciences (SPSS) 25 software [39].

2.4. Overview of the recorded data

Table 5 shows descriptive statistics of the indoor and outdoor environmental variables during the studied period. Mean operative
temperature (T,p), outdoor temperature (Toy), solar radiation (Rs) and solar altitude (As) were 23.8 °C, 17.5 °C and 297 W/ m? and 42°
during the non-heating season and 21.8 °C, 7.1 °C and 109 W/m? and 17.5° during the heating season. The operative temperature was
calculated using the below equation:

Operative temperature = M (€]

(1+/10v)

Where

ty = air temperature

t; = mean radiant temperature

v = air speed (m/s)

In total, around 1090 data points (at 10-min intervals) of environmental variables, as well as the state of blinds and lights were
analysed.

3. Results

3.1. Operations on blinds and state of blinds

3.1.1. Drivers for blinds operations

Visual observations showed that blinds were closed when leaving the classroom (on departure), or due to direct sunlight on screens
or desks. Blinds were opened to not obstruct fresh air when trying to open the windows to cool the classroom. Blinds were also opened
for daylight, upon arrival into the classroom in the morning and to obtain an outside view (for example, when it was snowing).

3.1.2. Control Logic Diagram for blinds operations

Fig. 2 shows a Control Logic Diagram for school occupants’ operations on blinds based on the visual observations. On some oc-
casions, windows and blinds were opened by caretakers before teachers and students’ arrival. When blinds were not opened by
caretakers, they were sometimes opened by teachers or teacher assistants upon their arrival if the classroom was perceived dark. Blinds
can also be opened during teaching sessions, mostly to get more daylight, or when windows are opened or to have an outside view.
Once the blinds were open, they would be kept open unless disturbing factors such as direct sunlight on a desk or screen resulted in
blinds closing. Although not all blind operations followed this control logic, it can closely represent the scenario in most of the studied
classrooms.

Table 5
Descriptive statistics of indoor and outdoor environmental variables.
Seasons Descriptive Statistics Indoor variables Outdoor variables
Top (°C) Tout (°C) R, (W/m?) As(°)
Non-heating season Minimum 17.9 9.6 85 9.7
Maximum 28.1 25.1 434 58.7
Mean 23.8 17.5 297 42
Std. Deviation 1.8 3.6 92 11
Heating season Minimum 16.2 0.7 11 5.2
Maximum 27.4 14.6 194 25.3
Mean 21.8 7.1 109 17.5
Std. Deviation 1.8 3.1 41 4
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Yes
P Blinds are open

No

s classroom visually
acceptable?

Yes

Open the blinds/
Keep the blinds
open

@

Is sunlight causing glare
on desk or screen?

Are students watching news,
documentaries or movies?

Depature from classroom
(end of school day)

END: Close the blinds/
Keep the blinds closed

Fig. 2. A Control Logic Diagram for school occupants’ blinds operations based on visual observations.

Closed Blinds (%)
(%))
o

High Accessibility

Low Accessibility

Accessibility for blinds' operations

Fig. 3. The distribution of closed blinds (%) in classrooms with high and low accessibility for blinds operations.



S.S. Korsavi et al. Journal of Building Engineering 61 (2022) 105303

3.1.3. State of blinds in different categories

Fig. 3 shows the distribution of closed blinds (%) in two categories: classrooms with high and low accessibility for blinds operations.
Kruskal-Wallis H test shows that there is a statistically significant difference in the median of closed blinds (%) between different
categories (Xz(l) = 65.75, p = 0.000). The median closed blinds (%) was higher in classrooms with low accessibility for blinds op-
erations (55%) than in classrooms with high accessibility for blinds operations (25%).

Fig. 4 shows the distribution of closed blinds in categories with internal blinds and external shades. Results of Kruskal-Wallis H test
show that there is a statistically significant difference in median closed blinds between different categories (Xz(l) =12.04, p = 0.000).
The median closed blinds (%) was higher in classrooms with no external shades (32%) than in classrooms with external shades (24%).

The distribution of closed blinds in different categories of orientation was also compared. Results of Kruskal-Wallis H test show that
there is a statistically significant difference in median closed blinds between different categories (x%(4) = 79.48, p = 0.000). The
median closed blinds (%) was higher in south-west orientation (65%), followed by north-west (62%) and south-east (50%).

3.1.4. Linear regression models for the state of blinds

Visual observations showed that blinds were operated due to direct sunlight, which can be related to solar radiation and solar
altitude, and windows operations, which can be related to operative and outdoor temperature. Therefore, environmental variables
including solar radiation (Rs), solar altitude (As), operative temperature (Top) and outdoor temperature (Tou) were tested against
percentage of closed blinds. Table 6 shows the results of the Spearman correlation between closed blinds (%) and environmental
variables. Results of the Spearman correlation in Table 6 show that solar altitude (Spearman correlation = —0.387, P < 0.001) and
operative temperature (Spearman correlation coefficients = —0.353, P < 0.001) during the non-heating season and solar altitude
(Spearman correlation = 0.327, P < 0.001) and solar radiation (Spearman correlation = 0.214, P < 0.001) during the heating season
have the strongest relationship with closed blinds (%).

The slope in linear regression models shows the sensitivity of closed blinds (%) in response to environmental variables, and R%in
models shows the percentage (%) of changes in closed blinds (%) that could be explained by environmental variables.

Fig. 6 shows the behavioural models of the relationship between closed blinds (%) and solar radiation (W/mz) and Fig. 7 shows the
behavioural models of the relationship between closed blinds (%) and solar altitude (°) during non-heating and heating seasons.
According to Figs. 5 and 6, 14% and 22% of changes in closed blinds can be explained by solar radiation (R? = 0.14) and solar altitude
(R? = 0.22) during the non-heating season, while 5% and 8% of changes could be explained by solar radiation (R? = 0.05) and solar
altitude (R? = 0.08) during the heating season.

Figs. 6 and 7 show that increases in solar radiation and solar altitude during the non-heating season, result in occupants opening a
higher percentage of blinds. Conversely, an increase in solar radiation and solar altitude during the heating season, increases the
percentage of closed blinds. For the same solar radiation of 150 W/m?2, the proportion of closed blinds (%) is 65% during the non-
heating season but 23% during the heating season. At the same solar altitude of 20°, the percentage of closed blinds is 73% during
the non-heating season whereas it is only 20% during the heating season.

It should be noted that solar radiation and solar altitude have a significantly strong correlation (Spearman correlation coefficients
=0.885, P < 0.001), which can explain the similar relationship between closed blinds (%) with these two variables. Solar radiation and
altitude are both higher during the non-heating season than the heating season.

The percentage of closed blinds is not correlated with operative temperature and outdoor temperature during the heating season,
however, the behavioural models show their relationship during the non-heating season. Fig. 8 shows that 13% and 12% of changes in
closed blinds can be explained by operative temperature (R? = 0.13) and outdoor temperature (R? = 0.12) during the non-heating
season. According to Fig. 8, an increase in operative and outdoor temperature, results in the percentage of closed blinds decreasing
during the non-heating season. This can be related to more window openings to reduce the operative temperature, which consequently
results in more blinds opening, as explained below. The results of the Spearman correlation shows that closed blinds and the per-
centage of open windows are significantly and negatively correlated during the non-heating season (Spearman correlation coefficients
= —0.20, P < 0.001). This suggests that opening windows during the non-heating season results in more blinds opening, so that blinds
do not obstruct the flow of fresh air. Around 81% of blinds studied during the non-heating season are roller blinds, therefore, the
impact of blinds design (roller and vertical blinds) on window operations and state of blinds is investigated below.

Closed Blinds (%)
(%))
o

Yes No

External Shades

Fig. 4. The distribution of closed blinds in categories with internal blinds and external shades
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Table 6
Descriptive statistics of indoor and outdoor environmental variables.
Seasons Correlation/Regression of Closed Blinds (%) with ... Rs A Top Tout
Non-heating Correlation Coefficient —.284%* —.387%* —.353** —.201**
Regression 0.14 0.22 0.14 0.12
Heating Correlation Coefficient 214%* .327%* —0.086 0.034
Regression 0.05 0.08 - -
** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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The impact of blinds design (roller and vertical blinds) on window operations and state of blinds is investigated. Fig. 9 shows the
behavioural model on the relationship between closed blinds (%) and open windows (%) for roller and vertical blinds. Fig. 9 suggests
that in classrooms with roller blinds, when open windows (%) increased, a higher percentage of blinds were opened to let fresh air in
(R2 = 21), however, in classrooms with vertical blinds, when open windows (%) increased, a higher percentage of blinds were closed
(R? = 0.09).

Similar to the impact of window opening on blinds opening, it was observed that blinds of non-operable windows were usually not
operated unless they were very close to or in the middle of operable windows.

3.2. State of lights

By visual observations and time-lapse cameras, it was possible to record the state of lights and classroom occupancy. Fig. 10 shows
the state of lights during different classroom occupancy patterns. Results suggest that when classrooms were not occupied, lights were
on for 70% of the time.

Considering the binary state of lights (on and off), binary logistic regression in Table 7 was used to show the probability of lights on
in relation to solar radiation and closed blinds (%). The state of lights has a significant negative relationship with solar radiation and
solar altitude and has a significant positive relationship with closed blinds (%).

Fig. 11 shows that the probability of being lights on decreases from 90% to 50% as solar radiation increases from 0 up to 500 W/m?,
suggesting that when there was more solar radiation, occupants were more likely to turn off the lights.

Fig. 12 shows that the probability of lights being on increases from 40% to 90% as closed blinds increases from 0 to 100%,
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Fig. 9. Linear models showing the relationship between closed blinds (%) and the percentage of open windows (%) for roller and vertical blinds.
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Fig. 10. The state of lights during different classroom occupancy patterns.

Table 7
Binary logistic regression showing the relationship between the probability of lights on and independents.

Binary Logistic Regression (Probability of lights on by ...)

Independents Solar Radiation Closed Blinds (%)

B/Sig. B Sig. B Sig.
Slope —0.004 0.000 0.023 0.000
Constant 2.059 0.000 —0.520 0.002

suggesting that when occupants closed more blinds, they were more likely to turn on the lights. This can also be interpreted as when
lights were already on, occupants did not feel the need to open the blinds.

As closed blinds account for 40-90% of the probability of lights being on, the frequency of the state of lights in each category of
blinds can help to understand how lights operation can be improved in relation to blinds operations. Fig. 13 shows that when blinds are
100% open, the lights are on 72% of the time. When more than 60% of the blinds are open, the lights are on 76% of the time.
Furthermore, when blinds are 60-100% closed, the lights are on 72% of the time. Generally, when blinds are partially closed or the
majority of them are closed, the lights are on for 79% of the time.

3.3. The sensation of light level

To study the relationship between students’ preference of the visual environment and light level (Ix), the proportion of students
with ‘much’ (i.e. Visual Sensation Votes (VSV) = 1) and ‘little’ (i.e. VSV = 4 or 5) votes was calculated for each survey and categorized
as ‘unsatisfied’. Similarly, the proportion of students with ‘enough’ (i.e. VSV = 2 or 3) votes was calculated and labelled as ‘satisfied’,
Fig. 14. The light level corresponding to an 80% satisfaction level is approximately 730 1x which can be considered the optimal value.

Fig. 15 shows the distribution of measured light levels on students’ desks in different locations within the classroom in relation to
the distance to the windows. Mean light levels varied from 750 1x near the windows (0-2 m), 500 Ix for the middle of the classroom
(2-4 m) and 350 Ix for the area away from windows (>4 m).

Fig. 16 shows the distribution of Visual Sensation Votes (VSVs) (much (1) to little (5)) in different locations of the students’ desks
within the classroom. Results of the ANOVA test showed that [F(2, 1354) = 43.176, p = 0.000] mean values were significantly
different at different locations. Mean VSVs) varied from 2.7 near the windows, 3 for the middle of the classroom and 3.2 for the area
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Fig. 11. The probability of lights on in relation with solar radiation.
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Fig. 14. The proportions of satisfied and unsatisfied VSVs by light levels.

away from windows. The standard deviation (SD) of VSVs away from windows (1.01) is higher than SD of VSVs in the middle of the
classroom (0.88) and near the windows (0.98). The results suggest that students have a more scattered sensation of light level when

they are away from windows.
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4. Discussion

4.1. State of blinds and operations on blinds

Factors impacting the state of blinds and drivers for blinds operations can be categorized into three groups of contextual (direct
sunlight, daylight, outside view, solar radiation, solar altitude, operative and outdoor temperature), occupant-related (upon arrival or
departure) and building-related factors (window operations, type and design of blinds and external shades). These factors are
explained further below.

4.1.1. Contextual factors

Direct Sunlight: Visual observations suggested that students would react quickly to sunlight on desks and screens by asking
teachers to close the blinds, therefore, sunlight resulted in immediate adaptive action. In this study, blinds were also closed while
watching news or documentaries. Several other studies have suggested that reasons for closing shades include sunlight [11,19,20,24,
40-42] and presentations on the screen [19]. For example, one study showed that 61% of the teachers were asked to adjust shades once
a day because children complained of sunlight and sun reflection [20]. Another study showed that glare was the most important
problem in the classrooms due to the wrong window design and orientation, and teachers preferred to exclude natural light by drawing
curtains and using artificial lighting [11].

Outside view: In this study, blinds were opened to get an outside view when it was snowing. It has previously been shown that
visual contact with a view from the classroom window is important to children, with a higher preference for natural views [17].
Pleasant outside views can encourage occupants to operate blinds [43]. However, it is also shown that blinds were closed due to
outside distractions [40,41].

Solar Radiation and Altitude: The results of this study showed that solar radiation and altitude account for a higher percentage of
changes in closed blinds (%) during the non-heating season than the heating season. Furthermore, an increase in solar radiation and
solar altitude (high sun angle) during the non-heating season, resulted in occupants opening a higher percentage of blinds. Conversely,
an increase in solar radiation and solar altitude during the heating season, triggered occupants to close a higher percentage of blinds.

Solar altitude had the strongest correlation with closed blinds (%) during both non-heating (—0.387) and heating seasons (0.327).
In other words, the location of the sun at lower altitudes, which can cause direct sunlight, increased closed blinds during the non-
heating season. Contrary, the low sun angles during the colder months, which can allow direct sunlight deep into the building and
raise the temperature, resulted in more open blinds. No previous study was found on the relationship between solar altitude and
radiation and blinds occlusion in primary schools.

Operative and Outdoor Temperature: This study showed that an increase in operative and outdoor temperature resulted in a
lower percentage of closed blinds during the non-heating season. This can be related to higher operative temperatures triggering more
window openings, which resulted in more blinds openings. This study suggested that when operative temperatures were high, opening
windows was given priority over keeping blinds closed to reduce solar radiation during the non-heating season. It needs to be
highlighted that 81% of blinds studied during the non-heating season were roller blinds, which were shown to be rolled up when
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windows were open. However, other studies have supported that excessive solar heat gain and overheating [40,41] are among the
reasons for closing blinds. It should be noted that blinds can also impact indoor temperature by affecting solar radiation and radiant
temperature and also by covering windows and obstructing air flows.

4.1.2. Building-related factors

Orientation: The results showed that the median closed blinds (%) was the highest in southwest orientation (65%), which can be
explained by a more vibrant daylight pattern of south orientation. Other studies have supported that south classrooms were more
subject to daylight fluctuations and dynamic sunlight patterns [19,22]. In the studied classrooms, blinds were not designed based on
the orientation of the buildings, however, future studies are recommended to take into account the impact of orientation on blind
design including its thickness, solar transmittance, solar reflectance, visible transmittance and visible reflectance.

Blinds Design: Results of this study suggest that blinds were more closed (median = 55%) in classrooms with low accessibility for
blinds operations than in classrooms with high accessibility for blinds operations (median = 25%). Therefore, it is important to design
easy to access (designed alongside the classroom rather than the end of the classroom) and easy to use (accessible for children with
shorter heights) blinds as their operation can provide natural light and save lighting energy, as suggested previously [43]. Previous
studies have highlighted the design of shading systems including being damaged, broken or inoperable [44-46], malfunctioning [47],
hard to reach [46] and difficulty in use [45,46] were among the common reasons for not operating them. A literature review by Korsavi
et al. [43] suggests that the most recurring factors affecting the visual environment in schools are the type of controls, access to
controls, and their ease of use [43]. Another study suggests that interior blinds should be orientated appropriately, easy to operate, and
should allow a variety of options for the light interception, room darkening and view preservation [19]. To provide these qualities for
blinds, their type and location need to be carefully considered by the design team and their regular maintenance needs to be carried out
by the maintenance team. Similarly, another study suggests that blinds need to be regularly maintained, and enable maximum
versatility for school occupants to regulate lighting levels [47]. It is shown that seasonal adjustment of interior shades can result in
improved daylight management [19].

Blinds Type: The results of this study suggest that in classrooms with vertical blinds, opening windows does not impact the state of
blinds, as individual slats of vertical blinds can be adjusted differently to let fresh air in while obstructing glare and sunlight. However,
in classrooms with roller blinds, blinds need to be rolled up to some extent to not obstruct fresh air. Another study confirmed that
internal blinds can conflict with airflow from open windows [48]. Results of this study suggest that vertical blinds can be a better
design option for classrooms to control sunlight and let fresh air in, as the operation of windows works separately from the operations
of blinds. It is shown that venetian blinds that can be tilted can have a significant effect on blocking direct sunlight and thermal
environment [49].

External Shades: Furthermore, the results of this study show that blinds were more closed (median = 32%) in classrooms with no
external shades than classrooms with external shades (median = 24%). This suggests that external shades (orientated appropriately)
help to keep the internal blinds open more often as they can help with sunlight and provide more uniform daylight. Furthermore, it is
shown that adding external shades can improve different aspects of IEQ, especially visual and thermal conditions, by addressing direct
sunlight or overheating [50,51]. Another study showed that vertical shading devices resulted in a massive reduction in sunlight,
especially in the early morning and late afternoon in hot climates [21]. External shades in this study were all horizontal, therefore,
future studies need to investigate the most optimum external shading for classrooms in the UK.

4.2. State of lights

Factors impacting the state of lights can be categorized into contextual (solar radiation) and building-related factors (blinds oc-
clusion). However, the state of lights was not different in different categories of occupancy (occupied, partially occupied and not-
occupied).

Occupancy: This study shows that when classrooms were not occupied, lights were on for 70% of the time, suggesting that school
occupants mostly did not turn the lights off after leaving the classroom. Another study by Serghides et al. [52] in educational buildings
suggested that 40% of energy could be saved if lights, air-conditioning and general building equipment were used only during
operating hours.

Solar Radiation and Daylight Availability: Results of this study suggest that the probability of turning lights off was higher when
there was more solar radiation. The study by Hunt [23] suggested that in intermittent spaces such as schools, light switching behaviour
declined as daylight availability increased. On the other hand, studies have also shown that many classrooms relied on artificial light
even when there was abundant daylight available outside [12,24]. Another study in schools shows that 64% of pupils answered that
even if it is a sunny day the artificial lighting was still on [11].

Blinds Occlusion: Results of this study suggest that the probability of turning lights off was higher when a higher percentage of
blinds was open. The study by Katafygiotou and Serghides [11] highlighted that the use of artificial lighting increased when blinds
were closed to avoid glare. However, this study suggests that when more than 60% of blinds were open, the lights were still on 76% of
the time. The scenarios under which the majority of blinds (more than 60%) were open and lights were on suggest that either the
design of windows and blinds did not provide enough daylight for the classroom or occupants did not turn off lights even though
enough daylight could be provided. Both scenarios increase electricity consumption. Furthermore, when blinds were partially closed or
the majority of them were closed in this study, the lights were on for 79% of the time. The number of hours with lights on could simply
be avoided by opening more blinds. It can be assumed that the operations on lights were easier and more accessible than on blinds for
school occupants (16 classrooms provided low accessibility for blinds operations), therefore, there were still many observations under
which lights were on regardless of state of blinds.
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Lighting Energy Consumption: This study suggests many scenarios under which lighting energy consumption could be reduced,
such as turning off lighting when leaving the classrooms, turning off lights when blinds were open providing enough daylight and
opening blinds when conditions would permit instead of turning on lights. Reducing lighting energy consumption can be significant as
previous studies have shown that artificial lighting is one of the major electricity consuming items in school buildings [11,12,16,24,
50]. Despite the contribution of daylighting to energy conservation [16,53,54], better IEQ, creating a positive environment for stu-
dents and their productivity and performance [16,53], it can be blocked by occupants’ operation on shading systems. Therefore,
appropriate management of lighting conditions (a combination of natural and artificial lighting) is required to reduce lighting energy
consumption [11]. A range of lighting management strategies can be discussed:

e Providing classrooms with more accessible and user-friendly blinds for school occupants (teachers and students) that can encourage
blinds operations.

e Considering the optimum orientation (depending on the context and site) for classrooms to reduce direct sunlight and provide
enough daylight.

e Considering the installation of external shades (design depending on orientation) to reduce direct sunlight, increase operations on
blinds and provide more uniform light.

o Installing vertical blinds rather than roller blinds as their slats can control direct sunlight and let fresh air in.

e Designing non-operable windows close to operable windows so that their blinds are operated frequently as well.

e Informing school occupants about the importance of their operations on lights and blinds on saving electrical energy.

4.3. Students’ perception of light level

In this study, mean Visual Sensation Votes varied from 2.7 near the windows (mean light level = 750 1x), 3 for the middle of the
classroom (mean light level = 500 1x) and 3.2 (mean light level = 350 1x) for the area away from windows, suggesting that young
students can differentiate between light levels in different locations in the classroom. The study by Giraldo et al. [17] on visual
preferences of young children in classrooms indicated that young children can differentiate lighting needs according to the activity
performed. However, the study by Giuli et al. [18] that investigated students’ perception in different positions in the classrooms (near
the windows, central and on the far side of the classroom) showed no relationship between students’ perception and their positions in
the Italian classrooms [18].

The optimum level of lighting is still an active research area [55], especially for young children. BS EN 12464-1:2011 [56] and The
Society of Light and Lighting, CIBSE [57] recommend minimum light level of 300 Ix in classrooms and tutorial rooms and 500 Ix in art
classrooms. The results of this study suggest the light level of 730 Ix as the students’ optimum light level which corresponds to an 80%
satisfaction level.

5. Conclusion

Visual environment and visual sensation are important for students’ academic performance, improving indoor environmental
quality and reducing lighting energy consumption, however, a comprehensive analysis of the factors related to the controls of the
visual environment (such as blinds and lights) in primary schools and their related behavioural models is missing, especially in the UK.
This study provides a comprehensive analysis of the predictors that affect operations on blinds and variables related to the state of
blinds and lights in 31 naturally ventilated classrooms in the UK and surveys 805 primary school students on their sensation of light
levels.

Visual observations showed that blinds were closed when leaving the classroom (on departure) and due to direct sunlight on screen
or desk. Blinds were opened for daylight, upon arrival into the classroom in the morning and for an outside view (for example, when it
was snowing). Blinds were also opened when trying to open the windows to cool the classroom so that blinds do not obstruct fresh air.

Visual observation and time-lapse cameras showed different blinds occlusion (%) in classrooms with low and high accessibility for
blinds operations and in classrooms with or without external shades, with median closed blinds (%) being higher in classrooms with
low accessibility for blinds operations and in classrooms with no external shades. Designing external shades (design depending on
orientation) can help to minimize too much light, visual discomfort, direct sunlight and excessive contrast.

Environmental measurements and behavioural models also show that the state of blinds was impacted by solar altitude and solar
radiation (which can provide daylight and cause direct sunlight) and indoor and outdoor temperature (which impact windows op-
erations). The location of the sun at lower altitudes increased closed blinds (%) during the non-heating season and the low sun angles
during the colder months resulted in more open blinds. Furthermore, an increase in operative and outdoor temperature resulted in a
decrease in the percentage of closed blinds during the non-heating season which was related to the effect of higher temperatures on
more window openings and consequently more blinds opening. The results suggest that vertical blinds, rather than roller blinds, can be
a better design option for classrooms as their slats can be adjusted to control direct sunlight and let fresh air in.

The study showed that occupants were more likely to turn off the lights when there was more solar radiation and when a higher
percentage of blinds were open. However, many scenarios were observed in which lighting energy consumption could be reduced,
therefore, a range of lighting management strategies was proposed to reduce lighting energy consumption and facilitate blinds
operations.

This study assessed Visual Sensation Votes with regard to light availabilities, with results suggesting the light level of 730 Ix as the
students’ optimum light level. However, visual comfort is a subjective measure that can be affected by several other factors such as
glare, light distribution and contrast, which are suggested to be further studied by future studies to provide more suggestions on the
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most optimum light level for primary school children.

CRediT authorship contribution statement

Sepideh S. Korsavi: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Validation, Visualization,
Writing — original draft, Writing — review & editing. Rory V. Jones: Conceptualization, Investigation, Supervision, Visualization,
Writing — review & editing. Alba Fuertes: Conceptualization, Investigation, Supervision, Visualization, Writing — review & editing.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Data availability
Data will be made available on request.

Acknowledgements

The raw data in this paper was collected during the PhD project of the lead author. The authors would like to thank the supervisory
team, Dr Azadeh Montazami and Professor James Brusey, for their useful insights into the project. We appreciate the support of
Coventry University for data collection. The authors would like to acknowledge the head teachers, teachers and students in the
participating primary schools in Coventry for their cooperation. The authors also appreciate the support of Low Carbon Devon project.

References

[1] L. Noda, A.V.P.P. Lima, J.F. Souza, S. Leder, L.M. Quirino, Thermal and visual comfort of schoolchildren in air-conditioned classrooms in hot and humid
climates, Build. Environ. 182 (2020), https://doi.org/10.1016/j.buildenv.2020.107156.
[2] H. Fry, S. Ketteridge, S. Marshall, A Handbook for Teaching and Learning in Higher Education: Enhancing Academic Practice, Routledge, 2008.
[3] P. Barrett, F. Davies, Y. Zhang, L. Barrett, The holistic impact of classroom spaces on learning in specific subjects, Environ. Behav. 49 (2017) 425-451, https://
doi.org/10.1177/0013916516648735.
[4] B. Sleegers, , P.J., N.M. Moolenaar, M. Galetzka, A. Pruyn, B.E. Sarroukh, Van der Zande, Lighting affects students’ concentration positively: findings from three
Dutch studies, Light. Res. Technol. 45 (2013) 159-175, https://doi.org/10.1177/1477153512446099.
[5] R. Kiiller, C. Lindsten, Health and behavior of children in classrooms with and without windows, J. Environ. Psychol. 12 (1992) 305-317, https://doi.org/
10.1016/50272-4944(05)80079-9.
[6] C.A. Huviid, C. Pedersen, K.H. Dabelsteen, A field study of the individual and combined effect of ventilation rate and lighting conditions on pupils * performance,
Build. Environ. 171 (2020), https://doi.org/10.1016/j.buildenv.2019.106608.
[7] F. Leccese, G. Salvadori, M. Rocca, C. Buratti, E. Belloni, A method to assess lighting quality in educational rooms using analytic hierarchy process, Build.
Environ. 168 (2020), https://doi.org/10.1016/j.buildenv.2019.106501.
[8] C.L.R. Kuller, Health and behavior of children in classroom with and without windows, J. Environ. Psychol. 12 (1992) 305-317, https://doi.org/10.1016/
50272-4944(05)80079-9.
[9] S.0.L. Heschong, R.L. Wright, D. Ph, Daylighting impacts on human performance in school, J. Illum. Eng. Soc. 31 (2002) 101-114, https://doi.org/10.1080/
00994480.2002.10748396.
[10] P. Barrett, F. Davies, Y. Zhang, L. Barrett, The impact of classroom design on pupils’ learning: final results of a holistic, multi-level analysis, Build. Environ. 89
(2015) 118-133, https://doi.org/10.1016/j.buildenv.2015.02.013.
[11] M.C.C. Katafygiotou, D.K.K. Serghides, Indoor comfort and energy performance of buildings in relation to occupants’ satisfaction: investigation in secondary
schools of Cyprus, Adv. Build. Energy Res. 8 (2014) 216-240, https://doi.org/10.1080/17512549.2013.865554.
[12] P.V. Dorizas, M. Assimakopoulos, M. Santamouris, A holistic approach for the assessment of the indoor environmental quality, student productivity, and energy
consumption in primary schools, Environ. Monit. Assess. 187 (2015) 259-277, https://doi.org/10.1007/510661-015-4503-9.
[13] A. Astolfi, F. Pellerey, Subjective and objective assessment of acoustical and overall environmental quality in secondary school classrooms, J. Acoust. Soc. Am.
123 (2008) 163-173, https://doi.org/10.1121/1.2816563.
[14] S.S. Korsavi, A. Montazami, D. Mumovic, The impact of indoor environment quality (IEQ) on school children’s overall comfort in the UK; a regression approach,
Build. Environ. 185 (2020), https://doi.org/10.1016/j.buildenv.2020.107309.
[15] F. Stazi, F. Naspi, M. D’Orazio, Modelling window status in school classrooms. Results from a case study in Italy, Build. Environ. 111 (2017) 24-32, https://doi.
org/10.1016/j.buildenv.2016.10.013.
[16] E.L. Kruger, P.H.T. Zannin, Acoustic, thermal and luminous comfort in classrooms, Build. Environ. 39 (2004) 1055-1063, https://doi.org/10.1016/j.
buildenv.2004.01.030.
[17] N. Giraldo, M. Longhinotti, F.O.R. Pereira, A. Kuhnen, Luminous and visual preferences of young children in their classrooms : curtain use , artificial lighting
and window views, Build. Environ. 152 (2019) 59-73, https://doi.org/10.1016/].buildenv.2019.01.049.
[18] V. De Giuli, R. Zecchin, L. Corain, L. Salmaso, Measured and perceived environmental comfort: field monitoring in an Italian school, Appl. Ergon. 45 (2014)
1035-1047, https://doi.org/10.1016/j.apergo.2014.01.004.
[19] J. Theodorson, Daylit Classrooms at 47N, 117W Insights from Occupation, PLEA2009 - 26th Conference on Passive and Low Energy Architecture, 2009.
[20] D. Zhang, P.M. Bluyssen, Actions of primary school teachers to improve the indoor environmental quality of classrooms in The Netherlands, Intell. Build. Int. 13
(2019) 103-115, https://doi.org/10.1080/17508975.2019.1617100.
[21] M. Alwetaishi, H. Al-khatri, O. Benjeddou, A. Shamseldin, M. Alsehli, An investigation of shading devices in a hot region : a case study in a school building, Ain
Shams Eng. J. 12 (2021) 3229-3239, https://doi.org/10.1016/j.asej.2021.02.008.
[22] J. Theodorson, North V . South, The Impact of Orientation in Daylighting School Classrooms, SOLAR Conference, San Diego, CA, 2008.
[23] D.R.G. Hunt, The use of artificial lighting in relation to daylight levels and occupancy, Build. Environ. 14 (1979) 21-33, https://doi.org/10.1016/0360-1323
(79)90025-8.
[24] M. Olawale, K. Alkhaja, M. Bin Sulayem, B. Abu-hijleh, Evaluation of indoor environmental quality conditions in elementary schools * classrooms in the United
Arab Emirates, Front. Architect. Res. 3 (2014) 166-177, https://doi.org/10.1016/j.foar.2014.03.001.
[25] ASHRAE, ASHRAE Standard 55:1992 Thermal environmental conditions for human occupancy, ASHRAE Standard 19 (1992) 55-1992.
[26] IES Daylight Metrics Committee, IES LM-83-12, Spatial Daylight Autonomy (sDA) and Annual Sunlight Exposure (ASE), Illuminating Engineering Society, New
York, 2013.

17


https://doi.org/10.1016/j.buildenv.2020.107156
http://refhub.elsevier.com/S2352-7102(22)01309-2/sref2
https://doi.org/10.1177/0013916516648735
https://doi.org/10.1177/0013916516648735
https://doi.org/10.1177/1477153512446099
https://doi.org/10.1016/S0272-4944(05)80079-9
https://doi.org/10.1016/S0272-4944(05)80079-9
https://doi.org/10.1016/j.buildenv.2019.106608
https://doi.org/10.1016/j.buildenv.2019.106501
https://doi.org/10.1016/S0272-4944(05)80079-9
https://doi.org/10.1016/S0272-4944(05)80079-9
https://doi.org/10.1080/00994480.2002.10748396
https://doi.org/10.1080/00994480.2002.10748396
https://doi.org/10.1016/j.buildenv.2015.02.013
https://doi.org/10.1080/17512549.2013.865554
https://doi.org/10.1007/s10661-015-4503-9
https://doi.org/10.1121/1.2816563
https://doi.org/10.1016/j.buildenv.2020.107309
https://doi.org/10.1016/j.buildenv.2016.10.013
https://doi.org/10.1016/j.buildenv.2016.10.013
https://doi.org/10.1016/j.buildenv.2004.01.030
https://doi.org/10.1016/j.buildenv.2004.01.030
https://doi.org/10.1016/j.buildenv.2019.01.049
https://doi.org/10.1016/j.apergo.2014.01.004
http://refhub.elsevier.com/S2352-7102(22)01309-2/sref19
https://doi.org/10.1080/17508975.2019.1617100
https://doi.org/10.1016/j.asej.2021.02.008
http://refhub.elsevier.com/S2352-7102(22)01309-2/sref22
https://doi.org/10.1016/0360-1323(79)90025-8
https://doi.org/10.1016/0360-1323(79)90025-8
https://doi.org/10.1016/j.foar.2014.03.001
http://refhub.elsevier.com/S2352-7102(22)01309-2/sref25
http://refhub.elsevier.com/S2352-7102(22)01309-2/sref26
http://refhub.elsevier.com/S2352-7102(22)01309-2/sref26

S.S. Korsavi et al. Journal of Building Engineering 61 (2022) 105303

[27] A.R. Briggs, M. Morrison, M. Coleman, Research Methods in Educational Leadership and Management, Sage Publications, 2012.

[28] Weather Observations Website, 2020. http://wow.metoffice.gov.uk/. http://wow.metoffice.gov.uk/.

[29] C. Gronbeck, Sustainable by design. https://susdesign.com/index.php.

[30] (NREL) National Renewable Energy Laboratory, PVWatts® calculator (n.d.), https://pvwatts.nrel.gov/pvwatts.php.

[31] G. Notton, Solar Radiation for Energy Applications, Reference Module in Earth Systems and Environmental Sciences, Encyclopedia of Sustainable Technologies,
2017, pp. 339-356, https://doi.org/10.1016/B978-0-12-409548-9.10130-7.

[32] I Sarbu, C. Sebarchievici, Solar radiation, solar heating and cooling systems. https://doi.org/10.1016/B978-0-12-811662-3.00002-5, 2017, 13-28.

[33] S.S. Korsavi, A. Montazami, Developing a valid method to study adaptive behaviours with regard to IEQ in primary schools, Build. Environ. 153 (2019) 1-16,
https://doi.org/10.1016/j.buildenv.2019.02.018.

[34] A. Bryman, D. Cramer, Quantitative Data Analysis with SPSS 12 and 13: A Guide for Social Scientists, 2005, pp. 1-368, https://doi.org/10.4324/
9780203498187.

[35] D. Yan, T. Hong, Definition and Simulation of Occupant Behavior in Buildings. Annex 66 Final Report, 2018, pp. 1-155. https://annex66.org/?q=Publication%
OAhttps://www.iea-ebc.org/projects/project? AnnexID=66.

[36] C.J. Peng, K.L.U.K.L. Lee, G.M. Ingersoll, An introduction to logistic regression analysis and reporting, J. Educ. Res. 96 (2002) 3-14, https://doi.org/10.1080/
00220670209598786.

[37] E. Marshall, E. Boggis, The Statistics Tutor’s Quick Guide to Commonly Used Statistical Tests, Statstutor Community Project, 2016, pp. 1-57.

[38] E. Mccrum-gardner, Which is the correct statistical test to use? Br. J. Oral Maxillofac. Surg. 46 (2008) 38-41, https://doi.org/10.1016/]j.bjoms.2007.09.002.

[39] IBM Corp, IBM SPSS Statistics for Windows, 2016. Version 24.0.

[40] A. Montazami, M. Gaterell, F. Nicol, A comprehensive review of environmental design in UK schools: history, conflicts and solutions, Renew. Sustain. Energy
Rev. 46 (2015) 249-264, https://doi.org/10.1016/j.rser.2015.02.012.

[41] A. Montazami, M. Gaterell, Occupants’ behaviours in controlling blinds in UK primary schools, Proceedings of 8th Windsor Conference: Counting the Cost of
Comfort in a Changing World Cumberland (2014) 10-13.

[42] C. Heracleous, A. Michael, Thermal comfort models and perception of users in free-running school buildings of East-Mediterranean region, Energy Build. 215
(2020), https://doi.org/10.1016/j.enbuild.2020.109912.

[43] S.S. Korsavi, A. Montazami, J. Brusey, Developing a design framework to facilitate adaptive behaviours, Energy Build. 179 (2018) 360-373, https://doi.org/
10.1016/j.enbuild.2018.09.011.

[44] M. Dovjak, L. Pajek, M. Kosir, Z. Kristl, K. Kacjan Zgajnar, Indoor environmental quality (IEQ) in Slovenian children daycare centres. Part I: results of in-situ
measurements, Int. J. Sanit. Eng. Res. 11 (2017) 4-18.

[45] J.L. Sze, Indoor Environmental Conditions in New York City Public School Classrooms, a Survey., 2009.

[46] A.Wald, G. Thiin, S. Batterman, F. Su, J. Wineman, C. Somers, Indoor Environmental Quality in Public Schools : Repositioning Health at the Nexus of Design and
Operation, (n.d.) 168-174.

[47] M. Winterbottom, A. Wilkins, Lighting and discomfort in the classroom, J. Environ. Psychol. 29 (2009) 63-75, https://doi.org/10.1016/j.jenvp.2008.11.007.

[48] E. Design, A. Hall, M. Morris, L. Corresponding, Moving beyond Energy , Integrating it with Indoor Environment Quality : UK School Building Case Study, CIBSE
Technical Symposium, Sheffield, 2019, pp. 1-15.

[49] M. Bessoudo, A. Tzempelikos, A.K. Athienitis, R. Zmeureanu, Indoor thermal environmental conditions near glazed facades with shading devices e Part I :
experiments and building thermal model, Build. Environ. 45 (2010) 2506-2516, https://doi.org/10.1016/].buildenv.2010.05.013.

[50] E.G. Dascalaki, V.G. Sermpetzoglou, Energy performance and indoor environmental quality in Hellenic schools, Energy Build. 43 (2011) 718-727, https://doi.
0rg/10.1016/j.enbuild.2010.11.017.

[51] A. Tzempelikos, M. Bessoudo, A.K. Athienitis, R. Zmeureanu, Indoor thermal environmental conditions near glazed facades with shading devices e Part II :
thermal comfort simulation and impact of glazing and shading properties, Build. Environ. 45 (2010) 2517-2525, https://doi.org/10.1016/j.
buildenv.2010.05.014.

[52] D.K. Serghides, C.K. Chatzinikola, M.C. Katafygiotou, Comparative studies of the occupants’ behaviour in a university building during winter and summer time,
Int. J. Sustain. Energy 34 (2015) 528-551, https://doi.org/10.1080/14786451.2014.905578.

[53] F.J. Xue, Flexible Programs and Evaluation Study on Elementary School Joint Classrooms, 2002.

[54] R.V. Ralegaonkar, V.V. Sakhare, Development of multi-parametric functional index model for evaluating the indoor comfort in built environment, Indoor Built
Environ. 23 (2014) 615-621, https://doi.org/10.1177/1420326X13480515.

[55] T. CK, Effects of school design on student outcomes, J. Educ. Adm. 47 (2009), https://doi.org/10.1108/09578230910955809.

[56] BS EN, EN 12464-1 Light and Lighting - Lighting of Work Places - Parte 1: Indoor Work Places, British Standards Institution, 2011.

[57]1 The Society of Light and Lighting, Lighting Guide 5: Lighting for Education, CIBSE, 2011.

18


http://refhub.elsevier.com/S2352-7102(22)01309-2/sref27
http://wow.metoffice.gov.uk/
https://susdesign.com/index.php
https://pvwatts.nrel.gov/pvwatts.php
https://doi.org/10.1016/B978-0-12-409548-9.10130-7
https://doi.org/10.1016/B978-0-12-811662-3.00002-5
https://doi.org/10.1016/j.buildenv.2019.02.018
https://doi.org/10.4324/9780203498187
https://doi.org/10.4324/9780203498187
https://annex66.org/?q=Publication%0Ahttps://www.iea-ebc.org/projects/project?AnnexID=66
https://annex66.org/?q=Publication%0Ahttps://www.iea-ebc.org/projects/project?AnnexID=66
https://doi.org/10.1080/00220670209598786
https://doi.org/10.1080/00220670209598786
http://refhub.elsevier.com/S2352-7102(22)01309-2/sref37
https://doi.org/10.1016/j.bjoms.2007.09.002
http://refhub.elsevier.com/S2352-7102(22)01309-2/sref39
https://doi.org/10.1016/j.rser.2015.02.012
http://refhub.elsevier.com/S2352-7102(22)01309-2/sref41
http://refhub.elsevier.com/S2352-7102(22)01309-2/sref41
https://doi.org/10.1016/j.enbuild.2020.109912
https://doi.org/10.1016/j.enbuild.2018.09.011
https://doi.org/10.1016/j.enbuild.2018.09.011
http://refhub.elsevier.com/S2352-7102(22)01309-2/sref44
http://refhub.elsevier.com/S2352-7102(22)01309-2/sref44
http://refhub.elsevier.com/S2352-7102(22)01309-2/sref45
https://doi.org/10.1016/j.jenvp.2008.11.007
http://refhub.elsevier.com/S2352-7102(22)01309-2/sref48
http://refhub.elsevier.com/S2352-7102(22)01309-2/sref48
https://doi.org/10.1016/j.buildenv.2010.05.013
https://doi.org/10.1016/j.enbuild.2010.11.017
https://doi.org/10.1016/j.enbuild.2010.11.017
https://doi.org/10.1016/j.buildenv.2010.05.014
https://doi.org/10.1016/j.buildenv.2010.05.014
https://doi.org/10.1080/14786451.2014.905578
http://refhub.elsevier.com/S2352-7102(22)01309-2/sref53
https://doi.org/10.1177/1420326X13480515
https://doi.org/10.1108/09578230910955809
http://refhub.elsevier.com/S2352-7102(22)01309-2/sref56
http://refhub.elsevier.com/S2352-7102(22)01309-2/sref57

