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Abstract: Indoor environmental quality (IEQ) has been found to influence children’s health and be- 13 

haviour, particularly conditions such as attention deficit hyperactivity disorder (ADHD). This re- 14 

search aimed to ascertain whether housing IEQ impacted symptoms of ADHD and related behav- 15 

iours. This study involved 435 parents of children and adolescents (aged 5-17) with ADHD residing 16 

in Australia. We utilised an online survey tool comprising the home version of the ADHD Rating 17 

Scale for Children and Adolescents and the Housing Environmental Quality Assessment Tool. The 18 

findings revealed that all housing IEQ factors were associated with both diagnosis and severity of 19 

symptoms. Results indicated that, for over one in ten children with ADHD (13.3%), the diagnosis 20 

was impacted by a collective contribution of air quality, acoustic quality, lighting quality, and ther- 21 

mal comfort within their home. Air quality and thermal comfort predicted a 4% variance in the 22 

severity of inattention. Additionally, air and lighting qualities predicted a 9.7% variance in the se- 23 

verity of hyperactivity-impulsivity, and all the factors of air quality, acoustic quality, lighting qual- 24 

ity, and thermal comfort predicted a 10.9% variance in the severity of combined ADHD. In conclu- 25 

sion, this research provided insights into the importance of housing features and suggests 26 

that improving housing indoor environmental quality, mainly thermal comfort, air, and 27 

lighting quality, could positively correlate with alleviating ADHD symptoms and severity 28 

among children and adolescents. Therefore, ensuring appropriate indoor environmental quality 29 

should be prioritised in housing design, modification, and building, especially for those with ADHD. 30 
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 32 

1. Introduction 33 

Indoor Environmental Quality (IEQ) is the environmental conditions inside a build- 34 

ing and their impacts on its occupants’ mental and physical health, comfort, satisfaction, 35 

productivity, safety, and security [1, 2]. These conditions are also considered significant 36 

factors influencing occupants’ assessment of their quality of life [3] and include air quality, 37 

noise, lighting, and thermal comfort [4]. Therefore, IEQ has become a significant public 38 

health issue.  39 

IEQ has attracted more attention as people have been staying indoors longer [5]. Es- 40 

pecially, during the recent COVID-19 pandemic, due to lockdowns, quarantine, isolation, 41 

and other social restrictions, people remained indoors even longer than in pre-covid times, 42 

thereby having more exposure to the influences of indoor environmental quality [6, 7]. 43 

Research has shown that generally, Australians spend around 90% of their time indoors 44 



Sustainability 2021, 13, x FOR PEER REVIEW 2 of 26 
 

[8].  Children, while growing up, also spend most of their time (approximately 70%-85%) 45 

within their home environment [10-12]. 46 

Wyon and Wargocki [13] reported that adverse impacts of a poor indoor environ- 47 

ment could be up to 10% for adults and over 20% for children. This shows that children 48 

are more sensitive to the adverse influences of indoor environmental quality while their 49 

organs and tissues are still actively developing [14, 15].  50 

However, most existing Australian housing was designed and built considering the 51 

average user, a healthy, young, adult man [16-18]. Building regulations, therefore, need 52 

to be faster to recognise people with different abilities. This is especially so for children 53 

with different cognitive abilities, such as those diagnosed with attention-deficit/hyperac- 54 

tivity disorder (ADHD), who are extra sensitive to impacts from their everyday surround- 55 

ings and home environment [19].  56 

To address this gap, this project aimed to identify housing indoor environmental 57 

quality adversely impacting children’s ADHD symptoms and behaviours. The findings 58 

are expected to contribute to the principles of potential housing characteristics that pro- 59 

vide as supportive an environment as possible for these children. 60 

ADHD is the most frequently diagnosed behavioural and neurodevelopmental dis- 61 

order in childhood [20], characterised by one or more core symptoms of inattention, im- 62 

pulsivity, and hyperactivity [21, 22]. As many as 75% of children with ADHD are likely to 63 

report at least one other psychiatric condition (also referred to as a comorbid condition) 64 

[23, 24], such as anxiety, depression, sleep disorders, learning disabilities, and autism [25- 65 

28]. 66 

Today, ADHD impacts more children worldwide and occurs across different cultures, 67 

races, socioeconomic status, and intelligence levels [29]. The prevalence of ADHD has 68 

risen substantially in recent decades, labelled by the Centers for Disease Control and Pre- 69 

vention (CDC) as “a serious public health problem” [30]. A meta-regression analysis of 70 

international epidemiological research has shown a worldwide pooled ADHD prevalence 71 

of 5.3% in 2007 [31]. While a more recent meta-analysis of 175 research studies worldwide 72 

in 2015 found a growth in ADHD prevalence to 7.2% (roughly 129 million) among chil- 73 

dren aged 18 and under [32]. 74 

Children with ADHD are extra sensitive to their environment [33]. Because of their 75 

sensory dysfunction, they are also influenced by their physical and social environments, 76 

such as through emotional, visual, and auditory effects [34-36]. That is, they experience 77 

significant difficulty remaining focused in an environment with various sensory inputs, 78 

which has a far-reaching impact on their capabilities and mental wellbeing [19]. This sug- 79 

gests that the home’s indoor environmental quality can significantly impact their health 80 

and daily life. 81 

Exposure to poor IEQ can cause short-term (e.g. allergies, asthma) and long-term (e.g. 82 

cardiovascular problems, acute respiratory disease, skin infection) effects [1, 37-40], with 83 

links to physical and mental health impacts [41]. Behaviour toxicity is also caused by un- 84 

desirable effects of poor IEQ, such as indoor air pollutants and certain building materials 85 

that release chemicals or use gas for cooking [42, 43]. 86 

Several behavioural toxins and hazardous materials (e.g. lead, mercury, and manga- 87 

nese) impact psychological wellbeing and are linked to the symptoms of anxiety and de- 88 

pression [44]. Many studies about behavioural toxins, including heavy metals, pesticides, 89 

and solvents, have also centred around neurological and cognitive effects [45]. An exam- 90 

ple is cognitive deficits related to early childhood lead exposure [46]. Lead obstructs self- 91 

regulatory behaviour in children (such as focused concentration and frustration tolerance), 92 

which is associated with behavioural issues and conduct disorder (e.g. yelling, fighting, 93 

and other forms of aggression) [47, 48]. Exposure to heavy metals (e.g. lead, manganese, 94 

zinc, molybdenum) has also been explicitly linked to ADHD and learning disorders in 95 

school-aged children [49-51]. 96 

A meta-analysis of 27 articles with over 3 million subjects about air pollutants caused 97 

by smoke found that even prenatal exposure to maternal smoking during pregnancy or 98 
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smoking termination during the first three months of pregnancy were significantly asso- 99 

ciated with childhood ADHD after controlling for socioeconomic status and parental psy- 100 

chiatric history [52]. High levels of carbon dioxide in the air, produced by human respira- 101 

tion, can cause headaches, drowsiness, and concentration problems [53]. A study on eight 102 

different European schools (n ≈ 800) observed that higher carbon dioxide levels in class- 103 

rooms, caused by poor ventilation, reduced students’ concentration and performance on 104 

tests and increased students’ complaints of health issues [54].  105 

Noise exposure also disrupts health and mental wellbeing. Research has found a 106 

dose-response relationship between traffic noise and psychological distress among chil- 107 

dren [55]. It has also revealed that airport noise adversely influenced children’s and adults’ 108 

psychological wellbeing [56, 57]. Other studies have also shown that different sound lev- 109 

els can affect children’s ability to concentrate [58-60], and lower noise levels can increase 110 

children’s capacity to focus [61]. More specifically, research has indicated the significance 111 

of acoustic quality for people with neurological, attention, and cognitive impairments 112 

such as ADHD and autism spectrum disorder (ASD). For example, Tufvesson [62] found 113 

that one of the environmental factors affecting children’s attention was interior acoustic 114 

issues such as background noise and sound filtration (e.g. sound filtrated into a room). 115 

Mostafa [63] mentioned that if a space requires high acoustical quality, such as a bedroom 116 

or study room, it may be preferable to reduce the openings in number and size. The win- 117 

dows themselves should be double- or triple-glazed. 118 

In this regard, Evans [64] showed that levels of illumination, especially the amount 119 

of daylight exposure, affect psychological wellness. In a study of design considerations of 120 

an ideal classroom environment for children with ASD, high-level glazing windows (to 121 

prevent unwanted sunlight and glare), lighting type (dimmable, not fluorescent), volu- 122 

metric expression, background noise, and quiet rooms were found to be highly significant 123 

[65, 66]. Studies have revealed that both artificial light [35, 67, 68] and daylight [62, 69] 124 

impact the attention and behaviour of children. Lighting is also referred to in several ‘au- 125 

tism-friendly’ design guidelines, most frequently about avoiding fluorescent lighting and 126 

glare [70-73]. Similarly, Mostafa [63] showed that the type of artificial lighting is important 127 

and those with ADHD report high sensitivity to strong light. Other research has also 128 

found that classrooms with exposed fluorescent lighting increased hyperactive behav- 129 

iours (fidgeting, lack of concentration) among children with ADHD [74]. Both the flicker- 130 

ing light and the low humming sound that fluorescent lighting emits cause visual and 131 

auditory issues creating a disturbing luminous environment for these children and in- 132 

creasing their hyperactive behaviours [63]. 133 

Research has shown that natural light, especially morning light, is preferable to pro- 134 

vide adequate lighting in an area for children with ADHD to recover their symptoms. 135 

Morning light therapy improves circadian rhythm sleep disorders and shifts sleep toward 136 

an earlier circadian timing [75]. Cross-states (49 U.S. states) and multinational (9 non-U.S. 137 

countries) studies found that the prevalence of ADHD is less in zones with higher expo- 138 

sure to solar intensity (particularly morning light) after controlling for demographic, so- 139 

cioeconomic and perinatal (e.g. low birth weight and infant mortality) factors [76]. How- 140 

ever, lighting should be used indirectly to reduce distractibility [63, 77]. Direct or too much 141 

daylight has been shown to cause distraction and interrupt children’s concentration, es- 142 

pecially in areas where focus and attention are essential [78]. 143 

A few studies have examined the links between mental health and thermal comfort. 144 

In a study on European housing, Bonnefoy et al. [79], found a relationship between de- 145 

pression/anxiety and residing in a home with insufficient protection against exposure to 146 

external factors, such as cold and draughts, in addition to noise and lack of light. Research 147 

on 21 Dutch school buildings revealed that children’s health and comfort in their class- 148 

room environment were mainly influenced by noise and smell, followed by sunlight and 149 

temperature [80]. Higher temperature and humidity increased students’ reports of dis- 150 

comfort, and their attainment and task performance declined as concentration spans re- 151 

duced [81]. Regarding children with ADHD, it has been assumed that a hyperactive 152 
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individual may require a cooler environment than a less active or sedentary one [63]. 153 

However, not enough research has been done on ADHD and thermal comfort. 154 

3. Materials and Methods 155 

This study employed an observational design where ADHD diagnosis outcome and 156 

the IEQ exposures of survey participants were examined to assess the indoor environmen- 157 

tal quality within the home setting, targeting the population of children and adolescents 158 

with ADHD in Australia. Data was collected from 435 participants through a random 159 

sampling technique by administering an anonymous (self-administered) online question- 160 

naire on relevant organisations’ web pages, social media, and online community plat- 161 

forms. Participants were parents (including a few legal guardians and carers) of children 162 

and adolescents (5-17 years of age) with a diagnosis of ADHD residing in Australia. 163 

Two instruments were used in this study for data collection: 1) the Housing Environ- 164 

mental Quality Assessment tool (HEQAT) for measuring home indoor environmental 165 

quality, including air quality, acoustic quality, lighting quality, and thermal comfort. 2) 166 

The ADHD Rating Scale-IV for Children and Adolescents (Home Version) [82] to evaluate 167 

the diagnosis of ADHD and the severity of symptoms among children and adolescents. 168 

The core symptoms of ADHD diagnosis were evaluated, including inattention (IA), hy- 169 

peractivity/impulsivity (HI), and combined ADHD type (COM), as well as ADHD with 170 

comorbid conditions that parents reported.  171 

A control group was also included in this study for making comparisons. It com- 172 

prised children and adolescents whose ADHD scores on the ADHD Rating Scale did not 173 

reach the cut-off point of inattention and/or hyperactivity-impulsivity scores based on the 174 

user manual guide for scoring. The severity of ADHD symptoms was measured in per- 175 

centiles. 176 

The research analyses were carried out using IBM SPSS Statistics software. Chi- 177 

Square (x2) test or Fisher’s exact test and one-way ANOVAs were used to compare the 178 

difference in housing environmental quality factors associated with the diagnosis of 179 

ADHD symptoms. Univariate analyses of variances and Pearson’s Correlation Coefficient 180 

were conducted to explore the relationship between housing environmental quality fac- 181 

tors and the severity of ADHD symptoms. Multinomial Logistic Regression and Stepwise 182 

Linear Regression analyses were performed to evaluate the predictive power of IEQ fac- 183 

tors for ADHD diagnosis and ADHD severity and to explore the most significant contrib- 184 

uting co-variates within the regression models. 185 

4. Data Analyses and Results 186 

Housing IEQ was measured by both objective and subjective format questions relat- 187 

ing to four aspects: air quality, acoustic quality, lighting quality, and thermal comfort. To 188 

explore their relationship with an ADHD diagnosis and the severity of symptoms (as de- 189 

pendent variables), 13 items were entered into the analyses. These items studied each as- 190 

pect of IEQ from different viewpoints, including the ratings of their suitability and the 191 

level of controllability. The associations of relevant issues were also explored. Subjective- 192 

format questions such as the rate of suitability were measured using 5-point Likert scales 193 

with the choices from very unsuitable to very suitable. Objective-format questions such as 194 

level of controllability or relevant issues were measured using multiple-choice questions 195 

and required participants to identify attributes or conditions at home such as the presence 196 

or absence of specific items. Additionally, the direction of the windows of the home’s main 197 

living area was considered in evaluating the quality of natural lighting and the amount of 198 

sunlight exposure in the home. However, the studied housing IEQ parameters were not 199 

measured on the site by the researchers as the survey was conducted in the form of an 200 

anonymous (self-administered) online questionnaire. 201 

Before conducting inferential analysis, descriptive analysis was performed, and the 202 

normality of data distribution was tested. Table 1 presents the descriptive analysis 203 
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including frequency statistics of the research variables indicating a symmetrical distribu- 204 

tion of the data. 205 

Table 1. Descriptive analysis: frequency statistics of research variables. 206 

Research Var-

iables 

Central Tendency Dispersion Distribution 

Mean Median Mode 
Std. Devi-

ation 
Variance Range Skewness Kurtosis 

ADHD Diag-

nosis 
2.63 3.00 3.00 1.17 1.37 4 -.925 -.054 

IA Severity 3.29 3.31 3.66 .951 .905 4.52 .148 -.038 

HI Severity 3.34 3.47 3.66 1.24 1.55 5.83 -.475 .089 

COM Severity 3.59 3.47 5.29 1.04 1.09 4.74 .077 -.677 

IEQ 3.66 3.60 3.60 .643 .414 3.20 -.059 -.239 

4.1. ADHD and air quality 207 

There was a borderline significant relationship between ADHD diagnosis in children 208 

and air quality issues within the home (Fisher’s Exact Test = 8.56, p = .056), indicating that 209 

children with ADHD and comorbid conditions were more likely to report unpleasant 210 

odours (14.1%) and less likely to report the absence of unpleasant odours (85.9%) (Appen- 211 

dix A1). It was also found that children of parents who reported stuffy or stale air within 212 

the home environment scored lower on the inattention severity compared to children of 213 

parents who did not report such air conditions (Table 2, Appendix A2). 214 

Regarding the controllability of air quality, there was a significant difference between 215 

using a vacuum cleaner in the home and the severity of inattention, hyperactivity-impul- 216 

sivity, and combined ADHD type (Table 2). The severity of ADHD symptoms was signif- 217 

icantly higher in those residing in homes where a vacuum cleaner was not used compared 218 

to homes where a vacuum cleaner was used (Appendices A3-A5). Having indoor plants 219 

also showed a borderline significant association with lower severity of hyperactivity-im- 220 

pulsivity, indicating that hyperactive-impulsive children who had indoor plants within 221 

their home showed milder symptoms than those who did not have indoor plants (Table 222 

2, Appendix A6). 223 

Table 2. Relationship between air quality and severity of ADHD symptoms. 224 

Air quality ADHD severity N df F 

Mean 

Differ-

ence 

Std. Er-

ror 
Sig. 

Stuffy or stale air Inattention 387 1 4.91 .275 .124 .027 

Vacuum cleaner 

Inattention 386 1 6.92 .638 .242 .009 

Hyperactivity-im-

pulsivity 
385 1 18.56 1.379 .320 .000 

Combined ADHD 386 1 20.97 1.202 .262 .000 

Indoor plants 
Hyperactivity-im-

pulsivity 
385 1 3.74 .251 .130 .054 

Pairwise comparisons by Bonferroni. 225 

4.2. ADHD and acoustic quality 226 

The reported suitability of acoustic quality was significantly lower within the homes 227 

of children with ADHD and comorbid conditions than in the control group (Table 3, Ap- 228 

pendix B1). Also, the severity of hyperactivity-impulsivity and combined ADHD type 229 

showed a very weak, negative, significant relationship with parents’ ratings of the suita- 230 

bility of acoustic quality within their home, indicating that the severity of these ADHD 231 
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symptoms was significantly lower in children residing in homes with more suitable acous- 232 

tic quality (Table 3, Appendices B2-B3). 233 

Table 3. Relationship between acoustic quality and ADHD diagnosis and severity of symptoms. 234 

Acoustic 

quality 

ADHD diagnosis and sever-

ity of symptoms 
N df F 

Pearson 

Correla-

tion (2-

tailed) 

Mea

n 

Std. 

Devia-

tion 

Std. 

Error 
Sig. 

Suitability of 

acoustic qual-

ity 

Control group (no ADHD) 

378 4 3.13 - 

3.67 .994 .182 

.015 ADHD with comorbid con-

ditions 
3.18 .951 .069 

Severity of hyperactivity-im-

pulsivity 
382 - - -.118 - - - .021 

Severity of combined ADHD 383 - - -.115 - - - .024 

Post hoc test: Bonferroni. 235 

4.3. ADHD and lighting quality 236 

A borderline significant association was found between artificial lights flickering 237 

within the home and an ADHD diagnosis (Fisher’s Exact Test = 8.39, p = .052). Children 238 

with ADHD and comorbid conditions were more likely to report artificial light flickering 239 

within the home environment (11.9%) and were least likely to report no artificial light 240 

flickering (88.1%) (Appendix C1). Moreover, the reported suitability of artificial lighting 241 

quality (or electrical lighting) showed a very weak, negative, significant relationship with 242 

the severity of hyperactivity-impulsivity in children, indicating that the severity of hyper- 243 

activity-impulsivity was higher in children with unsuitable artificial lighting quality 244 

within their home (Table 4, Appendix C2). 245 

The analyses also revealed that the severity of hyperactivity-impulsivity was signifi- 246 

cantly higher in children whose parents reported reflection or glare caused by lighting 247 

within the home compared with children of parents that did not report reflection or glare 248 

(Table 4, Appendix C3). The severity of hyperactivity-impulsivity and combined ADHD 249 

were also higher in children whose parents reported too much daylight within the home 250 

environment compared to children whose parents did not report too much daylight (Table 251 

4, Appendices C4-C5). 252 

There was a borderline significant mean difference in the severity of combined 253 

ADHD in children whose parents reported insufficient artificial lighting within the home 254 

environment compared with children of parents that did not report insufficient lighting 255 

(Table 4). This indicated that the severity of combined ADHD was higher in children liv- 256 

ing in a home environment with insufficient artificial lighting (Appendix C6). 257 

A significant association was found between the direction of the windows’ placement 258 

within the home’s main living area and the severity of hyperactivity-impulsivity (p = .036) 259 

and combined ADHD type (p = .040). The severity of hyperactivity-impulsivity and com- 260 

bined ADHD in children was higher when windows within the home’s main living area 261 

faced south and exposed to less sunlight or natural lighting. While children who lived in 262 

homes where the main windows faced towards the east or north, which received more 263 

sunlight or natural lighting, showed less severe symptoms (Table 4, Appendices C7-C8). 264 

Furthermore, hyperactive-impulsive children and those with combined ADHD type 265 

experienced milder symptoms in homes where the main windows faced east, receiving 266 

morning light, while those living in homes where the main windows faced towards the 267 

west, indicative of receiving afternoon light, had more severe symptoms (Table 4, Appen- 268 

dices C7-C8). 269 

Table 4. Relationship between lighting quality and severity of ADHD symptoms. 270 
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Lighting quality ADHD severity N df F 

Pearson 

Correla-

tion (2-

tailed) 

Mean 

Differ-

ence 

Std. 

Error 
Sig. 

Suitability of artificial 

lighting quality 

Hyperactivity-im-

pulsivity 
368 - - -.118 - - .024 

Reflection or glare 
Hyperactivity-im-

pulsivity 
378 1 4.88 - -.420 .190 .028 

Too much daylight 

Hyperactivity-im-

pulsivity 
378 1 7.14 - -.555 .208 .008 

Combined ADHD 379 1 6.03 - -.435 .177 .015 

Insufficient artificial 

lighting 
Combined ADHD 379 1 3.52 - -.315 .168 .062 

Windows’ placement 

facing south vs. east* 

Hyperactivity-im-

pulsivity 
377 5 2.41 - .588 .203 .004 

Combined ADHD 377 5 2.35 - .478 .172 .006 

Windows’ placement 

facing south vs. 

north* 

Hyperactivity-im-

pulsivity 
377 5 2.41 - .439 .179 .014 

Combined ADHD 377 5 2.35 - .318 .151 .036 

Windows’ placement 

facing east vs. west* 

Hyperactivity-im-

pulsivity 
377 5 2.41 - -.408 .203 .045 

Combined ADHD 377 5 2.35 - -.441 .171 .010 

Pairwise comparisons by Bonferroni. 271 
*Pairwise comparisons by LSD Test. 272 

4.4. ADHD and thermal comfort 273 

The reported suitability of thermal comfort showed a very weak, negative, significant 274 

relationship with the severity of combined ADHD in children, indicating that the severity 275 

of combined ADHD was significantly lower in children with a more suitable thermal com- 276 

fort within their home (Table 5, Appendix D1).  277 

There was a significant association between ADHD diagnosis and the use of a ceiling 278 

fan to control air temperature (Fisher’s Exact Test = 9.60, p = .047), indicating that children 279 

with the hyperactive-impulsive type (72.2%) were significantly more likely to use a ceiling 280 

fan within the home (Appendix D2). Using a ceiling fan was also significantly correlated 281 

with the severity of inattention and combined ADHD type (Table 5). Children of parents 282 

who used a ceiling fan scored significantly lower on the severity of inattention and com- 283 

bined ADHD compared to children of those who did not use a ceiling fan (Appendices 284 

D3-D4). 285 

Also, using a permanent heater showed a significant correlation with the severity of 286 

combined ADHD type and hyperactivity-impulsivity (borderline significance) (Table 5). 287 

Children whose parents reported using a permanent heater scored lower on the severity 288 

of combined ADHD and hyperactivity-impulsivity than children whose parents did not 289 

report using a permanent heater at home (Appendices D5-D6). Furthermore, a higher se- 290 

verity of combined ADHD type was found in children whose parents reported not having 291 

an indoor gas fireplace compared with children with such a fireplace at home (Table 5, 292 

Appendix D7). 293 

Other thermal comfort issues within the home, such as having problems with tropical 294 

weather, having parts of the home very cold or very hot, or low airflow in some rooms, as 295 

reported by participants, also had a significant association with ADHD diagnosis (Fisher’s 296 

Exact Test = 9.91, p = .027). Children with ADHD and comorbid conditions (88.2%) were 297 

more likely to report other thermal comfort issues in the home environment than children 298 

with combined ADHD type (97.4%) (Appendix D8). 299 
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Table 5. Relationship between thermal comfort and severity of ADHD symptoms. 300 

Thermal comfort ADHD severity N df F 

Pearson 

Correla-

tion (2-

tailed) 

Mean 

Differ-

ence 

Std. 

Error 
Sig. 

Suitability of ther-

mal comfort 
Combined ADHD 390 - - -.105 - - .038 

Ceiling fan 
Inattention 390 1 5.19 - .227 .100 .023 

Combined ADHD 390 1 5.63 - .261 .110 .018 

Permanent heater 

Combined ADHD 390 1 4.46 - .365 .173 .035 

Hyperactivity-impul-

sivity 
389 1 3.83 - .403 .206 .051 

Indoor gas fireplace Combined ADHD 386 1 5.41 - .417 .179 .021 

Pairwise comparisons by Bonferroni. 301 

4.5. The contribution of IEQ to the prediction of ADHD 302 

Multinomial logistic regression (with a 95% confidence interval) was conducted to 303 

determine the power of indoor environmental quality in predicting an ADHD diagnosis 304 

and to explore the strongest contributing IEQ variable(s). The overall model of the contri- 305 

bution of housing IEQ in the prediction of an ADHD diagnosis was significant (𝜒2 (20) = 306 

50.15, p < .001). 13.3% (Nagelkerke R-Square) of the variance of having an ADHD diagno- 307 

sis was explained by a collective contribution of the five variables reflecting issues with 308 

air quality, suitability of acoustic quality, issues with lighting quality, controllability of 309 

thermal comfort, and issues with thermal comfort within the home environment. Having 310 

an issue relating to thermal comfort (𝜒2 (4) = 9.91, p = .042, b = 1.62) was the strongest 311 

predictor within the model, followed by artificial lighting flickers (𝜒2 (4) = 10.02, p = .040, 312 

b = 1.18) and using a ceiling fan (𝜒2 (4) = 11.00, p = .027, b = -1.11). While the suitability of 313 

acoustic quality (𝜒2 (4) = 11.79, p = .019, b = 0.57) was indicated to be the weakest predictor 314 

within the model. 315 

Stepwise linear regression was performed to measure the power of indoor environ- 316 

mental quality in predicting ADHD severity and to explore the strongest contributing IEQ 317 

variable(s). A significant collective correlation was found between indoor environmental 318 

quality and the severity of all ADHD symptoms (p < .001). Air quality and thermal comfort 319 

predicted 4% of the variance in severity of inattention (F (3, 383) = 5.32, R2 = .040). Using a 320 

vacuum cleaner was the strongest predictor (t =-2.32, p = .021, 𝛽 = -0.53) and using a ceil- 321 

ing fan was the weakest predictor (t = -2.30, p = .022, 𝛽 = -0.22) in this model. 322 

Air and lighting quality predicted 9.7% of the variance in severity of hyperactivity- 323 

impulsivity (F (5, 359) = 7.73, R2 = .097). Using a vacuum cleaner (t = -3.91, p < .001, 𝛽 = - 324 

1.17) was the strongest predictor in the model, followed by reflection or glare caused by 325 

lighting (t = 2.62, p = .009, 𝛽 = 0.50). Windows of the main living area facing north (t = - 326 

2.09, p = .037, 𝛽 = -0.30) and too much daylight (t = 1.90, p = .059, 𝛽 = 0.39) were the weak- 327 

est predictors in this model. 328 

Air quality, acoustic quality, lighting quality, and thermal comfort predicted 10.9% 329 

of the variance in severity of combined ADHD (F (5, 369) = 9.06, R2 = .109). Using a vacuum 330 

cleaner (t = -4.50, p < .001, 𝛽 = -1.13) was the strongest predictor in the model, followed 331 

by windows of the main living area facing east (t = -3.23, p = .001, 𝛽 = -0.46). Suitability of 332 

acoustic quality (t = -2.21, p = .028, 𝛽 = -0.12) and using a ceiling fan (t = -2.14, p = .033, 𝛽 333 

= -0.22) were the weakest predictors in this model. 334 

5. Discussion 335 

Children spend most of their time indoors while most existing housing has been de- 336 

signed and built without considering their needs, especially for those with different 337 
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cognitive abilities such as children diagnosed with ADHD who are extra sensitive to im- 338 

pacts from their everyday surroundings. Therefore, this study aimed to identify housing 339 

indoor environmental quality that may adversely impact children’s ADHD symptoms 340 

and behaviours. 341 

Our findings build on the literature regarding environmental influences on ADHD 342 

in other settings, such as schools (e.g. the impact of noise on children with ADHD in a 343 

study conducted by Tufvesson [62]). The results of our study showed a relationship be- 344 

tween all IEQ factors with ADHD diagnosis and the severity of symptoms. More specifi- 345 

cally, housing indoor environmental quality was significantly associated with a diagnosis 346 

of ADHD relative to issues with air quality, suitability of acoustic quality, issues with 347 

lighting quality, controllability of thermal comfort, and issues with thermal comfort. 348 

Among these items, having an issue with thermal comfort was the strongest contributor, 349 

followed by issues associated with lighting quality and controllability of thermal comfort.  350 

Also, housing IEQ was significantly associated with the severity of ADHD symptoms 351 

in terms of controllability of air quality, issues with air quality, suitability of acoustic qual- 352 

ity, the direction of main home windows, suitability of artificial lighting, issues with light- 353 

ing quality, controllability of thermal comfort, and suitability of thermal comfort. Control- 354 

lability of air quality was the strongest contributor, followed by the main home windows’ 355 

direction and thermal comfort’s controllability. 356 

Some of our results were congruent with prior studies such as the findings about the 357 

importance of air, lighting, and acoustic quality for children with ADHD. In support of 358 

our findings, previous research has linked the development of neurological disorders, 359 

learning disabilities, and cognitive deficits (such as ADHD and ASD) with exposure to 360 

environmental pollutants and toxic chemicals [45-47]. 361 

Consistent with our findings, studies have also shown that artificial light [67] and 362 

daylight [69] affect children’s behaviour and concentration ability. Although natural light- 363 

ing is one of the important elements to achieve adequate lighting in the area for ADHD 364 

and ASD [83], as also shown in our findings, too much daylight or direct natural lighting 365 

(glare) can increase distraction and affect a child’s performance, especially at school [63, 366 

77, 78]. 367 

In line with our findings, former research has also shown that low acoustic quality 368 

and noise adversely influenced children’s psychological wellbeing [55, 56] and caused in- 369 

attention and misbehaviour in children with ADHD and ASD [65, 77, 83]. 370 

Some of the research outcomes are novel and considered as an initial step that makes 371 

a significant contribution to existing knowledge. In this regard, our research revealed that 372 

maintaining thermal comfort in the home environment is more significant for children 373 

with ADHD which has been poorly covered in the literature, if not neglected. Thus, our 374 

findings suggest that besides having suitable acoustic quality, air (such as air free from 375 

unpleasant smell or dust), and sufficient lighting (avoiding too much daylight or insuffi- 376 

cient artificial lighting), it is important to use a heater and fan to provide a comfortable 377 

temperature within the home environment. Morning daylight and using a vacuum 378 

cleaner for cleaning the home were also found important. 379 

One of the limitations is that  although children and adolescents in this study were 380 

diagnosed to have ADHD by a healthcare professional, there may be a measurement bias 381 

as we relied only on the parental report of ADHD symptoms and severity. 382 

Despite these limitations, the current study is among the first nationally representa- 383 

tive studies with a large sample size to document the associations between ADHD among 384 

children and adolescents with their home IEQ in Australia.  385 

6. Conclusion 386 

In conclusion, this research has  provided insights into the importance of housing 387 

features and suggests that improving housing indoor environmental quality, mainly ther- 388 

mal comfort, air, and lighting quality, could positively correlate with alleviating ADHD 389 

symptoms and severity among children and adolescents. While the association between 390 
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IEQ and ADHD diagnosis/severity does not equate to causality, the findings suggest that 391 

IEQ is an important determinant in creating an ADHD-friendly living space. 392 

Future research  should extend the findings of this exploratory research by qualita- 393 

tively testing the associations between housing indoor environmental quality and ADHD 394 

with a focused sample group as well as qualitatively and quantitatively testing housing 395 

preferences by children themselves rather than their parents.  396 
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Appendix A: ADHD and Air Quality 415 

 416 

A1: Significant difference in the diagnosis of ADHD symptoms in terms of air quality issues within 417 
the home: unpleasant odours 418 
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 419 

A2: Significant difference in the severity of inattention in terms of issues about air quality in the 420 
home: stuffy or stale air 421 

 422 

A3: Significant difference in the severity of inattention in terms of using a vacuum cleaner to control 423 
air quality within the home 424 
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 425 

A4: Significant difference in the severity of hyperactivity-impulsivity in terms of using a vacuum 426 
cleaner to control air quality within the home 427 

 428 

A5: Significant difference in the severity of combined ADHD in terms of using a vacuum cleaner to 429 
control air quality within the home 430 
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 431 

A6: Significant difference in the severity of hyperactivity-impulsivity in terms of having indoor 432 
plants to adjust air quality within the home 433 

Appendix B: ADHD and Acoustic Quality 434 

 435 

B1: Significant difference in the diagnosis of ADHD symptoms in terms of the suitability rating of 436 
acoustic quality 437 
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 438 

B2: Significant relationship between the severity of hyperactivity-impulsivity and the suitability rat- 439 
ing of acoustic quality within the home 440 

 441 

B3: Significant relationship between the severity of combined ADHD and the suitability rating of 442 
acoustic quality within the home 443 

Appendix C: ADHD and Lighting Quality 444 
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 445 

C1: Significant difference in the diagnosis of ADHD symptoms in terms of lighting quality issues 446 
within the home: artificial lights flickering 447 

 448 

C2: Significant relationship between the severity of hyperactivity-impulsivity and the suitability 449 
rating of artificial lighting within the home 450 
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 451 

C3: Significant difference in the severity of hyperactivity-impulsivity in terms of issues with lighting 452 
quality within the home: reflections or glare caused by lighting 453 

 454 

C4: Significant difference in the severity of hyperactivity-impulsivity in terms of issues with lighting 455 
quality within the home: too much daylight 456 
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 457 

C5: Significant difference in the severity of combined ADHD in terms of issues with lighting quality 458 
within the home: too much daylight 459 

 460 

C6: Significant difference in the severity of combined ADHD in terms of issues about lighting qual- 461 
ity within the home: insufficient artificial lighting 462 
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 463 

C7: Significant difference in the severity of hyperactivity-impulsivity in terms of the direction of 464 
home main windows: amounts of sunlight exposure in the home 465 

 466 

C8: Significant difference in the severity of combined ADHD in terms of the direction of home main 467 
windows: the amount of sunlight exposure in the home 468 

Appendix D: ADHD and Thermal Comfort 469 
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 470 

D1: Significant relationship between the severity of combined ADHD and the suitability rating of 471 
thermal comfort within the home 472 

 473 

D2: Significant difference in the diagnosis of ADHD symptoms in terms of using a ceiling fan to 474 
adjust or control thermal comfort within the home 475 
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 476 

D3: Significant difference in the severity of inattention in terms of using a ceiling fan to adjust or 477 
control thermal comfort within the home 478 

 479 

D4: Significant difference in the severity of combined ADHD in terms of using a ceiling fan to adjust 480 
or control thermal comfort within the home 481 
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 482 

D5: Significant difference in the severity of combined ADHD in terms of using a permanent heater 483 
to adjust or control thermal comfort within the home 484 

 485 

D6: Significant difference in the severity of hyperactivity-impulsivity in terms of using a permanent 486 
heater to adjust or control thermal comfort within the home 487 
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 488 

D7: Significant difference in the severity of combined ADHD in terms of having an indoor gas fire- 489 
place within the home 490 

 491 

D8: Significant difference in the diagnosis of ADHD symptoms in terms of other thermal comfort 492 
issues within the home 493 
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