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Abstract
The environmental conditions experienced in UK schools not only influence the effectiveness of teaching
and learning but also affect energy consumption and occupant behaviour plays a critical role in determining
such conditions. The aim of this study is to understand occupant behaviour in controlling window blinds in
UK primary schools which not only mediate internal conditions but also influence the use of artificial
lighting and consequently electricity consumption.
Occupant behaviour in controlling blinds against direct solar gain and glare through windows in 140
classrooms of 22 primary schools between 2007 and 2008 was studied through questionnaires, interviews
and observations of blind status. Results show that on average blinds are closed very regularly in all the
schools except one. This is due to a wish to prevent overheating, reduce glare and also limit the impact of
distractions from outside, as some classrooms are located on the ground floor. Such behaviour affects both
the effectiveness of teaching and learning and also electricity consumption and consequently a school’s
carbon foot print. It is also likely to be at least in part responsible for the gap between design the energy
consumption predicted at the design stage and that actually experienced when the school is in use.
Designers need to understand the implications of this behaviour to ensure they deliver effective, energy
efficient spaces that perform as anticipated.
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1 Introduction:
Increasing demand for more energy efficient buildings means the construction industry
needs to ensure that the energy performance predicted during the design stage is achieved
post-occupation. However, evidence suggests that there is a significant gap between
design and in-use performance (Demanuele et al, 2010; Bordass et al, 2004; UBT, 2011;
Bordass, 2001).
Figure 1 illustrates the predicted and actual electricity consumption in three building
sectors: schools, general offices and university buildings. These data suggest there is a
significant gap between the predicted and actual electricity consumption in school
buildings.

Figure 1. Electricity consumption per-sector – predicted vs. Actual (Menezes, A.C. et al., 2012.)

This gap is attributed to the lack of feedback to designers after handover, inhibiting
improvements both to existing buildings and future designs. The practice of PostOccupancy Evaluation (POE) aims to address this issue by evaluating the performance of
a building after it has been built and occupied. Factors that contribute to the discrepancy
in energy consumption are model simplification, changes to the building design between
making predictions at the modelling stage and final construction, occupant behaviour,
commissioning, and maintenance (Demanuele et al, 2010; Menezes, 2012).
The UK Government has committed to reduce CO2 emissions by at least 80% by 2050,
relative to 1990 baseline levels (Global Action Plan, 2006). Currently, there are over
25,000 schools in the UK and in total they are responsible for approximately 14% of the
UK public sector’s total carbon emissions (Climate Change Act, 2008). The Carbon Trust
(2012) reported the energy consumption pattern for schools for both fossil fuels and
electricity (Figure 2). According to this report, 16% is due to electricity consumption
which is used for hot water, lighting, office equipment etc. with half (8%) used for
lighting alone.

Figure 2. Electricity consumption profile for school (Source: Carbon Trust, 2012)

Exploring the reasons for the gap between designed and predicted electricity consumption
is essential because of its high cost and carbon footprint. Also the use of natural light
rather artificial light in schools is thought to have a positive impact on student health and
performance (Walden.R, 2008).

Although only 8% of the total energy is consumed for lighting in schools (Figure 2), data
in Figure 3 suggests the higher unit price and carbon intensity associated with electricity
in comparison to fossil fuel energy mean such consumption is likely to account for
approximately 20% of the overall energy costs and carbon footprint.

Figure 3. Cost and carbon foot print profile for school
Cost profile (Source: Carbon Trust, 2012) - Carbon foot print profile (drawn by A. Montazami)

The level of natural light inside a building and, therefore, the likelihood of artificial
lights being used, depends on the location of windows, window area, surrounding
buildings, internal surfaces and occupants’ behaviour in controlling blinds (BB90, 2003;
CIBSE TM37, 2006). The main reasons for closing blinds in office buildings are visual
comfort, thermal comfort and also distractions from outside (Inoue et al., 1988 ; Lindsay
and Littlefair, 1992; Reinhart, 2004; Inkarojrit, 2005; Sutter et al., 2006 ; Sutter Y, 2006;
Lindelöf and Morel, 2006; Inkarojrit, 2008 ; Foster and Oreszczyn, 2011). Clearly, where
such devices are used in ways not anticipated by the building’s designers, and result in the
use of artificial light, the energy consumption profile is likely to higher than expected.
Similar behaviour in schools could account for some of the performance gap outlined
above.
It is important to note that not only does the use of natural light instead of artificial light
have a significant impact on reducing the carbon foot print and cost for schools, but a
good level of natural light also benefits the health and performance of students. A study
by Taylor and Gousie (1988) suggests that lack of lighting comfort (in terms of lighting
level, glare, spectrum etc) has a negative effect on students’ physiological and
psychological functions such as neuron doctrine functions, hyperactivity and task
behaviour. Good natural lighting can only be achieved by combining direct and indirect
lighting (Barnitt, 2003; Butin, 2000) and lighting controls such as blinds to provide an
opportunity for adjusting lighting levels in classrooms (Butin, 2000). One of the main
benefits of natural light is that it consists of all light spectra (full spectrum). Lack of
adequate levels of light can increase fatigue, headaches and also damage eyesight, while a
light which is too bright also has a negative impact on well-being. Glare can lead to
diminished vision and headaches resulting from overexerting the eyes (CIBSE KS6,
2006). It has also been found that illness and mental fatigue can be reduced by the use of
full spectrum natural light especially on children with hyperactivity disorder (Dunn et al.,
1985). Performance improves in the presence of daylight and its positive effects are

manifested in better social behaviour. There is a significant relationship between students’
academic attainment and natural daylight. Children’s attention increases (Ott, 1976) and
student absenteeism decreases (London, 1988) as a result of full spectrum natural light.
According to the study carried out by Collaborative High Performance School (CHPS,
2006), students in well-lit classrooms had higher scores (up to 26%) on the New Stanford
Achievement Test in comparison with the ones in poorly lit classrooms.
Through the study of occupant behaviour in controlling blinds in London primary school
classrooms, this paper aims to understand why such devices are used, the potential
implications of their use on light levels and consequently their likely role in the gap
between predicated and actual electricity consumption. It also considers how occupant
control affects various comfort factors and thereby influences our ability to deliver welllit classrooms that increase students’ productivity with the minimum carbon and financial
cost.

2 Methodology:
This study is based on a case study approach using post occupancy evaluation (POE) and
quantitative research techniques such as observation, taking photos and conducting
interviews in the cooling seasons (i.e. June and July) of 2005, 2007 and 2008. The aim
was to evaluate occupant behaviour in controlling blinds and the usage of windows in
controlling overheating and glare during cooling seasons.
The UK school stock is a mixture of schools constructed in different eras with different
characteristics (i.e. solar gain, thermal mass, ventilation potential, internal gain). The
stock has previously been characterised in terms of Victorian, open-air, post-war and
post-energy crisis schools (Montazami and Nicol, 2013). In this study 22 schools
constructed in these different eras were selected (i.e. four Victorian, four Open-air, four
Post-war and eight Post-energy crises) from three London boroughs of Hounslow,
Haringey and Islington.
140 teachers from the selected classrooms participated in this study completing
questionnaires during 2007 and 2008. Between one to ten questionnaires were filled out
in each school. Unfortunately, the teachers of some schools refused to fill out the
questionnaires both in 2007 and 2008. Interviews and the taking of photos of the
teachers’ behaviour in controlling blinds and the usage of windows were carried out by
the lead author in 2005, 2007 and 2008. Table 1 shows the name of schools which
participated in this study according to the era of the schools, the level of thermal mass in
each school, the mode of ventilation and also the number of questioners filled out by the
teachers in both 2007 and 2008.
Table1. School information and number of questioners filled out by the teachers in 2007 and 2008
Era
Schools
Thermal mass
Ventilation
Natural (N) / Mechanical (M)

2008
2007

Numbers of
Questionnaires

Victorian
AM

CL

FL

Open air
HF

CR

HS

Heavy Thermal mass

Post war
WL

HL

NW

RO

Post energy crisis
MF

OC

AN

GC

SG

Low Thermal mass

GR

LD

PP

MM

BR

BF

NT

Meduim Thermal mass

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

M

M

N

5
0

3
0

4
6

3
4

3
6

3
0

5
3

1
0

3
5

2
0

10
0

9
0

5
8

0
0

0
0

5
6

0
3

0
0

5
9

3
3

1
6

5
6

The questionnaires focussed on collecting data on teachers’ perceptions regarding the
internal environment (i.e. thermal comfort, visual comfort, acoustic comfort and air
quality), teachers’ behaviour in controlling blinds, the reasons for closing blinds and also
their level of control over the internal environment. The research questionnaire was based
on that designed by ‘Usable Building Trust’ to evaluate the environmental conditions in
offices. This questionnaire was the most relevant as it is can reflect the occupants’
feelings regarding their internal environment. Observation has been used in a variety of
disciplines as a tool for collecting data (Kawulich, 2005). In this study, observation followed by
taking pictures is used as a method to record the teachers’ behaviour in using windows in 9 out of
the 22 schools.

Figure 4 shows the sets of questions designed to evaluate the internal environment factors
in general.
Environmental factors evaluation
How would you describe thermal comfort in
your classroom in summer term?

Thermal Comfort

Uncomfortable

Hot

1

2

3

4

5

6

7

1

2

3

4

5

6

7

Comfortable

Cool

How would you describe overal lighting
in your classroom in summer term?

Visual comfort

Unsatisfactory

1

2

3

4

5

6

7

Satisfactory

How would you describe quality of air
in your classroom in summer term?

Air quality

Stuffy

1

2

3

4

5

6

7

Fresh

How would you describe acoustic in your classroom in summer term
considering noise sources fom outside your classroom?

Acoustic comfort

Noisy

1

2

3

4

5

6

7

Quiet

Figure 4. Lickert scale questions to evaluate environmental factors

Figure 5 shows the sets of questions designed to evaluate occupant
controlling blinds and the reasons for such behaviour.

behaviour

in

Occupants behaviours evaluation
Do you have blinds on your window?
Having Blind

Yes

No

How often do you put the blinds down?
Blind operation

Never

1

2

3

4

5

6

7

Always

What is the main reason of puting the blind down?
1

Prevent inside from overheating
2

Prevent inside from glare

3

Both overheating and glare
Please write any further comments in this sapce regarding the main reason of puting the blind down?

How would you describe glare from sun and sky
in your classroom in summer term?

Glare : From sky and sun

None

1

2

3

4

5

6

7

Too much

How would you describe glare Artificial light in
your classroom in summer term?

Glare : Artificial ligh

None

1

2

3

4

5

6

7

Too much

Figure 5. Questions to evaluate occupant behaviour in controlling blinds.

Figure 6 shows the sets of questions designed to evaluate occupant control over the
internal environment.

Personal control evaluation
How much control do you personally have over the following aspect of your working environment?

Cooling

No control

Ventilation

No control

Lighting

No control

Noise

No control

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

Figure 6. Questions to evaluate occupant control over comfort factors.

Full control

Full control

Full control

Full control

3 Analysis:
In this study, occupant behaviour in controlling blinds was studied followed by an
examination of the reasons for such operation. The occupants’ usage of windows was also
monitored. The level of occupant control over lighting comfort was compared with the
level of control over other comfort factors in order to understand areas where a
compromise between comfort factors occurs and the potential implications for any gap
between design and in-use energy performance.
3.1. Factors which impact on occupant behaviour in controlling blinds
The authors studied the occupants’ behaviour in controlling the blinds in 20 primary
schools during the cooling seasons (i.e. Jun and July) of 2007 and 2008. In this study, out
of 140 classrooms, 110 classrooms had blinds. Eleven out of sixteen schools which had
blinds participated in this study in both years.
Figure 7 shows the frequency of movement of blinds in the 110 classrooms from 1=Never
to 7=Always. As can be seen, the average frequency of closing the blinds in all of these
classrooms (except one classroom of one school) was more than 4 and are towards
7=Always.

Figure 7. Occupants’ behaviour in controlling blind in 110 classrooms.

A Paired sample T test was carried out between the frequency of occupant behaviour in
operating blinds in 2007 and 2008. The result shows that there is not a significant
difference between occupant behaviour in both year (p= 0.084>0.05).
Questionnaires were distributed among teachers to determine the reasons for putting the
blind down. 51% of teachers suggested the reasons were a mixture of preventing glare
and overheating while 22% believed use of the blind was only related to glare and 5%
linked it only with overheating (Figure 8).

Figure 8. Reasons for putting the blind down in 110 classrooms.

In order to explore the relationship between teachers’ perceptions regarding blind
operation and both overheating (i.e. thermal comfort) and glare (i.e. visual comfort) as the
reasons for putting the blind down, two regression analyses were carried out. The first
was between the teachers’ perceptions regarding the blind operation and teachers’
perceptions regarding thermal comfort inside the classroom and the second was between
the teachers’ perceptions regarding the blind operation and teachers’ perceptions
regarding experiencing glare inside the classroom. The results show that there is a
significant relationship between the frequency of putting a blind down and both
overheating (n=110, p= 0.003<0.05, R2=0.07) and experiencing glare (n=110, p= 0<0.05,
R2= 0.14). According the above regression analyses, experiencing overheating and glare
explains 7.5% and 13% of occurrences of putting the blind down respectively.
According to the teachers of these schools, as well as overheating and glare, distractions
from outside, particularly where classrooms are located on the ground floor, were also a
reason for operating the blinds. Table 2 summarises some comments from the teachers
from various schools explaining the reasons for blind operation.
Table 2. Reasons for blind operation according into the interviews.

These results suggest the three main reasons for putting blinds down are overheating,
glare and distractions from outside. These findings concur with those from previous
research which focused on office buildings (Inoue et al., 1988; Lindsay and Littlefair,
1992; Reinhart, 2004; Inkarojrit, 2005; Sutter et al., 2006; Sutter Y, 2006; Lindelöf and
Morel, 2006; Inkarojrit, 2008; Foster and Oreszczyn, 2011).

Putting the blinds down has some consequences on the electricity consumption in schools
as this encourages the occupants to keep the artificial lights on most of the time in order
to provide sufficient light levels on their working plane. Images in Figure 9 were taken
during a break in two of the above schools. As can be seen, during the study session the
blinds had been put down and the artificial light are on.

Figure 9. Implications of putting the bind down in classrooms on the use of artificial light.
[(Left: CR primary school, Right: SG primary school)] (Taken by A. Montazami)

The level of glare from artificial light and natural light was also compared in Figure 10.
The results suggest that, according to the teachers’ perception, occupants mainly suffer
glare from natural light rather than artificial light.

Figure 10. Glare problem as the results of natural and artificial light

The glare problem in classrooms is sometimes related to that which appears on the
whiteboard or computer screen.

3.2. Occupant behaviour in controlling blinds in schools constructed in different eras
In order to understand how school design has an impact on occupant behaviour in
controlling blinds, an ANOVA T-test was carried out between the teachers’ behaviour in
controlling blinds in the schools constructed in four different eras; Victorian, open-air,
post-war and post- energy crisis. All of these schools are selected from the ones which are
naturally ventilated. The results show that there is a significant difference between the
occupants behaviour in controlling blinds in these 4 groups schools (p= 0.045< 0.05). As
can be seen in Figure 11, although the frequency of putting the blinds down in all four
groups is more than 4 and has a tendency to 7=Always, there is a degree of difference
between them. The tendency of putting the blind down in post energy crisis schools is
approximately 5 with the standard deviation of 2, while the tendency of putting the blind
in Victorian, open air and post war schools is approximately 6 with the standard deviation
of 1. One likely reason for such difference is due to the window areas in Victorian, openair and post- war schools being significantly larger in comparison with schools
constructed after the energy crisis in the 1970s.

Figure 11: Occupants’ behaviour in controlling blind in four groups of schools.

Victorian schools built from 1837 to 1901 have large sash windows which extend to the
high ceiling (Robson, 1979). Open air schools constructed in the early part of the 20th
Century (1900 – 1939), had large windows due to concerns over the spread of
tuberculosis (Wilmor and Saul, 1998), In Post-war schools, constructed after World War
II, large windows were employed because natural light was regarded as the main source
of illumination. Indeed, guidelines created in 1945 recommended 2% day light factors
with the possibility of increasing this to 5% (Stillman, 1994). In contrast, schools
constructed after the energy crisis of the 1970s placed greater emphasis on reducing
window size as a means of controlling heat loss (Edward, 2010).

3.3. Occupant behaviour in the usage of classroom windows
Based on the authors’ observation of 20 schools that were conducted in 2005, 2007 and
2008 internal surfaces of classrooms (walls and windows) are used to display students’
work and educational materials. These occupant behaviours (both teacher and students)
have a negative impact on the internal environment (i.e. visual and thermal comfort).
According to the study carried our by Montazami et al (2012) there is a relationship
between occupant behaviour on the usage of classroom walls and the level of overheating
in UK schools classrooms. As can be seen from Figures 12, a large area of the windows is
covered with students’ works which means teachers keep artificial lights on most of the
time to compensate for the low level of natural light.

Figure 12. Classroom windows are covered with the student work and artificial lights are on.
(H.O Primary School) (Taken by A. Montazami)

It should be noted that in some cases teachers put the students’ work on the window
consciously. This is one of the teacher’s quotes in this regard ‘Although this classroom
doesn’t have any blinds the windows are covered with students work to prevent glare’.
Figure 13 shows windows of 9 classrooms. As can be seen, windows are covered with
students’ work which again has a negative impact on internal light levels.

Figure 13. Classroom windows covered with the students works (Taken by A. Montazami).

3.4. Comparing the level of control over lighting comfort to other comfort factors.
According to Nicol et al. (2012), the adaptive approach to comfort is based on the
Adaptive Principle whereby ‘if a change occurs such as to produce discomfort, people
react in ways which tend to restore their comfort’. Indeed, Bauman (1999) suggests that
by giving occupants individual control over the environmental conditions in their
workplaces, and the opportunity to adapt, designers and facility managers can help
increase worker satisfaction and productivity.
In this study, teachers’ perceptions regarding thermal comfort, lighting comfort (with
sources of natural and artificial light), acoustic comfort (with noise sources both outside
and inside of school) and also the level of control over these comfort factors were
explored on the likert scale. The internal environment was questioned through likert scale
of 1= Uncomfortable-Hot/Noisy/Light dissatisfaction/ Stuffy and 7=Comfortable-Cool/
Quiet/ Light satisfaction / Freshness. The level of control was also questioned through
likert scale of 1=No Control and 7= Full control.

Regression analysis was carried out between the perception of teachers over the level of
control and the quality of the internal environment (Table 3). As can be seen there is a
significant relationship between the levels of control and the quality of the internal
environment.
Table 3. The relation between internal environment and the level of comfort

Figure 14 shows the levels of control and corresponding quality of the internal
environment. As can be seen, the level of control over lighting comfort is higher than
control over other comfort factors and also the occupants’ satisfaction over lighting
comfort is also higher (highlighted in red).

Figure 14: Level of control vs internal environment

It can be argued that although the there is a higher level of control over lighting comfort
and a higher perception about the quality of visual comfort, there are some hidden
implications as the result of high level of control and poor window design that should be
considered. For example, occupant behaviour in putting the blind down and the resulting
lower level of natural light has a negative impact on students’ health/performance and a
higher level of energy consumption (i.e. using more artificial light) with a concomitant
rise in carbon footprint and energy costs.
Blinds are one of the components that should be considered carefully during window
design. For example, in classrooms that face east and west, vertical blinds should be
considered while in classrooms facing south, horizontal blinds, light shelf or overhanging
window reveals are likely to be more effective. In addition, the occupants’ behaviour in
controlling blinds should form part of this procedure. Having horizontal blinds on east
and west facing elevations or on classroom windows that face onto busy areas of a school
means teachers are likely to keep them down most of the time (in order to prevent glare,
overheating and also distraction) with the consequences outlined above.

4 Discussions:
This research set out to understand how teachers use devices such as blinds to control
their internal environment, the potential implications of their use on light levels and
consequently their likely role in the gap between predicated and actual electricity
consumption.
Results suggest that the frequency of putting blinds down in 99% of classrooms was
towards ‘always’ according to the teachers’ perceptions. This study also illustrates that
there is a higher tendency for putting the blinds down in Victorian, open-air, post-war
schools in comparison to post-oil crisis schools due to the likelihood of the former having
larger windows.
According in to this study, the main reasons for such behavior were preventing glare,
reducing overheating and limiting distractions from outside. This study also illustrates that
school teachers use the classroom window as a place to display students’ work sometimes
as a conscious decision to reduce the glare, overheating and also distractions from outside.
This study highlights that the two likely implications of putting the blinds down are a
lower level of natural light inside the classrooms, which can have a negative impact on
students’ health and performance, and an increase in the level of electricity consumption
through the use of artificial light which has a negative impact on a school’s carbon foot
print and costs.
Results also confirm that there is a relationship between the level of control over the
internal environment and the teachers’ satisfaction about the internal environment. The
provision of opportunities for occupants to control their surrounding environment are
clearly important. However, it is essential that occupants are also aware of the
implications of their actions. It is also critical that designers understand fully the
motivations of occupants to control their internal environment. The unintended
consequences of operating devices such blinds that were not envisaged during the design
stage, particularly the potential knock-on effects on electricity consumption, are likely to
play a role in the gap between design intent and in-use energy consumption. Therefore, a

systematic approach to understanding occupant requirements and behaviour, feeding back
details of actual occupant behaviour and educating occupants in the implications of their
actions should form part of the design process, particularly if we are to ensure effective,
energy efficient teaching spaces that function as intended are delivered.

5 Conclusion:
This study highlights the need to not only understand the multi dimensional role of
windows and blinds in controlling the internal environment in UK primary schools but
also the implications of occupant behaviour on delivering required comfort conditions. .
In developing such an understanding the often conflicting comfort requirement need to be
considered. For example, the provision of a good view to the outside without it being
distracting for students; the provision of sufficient light while preventing glare; and the
use of windows as a source of heat gain during winter but without introducing overheating
during summer.
In future, the school design process should incorporate the occupants’ needs and
behaviour as an element in the design process to provide a more effective level of control.
Educating occupants on the implications of their choices should form part of this process.
The proposed approach will help building designers reduce the gap between predicted and
actual electricity energy consumption, particularly where this is associated with the use of
artificial lighting. It will also help ensure effective and efficient teaching and learning
spaces are actually delivered.
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