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regulations and educational guidelines. Nine classrooms and four sleep rooms 

were monitored in total.  

The factors included were IAQ, light and sound. The factors included within 

IAQ were carbon dioxide (CO2) as an indication of ventilation rate, relative humidity 

(RH), temperature and dust. 

The key limitation of this study was the sample size of four centres, nine 

classrooms and four sleep rooms. However, this smaller sample size enabled data to 

be collected over a period of a year across multiple IEQ factors by one researcher.  

This study is applicable to the New Zealand early childhood education 

industry as it begins to fill the knowledge gap in the understanding the NZ ECE IEQ, 

particularly in Auckland.





http://www.massey.ac.nz/massey/research/library/find-information/find-information_home.cfm
http://www.massey.ac.nz/massey/research/library/find-information/find-information_home.cfm
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Figure 2-1 A summary of the methodology used to search for relevant IEQ academic journals in those buildings whose occupants are considered to be more 
vulnerable to IEQ. 
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2.2.1. Search results 

As presented in Figure 2-2, a total of 3,363 records were identified in the 

electronic database search. Once transferred into EndNote X9, 209 duplicate records 

were removed. After an initial title review, 2,046 records were removed then 440 

records more were removed after reviewing their abstracts.  A further 553 were later 

eliminated with the full-text article either not found or was inaccessible. This resulted 

in 115 relevant academic journals with 134 additional relevant academic journals 

found through either the references of these 115 academic journals or other 

sources.  

Of the final 249 relevant academic journals, most were IAQ related research 

journals. 15 (6%) were from NZ however, three of these related to the same study 

and only two concerned ECE. The first studied sound, and the second reported the 

durability of hardware and the safety of doors and windows.  

 

Figure 2-2 A summary of the results from the search for relevant IEQ academic journals in 
those buildings whose occupants are considered to be more vulnerable. 

 



Chapter 2 Literature review  9 
___________________________________________________________________ 

  

Currently, in NZ, there are only two other ECE indoor environment studies.  

The first study has just been completed and was undertaken in Wellington, NZ. This 

study investigated temperature, relative humidity and space standards against how 

often children and teacher get sick. The second study is a pilot study currently being 

undertaken in Auckland, NZ and is investigating how the wellbeing of ECE occupants 

could be assessed in relation to their environment. 

The low number of research papers indicates that little research has been 

done in ECE indoor environments, in particular in NZ with only one other in Auckland. 





Chapter 2 Literature review  11 
___________________________________________________________________ 

  

 

Figure 2-3 A summary of indoor air quality using the mass balance model. 

The concentration of carbon dioxide (CO2) is often used in research as a good 

proxy for the quality of indoor air and ventilation (J. Bennett et al., 2018; de Waard 

& Zeiler, 2014; Kolarik et al., 2016; Oliveira et al., 2017). The baseline comparison for 

indoor concentrations is the outdoor CO2 concentration level. Outdoor 

concentration levels can vary, depending on location and the geographical terrain, 

though these levels are generally around 450 to 650 parts per million (ppm) with a 

global monthly mean of 410 ppm as of June 2019 (U.S. Department of Commerce, 

2019). Over time, the breathing of occupants in an enclosed space increases CO2 

concentration. The relationship between indoor CO2 concentrations and ventilation 

rates is therefore expressed primarily as air changes per hour (ACH) or litres per 

second per person (L/s/P) (ASHRAE, 2016; Standards NZ, 1990). 

Particulate matter (PM) is a mixture of liquid and solid particles suspended in 

the air. PM may come from human or natural sources. Suspended particles of 

biological origin are called bioaerosols. PM is typically classified by size. PM10 

particles includes all particles less than 10µm in diameter, and PM2.5 particles 

includes those less than 2.5µm. PM10 particles are coarser and heavier and, 

therefore, can be filtered by the nose and throat, whereas PM2.5 particles are finer 

and lighter and can, pass deeper into the lungs and into the bloodstream (J. 

Anderson, Thundiyil, & Stolbach, 2012).  
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2.3.3. Light 

Light more specifically, visible light is radiated energy found within a range of 

the electromagnetic (EM) spectrum. The EM spectrum is made up of EM radiation of 

varying wavelengths. Visible light is the part of the spectrum human eyes can detect, 

which sits between 380nm to 780nm. It is generated by the sun, an animal or plant 

source or an artificial human source. As seen in Figure 2-4 the frequencies of EM 

radiation are measured in Hertz (Hz), and its wavelengths are measured in metres 

(m) (Boyce, 2014). 

 

Figure 2-4 Summary of the electromagnetic spectrum properties (The National Aeronautics 
and Space Administration, 2007). 

All visible light sources can be represented pictorially through their spectral 

power distributions (examples are shown in Figure 2-5). This is a representation of 

the radiant power emitted by a light source at each wavelength (Lighting Research 

Centre, 2019).  



Chapter 2 Literature review  17 
___________________________________________________________________ 

  

 

Figure 2-5 Illustrative relative spectral power distribution of four light sources. These spectral 
power distributions have been normalised to the unit of the wavelength with the maximum 
output (Boyce, 2014). 

Visible light characteristics 

The characteristics of visible light radiation are demonstrated in Figure 2-6 

and summarised in Table 2-1 below: 

  

Figure 2-6 Summary of light radiation units of measurement (Coaton & Marsden, 2011; 
Everest & Pohlmann, 2015). 
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Institute, 2019a). To ensure compliance, post-occupancy checks are made with a 

spectrometer from any location at an unknown time of the year, with melanopic 

ratios calculated using the Melanopic illuminance Excel-based toolbox (Faculty of Life 

Sciences The University of Manchester, 2019).  

Temporal light modulation 

Alternating current (AC) voltage power is supplied at a low-frequency voltage 

of 50Hz or 60Hz, depending on the country. This means that the current is supplied 

in 50 to 60 cycles per second. Between each of these cycles, the voltage drops to 

zero, which is called the zero-point or the off-cycle. As more traditional lamps have 

a slower response to these cycles, the light they emit is less affected. Gas-discharge 

or incandescent lamps generally do not exhibit a zero-light output during an off-

cycle, with the respective phosphor and filament in these lamps continuing to glow 

as the AC supply voltage passes the zero-point (Boyce, 2014). However, with the fast 

response found in ageing fluorescent and LED lights, temporal light modulation may 

result (Vogels, Sekulovski, & Perz, 2011), as seen in Figure 2-7 below. This temporal 

light modulation, also called flicker, can be both in colour (chromatic flicker) and 

brightness (luminance flicker). It can also be visible, frequencies within 3 to 70 Hz, or 

non-visible, frequencies below 165 Hz (Wilkins & Lehman, 2010).  

When a particular frequency is achieved, there will be no more visible flicker. 

This point is called the critical fusion frequency (CFF). It differs between observers, 

but, generally, it is around 100 Hz (Boyce, 2014).  

Flicker can also cause a stroboscopic effect. This occurs when flicker is at first  

invisible to a static observer in a static environment, though, as soon as there is a 

moving object, the object will appear to move discretely rather than continuously 

(Vogels et al., 2011).  









Chapter 2 Literature review  24 
___________________________________________________________________ 

  

Table 2-2 Relative amplitudes and dB of environmental sounds, courtesy of Thomson Higher 
Education 2007 (Thomson Higher Education, 2019). 

Sound Relative amplitude Decibels (dB) 

Barely audible (threshold) 1 0 

Leaves rustling 10 20 

Quiet residential community 100 40 

Average speaking voice 1,000 60 

Live band (amplified music) 100,000 100 

Propeller plane taking off 1,000,000 120 

Jet engine taking off (pain threshold) 10,000,000 140 

Spacecraft launching at close range 100,000,000 160 

The frequency of the sound wave determines the pitch a person perceives. 

The higher the frequency, the higher the pitch. Doubling the frequency of a wave 

increases the pitch by an octave (Everest & Pohlmann, 2015). 

Auditory response area  

When plotting sound pressure and frequency on a graph, the auditory 

response area of human beings can be seen. This is the area below the threshold of 

feeling and above the threshold of hearing. The threshold of hearing, also called the 

audibility curve, shows that humans are most sensitive to 2,000Hz to 4,000Hz, and 

this is the range in which speech sits, particularly the consonants (Everest & 

Pohlmann, 2015). 

The ear responds differently, depending on the frequencies and the sound 

pressure level (SPL) in decibels. Each point along a curve is perceived as the same 

loudness. These curves are known as equal-loudness curves. For instance, at 80dB a 

person would hear almost equal loudness across the frequencies in Figure 2-8 below, 

however, at 40dB the high and low frequencies would sound softer than the rest of 

the frequencies in that range (Everest & Pohlmann, 2015). 
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Figure 2-8 The range of human hearing, with human beings most sensitive to 2,000Hz to 
4,000Hz. That is 40dB at point A would not be heard, at point B would be barely heard C 
would be heard (Thomson Higher Education, 2019). 

Frequency weighting 

Frequency weighting was originally developed to account for the perceptions 

of pure tone loudness and can be seen in Figure 2-9 below. The A-weighting is the 

standard weighting of audible frequencies, which reflects the perceived loudness 

with frequency. It covers the range from 20Hz to 20kHz. The C-weighting is the 

standard weighting used to measure the Peak Sound Pressure. The Z-weighting is a 

flat frequency response between 10Hz and 20kHz ±1.5dB, excluding the microphone 

response. When measuring sound, it is important that the correct frequency 

weighting is used. Therefore, most instruments will record at all three weightings to 

remove the possibility of measuring incorrectly (Roberts, Tingay, & Cirrus Research, 

2011). 
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A special sound is generated to measure the reverberation time of a room, 

and the time it takes for that sound to decay by 60 dB (by one millionth) across the 

audible frequencies is measured. Typically, the time taken for a sound to drop by 30 

dB (T30) is measured and this result is doubled to calculate T60, as seen in Figure 2-11 

below. The special sound, between 90 dB and 110 dB, can be for example an impulse 

generated from a start pistol, a balloon pop or a wide-range omni-directional speaker 

(Jambrosic, Horvat, & Domitrovic, 2008). 

 

Figure 2-11 The measurement of reverberation time. An example of full 60-dB decay adapted 
from (Everest & Pohlmann, 2015) though, in reality, this rarely occurs. The source strength 
and noise level determine the length of the decay trace. 

AS/NZ 2107:2016 Acoustics recommends design sound levels and 

reverberation times for building interiors and provides measurements for 

compliance assessments (Standards NZ, 2016). Reverberation time measuring 

methods are defined in AS/NZ 2460:2002 Acoustics Measurement of the 

Reverberation Times in Rooms (Standards NZ, 2002) and in AS/NZS 1269.1:2005 

Occupational noise management Part 1: presenting the measurement and 

assessment of noise immission and exposure (Standards NZ, 2005). While these 
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The effects of light on human health 

Research has shown the critical role that light plays in regulating numerous 

physiological and behavioural patterns and systems including circadian rhythms, 

sleep regulation,  hormone levels (Goz et al., 2008; Guler et al., 2008; Hatori et al., 

2008; Milner & Do, 2017; Pilorz et al., 2016) and mood (Boyce & Barriball, 2010). 

A recent study has also indicated that bright light may enhance attention, 

cognitive performance and mood (Milosavljevic, Cehajic-Kapetanovic, Procyk, & 

Lucas, 2016), and, while limiting blue light at night may help mitigate its negative 

impact on the circadian system, the issue is more complicated as the extrinsic input 

of rods and cones to the melanopsin system has been ignored. (Hughes, Watson, 

Foster, Peirson, & Hankins, 2013; Lucas et al., 2014; Spitschan, Jain, Brainard, & 

Aguirre, 2014; Woeldersa et al., 2018).  

Currently, while glare is not believed to have significant health effects, it i can 

substantially affect vision and cause fatigue and discomfort. This is especially 

relevant in light with a relatively high content of blue light, as blue light is liable to 

generate glare during the day and at night (International WELL Building Institute, 

2019b, 2019c, 2019d) . There is also evidence that blue light could be a hazard to 

humans, which, based on animal experiments, could result in permanent retinal 

damage (Ham, Mueller, & Sliney, 1976). 

Low levels of UV radiation can be emitted from certain lamps, including 

compact fluorescent, unfiltered halogen and incandescent light sources. Within the 

European Union, the highest measure of UV emissions from lamps has been found 

in offices and schools, which could be adding to the number of squamous cell 

carcinomas reported (World Health Organisation International Agency for Research 

on Cancer, 2006).  

The growing phenomenon of temporal light modulation, or flicker, can cause 

issues for those with light sensitivities. Visible flicker, frequencies within 3 to 70 Hz, 

are often associated with risks of seizures. Non-visible frequencies below 165 Hz are 

often associated with but not limited to headaches, impaired vision and eyestrain. It 

may also be problematic for people with vertigo, lupus and epilepsy, (Wilkins & 
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Table 2-4 NZ ECE Services 
 

MoE Definition 

Centre-Based Hospital-based Kohanga Reo Play Centres Play Groups Home-Based 

Childcare 
Model 

ECE Centres 

Including ECE 
Centres, Daycare, 
Preschool, Childcare 

Kindergartens 

Including crèches 

Provide ECE services 
for those five years 
and under while in 
hospital 

Maori culture and 
language centres run by 
Te Kohanga Reo 
National Trust  

Provide parent-led care Provide parent-led care 

  

Provide home-based care 

Operate 
from 

Licensed to operate 
from a purposed 
facility or renovated 
premise 

Licensed to 
operate from a 
purposed facility or 
renovated premise 

Licensed to operate 
from within a hospital 

Licensed to operate 
from a purposed facility 
or renovated premise 

Licensed to operate from a 
purposed facility or 
renovated premise 

Certified to operate 
from of a non-
residential and non-
purpose- built facility, 
e.g. a community hall 

Licensed to operate from a 
residential home, often that 
of the parent(s) of one of 
the children 

Educators Teachers with an ECE 
teaching qualification 

Teachers with an 
ECE teaching 
qualification 

Teachers with an ECE 
teaching qualification 

By parents specifically 
trained to instil the 
values of the Te 
Kohanga Reo National 
Trust  

By parents and other 
educators often trained in 
the principles of the NZ 
Playcentre Federation  

By parents May or may not be a 
qualified ECE teacher; if 
they are not qualified, they 
will be under the 
supervision of a qualified 
ECE teacher. 

Age of 
Children 

From birth, but most 
only take from three 
months old to five 
years old 

From two to five 
years old 

From birth to five 
years old 

From two to five years 
old 

From birth to five years old From two to five years 
old 

From birth to five years old 
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 MoE Definition 

Centre-Based Hospital-based Kohanga Reo Play Centres Play Groups Home-Based 

Operating 
Hours 

Either all day or part 
day 

Traditionally 
aligned with school 
terms and hours, 
09h00 to 15h00 

Part-day Either all day or part 
day 

Part-day, 2.5 hour to 4-hour 
sessions 

Part-day,  2.5-hour to 4-
hour sessions 

Either all day or part day 

Max number 
of children 
allowed 
under the 
license 

From 20 to 250 
children, though 
most operate with 
between 50 and 100 
children.  

Traditionally 
smaller centres 
with between 20 
and 40 children 

Small groups From 20 to 40 children From 20 to 40 children Small groups Up to 40 children 

Ownership 
 

69% Private 100% Community-
Based 

As part of hospital 100% Community-
Based 

100% Community-Based 100% Community-
Based 

90% Private 

Sources of 
Funding 

Ministry and parent 
funding 

Predominantly 
Ministry funding 

Ministry funding Ministry funding Ministry funding Ministry funding Ministry and parent funding 
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the controlling agent of the kindergartens, the NZ Free Kindergarten Association 

operated the centres at a maximum enrolment of 40 children per centre. With 40 

children, the centre would have a gross floor area of 168m2 (Lindegan, 1982).  

From the mid-1970s, kindergartens were permitted to occupy vacant primary 

school accommodations, including any vacant, prefabricated buildings (NZ Free 

Kindergarten Union, 1972). The Department of Education, through the regional 

boards, also began administering the design and building of any new or 

refurbishments of kindergartens, up until both the Department of Education and the 

regional boards were abolished in 1989.  

Each year, the NZ Free Kindergarten Association and Playcentre Federation 

would submit its recommendation to the Department of Education concerning 

centres to be built or refurbished. Once the Department of Education had made its 

decisions, the relevant regional education board would administer the design and 

construction of the centre.  

The design and construction were considered to be simple, residential 

constructions on par with residential housing across the region. Using a standard 

plan, the centres were mostly one big space, divided into smaller spaces. The 

construction was mainly either standard brick and tile or a timber frame clad in 

weatherboard with plasterboard or timber internal walls and either a concrete or 

timber floor. In the latter type, typically the roof was made of 0.4mm to 0.5mm 

corrugated steel, sitting on timber trusses as seen in Figure 2-14 below. The service 

content was considered low, and the finishes simple. On occasion, the roof design 

would be tailored to make it appear more playful. If the building was a new build, the 

expectation was that it could be removed from the site.  

Expertise across the regional education boards produced mixed results, 

which led to the NZ Free Kindergarten Association seeking minimum space standards 

per child in 1983. They defined them as 2.7m2, with an optimum gross area space 

per child of 4.2m2 (B.  Elliott, 1982; B. Elliott, 1982; Elliott, 1983, 1985; The 

McGuinness Institute, 2016).  
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building products up until the 1990s, few of these centres remain. Those that do 

remain have been converted into daycare or ECE centres (Jemmett & The NZ Ministry 

of Culture and Heritage, 2018). 

Daycares and ECE centres 

Historically, private centres were smaller operations in converted private 

homes or similar in size to kindergartens until the mid-1970s. In the mid-1970s the 

first larger, commercial providers began to emerge. In 1978, Kindercare opened its 

first large-scale centre in Auckland. From 1978 onward, there has been a significant 

increase in the number of childcare centres. By early 2011, Kindercare had opened 

36 centres across Auckland, Hamilton, Wellington and Christchurch, with the 

Australian provider, ABC Learning Centres, opening six centres in 2003 and operating 

127 centres by 2011. These centres can be either purpose-built or repurposed 

buildings. The purpose-built buildings are commonly constructed from a timber 

frame structure and cladded with timber or blockwork that is then rendered in 

plaster or brick or cladded in timber. Those buildings that are repurposed range from 

timber-framed villas to blockwork commercial properties to repurposed public 

buildings, e.g. old churches and halls  (B. Elliott, 1982; Elliott, 1985; Pollock, 2012; 

The McGuinness Institute, 2016).  
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Figure 2-17 School IAQ, ventilation and performance outcomes (MoE, 2017a). 
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licensing criteria for ECE centres and care services, requires a safe and effective 

means of maintaining a room temperature no lower than 16°C (MoE, 2016). 

However, it does not specify a height above the floor level, and there are no 

maximum limits set. 

Indoor air temperatures are expected to be within a range of 18°C to 25°C for 

the majority of the year, as seen in Figure 2-18 (MoE, 2017a). In classrooms, a 

temperature of 18°C is to be maintained during normal occupancy periods at 1m 

from floor level (MoE, 2017a). 
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Figure 2-18 School indoor temperature parameters (MoE, 2017a). 
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o MoE DQLS: Lighting (MoE & BRANZ, 2007) recommends for classrooms 300 

to 500 lux at the working plane of 0.8m above finished floor level (AFFL).  

Regional health boards 

On behalf of the MoE, the Ministry of Health carries out health and safety 

assessments of centres, if a centre is looking to apply for an operating licence or if a 

concern has been raised about a centre. These assessments are carried out in 

accordance with the health and safety standards, sections 45 and 46 of the Education 

Regulations 2008 (NZ Parliament, 2008).   

The Ministry of Health delegates the completion of these assessments to the 

regional health boards, e.g., the Auckland Regional Public Health Service (Auckland 

Regional Public Health Service, 2018a). The local health protection officers represent 

the regional health board and carry out the assessments. 

Each public health unit has health and safety guidelines specific to its region, 

which interpret the intentions of sections 45 and 46 of the Education (Early 

Childhood Services) Regulations 2008. Health Protection Officers will follow these 

guidelines when completing an assessment of a centre. Overall, centres must comply 

with the Building Act 2004, though the health protection officer may comment on 

areas of this act if any deficiencies are observed (Auckland Regional Public Health 

Service, 2018b, 2018c). 
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higher water vapour pressure and an increase in temperature, despite its lower RH 

at that time of the year. Auckland experiences extreme weather events that can 

cause flooding and wind damage (Chappell & National Institute of Water and 

Atmospheric Research, 2014). 

Auckland experiences local onshore daytime sea breezes, with examples 

shown in Figure 2-23. These are generated on clear days when the land surface has 

warmed more than the sea. They tend to be less than 20km/hr and contribute 

towards the sea breeze convergence zone. This is a cloud band that can contain 

scattered showers. The location of this zone is influenced by the direction of large-

scale winds. 

 

Figure 2-23 An example of a typical sea breeze convergence zone. On the left, are the harbour 
breezes at 11h00 and on the right are the mature breezes at 14h00 with the sea breeze 
convergence zone having developed (Chappell & National Institute of Water and Atmospheric 
Research, 2014). 

Most of Auckland receives approximately 2,000 hours of bright sunshine per 

year, with UV sun protection advised from October to March between 09h00 and 

17h00, as the UV index climbs to an extreme level (12) (Chappell & National Institute 

of Water and Atmospheric Research, 2014) 
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Bringing together the impact IEQ can have on young children, the concerns 

relating to the health of the NZ population, the growing population size of Auckland 

and the localised climatic challenges as well as the increase in ECE centres in a 

complex building compliance framework that sets minimum standards, there is a 

research knowledge gap in the understanding of the NZ ECE IEQ, particularly in 

Auckland.
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Figure 2-24 The research knowledge gap identified in the literature review was addressed 
through three research questions and their respective objectives. 

The literature review, commenced in April 2016, found that the NZ building 

regulations and educational guidelines can be complex and set minimum standards. 

The building regulations and education guidelines are also more specific to the 

school environments and less specific to ECE environments. To, therefore, better 

understand the local education facilities environment and why this may be, schools 

were included in the scope of research question one along with ECE. With the 

research gap identified as NZ ECE IEQ, particularly in Auckland, this thesis focuses 

predominately on research questions two and three. The summary and conclusion 

from research question one are presented in this thesis in the context of the research 

knowledge gap and how it informed and enabled research question two and three. 

The full methodology, results and discussion used for research question one are 

presented in appendix 8.1. 
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The rest of this thesis is composed of four chapters. Chapter three 

summarises the conclusions from research question one, a facilitated day-long 

education facilities symposium, in the context of research question two and three. 

Chapter four addresses research question two in order to determine the scope and 

appropriate materials and methodology to measure the IEQ of an ECE centre safely 

and sensitively in NZ. The planning for the symposium began in June 2016 with the 

four cases studies starting shortly after that. 

Chapter five presents research question three. It begins with the 

methodology used to monitor and assess the IEQ factors within four urban ECE 

centres in Auckland, NZ and summarises the ethics approval of this study. It then 

quantifies the results of the IEQ factors measured. Following this, it discusses the 

results and assesses them against current NZ building regulatory requirements and 

any NZ educational IEQ guidelines.  The chapter then closes with the limitations of 

investigating research question three and the recommendations drawn from the 

discussion. The monitoring of the four centres started in June 2018 and was 

completed in July 2019. 

Chapter six concludes this study by summarising the key findings and key 

recommendations for policymakers and future research. After the references, the 

appendix presents the full methodology, results, discussion, challenges and 

recommendations from research question one and concludes with the challenges 

faced during the investigation of research question three. 
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dust. VOCs and other chemicals were excluded from this study due to scope, time 

and financial constraints. The measurements taken were both real-time and 

calculated. 

5.1.1. Timeline and time frames monitored  

The timeline considered for research question three was a full year of 

continuous monitoring, with no intervention. The timeframes considered within the 

study included seasons, months, days of the week and hours of the day. 

5.1.2. Design   

The design of the study consisted of the following steps: 

1) Identifying the ECE centre eligibility zone as described in the 

methodology below and recruiting participating centres. 

2) Sourcing outdoor environment data. 

3) Undertaking building audits. 

4) The measurement of IAQ, including: 

a. Continuous, 24/7 monitoring of IAQ in real-time. 

b. Short term CO2 tracer-gas decay testing in one centre to obtain 

reference values for comparisons with the monitored data of 

those centres and 

c. The calculating of thermal comfort 

5) Measurement of light, including: 

a. Computer simulation of natural light illuminance and daylight 

factors and 

b. Real-time measurement of artificial light. 

6) Measurement of sound, including: 

a. The calculation of reverberation within the classrooms.  





https://data.niwa.co.nz/#/registration




https://www.ero.govt.nz/review-reports/
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reason, using measured areas of acoustic materials from each applicable space being 

studied. 

A building audit of the monitored rooms was completed to capture activities 

within the rooms, as well as building characteristics, occupancy, dust observations 

and cleaning routines. 

Monitoring equipment 

Indoor air quality monitor 

As part of a more extensive IAQ study, Massey University developed a low 

powered, low-cost, indoor environment monitoring instrument. This instrument, 

called a SKOMOBO (SKOol MOnitoring BOx) as seen in Figure 5-3, was used to assess 

the IAQ in this study. Its sensors include CO2, temperature, RH and particulate matter 

(PM2.5 and PM10). It was built using the open-sourced hardware Arduino Pro Mini, 

with test results showing a high correlation to their commercial equivalents (Wang 

et al., 2017). The units were calibrated in October 2017 by Massey University.  

The monitors were also assessed and peer-reviewed (Dong, Prakash, Fen, & 

O'Neill, 2019). However, further research was being conducted at the time of this 

thesis regarding the accuracy of the PM sensor Plant Tower PM3003.  This sensor 

was 1.5% the cost of a commercial grade PM sensor. Early indications of this research 

undertaken by Massey University is that when calibrated against a commercial-grade 

PM sensor, it may be constantly over measuring at 400 µg/m3 at PM1, PM2.5 and 

PM10. At the time that this thesis was submitted this further study had not yet been 

published. Therefore, due to the possible technical constraints of the PM sensor, the 

PM data has been removed from this thesis. 
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mean sea level air pressure was 1,017hPa. The mean wind speed during this same 

period was 14.8km/h.  

 

Figure 5-5 The monthly mean maximum and minimum temperatures (°C)and relative 
humidity (%), at the VCSN weather data point from June 2018 to May 2019. 

The annual rainfall was 1,002mm, and there were 118 wet days. In December 

the highest mean rainfall of 184mm was calculated, though January had the highest 

number of wet days at 17.3, 1.5 days higher than December. May had the lowest 

mean rainfall of 22.30mm with April having the driest month with 12 wet days, 1.5 

days more than May as can be seen in Figure 5-6 below. 

 

Figure 5-6 The monthly mean rainfall (mm) and mean wind speed (km/h), at the VCSN 
weather data point from June 2018 to May 2019. 

The annual weather calculated at VCSN weather point is summarised in Table 

5-2 below. 
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Table 5-2 The monthly and annual mean weather conditions calculated at the VCSN weather data point. 

 

 

2018 2019
Jun-18 Jul-18 Aug-18 Sep-18 Oct-18 Nov-18 Dec-18 Jan-19 Feb-19 Mar-19 Apr-19 May-19 Annual

Mean Accumulative rain mm 212.10     103.70     110.40     42.10       70.70       85.50       184.00     22.80       17.40       77.20       53.80       22.30       1,002.00 
Rainfall % of annual rainfall 21% 10% 11% 4% 7% 9% 18% 2% 2% 8% 5% 2% 100%
Wet days 1mm of rain 17.00       14.00       16.00       10.00       9.00          12.00       12.00       3.00          3.00          8.00          9.00          5.00          118.00     
Mean Wind Speed km/h 4.02          3.83          4.04          4.71          4.21          4.36          4.42          4.82          4.19          3.54          3.34          3.76          4.11          

Mean Relative Humidity % 90.63       91.08       90.06       78.86       78.99       77.00       76.72       75.47       75.73       85.14       83.83       88.97       82.63       
Mean Vapour pressure hPa 11.57       11.16       11.75       11.72       13.00       14.79       17.16       18.73       17.66       18.63       13.83       13.99       14.50       

Mean Max temperature Celcius 15.10       15.41       15.86       16.70       18.50       20.53       22.64       25.13       25.31       24.59       20.14       19.20       19.92       
Mean Min temperature Celcius 7.72          6.52          7.50          9.08          9.25          11.91       15.10       16.98       15.45       14.94       10.53       10.74       11.31       
Mean temperature Celcius 11.41       10.96       11.68       12.89       13.88       16.22       18.87       21.05       20.38       19.76       15.34       14.97       15.61       

Mean Sea level air pressurehPa 1,016.11 1,017.58 1,012.08 1,016.44 1,019.40 1,013.24 1,014.27 1,016.41 1,016.14 1,023.37 1,020.51 1,023.34 1,017.29 

Mean Solar radiation MJ/m2 6.04          7.59          9.96          13.21       18.43       20.11       21.45       24.75       21.64       16.08       13.03       8.80          15.20       
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centre operator. Centre one is owned by the operator of the centre. The most 

recently renovated building was six and a half years ago with the next most recently 

renovated building over nine years ago.  

Centres one and two open every day at 07h00 with Centres three and four 

opening at 07h30. All centres closed by 17h30. 

Table 5-3 Summary of the key characteristics of the four centres 

 

The room occupancy, space per child and sleep room layouts are summarised 

in Table 5-4 below. The mean square meters per child within the classrooms across 

all four centres was 3 m2 and in the sleep rooms 1.8 m2. The mean volume per cubic 

meter was 8.5 m3 and 4.9 m3, respectively.  

In the sleep rooms, there was a mix of stacked, single-level and portable day 

beds for those children under two-years-old with all children over 2 sleeping on 

portable day beds. The use of these cot types determines the layout to the sleep 

rooms as can be seen in Figure 5-8 below. 

Building Characteristics 1 2 3 4
Latest ERO assessment Well placedVery well placedVery well placed Well placed
Age range of children 3 months to 5 

years old
3 months to 5 

years old
3 months to 5 

years old
3 months to 

5 years old
Size of centre: Total number of 
children as per last ERO report

45 100 145 50

Total number of teaching staff 
(Excl administration)

5 14 25 5

Operation time 07h00 to 
17h30

07h00 to 
17h30

07h30 to 
17h30

07h30 to 
17h30

Repurposed building or purpose 
built

Repurposed Purpose BuiltRepurpose Built Repurpose 
Built

Construction type Timber frame 
and cladding

Concrete tilt 
slab

Brick Timber frame 
and cladding

Original purpose of building Public use Not applicable Commercial 
offices

Residential

Age of building 54 11 52 98
Date last renovated 2012 2008 2010 2004
Operating model Building owner 

& operator of 
centre

Leased buildingLeased building Leased 
building
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Table 5-4 A summary of the occupancy of the rooms monitored and the space per child 
including the sleep room layouts 

 

Building Characteristics 1 2 3 4
Age range within room Under twos  0 to 2 years 

old 
 0 to 1 years old  0 to 2 years old  0 to 2 years 

old Over twos (Toddlers)  2 to 3.5 
years old 

 2 to 3 years old 
Over twos (Preschool)  3.5 to 6 

years old 
 3 to 4 years old 

Under twos 12 12 30 10
Over twos (Toddlers) 16 30
Over twos (Preschool) 17 30
Under twos                        3                                3                             8                        3 
Over twos (Toddlers)                        2                             3 
Over twos (Preschool)                        3                                4 

Classroom size (m2) Under twos                 34.9                          40.0                      90.8                 32.7 
Over twos (Toddlers)                 43.0                   101.9               117.0 
Over twos (Preschool)                 43.0                          75.0 

Classroom: Max. m2 per child Under twos                    2.9                            3.3                         3.0                    3.3 
Over twos (Toddlers)                    2.7                         3.4 2.9
Over twos (Preschool)                    2.5                            2.5 
Under twos               125.6                       108.0                   272.4                 88.3 
Over twos (Toddlers)               116.1                   305.7               315.8 
Over twos (Preschool)               116.2                       202.5 
Under twos                 10.5                            9.0                         9.1                    8.8 
Over twos (Toddlers)                    7.3                      10.2                    7.9 
Over twos (Preschool)                    6.8                            6.8 

Sleep room size (m2) Under twos                          13.0                      55.0                    9.7 
Over two years old                      34.3 

Sleep room: Max. m2 per child Under twos                            1.4                         2.9                    1.4 
Over two years old                         1.6 
Under twos                          35.1                   148.5                 26.3 
Over two years old                      92.5 

Number of cots/sleep beds Under twos 9                          19                    7.0 
Over two years old                          22 
Under twos                            3.9                         7.8                    3.8 
Over two years old                         4.2 

Sleep room: Type of cots Under twos  Predominantly 
stacked 

 Single level 
costs & 
Portable day 
bed 

 Single level 
cots 

Over two years old  Portable day 
bed 

Max. number of children per 
classroom

Min. number of teachers per 
classroom as per MoE 
requirements

 3 to 5 years 
old 

40

Classroom: Volume (m3)

4

Classroom: Volume per child at 
maximum capacity (m3)

Sleep room: Volume (m3)

Sleep room: Volume per child at 
maximum capacity (m3)
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5.5.3. Indoor air quality 

The thirteen SKOMOBOs were installed as defined in the methodology. An 

example can be seen in Figure 5-9 below. The monitors were left in place until the 

end of May 2019 with the data being successfully collected in June 2019.  

 

Figure 5-9 Installation of a SKOMOBO monitor in one of the centres 
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Figure 5-14 A line chart of the mean and median indoor daily temperature (°C ) and relative 
humidity (%) of all the classrooms and sleep rooms over twenty-four-hours across by the days 
of the week, Monday to Sunday. 

 

Figure 5-15 summarises the percentage of time thermal comfort, RH comfort and 

comfort cone were achieved across all rooms over the duration of the study. It shows 

that during operating hours, the classrooms and sleep rooms achieved a thermal 

comfort of 88% and 80% of the time, respectively. Thermal comfort is the 

temperature between 18°C and 25°C as defined by DQLS: Indoor air quality and 

thermal comfort (MoE, 2017a). The classrooms and sleep rooms achieved RH 

comfort of 74% and 66% respectively over the same period. The RH comfort is the 

RH between 30% and 65% as defined by the EPA minimum recommend RH level 

(United States Environmental Protection Agency, 2017b) and the maximum RH level 

as defined DQLS: Indoor air quality and thermal comfort (MoE, 2017a). The 

combination of the thermal and RH comforts is the comfort zone (ASHRAE, 2017), 

which was achieved 66% of the time in the classrooms and 55% of the time in the 

sleep rooms.  
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Figure 5-15 The percentage of time thermal comfort, relative humidity comfort and comfort zone were achieved across all rooms over the duration of the study. 

.
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During operating hours, the classrooms remained above 16°C for 99% of the 

time and the sleep rooms 97% of the time as can be seen in Table 5-9. Both the 

timber-framed with natural ventilation and non-timber framed with mechanical 

ventilation classrooms achieved the comfort zone 66% of the time.  Winter had the 

lowest comfort zone achieved across all the room types at 51% of the time closely 

followed by Autumn at 52% with Spring the highest the comfort zone achieved of 

71% of the time. 

Table 5-9 The percentage of time the classrooms and sleep rooms achieved a temperature 
greater or equal to 16°C and less or equal to 25°C,  the temperature comfort, relative 
humidity (RH) comfort and comfort zone by room type, construction type and by season.  

 

The Pearson correlation coefficient where the correlation is significant at 

0.001 level (2-tailed) shows that during operating hours there is a negative 

correlation between the indoor temperature and the indoor RH, r (1768040) = -

0.301, p = 0.001. As per Table 5-10 the strongest negative correlation is in Winter in 

the non-timber constructed buildings with mechanical ventilation, r (191743) = -
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As seen in Table 5-11 below, there is a moderately weak positive correlation 

between the indoor temperature across all rooms and the outdoor mean day 

temperature, r(1768040) = 0.369, p = 0.001 and a weak negative correlation 

between the indoor temperature and the outdoor RH, r(1768040) = -0.117, p = 

0.001. There is a moderately weak positive correlation between indoor RH and the 

outdoor temperature r(1768040) = 0.210, p = 0.001 and between the indoor RH 

across all rooms and outdoor RH, r(1768040) = 0.088, p = 0.001 though this 

correlation is very weak.  

Table 5-11 The correlations between the indoor temperature and relative humidity and the 
outdoor temperature and relative humidity during the operating hours of 07h00 to 17h30 
Monday to Friday. 

 

The positive correlation between the indoor temperature and the outdoor 

mean day temperature is relatively stronger in the classrooms of the buildings that 

are of timber construction and naturally ventilated, r(1768040) = 0.472, p = 0.001 as 

seen in Table 5-12. The positive correlation in those classrooms that are of non-

timber construction with mechanically ventilated is moderately weak in comparison, 

r=(1768040) = 0.236, p = 0.001, Table 5-13. 

Table 5-12 The correlation between the indoor temperature and indoor relative humidity 
and the outdoor temperature and outdoor relative humidity of the timber constructed 
classrooms with natural ventilation during the operating hours of 07h00 to 17h30 Monday 
to Friday. 

 

Table 5-13 The correlation between the indoor temperature and indoor relative humidity and 
the outdoor temperature and outdoor relative humidity of the non-timber constructed 
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Ventilation 

As summarised in Table 5-14 below, Centres one and four were naturally 

ventilated with Centres two and three predominantly mechanically ventilated. The 

mechanical ventilation in Centres two and three were mixed air recovery systems 

where the current air is recirculated around the centre via the air ducts with a 

proportion of fresh air being drawn in and added to the mix. The building consent 

documentation for these two building contains a producer statement that the 

ventilation complies with NZS 4303:1990 Ventilation for acceptable indoor air quality 

(Standards NZ, 1990) and the annual building warrant of fitness includes certificates 

that verify that the current ventilation system has been maintained and complies 

with NZS 4303:1990 Ventilation for acceptable indoor air quality (Standards NZ, 

1990).  

The natural ventilation in the classrooms of Centre one and four was 

calculated to an average of 14% of openable windows and doors to floor area. As an 

indication of how deep plan these classrooms are, the average width to depth ratio 

was calculated at 1:2.1.  

During the day across all centres, the doors to the playground predominantly 

remain open, with the internal doors to the rest of the building predominantly closed 

for the safety of the children. These internal doors were only opened when someone 

was entering or exiting that classroom. The windows in one and four are rarely 

opened with the windows in centre two and three never opened. Any openable 

windows in the sleep rooms were never opened. 

Table 5-14 A summary of the ventilation characteristics of the centres 

 

Building Characteristics 1 2 3 4
Ventilation type Natural Dominantly-

mechanical
Dominantly-
mechanical

Natural

Under twos 13% 20%
Over twos (Toddlers) 10% 9%
Over twos (Preschool) 17%
Under twos                    0.7                    1.0 
Over twos (Toddlers)                    3.6 1.9
Over twos (Preschool)                    3.1 
Under twos  10h30 to 

15h00 
 10h00 to 

15h00 
 10h00 to 

15h00 

Over two years old  11h00 to 
13h00 

Width to depth ratio from the 
playground or predominate 
natural light source

Classroom: % of external 
openable windows and doors to 
floor area walls

Sleep room: Operating hours
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Table 5-16 Measured CO2 concentrations by sleep room by the hour of the day during the 
sleep rooms operating hours from 10h00 to 15h00 Monday to Friday. 

 

 

During operating hours, the CO2 concentrations from Monday to Friday are mostly 

constant across both the classrooms and the sleep rooms except for more outliers 

on a Thursday as can be seen in Figure 5-20 below. 

 Hour of 
the day  Mean  Median 

 Std. 
Deviation 

 
Minimum  Maximum 

10:00 1,042         1,050        307           396         2,640        
11:00 1,275         1,310        382           396         2,479        
12:00 1,563         1,589        507           395         2,806        
13:00 1,629         1,684        537           396         2,844        
14:00 1,379         1,356        494           395         2,908        

Mean 1,378         1,398        445           396         2,735        

10:00 496             492            45              390         702            
11:00 545             535            71              390         796            
12:00 572             573            60              388         877            
13:00 525             523            52              389         954            
14:00 496             494            46              389         876            

Mean 527             523            55              389         841            

10:00 468             460            57              392         2,117        
11:00 678             499            323           392         1,936        
12:00 1,044         1,106        366           392         2,110        
13:00 994             937            345           391         1,959        
14:00 673             631            179           389         1,638        

Mean 772             727            254           391         1,952        

10:00 863             838            262           397         1,929        
11:00 1,123         1,145        376           395         2,168        
12:00 1,415         1,454        429           392         2,592        
13:00 1,445         1,496        413           392         2,608        
14:00 1,304         1,320        402           389         2,599        

Mean 1,230         1,251        376           393         2,379        
All sleep rooms 977             975            283           392         1,977        

Centre 4, Under 2s 
sleep room

Centre 3, Over 2s 
sleep room

Centre 3, Under 2s 
sleep room

Centre 2, Under 2s 
sleep room

 CO2 concentration 
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Figure 5-20 A box plot of the CO2 concentration by the day of the week during operating hours 
07h00 to 17h30 Monday to Friday. 

The mean daily CO2 concentration across all centres over a twenty-four-hour 

period from Monday to Friday was 578 ppm. As can be seen in Figure 5-21, this falls 

to 428 ppm over the weekend, almost to the level of the outdoor CO2 concentration 

level recorded at 410 ppm. 
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Figure 5-21 A line chart of the mean indoor CO2 concentration over twenty-four-hours for all 
classrooms and sleep rooms by the day of the week, Monday to Sunday.  

Like the temperature and RH, the CO2 concentration over a twenty-four-hour 

period during the week is cyclical in nature, increasing through the operating day and 

then slowly decreasing during the night when the centres are closed, and the 

mechanical ventilation is off in those centres with mechanical ventilation. As can be 

seen in Figure 5-22 below, the CO2 concentration in the classrooms begins to rise as 

the teachers and children start to arrive from 7.00 to 7.30 am, then dips when the 

older children go outside to play late morning, and the younger children go for their 

morning sleep. It then rises again when the older children come in for lunch, and the 

younger children wake up. It then begins to fall again as the children go outside in 

the afternoon and continues to fall as the children are picked up and taken home. 

The CO2 concentration in the sleep room begins to climb as the children go for their 

mid-morning sleep and begins to fall as the children wake up after a one to two-hour 

sleep. 
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Figure 5-23 The percentage of time CO2 was below 1500ppm and 1200ppm across all rooms. 
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The Pearson correlation coefficient where the correlation is significant at 

0.001 level (2-tailed) shows that overall during operating hours there is a weak 

positive correlation between CO2 concentration and indoor temperature, 

r(1,768,042) = 0.026, p = 0.001 and to RH, r(1,768,042) = 0.192, p = 0.001. The 

correlation between CO2 concentration and RH was stronger, however, when 

analysed by season in Table 5-17, in Winter there is a relatively strong positive 

correlation that exists between the CO2 concentration and temperature in timber 

constructed buildings with natural ventilation, r (143,349) = 0.444, p = 0.001. 

Conversely there is a weak negative correlation in non-timber constructed buildings 

with mechanical ventilation, r (143,349) = -0.027, p = 0.001. In Summer these 

correlations reverse to a moderately weak negative correlation in the timber 

constructed buildings with natural ventilation, r (224,517) = -0.357. In the non-

timber constructed buildings with mechanical ventilation there is very weak positive 

correlation r (224,517) = 0.068, p = 0.001. 

Table 5-17 The correlations between the indoor CO2 and temperature by construction type 
and season during the operating hours of 07h00 to 17h30 Monday to Friday. 

 

There are moderately strong correlations between CO2 concentration, and 

RH is in Winter and Spring in both types of buildings, as seen in Table 5-18. In Winter 

in timber buildings with natural ventilation, r (143,349) = 0.173, p = 0.001 and non-

timber buildings with mechanical, r (188,289) = 0.341, p = 0.001 respectively and in 

Spring, r (310,793) = 0.365, p = 0.001 and r (283,524) = 0.333, p = 0.001 respectively. 

Timber 
construction type

Non-timber 
construction type

Timber construction 
type

Non-timber 
construction type

Spring .049 0.76 .001 .001
Summer -.357 .068 .001 .001
Autumn .022 .188 .001 .001
Winter .444 -.027 .001 .001

Correlations - CO2 concentration and temperature

Pearson correlation Sig. (2-tailed)



Chapter 5 Research question three       148 
___________________________________________________________________ 

  

Table 5-18 The correlations between the indoor CO2 and relative humidity by construction 
type and season during the operating hours of 07h00 to 17h30 Monday to Friday. 

 

The negative correlation between CO2 concentration, temperature and RH 

in Summer; and the positive correlation in Winter can be seen in the Psychrometric 

charts below of Centre one, Figure 5-24 and Figure 5-25 below. 

Timber 
construction type

Non-timber 
construction type

Timber construction 
type

Non-timber 
construction type

Spring .365 .333 .001 .001
Summer -.015 -.133 .001 .001
Autumn .072 .206 .001 .001
Winter .173 .341 .001 .001

Correlations - CO2 concentration and relative humidity
Pearson correlation Sig. (2-tailed)
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Figure 5-24 A psychrometric chart for Centre one's over the two-years-old  classroom in Summer with CO2 concentration overlaid on the secondary y-axis. 
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.  

Figure 5-25 A psychrometric chart for Centre one's over two-years-old  classroom in Winter with CO2 concentration overlaid on the secondary y-axis. 
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CO2 tracer-gas decay 

The CO2 tracer-gas decay tests were performed in the three rooms being 

monitored in Centre two. These three rooms were well-defined, enclosed rooms that 

were predominantly mechanically ventilated. The other centres were, however, not 

tested as a baseline CO2 level would have been difficult to achieve. Centre one had 

half stable doors to the corridors and bathrooms that could not be easily sealed up, 

in addition to an awkward U-shaped plan. Centre four was an open-plan centre, and 

Centre three had the largest of all the rooms considered. 

The tests were performed in Centre two on 3rd June 2018 over a weekend 

when the rooms were unoccupied. The tests were completed over the weekend due 

to the time taken to complete the tests and the rooms needing to be unoccupied 

during this time as can be seen in Figure 5-26. 

Two scenarios were tested in each room. The first scenario was designed to 

test the minimum level of ventilation within the room, and the second scenario was 

designed to test the normal operating setting of the mechanical ventilation within 

the room.  
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Table 5-23 The mean lux levels by classroom by height measured 

 

These measurements were taken in accordance with the methodology laid 

out in Section 5.2.2, as seen in Figure 5-33 below.      
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Figure 5-33 The masking tape grid laid out in one of the centres at 1m intervals and numbered 
prior to the measurements being taken. 

All the measured points on the grid met or exceeded 20 lux at floor level. 

Presented in Table 5-24 below are the results in terms of the percentage of time they 

met or exceed 240 lux, 300 lux or 320 lux at the three heights measured. 

Overall the results were mixed with the lowest results measured in Centre 4 

across all rooms and heights. The highest results were measured in Centre two with 

stronger results at 240 lux then falling away to lower levels the closer to the floor the 

measurements were taken. 

 



Chapter 5 Research question three  165 
____________________________________________________________________________________________________________________ 

Table 5-24 The percentage of time the measured points on the grid met or exceed 240 lux, 300 lux and 320 lux at floor level and 0.5m and 0.8m AFFL in the 
classrooms. 
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The results from the RT60 Acoustic Reverb Calculator are presented in Table 

5-26 and Figure 5-34 below. Centres two and three had the lowest result across all 

frequencies calculated with Centres one and four having the highest.  

Table 5-26 The average reverberation results in seconds (s) of the probable, worst and best 
case calculated by centre.  

 

 

Figure 5-34 A line graph of the reverberation results showing the average of the probable, 
worst and best case calculated for each centre. 

Sources of constant internal mechanical background noise observed included 

heat pumps in Centres one, three and four and a bathroom extraction fan in Centre 

four was particularly noticeable. Once the heat pumps and extraction fans were 

turned off, there was a noticeable drop in how loud occupants were talking.
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Natura l  l ight 1 2 3 4 5 6 7 8 9
G7.2 Natural light, Functional requirement -  visual awareness 
of outside environment

Legislative requirement
No No No No Yes Yes Yes Yes No

G7.3.1 Natural light, Performance - No less than 30 lux at floor 
level for 75% of the standard year

Legislative requirement
No No No No No Yes No Yes No

G7/AS1 1.0.1 a) Natural light, Acceptable solution - Windows 
are no less than 10% of floor area

Building Code 
acceptable solution Yes Yes Yes No Yes Yes Yes Yes No

Ministry of Education DQLS: Lighting - Daylight factor of �H��2 Ministry of Education 
school guideline

No No No No No No No No No

Arti f icia l  l ight

G8.3 Artificial light - no less than 20 lux at floor level Legislative requirement Yes Yes Yes Yes Yes Yes Yes Yes Yes
Interior and workplace l ight

NZ1680.2.3:2008 - Interior and Workplace Lighting Part 2.3: 
Specific Educational and Training Facilities Series Appendix D - 
320 lux at 0.8m above floor level for reading rooms;
Ministry of Education  DQLS Spaces: Lighting - between 300 to 
500 lux in classrooms and
The  Licensing criteria for centre-based education and care 
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Table 5-28 A summary table assessing the sleep rooms within this study against NZBC, 
Standards and guidelines relevant to this study. 

 

  

Bui lding characteris t ics 1 2 3 4
Education (Early childhood services) Regulations 2008 - classroom 
space standards

Legislative requirement
N/A N/A N/A N/A

Licensing criteria for centre-based education and care services 
2008 (updated May 2016) - Amenities provided

Ministry of Education ECE 
guideline

Yes Yes Yes Yes

Thermal  comfort

G5.3.1 - Indoor environment -  �H 16
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a slightly deeper plan in relation to the playground door at a ratio of 1:3.6 versus 

1:3.1 as seen in Figure 5-35. This indicates that the windows running down the length 

of the room are not being opened. It also indicates that the depth of the room from 

the playground door is further limiting its natural ventilation, with the ventilation not 

reaching the back of the room as effectively as it is in the other almost identical room. 
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Currently there is no specific ECE interior and workplace lighting building 

code,  standard or guideline other than the special consideration for young observers 

in the NZ Standard AS/NZ 1680.2.3:2008 Interior and Workplace Lighting Part 2.3: 

Specific Educational and Training Facilities Series Section 3.2 (Standards NZ, 2008a, 

p. 8) and The Licensing criteria for centre-based education and care services 2008 

(updated May 2016) statement in section PF12 (MoE, 2016, p. 14). 

The artificial lighting levels measured at 0.5m and 0.8m were therefore 

assessed against AS/NZ 1680.2.3:2008 Interior and Workplace Lighting Part 2.3: 

Specific Educational and Training Facilities Series Appendix D (Standards NZ, 2008a). 

This standard recommends 320 lux (maintained) at 0.8m AFFL in classrooms used for 

reading. This standard is aligned with the MoE DQLS Spaces: Lighting guidelines that 

recommend 300 to 500 lux in classrooms (MoE & BRANZ, 2007). 

Two of the six classrooms measured in Centres two to four met AS/NZ 

1680.2.3:2008 Interior and Workplace Lighting Part 2.3 Appendix D with average lux 

levels across the room of 391 and 396 lux. The two classrooms in Centre three fell 

on average 20% below the recommended level with the classrooms in Centre four 

falling on average 50% below.  

If it was to be assumed that a more appropriate working plane height for ECE 

children was 0.5m as set out in section 5.2.2, then again, the same two classrooms 

would meet the standard, and the remaining classrooms would fall further below the 

recommended standard. Similarly, if floor level was assumed for under two-year-

olds, only one classroom would meet the requirements with the other classrooms 

falling on average 39% below the standard. If a lower lux level of 240 lux was assumed 

at 0.8m AFFL, then only one additional classroom would meet the standard. Similarly, 

if 240 lux AFFL was assumed and the working plane was set at floor level then again 

only one additional classroom would meet the standard.  

AS/NZS 1680.1:2006 Interior and workplace lighting part 1: General principles 

and recommendations (Standards NZ, 2006) recommended flicker-free lamps. Non-

visible flicker was possibly recorded across all four centres. Further investigation 
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then reconciled against each table and the number of questions to ensure that all 

pages had been collected and that none were missing. 

The feedback and comments were then transcribed into a large Microsoft 

Word document by table number, then by question, to record the flipcharts. This 

Word document was printed and resorted by question, then by table number. 

Subsequently, each question was analysed using the scissor-and-sort qualitative 

technique (Stewart, Shamdasani, & Rook, 2007). This process was iterative, as can 

be seen in Figure 8-3. It began with the researcher reading through the material 

enough times to develop major themes and initial topics within those themes. The 

material was then colour-coded to classify it against each theme using highlighters 

and sticky notes. The material in each theme was reviewed and classified into the 

topics within that theme. This codification was then applied to a copy of the 

electronic transcript material. Once updated, the material was again resorted and 

reprinted. Each topic was compared and contrasted to consolidate where they 

overlapped or split into new topics. The revised electronic transcript was then 

updated and reprinted. These themes and topics were analysed once more and 

validated against the revised transcript. Once the validation was complete, the 

interpretative analysis was developed into a final report. 
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Figure 8-3 A summary of the symposium data management and analysis based on the scissor-
and-sort technique (Stewart et al., 2007). 

  










































































