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Abstract

Reducing energy demand and carbon emissions in residential buildings requires more than
technological upgrades; it demands a nuanced understanding of occupant behaviour. Resi-
dential energy use is shaped by both physical design and human actions, yet behavioural
factors remain underexplored, contributing to the energy performance gap. This study
addresses this issue by developing and validating a behavioural framework grounded
in the Theory of Planned Behaviour (TPB) to examine how attitudes, social norms, per-
ceived control, and environmental awareness influence energy-related decisions. Data
were collected through an online survey of 310 households in metropolitan Sydney and
analysed using Stata v17 software employing principal component analysis and regression
modelling. Results reveal that environmental awareness is the most significant predictor
of pro-environmental intention, which strongly correlates with actual behavioural out-
comes. While attitudes and perceived control were generally positive, subjective norms
and awareness remained moderate, limiting behavioural change. The proposed framework
demonstrates strong validity and reliability, offering a practical tool for policymakers,
designers, and educators to integrate behavioural insights into sustainable building strate-
gies. By prioritising awareness campaigns and normative interventions, stakeholders can
complement technical retrofits with behavioural measures, accelerating progress towards
low-carbon housing and benefiting both households and the broader community.

Keywords: occupant behaviour; energy efficiency; residential buildings; sustainability;
carbon reduction; thermal comfort

1. Introduction

The residential building sector in Australia exerts a considerable influence on na-
tional energy demand and carbon emissions, making it a focal point for sustainability
initiatives [1]. Energy use within buildings is shaped not only by physical characteristics
such as envelope design and mechanical systems but also by occupant behaviour, which
can exert an impact equal to or greater than technological measures [2,3]. Empirical evi-
dence demonstrates that user actions—such as thermostat settings, ventilation habits, and
appliance operation—directly affect thermal comfort and energy performance [4,5]. A
study conducted at Cambridge University estimated that behavioural interventions could
increase energy savings by up to 200%, surpassing gains achieved through technological
retrofits alone [6]. This finding underscores the necessity of integrating behavioural con-
siderations into energy efficiency strategies. Building-level and programme-level studies
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further indicate that behavioural factors must be considered alongside retrofit measures to
achieve durable, real-world energy savings [6—10].

Residential buildings account for a significant share of Australia’s carbon emissions,
making carbon reduction a central objective of national sustainability policies. The Aus-
tralian Government has introduced energy efficiency provisions under the National Con-
struction Code (NCC) and complementary initiatives such as the Nationwide House Energy
Rating Scheme (NatHERS) to reduce emissions and improve thermal performance. De-
spite these measures, the residential sector continues to face challenges in meeting carbon
reduction targets due to behavioural variability among occupants. This study focuses
on residential properties in metropolitan Sydney, including freestanding houses, semi-
detached dwellings, and apartments, which collectively represent the dominant housing
typologies in urban Australia. These dwellings are subject to NCC climate zones 5 and
6, influencing heating and cooling demands. By examining behavioural determinants
within this context, the research aims to complement existing policy frameworks with
strategies that address the human dimension of energy use, thereby bridging the gap
between technical compliance and actual carbon reduction outcomes [8-10].

Despite this, current design and modelling practices often rely on unrealistic as-
sumptions about occupant behaviour, resulting in inaccuracies and widening the energy
performance gap [11]. Each individual occupant has the potential to significantly influence
overall building energy consumption, introducing variability that complicates predictive
modelling [12,13]. While technological upgrades remain essential, they cannot deliver
optimal outcomes without complementary behavioural measures [7]. Research consistently
highlights that focusing exclusively on physical improvements neglects the substantial
potential for energy savings through behavioural change [8,9]. Studies have shown that
incorporating behavioural factors into building development processes is as critical as
improving the quality of the building envelope and equipment [14]. Recent work by
Far et al. [10] reinforces this argument, demonstrating that occupant behaviour significantly
contributes to the energy performance gap in residential buildings. While technological up-
grades remain essential, multiple studies show that these cannot deliver optimal outcomes
without complementary behavioural measures; incorporating behavioural factors into
building development and retrofit processes is therefore as critical as improving the quality
of the building envelope and equipment [3,7-11]. In practice, interventions that combine
technical improvements with behaviour-oriented components have been associated with
stronger and more persistent reductions in energy use [8-11].

The literature identifies a persistent gap in understanding the social norms, priorities,
and decision-making processes that shape household energy practices [15,16]. These
behavioural dimensions are deeply intertwined with sustainability outcomes, necessitating
targeted interventions informed by robust empirical evidence [17]. However, research
addressing the multifaceted nature of occupant behaviour remains limited, and calls for
comprehensive data collection have intensified [18,19]. Behavioural uncertainty continues
to undermine energy efficiency initiatives, making it one of the most significant sources
of variability in determining actual energy consumption [20]. The need for systematic
investigation into occupant behaviour and its relationship with thermal energy use has
been repeatedly emphasised in recent studies [21,22]. Far and Far [23] further highlight
that effective thermal retrofitting strategies must be complemented by behavioural change
to achieve meaningful reductions in energy use. Beyond norms and awareness, two well-
documented phenomena from the efficiency literature help explain why predicted savings
can diverge from outcomes in residential contexts: the rebound effect (where improved
efficiency can lead to increased usage of energy services, offsetting some savings) and the
prebound effect (where baseline consumption is already lower than modelled predictions

https:/ /doi.org/10.3390/buildings16010026


https://doi.org/10.3390/buildings16010026

Buildings 2026, 16, 26

30f15

due to existing conservation behaviours). Recognising these effects is essential for realistic
goal setting and for designing behavioural components that preserve, rather than erode,
efficiency gains [8-10].

To address these challenges, this research adopts the Theory of Planned Behaviour
(TPB) as its conceptual foundation [24]. TPB provides a structured approach to examining
how attitudes, subjective norms, perceived behavioural control, and environmental aware-
ness influence behavioural intentions and actions. By operationalising these constructs
within a residential context, the study aims to develop and validate a behavioural frame-
work capable of predicting and promoting pro-environmental practices. This framework
seeks to bridge the gap between theoretical modelling and practical application, enabling
policymakers, designers, and educators to integrate behavioural insights into sustainability
strategies. By operationalising these constructs within a residential context and explicitly
incorporating environmental awareness as a salient antecedent, the study develops and
validates a behavioural framework capable of predicting and promoting pro-environmental
practices; prior TPB-based applications support the relevance of these constructs for shap-
ing energy-related decisions in educational and workplace settings [10,25]. Accordingly,
the remainder of the paper focuses on identifying the behavioural levers most likely to
accelerate residential decarbonisation, quantifying their effects on intention and behaviour,
and outlining implementation pathways that complement technological retrofits. The
overarching research question is: how do attitudes, subjective norms, behavioural control,
and environmental awareness influence occupant behaviour leading to an intention to
modify thermal comfort to reduce energy use?

The research philosophy underpinning this study is positivism, which is considered
the most appropriate approach for quantitative investigations of behavioural constructs [25].
Yet complementary studies on structural systems also provide valuable insights for achiev-
ing long-term sustainability [26-30]. These works collectively emphasise that effective
frameworks for reducing energy use and emissions must account for both behavioural dy-
namics and the physical characteristics of buildings. By aligning behavioural interventions
with innovative design practices, the potential to close the energy performance gap and
enhance resilience across residential environments becomes significantly greater. Unlike
constructivism and pragmatism, which rely heavily on qualitative methods and social
interaction, positivism emphasises objective measurement and statistical analysis. This
philosophy aligns with the study’s aim to generate numerical data through closed-ended
questions and apply established statistical techniques to test hypotheses. The research
design operationalises TPB by identifying relevant variables, formulating hypotheses, and
employing quantitative methods to examine relationships among constructs. Data were
collected via an online survey targeting households in metropolitan Sydney, capturing
information on attitudes, subjective norms, perceived behavioural control, environmental
awareness, intention to act, and pro-environmental behaviour. Statistical procedures, in-
cluding principal component analysis and regression modelling, were applied to validate
the conceptual framework and assess its predictive capability. The overarching research
question guiding this investigation is: How do attitudes, subjective norms, behavioural con-
trol, and environmental awareness influence occupant behaviour leading to an intention to
modify thermal comfort to reduce energy use? Addressing this question will contribute to
closing the energy performance gap and advancing the integration of behavioural strategies
into sustainable building design.
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2. Research Methodology
2.1. Research Philosophy and Design

The research adopts a positivist philosophy, which is widely recognised as suitable
for studies requiring objective measurement and statistical validation [31]. Positivism
assumes that reality exists independently of the researcher and can be observed and quanti-
fied without bias. This approach aligns with the study’s aim to generate numerical data
through structured instruments and apply inferential statistics to test hypotheses [32].
Unlike constructivist or pragmatic paradigms, which rely heavily on qualitative interpre-
tation and social interaction, positivism emphasises empirical observation and deductive
reasoning [33]. Consequently, the research design prioritised closed-ended questions, pre-
established constructs, and minimal researcher—participant interaction, ensuring objectivity
and reproducibility [34].

Why TPB? The Theory of Planned Behaviour (TPB) was selected because it is one of
the most widely validated behavioural models for predicting intention and action across
diverse contexts, including energy-related behaviours [20,35-37]. TPB integrates attitudes,
subjective norms, and perceived behavioural control, which are critical determinants of
household energy decisions. Alternative frameworks such as Norm Activation Theory
(NAT) and Value-Belief-Norm (VBN) Theory were considered; however, NAT focuses
primarily on altruistic norms, and VBN emphasises value orientations, making them less
suited for modelling intention-behaviour pathways in residential energy use. TPB offers
a more comprehensive structure for linking cognitive, normative, and control factors to
intention and behaviour, and its predictive validity has been demonstrated in sustainability
research [26-30].

The theoretical foundation of this study is the Theory of Planned Behaviour (TPB), a
well-established model for predicting behavioural intentions and actions [20]. TPB posits
that attitudes, subjective norms, and perceived behavioural control collectively influence be-
havioural intention, which subsequently determines actual behaviour [35]. To contextualise
TPB within residential energy use, the framework incorporates additional constructs—
environmental awareness and pro-environmental behaviour—reflecting the complexity
of household decision-making in thermal comfort management [36]. The conceptual
framework hypothesises direct and indirect relationships among six constructs: occupant
attitudes (OA), occupant subjective norms (OSN), occupant perceived behavioural control
(OPBC), occupant environmental awareness (OEA), occupant intention to act (OITA), and
occupant pro-environmental behaviour (OPB). The hypotheses underpinning the frame-
work are as follows: positive attitudes towards energy conservation enhance intention to act
pro-environmentally; subjective norms and perceived behavioural control exert a construc-
tive influence on intention to act; higher environmental awareness strengthens intention
to act pro-environmentally; and intention to act positively predicts pro-environmental
behaviour related to thermal comfort modification.

2.2. Data Collection

The study focuses on the Sydney Metropolitan Area, which falls under the Mediter-
ranean climate category in Koppen’s classification (Figure 1) and corresponds to Climate
Zones 5 and 6 under the National Construction Code (Figure 2). These zones influence heat-
ing and cooling demands, making them critical for analysing energy use and carbon reduc-
tion strategies. By targeting this climate type, the research provides insights applicable to
regions with similar thermal profiles globally. The behavioural factors examined—attitudes,
subjective norms, perceived behavioural control, environmental awareness, intention to act,
and pro-environmental behaviour—are hypothesised to affect household energy practices,
which in turn impact carbon emissions. Findings from this study inform strategies that
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complement technical retrofits with behavioural interventions, thereby reducing energy
demand and associated emissions. Figures 1 and 2 are connected by illustrating how inter-
national climate classification aligns with national regulatory zones, providing a framework
for linking behavioural insights to policy-driven energy efficiency measures.
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Figure 1. Koppen World’s Climate Classification for Sydney Metropolitan Area.
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Figure 2. Sydney Metropolitan Area Climate Zones under NCC provisions.

A quantitative research design was employed to operationalise the conceptual frame-
work and test the hypotheses. This design facilitates statistical analysis of relationships
among constructs and ensures generalisability of findings [38]. Data were collected via an
online survey, chosen for its efficiency, cost-effectiveness, and ability to reach a geographi-
cally dispersed population during pandemic-related restrictions [39]. Data were collected
by the lead author between July and December 2021 using SurveyMonkey software. Flyers
containing the survey link were distributed in Sydney CBD, Parramatta, and Hornsby to
invite participation. Ethical approval was obtained from the University Human Research
Ethics Committee (Approval No. H-2021-0148), and informed consent was secured from
all respondents. The survey targeted households in three densely populated suburbs of the
Sydney Metropolitan Area—Sydney CBD, Parramatta, and Hornsby—trepresenting diverse
socio-demographic profiles [40]. These suburbs fall within Képpen’s Mediterranean climate
classification (Figure 1) and National Construction Code Climate Zones 5 and 6 (Figure 2),
which influence heating and cooling demands and occupant behaviour [40].
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The questionnaire comprised two sections: Part A captured demographic and back-
ground information such as age, gender, education, and dwelling type, while Part B
measured the six constructs of the conceptual framework using a five-point Likert scale
(1 = strongly disagree; 5 = strongly agree). Survey items were adapted from validated in-
struments in prior TPB-based studies [37] and refined to reflect residential energy contexts.
Ethical approval was obtained from the University Human Research Ethics Committee
(Approval No. H-2021-0148), and informed consent was secured from all participants.

To address potential response bias associated with self-reported Likert-scale data, the
survey design incorporated measures to minimise non-response and participation bias.
Non-response bias occurs when individuals who do not participate differ significantly
from those who do, often due to factors influencing willingness or ability to respond. To
mitigate this, the questionnaire was carefully constructed with clear, concise items and
distributed online to ensure accessibility. The survey was fully anonymised: identities and
exact addresses were not collected, only postcodes were requested. These steps encouraged
honest participation and reduced reluctance to respond. While objective energy-use metrics
were beyond the scope of this behavioural study, the validated framework and reliability
checks (Cronbach’s alpha > 0.70, PCA, and regression analysis) strengthen confidence in
the findings. Future research will integrate behavioural metrics with real-world energy
consumption data to further validate outcomes.

2.3. Sampling and Representativeness

Representativeness was ensured by targeting three densely populated suburbs with
diverse socio-demographic profiles [40]. The sample size was calculated using Dillman’s
formula [41,42] for a 95% confidence level and 5% margin of error, resulting in a minimum
of 270 responses. We achieved 310 valid responses, exceeding this threshold. Demographic
analysis confirmed balanced gender distribution (~=55% female, 45% male), age diversity
across five brackets, and varied dwelling types (apartments, freestanding houses, and
semi-detached homes), reducing non-response bias [43].

Data analysis was conducted using Stata v17, employing two principal techniques.
Principal Component Analysis (PCA) was used to assess scale reliability through Cron-
bach’s alpha and to confirm discriminant validity among constructs [44]. Ordinary Least
Squares (OLS) regression was applied to test the significance of hypothesised relation-
ships and evaluate the predictive capability of the framework [45]. The overall model
fit was examined using F-tests, while multicollinearity was assessed through Variance
Inflation Factors (VIF), with all values below the threshold of 10, indicating no collinear-
ity issues [46]. Interpretation of mean scores followed Pimentel’s qualitative criteria for
Likert-scale data [47].

The scope of this study is limited to residential buildings within the Sydney Metropoli-
tan Area, which constrains generalisability to other climatic regions. Behavioural data
were self-reported, introducing potential response bias; however, anonymity and ethical
safeguards were implemented to minimise this risk [48]. Despite these limitations, the
research provides a robust empirical basis for integrating behavioural insights into energy
efficiency strategies.

2.4. Conceptual Framework and Hypotheses

To improve clarity and presentation, the methodology is now structured around the
conceptual framework illustrated in Figure 3. This framework operationalises TPB by
integrating six constructs: Occupant Attitudes (OA), Subjective Norms (OSN), Perceived
Behavioural Control (OPBC), Environmental Awareness (OEA), Intention to Act (OITA),
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Based on the Theory of Planned Behaviour (TPB)

Occupant Attitudes

and Pro-environmental Behaviour (OPB). Hypotheses specify direct and indirect relation-
ships among these constructs, forming the basis for statistical testing.
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Figure 3. Proposed Conceptual Framework for Occupant Pro-environmental Behaviour and Intercon-
necting Hypotheses.

Before presenting the statistical results, it is essential to revisit the theoretical structure
guiding this analysis. Figure 3 illustrates the proposed conceptual framework for occupant
pro-environmental behaviour and the interconnecting hypotheses. This framework opera-
tionalises the Theory of Planned Behaviour (TPB) within a residential energy context by
integrating six constructs: Occupant Attitudes (OA), Subjective Norms (OSN), Perceived
Behavioural Control (OPBC), Environmental Awareness (OEA), Intention to Act (OITA),
and Pro-environmental Behaviour (OPB).

The diagram depicts directional relationships hypothesised between constructs. At-
titudes, subjective norms, perceived behavioural control, and environmental awareness
are posited as antecedents of behavioural intention, which in turn predicts actual pro-
environmental behaviour. This structure reflects TPB’s core principle that intention medi-
ates the effect of cognitive and normative factors on behaviour, while introducing environ-
mental awareness as an additional determinant to capture sustainability-specific influences.
The framework served as the basis for hypothesis testing through regression modelling.

2.5. Limitations of Data Analysis

While the adopted statistical techniques provide robust insights, the analysis is limited
by its cross-sectional design and reliance on self-reported data, which may introduce social
desirability bias and restrict causal inference. Additionally, behavioural constructs were
measured using Likert scales, which, although widely accepted, may not capture nuanced
behavioural variability.

2.6. Justification for Likert Data and Central Tendency

Likert-scale data were treated as approximately interval-level for parametric analysis
because aggregated scores across multiple items tend to approximate normal distribution
and meet central tendency assumptions. This approach is supported by behavioural
research and psychometric literature, which validates the use of means and regression for
multi-item Likert constructs.
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2.7. Sampling Adequacy and Validity Checks

Sampling adequacy was ensured by exceeding the minimum sample size calculated
using Dillman’s formula (n > 270; achieved n = 310). Inter-item correlations and construct
validity were confirmed through Principal Component Analysis (PCA) and Cronbach’s
alpha (all constructs > 0.70). Homogeneity of variances was assessed via residual plots
and variance inflation factors (VIF < 10), indicating no multicollinearity issues.

2.8. Post Hoc Tests

Post hoc diagnostics included correlation matrix checks for discriminant validity
and variance inflation factor analysis for multicollinearity. No additional post hoc group
comparisons were required, as the study focused on predictive modelling rather than
experimental treatment effects.

3. Results and Data Analysis

The empirical analysis was conducted on a dataset comprising 310 valid responses
collected from households in Sydney CBD, Parramatta, and Hornsby. This sample size
exceeded the minimum threshold of 270 calculated using Dillman’s formula, ensuring
statistical robustness and representativeness. The demographic composition was diverse
and balanced, mitigating non-response bias and reinforcing the reliability of subsequent
behavioural modelling.

3.1. Demographic Profile

The demographic characteristics of respondents provide essential context for inter-
preting behavioural data. As tabulated in Table 1, gender distribution was approximately
55% female and 45% male, consistent with prior sustainability-focused surveys that report
marginally higher female engagement. Age segmentation revealed a dominant cohort
within the 29-39 bracket (26.45%), followed by younger adults aged 18-28 (20.32%) and
middle-aged participants (40-50 years, 20%). Senior groups (51-60 and 61-75 years) collec-
tively accounted for one-third of the sample, ensuring generational diversity.

Table 1. Age Distribution of Respondents.

Age Bracket Responses (%) Responses (Number)
18 to 28 years old 20.32% 63
29 to 39 years old 26.45% 82
40 to 50 years old 20.00% 62
51 to 60 years old 17.42% 54
61 to 75 years old 15.81% 49
Total 100% 310

Educational attainment was notably high, as shown in Table 2, with nearly half of
respondents holding a university degree and a small proportion possessing doctoral quali-
fications. This suggests a population predisposed to informed decision-making regarding
energy practices.

Table 2. Education Levels of Respondents.

Level of Education Responses (%) Responses (Number)
High school graduate or equivalent 32.90% 102
Trade Certificate 14.52% 45
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Table 2. Cont.

Level of Education Responses (%) Responses (Number)
University Degree (Bachelor/Master’s degree) or equivalent 49.68% 154
Doctoral Degree 0.65% 2
Other 2.26% 7
Total 100% 310

Dwelling types mirrored metropolitan density trends (Table 3), with apartments com-
prising 43.55% of dwellings, freestanding houses 33.23%, and semi-detached or townhouse
configurations 23.23%.

Table 3. Type of Residence.

. Responses
0,
Type of Residence Responses (%) (Number)
Freestanding house 33.23% 63
Semi-detached, row or t.errace house, 23.23% 8
townhouse, villa
Flat, unit, or apartment 43.55% 62
Total 100% 310

3.2. Descriptive Statistics

Mean scores for each construct were calculated and interpreted using Pimentel’s
qualitative criteria for Likert-scale data (Table 4). Occupant Attitudes (mean = 3.76) and Per-
ceived Behavioural Control (mean = 3.56) were categorised as “positive,” while Subjective
Norms (mean = 2.65) and Environmental Awareness (mean = 2.67) were rated “neutral.”
Intention to Act (mean = 2.74) and Pro-environmental Behaviour (mean = 2.96) similarly
fell within the neutral range.

Table 4. Mean Values and Standard Deviations.

Variables Mean Value Star‘ldefrd

Deviation
Occupant Attitudes (OA) 3.76 0.34
Occupant Subjective Norms (OSN) 2.65 0.44
Occupant Perceived Behavioural Control (OPBC) 3.56 0.46
Occupant Environmental Awareness (OEA) 2.67 0.56
Occupant Intention to Act (OITA) 2.74 0.66
Occupant Pro-environmental Behaviour (OPB) 2.96 0.59

3.3. Regression Analysis

OLS regression tested the hypothesised relationships. Model 1 examined predictors of
intention (OITA), while Model 2 assessed the effect of intention on behaviour (OPB). Table 5
summarises Model 1 outputs, where Environmental Awareness (3 = 0.656, p < 0.001) was
the strongest predictor, followed by Subjective Norms (3 = 0.128, p = 0.10). Attitudes and
Perceived Control were non-significant.
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Table 5. Regression Results for Model 1.
Variables Coefficient Standard p-Value
Error
Occupant Attitudes (OA) —0.0282 0.0929 0.762
Occupant Subjective Norms (OSN) 0.1281 0.0779 0.100
Occupant Perceived Behavioural
Control (OPBC) 0.0353 0.0680 0.604
Occupant Environmental
Awareness (OEA) 0.656 0.0619 0.001

Model 2 (Table 6) demonstrated a strong positive effect of intention on behaviour
(B =0.4963, p < 0.001), validating Hypothesis 4.

Table 6. Regression Results for Model 2.

Variables Coefficient Standard Error p-Value

Occupant Intention

to Act (OITA) 0.4963 0.0425 0.0001

Variance Inflation Factor (VIF) analysis confirmed no multicollinearity, with all values
below 10. The conceptual framework shown in Figure 3 is pivotal for understanding
the behavioural dynamics underlying residential energy use. Its hierarchical structure
emphasises that intention acts as the proximal driver of behaviour, consistent with TPB
literature. However, the inclusion of environmental awareness as a direct predictor of
intention reflects empirical evidence that knowledge of environmental consequences sig-
nificantly amplifies motivation to act. The regression results corroborate this theoretical
proposition: environmental awareness emerged as the strongest predictor of intention
(B =0.656, p < 0.001), overshadowing attitudes and perceived control. This finding vali-
dates the framework’s extension beyond classical TPB and underscores the necessity of
awareness-based interventions to close the energy performance gap.

3.4. Interpretive Synthesis

The empirical evidence delineates a behavioural paradox: while respondents exhibit
strong attitudinal endorsement and perceived agency, these attributes fail to catalyse
consistent pro-environmental action in the absence of normative support and heightened
ecological awareness. The salience of awareness as a predictor underscores the imperative
for targeted educational interventions, while the robust intention-behaviour linkage signals
the efficacy of strategies that operationalise motivational constructs into actionable routines.
These insights furnish a compelling rationale for integrating behavioural levers into policy
and retrofit programmes, thereby bridging the persistent gap between theoretical efficiency
and realised performance.

4. Discussion of Findings

The empirical evidence derived from the survey analysis provides critical insights
into the behavioural determinants of energy-related practices in residential buildings. The
validated conceptual framework (Figure 3) offers a coherent representation of the inter-
dependencies among cognitive, normative, and informational constructs, confirming that
pro-environmental behaviour is shaped by a multidimensional structure rather than a single
attitudinal driver. The regression outputs demonstrate unequivocally that environmental
awareness exerts the most substantial influence on behavioural intention, with a coefficient
of 0.656 (p < 0.001), far surpassing the predictive strength of attitudes and perceived be-
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havioural control. This finding challenges the conventional assumption that favourable
attitudes alone are sufficient to catalyse behavioural change, revealing that knowledge of
environmental consequences is the most decisive factor in motivating households to adopt
energy-saving practices.

The relatively modest effect of subjective norms (3 = 0.128, p ~ 0.10) underscores
the limited role of social reinforcement within the studied population. This suggests
that normative pressures—whether from family, peers, or community networks—are not
sufficiently mobilised to influence energy-related decisions. Such a trend is consistent with
prior international comparisons, which indicate that Australian households exhibit weaker
collective norms around sustainability than their European counterparts. Conversely,
perceived behavioural control, often theorised as a critical enabler, was statistically non-
significant in this study, implying that respondents do not perceive structural or resource
constraints as major barriers. This may reflect the relative affordability and simplicity of
behavioural adjustments compared to capital-intensive retrofits, reinforcing the argument
that informational deficits, rather than capability limitations, constitute the primary obstacle
to behavioural change.

The second regression model elucidates the mediating role of intention, which ac-
counts for 31% of the variance in actual behaviour (3 = 0.496, p < 0.001). This confirms the
theoretical proposition that intention is the proximal antecedent of action, yet the neutral
mean scores for intention (2.74) and behaviour (2.96) reveal a persistent intention-behaviour
gap. Such divergence is symptomatic of cognitive dissonance, where pro-environmental
aspirations fail to materialise into consistent practices due to competing priorities, habit-
ual inertia, or insufficient behavioural cues. The neutral mean scores for intention and
behaviour indicate a persistent gap between motivation and action. This divergence can
be attributed to context-specific barriers such as competing household priorities, habit-
ual routines, and the absence of real-time energy feedback, which limit the translation
of intention into practice. While this study focused on quantitative modelling, future
research will incorporate qualitative insights through interviews and observational studies
to capture these contextual dynamics. Furthermore, testing moderating variables—such as
age, education level, and dwelling type—in extended regression models could reveal sub-
group differences and inform targeted interventions. These refinements will help identify
actionable levers for bridging the intention-behaviour gap and enhancing the effectiveness
of behavioural strategies. Bridging this gap requires interventions that not only inform
but also embed sustainability prompts within daily routines, leveraging mechanisms such
as real-time feedback systems, social benchmarking, and incentive structures that convert
intention into habitual practice.

When benchmarked against studies in high-income industrialised nations, the Aus-
tralian cohort exhibits comparable attitudinal strength (mean OA = 3.76) and perceived con-
trol (mean OPBC = 3.56) but markedly lower environmental awareness (mean OEA = 2.67)
and subjective norms (mean OSN = 2.65). This asymmetry positions Australia at a disad-
vantage in terms of normative and informational drivers, which are pivotal for accelerating
behavioural transitions. The implications are profound: without elevating awareness
and fostering normative consensus, policy instruments predicated on voluntary action
may underperform, perpetuating the energy performance gap and undermining national
emissions reduction targets.

The reliability diagnostics (Cronbach’s & > 0.70 for all constructs) and discriminant
validity tests affirm the structural integrity of the framework, while the F-statistics for both
models (52.30 and 136.38, respectively) confirm its explanatory adequacy. The absence
of multicollinearity (VIF < 10) further strengthens confidence in the robustness of the
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estimates. Collectively, these metrics validate the framework as a functional tool for
modelling occupant behaviour and inform the design of targeted interventions.

Strategically, the empirical hierarchy of determinants—awareness > norms > attitudes/
control—necessitates a recalibration of behavioural strategies. Priority should be accorded to
awareness amplification through multi-channel educational campaigns, integration of sus-
tainability literacy into formal curricula, and dissemination of context-specific information
that links energy-saving actions to tangible environmental benefits. Concurrently, normative
reinforcement via community-based programmes and peer-comparison feedback can aug-
ment social pressure for compliance. While attitudes and perceived control exhibit favourable
baselines, their latent potential must be activated through contextual nudges and incentive
structures that translate intention into habitual practice. Ultimately, the findings underscore
that technological retrofits alone cannot deliver optimal energy outcomes; behavioural in-
terventions grounded in psychological theory and empirical evidence are indispensable for
bridging the performance gap and achieving long-term sustainability objectives.

The findings are broadly consistent with previous research that emphasises the impor-
tance of environmental awareness and normative influences in shaping pro-environmental
behaviour [2,11,14]. Similarly to studies applying the Theory of Planned Behaviour, atti-
tudes and perceived behavioural control were positive but did not significantly predict
intention without strong awareness cues [20,35-37]. This supports evidence that intention
mediates behaviour and highlights the role of informational interventions. However, the
relatively modest effect of subjective norms observed in this study contrasts with findings
from European contexts, where social norms exert stronger influence on household energy
practices [14]. This difference may reflect cultural variations in collective environmental
expectations and suggests that normative reinforcement strategies may be particularly
necessary in Australian settings.

International comparisons reveal that the modest effect of subjective norms observed
in this study aligns with findings from European research, where normative pressures
are generally stronger and more influential in shaping pro-environmental behaviour. For
example, studies in the Netherlands and Germany report higher OSN scores, attributed
to well-established sustainability norms and community-driven initiatives. In contrast,
Australian households exhibit weaker collective norms, which may explain the limited
predictive power of OSN in our model. Sub-group analysis within our sample indicates that
younger respondents (18-28 years) and apartment dwellers show slightly higher sensitivity
to normative cues compared to older cohorts and those in freestanding houses. These
insights suggest that normative interventions—such as peer-comparison feedback and
community engagement programs—should be tailored to specific demographic segments
to maximise impact.

The proportion of respondents with university degrees (approximately 50%) aligns
with the socio-economic profile of Sydney’s metropolitan areas, which typically exhibit
higher education levels compared to national averages [40]. This demographic characteris-
tic may explain the generally positive attitudes and perceived behavioural control observed,
consistent with literature linking education to sustainability awareness [37].

Overall, while the results corroborate global evidence on the primacy of awareness
and intention, they reveal context-specific gaps in normative influence and highlight the
need for tailored interventions in Australian residential contexts.

5. Conclusions

This study demonstrates that achieving meaningful reductions in energy demand and
carbon emissions within the residential sector requires a paradigm shift from technology-
centric approaches to integrated behavioural frameworks. The empirical evidence confirms
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that occupant behaviour is not a residual variable but a primary determinant of energy
performance, exerting influence comparable to, and often exceeding, that of physical
building attributes. By operationalising the Theory of Planned Behaviour and extending
it through the inclusion of environmental awareness, this study provides a validated
and reliable model capable of predicting and explaining pro-environmental actions in
domestic settings.

The statistical analysis reveals a pronounced hierarchy among behavioural constructs.
Environmental awareness emerged as the most significant predictor of intention, with a
coefficient magnitude that decisively outstripped attitudes, subjective norms, and perceived
behavioural control. This finding underscores the inadequacy of interventions that rely
solely on attitudinal change or technical retrofits, highlighting the necessity of strategies
that elevate ecological literacy and embed sustainability norms within social structures.
The strong correlation between intention and actual behaviour validates the mediating role
of intention, yet the persistence of an intention-behaviour gap indicates that motivational
alignment alone is insufficient to guarantee behavioural execution. Bridging this gap
demands systemic mechanisms—such as real-time feedback, social benchmarking, and
incentive frameworks—that convert cognitive predispositions into habitual practices.

From a policy and design perspective, these insights call for a recalibration of energy
governance strategies. Prescriptive building codes and technological upgrades must be
complemented by behavioural interventions that prioritise awareness amplification and
normative reinforcement. Educational campaigns, community engagement programs, and
digital platforms delivering personalised energy feedback represent practical avenues for
operationalising these behavioural levers. Such measures are integral—not optional—for
closing the energy performance gap and accelerating progress toward national and global
decarbonisation targets.

The validated framework offers a practical tool for predictive modelling and pre-
scriptive planning, enabling stakeholders to quantify behavioural impacts and design
interventions with precision. Future research should explore longitudinal and experimental
studies to assess the durability of behavioural change and its interaction with technological
retrofits under diverse socio-economic and climatic conditions. Integrating behavioural
metrics into building performance simulation models will further enhance predictive
accuracy and inform holistic design strategies.

In conclusion, this study advances the discourse on sustainable housing by demon-
strating that behavioural determinants are neither peripheral nor immutable but constitute
actionable levers for systemic transformation. By embedding behavioural science within
the architecture of energy policy and building design, the residential sector can transition
from incremental improvements to transformative change, delivering measurable reduc-
tions in energy consumption and carbon emissions while safeguarding thermal comfort
and occupant well-being.
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