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Abstract: Lighting design in education facilities is acknowledged as important. Design advice, guidelines, 
and standards about daylight and artificial lighting design provide normative expectations about explicit 
lighting levels required and implicit use patterns. In a mixed methods post-occupancy evaluation of 
selected primary schools in Adelaide, South Australia, it was observed that while daylight and artificial 
lighting design configurations largely conformed to normative design expectations, the use patterns did 
not. Artificial lighting was not always used when total lighting levels were below the relevant standard. 
Windows were obstructed with various items such as student work, pedagogical display, furniture, and 
other means. This paper reports the observations, proposes pedagogical reasons for non-normative 
behaviour based on surveys, and discusses the observed occupant spatial agency. 
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1. Introduction
In school infrastructure, the level of daylight in primary schools has been associated with improved 
student performance (Heschong Mahone Group, 1999; Barrett et al., 2015), although it has been noted 
elsewhere that the effects of lighting on students has been found to be complex and inconsistent 
(Higgins et al., 2005, p. 20). Design advice promotes ‘natural’ lighting as needed for good learning (Nair 
and Fielding, 2005, p. 74; OECD, 2006). The underlying premise of the design advice and standards for 
windows is that they will be used as installed, with glazing free from obstruction.  

This research reports a component of a post-occupancy study of case study primary schools (Pearce, 
2016). The fieldwork was undertaken during the 2012 school year and presents inductive qualitative 
evidence for real world use of windows and glazing. This was prompted during initial visits in which it 
was observed that window glazing was often covered with pedagogical materials, which raised 
questions about normative use of window glazing and the presumptions of a spatial designer. 

The expectation of education lighting is complex. Historically, Australian education was influenced by 
trends from the UK, and North America (Campbell and Proctor, 2014, p. xiv). This is evident in the early 
focus on natural light and ventilation for health and hygiene imported from the UK (Orr, 2011). Last 
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century, British attempts to design schools solely using passive energy techniques to reduce energy use 
resulted in large variations in lighting levels and glare (McKennan, 1985). Despite the glare, students 
were found to prefer to be near windows ‘to see what is going on’ in addition to nature (Stewart, 1981). 
This privileging of daylight has not always been successful: open plan classroom principles based on 
British designs, overheated in the extreme Australian summer due to large areas of glazing (Angus et al., 
1979, p. 18). Notably this problem was occurring prior to the integration of Information and 
communication technology (ICT) into teaching pedagogy (Winterbottom and Wilkins, 2009) its lighting 
consequences. This suggests conflicting lighting design intentions between hygiene factors, technology 
in pedagogy, and climate might be expected in current designs. 

In local practice, there are two sources of design standards for school daylighting design. With the 
objective of minimising the use of artificial light, daylight is encouraged with focus on use of appropriate 
shading and skylights to control glare and contrast (DECS Capital Programs & Asset Services, 2010). 
However, the Building Code of Australia (BCA) provides only proportional design guidelines, i.e., size of 
window, not quality of light, (Australian Building Codes Board, 2014, Section F.4). Thus, daylight quality 
and quantity relies on the architectural design interpretation.  

Artificial lighting design in schools is driven by a range of standards and statutory inputs. Overlooking 
the extensive energy efficiency prescriptions, the BCA refers to local standards (AS/NZS 1680.0) for 
illumination levels (Table 1). The local public education authority refers the designer to other parts of 
this suite of standards (AS/NZS1680.2.2) for more specific illumination levels about ‘rooms dedicated to 
the use of computers’ (DECS Capital Programs & Asset Services, 2010).  

Given that all classrooms under study had been built or renovated in the ten years prior to the 
fieldwork, these standards were considered as the benchmark. Thus, all rooms should achieve a 
minimum light level at all locations in the room; however, given the range of activities that occur in a 
contemporary classroom, it was difficult to nominate a single appropriate illuminance level. 

Table 1: Selected artificial lighting design standards and statutory inputs 

Design input Input type Lighting purpose Level or prescriptive standard 
NCC BCA 2014 F4.4 Statutory Lighting to BCA class 9B buildings 

(schools) 
AS/NZS 1680.0. (no year listed) 
safe movement 

AS/NZS 1680.2.2:2008 
Table E1 

Standards Office and screen based tasks  General task 320 lx 
Screen-based task areas 160 lux 

AS/NZS 1680.2.3:2008 
Table D1 

Standards Specific applications - Educational 
and training facilities 

Classroom general use 240 lux 
Computer rooms see AS1680.2.2 
Art activities 400-800 lux 

2. Case studies and methods 
The post-occupancy study used a mixed methods research approach to compare occupant use and 
perspectives with observed building fabric and services. This approach, although informed by 
contemporary building post-occupancy evaluation methods, was grounded in social science mixed 
methods discussions (Teddlie and Tashakkori, 2009).  

Four case studies schools, coded as Yellow, White, Orange and Red, participated on the condition 
that they were not identified publically (Table 2). All participant schools were located in the Adelaide 
metropolitan area, South Australia. All had occupied their buildings for more than five years and 
represented a mature occupation rather than the initial occupancy phase. Through negotiation, 
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participant classrooms were selected to include older primary school students and enable student 
surveys. Out of the four schools, twenty teaching spaces (classrooms and library/resource spaces) were 
observed (indicated by school code suffix, e.g. Yellow.1) for use and environment. Across the schools, 
147 student participants, aged 10-13, were recruited from eight classrooms. Staff were recruited from 
all areas of the participating schools (N=44). 

Table 2: Summary of case study schools (at 2012) 

School / Yr opened 
Approx. floor area 

Enrolment   
Area/student 

Building construction description Day Lighting strategy Award or 
heritage  

Yellow / 1877 
1415 m2 

178 
7.9 m2 

Buildings include stone buildings 
over 100 years old, block veneer 
and permanent lightweight. 

Large glazing, no 
overhangs, Internal 
blinds 

Architectural 
award & 
heritage 

White / 2003 
4580 m2 

613 
7.5 m2 

Greenfield school < 10 years old. 
Brick veneer/lightweight 
construction  

Overhangs and 
internal blinds north, 
clerestories south  

Architectural 
award 

Orange / 1998 
4300 m2 

597 
7.2 m2 

Greenfield. Construction 60/40 
solid mass and lightweight 
transportables.   

Overhangs, reflective 
film (permanent), or 
small windows (trans) 

Architectural 
award 

Red / 1877 
3130 m2 

324 
9.7 m2 
 

All buildings except 2 (lightweight 
& masonry veneer) > 50 years. 
Old buildings solid stone/brick. 
Interior renovations. 

Large glazing, no 
overhangs, internal 
blinds 

State & local 
heritage  

 
The effects of occupation on the school buildings was observed as a non-obtrusive ethnographic 

approach (Liamputtong and Ezzy, 2005, p. 101) and recorded using systematic photography and field 
notes. In some classrooms, environmental loggers with light sensors collected illuminance levels (Figure 
1). These were supplemented with spot measurements using a handheld light meter (CEM DT-8820).  

 

   

Figure 1: logger backing detail and installation example 
A study-specific self-completed questionnaire was developed to capture a range of student and staff 

perspectives about their buildings and grounds. Open response questions were analysed using post-
coded using thematic analysis, i.e., without an a priori code strategy (Liamputtong and Ezzy, 2005, p. 
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265). Results presented here show summary code categories. These graphs represented collated and 
normalised thematic detail codes across schools. The five-point scale and multiple-choice questions 
presented use descriptive and inferential statistics. 

4. Findings 

4.1. Observed lighting design and use  

4.1.1. Views, lighting design, and permanent modifications 

All case study classrooms had both artificial lighting and daylight. Artificial lighting was typically T5 lamps 
in either hung or surface mount luminaires. Daylight was available from a mixture of user level windows, 
skylights and clerestories, with some film on glazing and some interior blinds. The older buildings were 
without exterior verandas or shade devices. Views out of the classroom varied. The permanent Orange 
School buildings had views onto bag racks. The White, Red and Yellow schools had high sills (greater 
than 1000 AFL) so views were restricted to sky when seated, particularly with blinds down where 
installed. When standing, Yellow.3 had attractive long distance views opposite to the teaching wall. 

Three types of permanent modifications to windows were observed - internal blinds, window film, 
and a veranda extension (Table 3). These modifications had the effect of changing both the daylighting 
design and solar gain of the original designs. There is also evidence that the east windows to Yellow.2, 
Yellow.3, and possibly Red.5, were either not built as drawn or had been enlarged, suggesting that 
action has been taken throughout both buildings lives to change light levels. During the study period, 
the north overhang on White.1 was extended to double in size. Prior to this, it was observed the 
occupants had been attempting to control the daylight with scrim curtains.  

Table 3: Permanent building modifications for daylight control 

Daylight modification Description Observed  Approximate year of retrofit 
Internal blinds Opaque or translucent blinds 

retrofitted 
Yellow.2, 3 2003 
Red - all c2006 renovation 

Film Tinted/reflective film 
retrofitted-permanent bldgs 

Orange - all After 2001 school extension 
Yellow.1 2008 

Veranda extension Extension of overhang to 
control light 

White.1 2012 – observed during inquiry 

 
All classrooms had fixed projectors or interactive white boards (IWB) retrofitted, except Orange.6, 

which had had the IWB integrated into the transportable building design. Some classrooms showed 
evidence of extensive modification and rectification, including retrofitting of window film (Orange 
School) due to IWB installation. The fact that these were pursued, despite cost and changes to relatively 
new buildings, suggests that IWBs represent a significant change in pedagogy.  

4.1.2. Observed temporary modifications to windows 

It was noted that display of student work and pedagogical materials extended beyond the installed pin 
boards to windows, doors, walls, cupboards, luminaires, and catenary lines overhead. Use of external 
windows for display was prevalent in White School, Orange School and Red School. Internally, display 
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was observed in all schools on internal windows, door glazing and sidelights. In addition to display, it 
was observed that windows were obstructed with materials that were clearly not pedagogical. Glazing 
obstruction by furniture was also observed: in one Orange School classroom, tall cupboards and shelves 
were placed in front of windows, suggesting storage took precedent over natural daylight. Observed 
obstructions fell into five types (Table 4), with some providing dual purpose, such as both glare control 
and pedagogical display. The consequences of this range of obstruction was reduced daylight and, 
potentially, reduced solar gains in winter from windows to the north. 

Table 4: Glazing obstruction typology (B=interior blinds, int=interior window) 

Type Observed obstruction Observed purpose Examples 
Glare control Ad hoc internal blocking 

with plain cardboard, 
obstruction by furniture.  

Enable use ICT. Improve 
lighting conditions. 

Yellow.3;  
Orange.2, 3, 5, 5(B), 6 (B); 
White.1, 2, 3, 4, 5 

Display in Directional display facing 
into the room.  

Extension of general 
display beyond pin 
boards 

Yellow.2 (B, int); Orange.1, 2, 3, 4, 5(B), 
6(B),7; White.1, 2(B), 3(B), 5(B); Red.1,4 

Display out Directional display facing 
out of the room 

Identity and artwork 
displayed to students 
outside of class 

Yellow.2(B, int); Orange.3, 4, 7(int);  
White.1, 2(B), 3(B), 4(B), 5(B);  
Red.1(B), 4(B). 

Bi-directional 
display 

No obvious direction; 
makes use of daylight 

Exploration of translucent 
artefacts 

Orange.3; White.2 (B) 

Obstruct view Restrict view in and out. Reduce distractions or 
increase security 

Orange.7 (int), White.1 – view to 
adjacent public footpath 

4.2. Measured light levels 

Measurements were taken over the full school year. A sample using the late spring and early summer 
conditions of Term 4 (October to December) was selected to demonstrate a range of illumination 
conditions (Figure 2). All logged illuminance levels tended to be lower than recorded lux meter 
measurements. This is consistent with the observed lighting variations, and with the fixed wall 
installation location and vertical orientation of the environmental loggers (positioned to avoid conflict 
with learning activities) as compared to results from a horizontal lux meter placed on desks.  

The logged illuminance levels tended to have between 25 - 75% of measurements below 200 lux, i.e., 
only suitable for screen based tasks adjacent walls except White.1 (north windows and large south 
clerestories), Red.2 (large north glazing, north and east clerestories) and Red.4 (tall north windows 
without shade devices). Moving away from walls, illuminance measured by the hand held devices 
showed a large variation, with some classes measured at more than the 800 lux recommended for 
artificial lighting for art activities, as in Orange.4, Orange.7, White.1, Red.2, and Red.4. In between these 
extremes of uses, there was a variation of observed illuminance levels ranging between 200 and 800 lux. 
Orange School (except Orange.4 and Orange.7), showed the least variation, which is likely due to the 
glazing modification (film) and obstruction and the consequent reliance on artificial lighting. 

Glare was observed in Red.5 during a visit in August, in the form of direct sunlight on desks and walls 
from a tall and narrow north window. This window had no exterior shade device in its original design 
and its heritage listing prevented retrofitting. Glare was also present in sections of White.2, White.3 and 
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White.4 where the clerestory and sharp rake of the ceiling geometry was observed to create a transition 
from well lit, over the interactive white boards, towards the darker northwest corner. 
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Figure 2: Term 4 measured illuminance – logged light data (box plots) and hand held measurements 

4.3. User perspectives of windows 

4.3.1 Perceived light quality 

Staff and students were asked to quantitatively rate their perspectives of their classroom lighting on five 
point scales (Figure 3). Given that lighting can be designed for adaptation with relative ease, it was 
expected that responses should tend towards good ratings. Students perceived that their lighting was 
appropriate for learning with daylight more appropriate than artificial light.  Staff agreed with students 
about all aspects of lighting, except for perceptions of artificial lighting, which they rated as significantly 
more suitable. 

One-way ANOVAs by school showed that there were no significant differences between schools in 
the staff responses. In the student responses, Orange School students were significantly less satisfied 
(M=3.26) with the daylighting than Red Students (M=4.17, F(3,140)=2.79 p=0.043). The light 
measurements recorded show that Orange.5, and to a lesser extent, Orange.4 were lower than those 
taken in Red.4 and Red.5. This was consistent with the observed fenestration, use of blinds, and use of 
windows for display: Orange.5 had small windows with opaque blinds down often and Orange.4 had 
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tinting on the glazing and was used for display, whereas little display was found on the large Red School 
windows and blinds were translucent. Thus, this lesser access to daylight within the classroom likely 
explained the lower satisfaction by Orange School students. 
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(1) significant difference between staff and student cohort (two-sided Z-test, α=0.01) 

Figure 3: Students' and Staff classroom light perceptions – five-point scale, all schools collated 
 
Yellow students (M=3.77) identified that there was more glare than the other schools (Orange, 

M=2.33; White, M=2.63; Red, M=2.96; F(3,139) = 7.59, p<0.0005). Yellow.3 had large windows facing 
north, east and south. All windows had white translucent blinds, which were observed to be used in 
conjunction with artificial lighting. In contrast, Red.5 had a similar configuration, with large east-facing 
windows, yet returned a lower score for glare, possibly due to less glare through the smaller north 
glazing. Another possibility is that, unlike Red.5’s IWB’ Yellow.3 used an older style projector onto a 
whiteboard so any deficiency in projection power would be affected by 270-degree daylighting. 

Participants were given the opportunity to make additional comments and just under a third of 
student respondents provided a comment (32%), with most received from White and Orange Schools, 
with a similar response from staff (36%). Most student comments revolved around problems with light 
quality (level, glare, preference, use of blinds), whereas staff commented most on control of lighting 
conditions. This suggested different levels of interaction with lighting components: White School 
students were troubled by light levels on interactive white boards, which was consistent with the 
observed over-lighting due to clerestories, while Orange School students in the transportable buildings 
had concerns about the low lighting levels and blinds being permanently down. This was consistent with 
the relatively smaller windows and observed window blind configuration and obstruction by furniture. 

4.3.2. Dynamic display and windows as pin boards 

Staff participants from all schools (N=42) confirmed that in addition to pin boards, doors, walls, windows 
and overhead display was used (Figure 4). Additionally, six staff participants reported using other 
locations for display: three identified that they use 'wires', 'ropes' and 'lines' across the room. Two used 
hallways, and one indicated that they used cupboards and trolleys. All of these suggested that the pin 
board space alone is insufficient. Furthermore, staff take the initiative to use all classroom elements 
available for personalisation regardless of the intended primary purpose of the element. The survey also 
included a question to ask why staff found windows were useful for display. Responses were collected 
from White, Orange, and Red Schools (93% response rate). There were four main reasons for use (right, 
Figure 4): communication to people beyond the classroom; the need for more display space; the nature 
of the display itself; and obstruction. This was consistent with observations (Table 4). 
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Orange and Red School staff confirmed that, in addition to space constraints, windows provided 
opportunities to explore transparent or translucent materials, which was also observed in White.2 
during site visits. Obstruction was described by White and Red School staff for three reasons – solar 
control, reduce distractions or a bad view, and privacy. This was consistent with the site plan of these 
schools since, both schools had east and west oriented glazing, and both were adjacent to passing public 
foot traffic. There was also concern about passing foot traffic since, paraphrasing an incidental 
conversation with a White staff member, the campus had public access on the weekend so there should 
be no sensitive display on the windows. Internal visual intrusion was also raised when one staff member 
obstructed an internal window to reduce a ‘feeling of being inside a fish bowl'. 
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Figure 4: Proportional display locations by school, left, reasons for window display, right. 

5. Discussion 
Overall, non-normative use of windows fell into overlapping categories: pedagogical and communication 
display, and visual obstruction of unwanted light and views. The widespread adjustment of building 
fabric for personalisation and temporary installations suggested that users feel free to make the building 
fabric work to aid their activities. Display on windows, such as extensive display obscuring the full 
glazing area, was particularly intriguing, since it contradicted the notion that windows were to provide 
daylight in and views out. Display facing outwards extended the class pedagogy into the wider spatial 
environment, and in some cases, into the public visual communication. Some windows, however, were 
not used for display: these coincided with those with internal blinds or deliberate obstruction. The 
buildings in this study were not approached as spatially privileged by their occupants. Rather, users had 
spatial agency to engage with their built environment (Awan et al., 2011) and they used this to adapt 
and redefine areas not normally associated with display, as being appropriate for pedagogical display.  

One trigger for modification of windows was the introduction of interactive white boards and all 
schools showed evidence of fabric changes to cater to this new technology. Prior to the installation of 
interactive white boards in the late 2000s, all schools had had significant funds invested in them to bring 
them to a consistent and contemporary functional educational quality, including the older Red and 
Orange Schools. Where teaching might have been moving away from the teaching wall, the introduction 
of interactive white boards consolidated the teaching wall and this, in turn, required better daylight and 
glare control. For the newer buildings (White and Orange Schools), this timeframe of change is 
remarkably short. The installation of interactive white boards is an example of how ICT is influencing 
space use when it is retrofitted to the building fabric, and how it changed the programmed design. This 
had a trickle-on affect where lighting design, particularly daylight, became problematic and leading to 
permanent modifications to control daylight, such as verandah extensions, and is consistent with 
educational ICT changes observed in other countries (Cardellino and Leiringer, 2014). 
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This raises the question as to whether this lighting-needs singularity could have been predicted. Even 
relatively new building stock (less than 10 years old) was modified, suggesting that designers do not 
attempt to anticipate effects of major technology changes on teaching: however, this may be difficult to 
achieve. It has been argued by educational researchers that the ‘grammar of school’ is a century old 
(Hattie, 2009, p. 9), suggesting a relative stability of school taxonomy, yet four years is considered to be 
long term in technology (Martin et al., 2011) and classroom climate changes yearly (Hattie, 2009, p. 1). 
Thus, the occupation profile is unpredictable even in the short term, making robustness for, say, 30-year 
minimum building life, difficult to achieve. From the perspective of designers around the year 2000, it is 
unlikely that they would have been aware of the possibilities offered by interactive white boards.  

Staff also showed that they were willing to reduce the daylight provided by available glazing. This is 
in contrast to design advice and with evidence of improved performance with large windows, but is 
consistent with qualitative analysis of conflicting lighting effects (Higgins et al., 2005). Rather than 
incorrect use, it could be interpreted that staff substituted daylight with opportunity, citing logical 
reasons such as communication, display space, display type, and view control, which suggested that 
glazing was considered a pedagogical tool. Yet, students also stated their preference for blinds to be 
raised. This suggested that the spatial agency is restricted to teaching staff: students, in this case 10-13 
year olds, may not have the social power to adjust their lighting conditions.  

6. Conclusion 
Designers are implored to save energy and provide connections to the outside world through 
appropriate fenestration design. This paper reports findings about window use from a larger post 
occupancy evaluation of selected primary schools in South Australia. It proposes three drivers for 
lighting modifications by users. First, it has been shown that, regardless of age, continuous permanent 
modification of the building fabric occurred in the case study schools, and it has been proposed that this 
is because the teaching and learning needs changed from the original design. In this study, it was 
deduced that the technological innovation of interactive white boards changed lighting needs, resulting 
in permanent and temporary modifications to lighting design. Second, glazing was often obstructed to 
meet varied lighting needs, and survey responses confirmed that these ranged from the need to 
obstruct unwelcome views to glare control. In some cases, where illuminance levels were low due to 
obstruction, artificial lighting was not used to compensate. This suggests that lighting needs are more 
nuanced and variable than what is suggested by guidelines and standards. Finally, spatial agency was 
demonstrated through the opportunities found in classroom glazing. Beyond the functional, pedagogical 
display and communication provided a delightful transience and atmosphere within rooms. Windows 
were more art galleries than daylight sources, possibly making daylight and artificial light design 
assumptions void. Thus, the building team (architects, interior designers, and engineers), should be 
aware of this non-normative use and try ‘collaborating with entropy' (Till, 2009, p. 106). 
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