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A B S T R A C T   

Understanding the complex links between socioeconomic variables and carbon emissions can reveal household 
spending and lifestyle patterns. This study oversees those issues and examines consumption patterns and their 
related variables such as climate change understanding, attitudes, and knowledge, in order to better comprehend 
the complicated linkages. This study revealed that eight socioeconomic elements influence a household’s carbon 
footprint: (i) household income (β = 0.476, p < 0.05), (ii) green attitudes (β = − 0.196, p < 0.05), (iii) residential 
space (β = 0.157, p < 0.05), (iv), education levels (β = 0.131, p < 0.05), (v) household’s tenure status by 
ownership (β = 0.130, p < 0.05), (vi) household’s age (β = 0.112, p < 0.05), (vii) size of household (β = 0.101, p 
< 0.05), and, (viii) female-headed household (β = − 0.077, p < 0.05). Approximately 83.6% of respondents are 
mindful of climate change, but only 2.6% correctly define it as a long-term shift in weather patterns. The study 
found that 82% of households are willing to change their consumption habits and lifestyle to reduce their 
household’s carbon footprint. In order to achieve a low carbon society, our research advocate a multipronged 
approach and policy action is crucial based on the results. Further, robust climate change educational and 
awareness programmes is decisive at the multilevel and scale in Malaysia to achieve its carbon emissions 
reduction target by 2050.   

1. Introduction 

Carbon footprints at the household level are unequally distributed 
between the rich and the poor, and are heavily influenced by a house
hold’s socio-economic position within society, which translates into 
significant differences in household size and consumption patterns. 
Household member involvement in pursuing a low carbon lifestyle in 
their daily activities is crucial to understanding the link between the 
global climate crisis and mitigating greenhouse gas emissions (Bal
truszewicz et al., 2021; Liu et al., 2020; Sköld et al., 2018). Households 
account for up to 72% of global greenhouse gas emissions if all house
hold consumption (both direct and indirect) is included (Sköld et al., 

2018; Ivanova et al., 2017). Households account for more than 80% of 
carbon emissions in the United States, and more than 70% in UK and 
India (Baiocchi et al., 2010; Bin and Dowlatabadi, 2005). 

Malaysia’s overall carbon emissions in 2019 were 250.09 million 
tonnes (Ritchie and Roser, 2020), which is close to the forecast of 285.73 
million tonnes in 2020 if no mitigation measures are taken by the 
Malaysian government (Safaai et al., 2011; Sarkar et al., 2019). It is a 
more than threefold increase of 320% from the total 88.97 million 
tonnes of carbon emissions in 2000. Carbon emissions in Malaysia are 
divided into the following: 49.6% from electricity and heat production, 
24.2% from manufacturing industries and construction, 23.3% from 
transportation, and 2.9% from other sources, with the residential sector 
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accounting for 37.3% emissions (i.e., 19.8% for electricity and heat 
production and 17.4% for transportation). In the residential sector, the 
use of energy to power equipment and electrical appliances such as re
frigerators contributed the most to pollution (Nor et al., 2016). 

According to household spending studies, food accounts for around 
31% of a Malaysian household’s monthly expenditures, whether in 
restaurants or at home (Zen et al., 2021; Abdullah Chik et al., 2013; 
Household Expenditure Survey, 2005). Housing and transportation rank 
second and third, with 18% and 17% of household expenditures coming 
from energy consumption and travel resulting from the combustion of 
fossil fuels by private motor vehicles, respectively. Malaysia’s residen
tial electrical energy usage accounts for 16–50% of total energy con
sumption as compared to other countries (Saidur et al., 2007), so 
households are considered to be the primary energy consumers in 
Malaysia, both directly and indirectly. 

Unsustainable patterns of consumption and lifestyle from human 
activities has caused the most significant reasons for increasing carbon 
emissions globally. Such emissions have caused increasing global mean 
temperatures, and climate change (UNFCCC, 2015; Parry et al., 2007) is 
now as stated in section 4 of Agenda 21, is a significant damaging factor 
of the global environment (United Nation General Assembly, 1992). 
Since the 1992 World Summit in Rio, addressing carbon emissions has 
been elevated to a top priority, however slow progress has been made in 
the context of transitioning to a sustainable consumption and lifestyle 
(Alicia et al., 2012; Thøgersen, 2005). Furthermore, the Paris Agreement 
2015 (UNFCCC, 2015) set out international climate goals, and according 
to consensus estimates by the Intergovernmental Panel on Climate 
Change (IPCC), by 2100, anthropogenic greenhouse gas emissions 
should be “net zero” (Pachauri and Mayer, 2015). Hence, it is crucial to 
establish a link between ‘household lifestyles’1 and the carbon emitted 
from ‘household daily life’. 

Household carbon footprints have both direct and indirect implica
tions for national and international carbon contributions to the atmo
sphere (Serino and Klasen, 2015). Household carbon emission studies 
elucidate the behavioural characteristics, personal lifestyles and differ
ences in consumption patterns of families that can influence the success 
of carbon mitigation policies at the national level (Levay et al., 2021; 
Zen et al., 2021; Lee et al., 2021). Researchers have examined the so
cioeconomic determinants related to consumption patterns and carbon 
emissions from household daily activity, for example, Wiedenhofer et al. 
(2017) found that a household’s carbon footprint is unequally distrib
uted among the rich and poor due to differences in the scale and patterns 
of consumption, documenting that, in China in 2012, the very rich 5% of 
urban populations produces 19% of the total carbon footprint from 
household consumption or 6.4 tCO2/cap. In a similar vein, Lee et al. 
(2021) calculated and compared household carbon footprints in India 
based on economic, cultural and demographic factors, found that high 
expenditure households emit seven times more carbon than low-income 
households (i.e. those living on <$1.90 USD/day). Such research un
derpins the need to differentiate individual household responsibilities 
for climate change in national and global climate policy. 

Researchers have also quantified the relationship between the car
bon footprint of household consumption and socio-economic household 
characteristics. For example, in Belgian households, income and 
household size are the most important determinants of household 

consumption-related emissions, and the intensity of emission is higher 
for high-income households than the lower income (Levay et al., 2021). 
Relevant findings were also documented in other countries such as 
China (Wang et al., 2013), India (Grunewald et al., 2012), UK (Baiocchi 
et al., 2010), Philippines (Serino and Klasen, 2015), Denmark (Heinonen 
and Junnila, 2011), and Malaysia (Abdullah Chik et al., 2013). Based on 
this backdrop, it is important to examine this relationship, especially by 
isolating the determinants that can unravel the complex interrelated 
problem of carbon emissions and household consumption and lifestyles. 

Malaysia is ranked as the second highest emitter of carbon emissions 
per capita in Southeast Asia after Singapore, and is committed to 
reducing the emission intensity of its gross domestic product (GDP) by 
up to 45% by 2030 from the baseline 2005 data (Farabi et al., 2019). 
Malaysia’s National Climate Change policy clearly mentions its strategic 
thrust stating that the country will“… institute measures to make devel
opment climate-resilient through low carbon economy to enhance global 
competitiveness and attain environmentally sustainable socio-economic 
growth” (Malaysia National Climate Change Policy, 2010, p.6). Exist
ing efforts towards the development of a low carbon economy include 
guidelines for green townships, and rating scales for a nationwide 
project of low carbon Malaysian cities. Other initiatives include setting 
up a carbon footprint baseline, and then analysing and promoting a low 
carbon lifestyle for Putrajaya and Cyberjaya townships, establishing 
Selangor State (Sarker et al., 2018) as a Green Technology State, and 
making Melaka City a demonstration site for a Smart Communities 
project (Zen et al., 2016, 2021). Several country-wide sustainable con
sumption strategies include the promotion of a government green pro
curement program, implementation of green facilities and infrastructure 
such as phasing out the incandescent light bulbs, increasing energy 
performance labelling for electrical appliances, and promoting the 
ecolabelling of appliances to stimulate the green market and sustainable 
production. Those multipronged approaches help households to reduce 
their carbon emissions and to better understand the socio-economic 
factors that relate to household consumption and lifestyle. The trans
lation of policy to all levels of government (from national and 
sub-national to local government) demonstrates multi-level climate 
governance, national and local collaboration, and wider coverage of 
programmes that address climate change adaptation and mitigation 
(Farabi et al., 2019; Zen et al., 2019). 

The Malaysian government has initiated rigorous policies, plans, 
guidelines, initiatives, and project interventions that should stimulate 
movement toward low carbon development and mitigation of carbon 
emissions from energy sectors, and this is now being reflected in an 
increase of environmental awareness at the household level, particularly 
for energy consumption (Zen et al., 2021; Sarker et al., 2018). An 
analysis of 30 years energy consumption data from 1970 to 2010 in 
Malaysia based on the Environment Kuznets Curve (EKC) showed a 
positive trend of improvement in consumption patterns and efficiency 
(Begum et al., 2015). The research findings of Begum et al. (2015) also 
capture an increase in the household income and its better impact on the 
environment. However, an analysis of the impact of household con
sumption trends on carbon emissions, which used a hybrid input-output 
model to look at stratum and expenditure groups per capita, discovered 
that certain income classes contributed more to consumption than 
others (Zen et al., 2021; Abdullah Chik et al., 2013). The study suggested 
increased production of less carbon-intensive products which will help 
to change consumer behaviour. Hence, green technology innovation will 
be an important aspect of providing more green products and an overall 
more conducive environment for consumers to purchase sustainably and 
to follow a sustainable lifestyle. In this backdrop, it is critical to un
derscore the determinants of the household carbon footprint, the extend 
of carbon emissions, measuring the level of awareness and knowledge on 
climate change, and willingness to change household members lifestyle 
in Malaysia. 

To fill the research gap our study analysed the determinants of 
Malaysian household carbon footprints to determine the extent to which 

1 It is necessary to find a correlation between ‘household lifestyles’ and the 
carbon emitted by ‘household daily life,’ as these two are connected but not 
identical. For example, household lifestyle is considered as way of living, and on 
their other hand, daily living considered as daily activities. There are two types 
of activities of daily living (ADLs): (i) fundamental and (i) instrumental. The 
fundamental ADLs include personal hygiene or grooming, dressing, toileting, 
transferring or ambulating, and eating and those are associated with household 
lifestyle and affects daily life as way of living. Thus, this study assessed the links 
between the two in order to determine the carbon footprints of households. 
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these determinants affect household carbon emissions, and measured 
associated levels of awareness, attitudes and knowledge about climate 
change and the willingness of participants to change their lifestyle. The 
research was carried out at the households (n = 420) of residents in 
Iskandar Malaysia, a sustainable metropolis which has the goal of 
becoming a low-carbon society by 2050. As a result, our research ob
jectives were twofold: firstly, to identify important lifestyle and con
sumption factors that affect total carbon footprints at the household 
level, and secondly, to investigate the consequences of urbanisation on 
urban and rural inhabitants, especially related to their lifestyle. 

With this background, the novelty of this study is noteworthy, hardly 
any studies have looked at the magnitude of carbon footprints from both 
urban and rural household consumption in terms of socioeconomic de
terminants and household lifestyles in emerging economies such as 
Malaysia. This research determined how urbanisation, urban-rural 
development, and urban sprawl affect Malaysia’s carbon emission 
pattern. The study compares the differences between rural and urban 
lifestyles in Iskandar Malaysia, as well as the impact of each group on 
household carbon footprints, which will aid policymakers and planners 
in better understanding Iskandar Malaysia’s households, and indeed 
many other Malaysian cities undergoing urban development. 

2. Socio-economic determinants of carbon footprint 

2.1. Socio-economic determinants at households level 

Several socio-economic characteristics, such as high income, 
household size, and type of residential category are associated with high 
carbon emissions. One of the most critical lifestyle characteristics is a 
family’s income which typically leads to increased energy consumption 
and carbon emissions with higher family income (Baltruszewicz et al., 
2021; Salo et al., 2021; Jack and Ivanova, 2021; Christis et al., 2019; 
Sköld et al., 2018). Higher income also provides more options of more 
comfort, consumption of more carbon intensive goods and services, 
using cars and recreational activities (Levay et al., 2021; Christis et al., 
2019; Moser and Kleinhückelkotten, 2018; Grunewald et al., 2012). 
Higher energy consumption by higher-income households increase 
direct and indirect carbon emission than low-income households (Levay 
et al., 2021; Liu et al., 2020; Feng et al., 2011; Liu et al., 2013). For 
example, Liu et al. (2020) investigated the impact of income inequality 
on household carbon emissions in China and found a positive correla
tion—higher income households emit more carbon. Similarly, Lévay 
et al. (2021) documented that income and household size are the most 
important determinants of household consumption-related carbon 
emissions in Belgian households. Household type also matters-urban 
households use more diverse and energy intensive home electrical and 
heating devices than rural households, according to China’s household 
carbon emission survey (Zhang et al., 2017; Tian et al., 2014). By 
contrast, Ottelin et al. (2019) conducted a comparative study on the 
impact of the degree of urbanization on income, expenditure and carbon 
footprints in Europe. They found that carbon footprints are 7% lower in 
cities than in rural areas when income and household characteristics are 
controlled. 

Lifestyles are changing in a globalized world, and these changes have 
significant implications for household carbon footprints. Households as 
the basis for citizen consumption that play a significant role in global 
environmental challenge like climate change, and to control negative 
environmental consequences require changes to household daily con
sumption practices. The determinants of lifestyle and socioeconomic 
characteristics are critical to be identified at the local level to transit to a 
low carbon society (Salo et al., 2021; Jack and Ivanova, 2021). This 
means that “being a competent member of society in our global con
sumption culture means being able to find our way through the set of 
consumption practices that make up our everyday lives” (Spaargaren 
and Oosterveer, 2010, p.1895). 

The overall energy use tied to personal lifestyles is affected by 

consumer behaviours such as personal—transportation, utilities, and 
residences, which collectively account for 45–55% of total household 
energy usage in Denmark (Jack and Ivanova, 2021), Belgium (Levay 
et al., 2021; Salo et al., 2021), China (Zhang et al., 2017), Australia 
(Lenzen, 1998), France, Netherlands and West Germany (Weber and 
Perrels, 2000). Researchers have examined the extent to which house
hold members are willing to modify their consumption. Sköld et al. 
(2018) investigated households’ preferences to reduce carbon footprints 
through lifestyle and consumption changes in four mid-size cities in 
France, Germany, Norway, and Sweden. Their research documented 
that most households preferred voluntary actions with moderate life
style changes such as changes to food consumption and mobility in order 
to reduce carbon footprints by 25%–50% by 2030. However, more un
derstanding is needed about the socio-economic factors that influence a 
household’s expenditure patterns, lifestyle, and ultimately, 
consumption. 

A search of the literature revealed that several socio-economic de
terminants affect consumption patterns and lifestyles, and therefore 
carbon footprints. Household carbon emissions tend to rise with incomes 
and fall with education as lifestyles and other values are regulated 
(Levay et al., 2021; Christis et al., 2019). An exploratory study by Lévay 
et al. (2021) quantify the relationship between the carbon emission and 
socioeconomic characteristics of Belgian households and found that 
income and household size are important determinants of carbon 
emission. Consequently, another study on socio-economic determinants 
and carbon emissions in a household in UK (Baiocchi et al., 2010) 
showed a connection between emissions and size of household, income, 
using the internet, and education. Similarly, study of household carbon 
emissions in the UK revealed that the three most important carbon 
footprint factors are housing (type and size), transportation, and food: 
each of these factors have significant impacts on consumers’ lifestyles 
and emission patterns (Minx et al., 2009). Increased incomes leads to 
higher transportation emissions, but lower housing emissions (Dubois 
et al., 2019; Druckman and Jackson, 2009; Tukker and Jansen, 2006). 
The total amount of carbon footprint is predicted by determinants such 
as household size, residence location, and lifestyle (Salo et al., 2021; 
Lévay et al., 2021; Jack and Ivanova, 2021; Bin and Dowlatabadi, 2005). 

Other research on carbon footprints reveals additional relationships 
with other social variables such as household religion, ethnicity, and 
gender, and this highlights the need for local and household-level 
studies. In India, Christian and Muslim households have slightly 
higher carbon footprints than Hindu households (Grunewald et al., 
2012). Similar research found that female-headed households had 
higher carbon emissions than male-headed households with lower 
transport emissions (DEFRA, 2008). Another research found that 
male-headed households produce less home energy, lower indirect 
carbon emissions, and overall less carbon emissions in India (Büchs and 
Schnepf, 2013; Grunewald et al., 2012). Malaysia is a culturally diverse 
nation, with at least three major ethnic groups (Indian, Chinese, and 
majority Malay), as well as four major religions (Christian, Hindu, 
Buddhist and Muslim). As a result, it is critical to analyse the lifestyles of 
these different groups and compare the results to see whether religion or 
ethnicity and gender play a major role in carbon footprint of households, 
or whether other factors have greater influence over the carbon 
footprint. 

2.2. Awareness and knowledge of climate change and low carbon lifestyle 
practices 

Concerns and awareness about climate change and its consequences 
can influence household decision-making towards more climate-friendly 
practises, leading to progress being made toward a low-carbon society. 
People who are well-informed and committed to their right to a healthy 
climate (Levay et al., 2021; Dubois et al., 2019; Haron et al., 2005), and 
have the capability to recognize and assess the effect of their daily 
practices on the ecosystem (Degenhardt, 2002a; Haron et al., 2005), 
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may find these characteristics have a significant impact on their 
decision-making (Dubois et al., 2019). Information and knowledge are 
seen in the literature as significant predictors of attitudinal and behav
ioural change. For example, green attitudes towards the environment 
are usually associated with lower personal carbon footprints, and lower 
contributions to global warming (Sarker et al., 2019; Alfredsson, 2002; 
Bin and Dowlatabadi, 2005). Specific attitudes or motives for specific 
behaviour are supported by operational knowledge, such as household 
recycling (Zen et al., 2014, 2021; Zen and Siwar, 2015) no plastic bag 
lifestyles (Zen et al., 2013), energy savings (Zhou et al., 2015) and other 
spheres of consumption (Tahir and Zen, 2016). Moreover, people 
manage to prevent severe adverse conditions where they lack the 
necessary information to direct their actions (Jack and Ivanova, 2021). 
Household members lifestyle and behaviour like, turning off lamps, 
recycling cans, and going vegetarian are all effective ways to minimise 
carbon emissions, however, travel by air, using personal cars for moving 
rather using mass transit and using electricity as a heating source 
contribute to higher emissions (Bin and Dowlatabadi, 2005). Moreover, 
awareness is a necessary but not a sufficient element of social change 
(ERMD, 2001). 

The creation of a new ’ low carbon society’ requires a set of guides 
that indicate the values and attitudes along with low carbon lifestyles. 
The low carbon society practices, values, attitudes, and awareness were 
found to effectives to control negative consequences against climate 
change and carbon footprint (Zen et al., 2021; Sarkar et al., 2019; 
Laroche et al., 2001). The low carbon society’ context is an expression of 
ambitions to create a specific, personal, cultural and social identities 
that frame a society that needs to maintain certain values, attitudes, 
knowledge, and behaviour to sustain certain habits and social standards 
(Stern, 2000). In this case, the study explores what a household’s carbon 
footprint needs, how is different insight of household awareness, level of 
knowledge and attitude on climate change support the low carbon 
practices. 

Households that focus on a low carbon footprint and try to reduce 
climate change impacts by changing their behaviour when combined 
with extra incentives (e.g., due to social norms or good health). Factu
ally, environmental awareness and behaviour change are closely linked 
(Zen et al., 2021; Jack and Ivanova, 2021; Poortinga et al., 2004). The 
majority of households in earlier studies indicated that they saved power 
for financial or health reasons than environmental concerns (Whit
marsh, 2009). Taking public or private transportation for reasons than 
environmental or climatic concerns (Poortinga et al., 2004). People 
continue to live sustainably because they feel obligated to do so but not 
based on eco-friendly concerns (Degenhardt, 2002b). Sustainable con
sumption is positively found to be associated with environmental atti
tudes, interest, efficacy, and perceived environmental effects (Levay 
et al., 2021; Sarker et al., 2018). Therefore, this study looked at a wide 
range of low-carbon attitudes and behaviours. 

3. Methodology and analysis 

The magnitude of Malaysian households’ carbon footprints, as well 
as the relationship between carbon footprints and household daily ac
tivities and socioeconomic demographic variables, were statistically 
examined in this study. The next sections describe the detailed research 
method, including the study area, hypothesis development and assess
ment process, household carbon footprint calculation (with more details 
in the appendix), questionnaire and Green Attitude Index development, 
and analysis of household behaviours linked to concern for the 
environment. 

3.1. Study area 

This research was carried out through five local planning authorities 
in the ‘Iskandar Malaysia’ district (Fig. 1), which are overseen by the 
Iskandar Regional Development Authority, a federal legislative body 

(IRDA). Table 1A shows the socioeconomic indices of Iskandar Malaysia. 
The research region is categorised into six strata: i) rural areas 

(Kampung Ulu Pulai), ii) non-market housing (PPRT) in Bandar Seri 
Alam, iii) squatters’ areas in Kampung Skudai Kiri, iv) low-cost areas in 
Taman Pulai Perdana 2, v) medium cost urban areas in Melana Apart
ments, and vi) medium-high-cost areas near Taman University. Simple 
random sampling was used in the second stage to select one neigh
bourhood for each stratum. The third stage contained systematic 
random sampling, in which respondents were chosen randomly from the 
population of each selected stratum. 

Thus, the survey2 respondents were households from six separate 
residential areas in Iskandar Malaysia, including five urban areas and 
one rural area, chosen using a non-proportionate stratified sampling 
method (Table 1B). 

There was a total of 23 questions which surveyed respondents’ green 
attitudes at home, at work and during their shopping and recreation 
activities, and respondents answered questions by saying ‘Never’, 
’Sometimes’ or ’Always’. ‘Never’ means they do not practice a green 
lifestyle and ‘Always’ represents environmentally friendly behaviour. 
The list of questions related to green attitudes listed in Table 1C. 

3.2. Survey data collection 

The study used a stratified random sampling procedure to guarantee 
that the questionnaire results matched the usual criteria for discriminant 
validity. The survey portion of the research was carried out as a guided 
questionnaire. The sample size was determined using formula S = X2NP 
(1-P)/d2 (N-1) +X2 NP (1-P), where S = required sample size, X2 = value 
of chi-square for 1 degree of freedom at the desired confidence level, N 
= population size, P = population proportion (assumed to be 0.50), and 
d = degree of accuracy expressed as a proportion (0.05). 

There were 70 sampled respondents in each group, bringing the total 
number of respondents to 420 (e.g., gross number), a sample which was 
calculated using a 95% confidence threshold and a 5% sampling error. 
About 100,000 households were chosen (by random clustering method) 
from the total population of 317,762 (e.g., from the study areas) and 
finally, 384 households determined to be the minimum acceptable 
sample size for the study outcomes to be robust. It was essential to assure 
the validity and reliability of the questionnaire before proceeding to
wards estimation. Face and construct validity (e.g., convergent and 
discriminant validity) techniques were used to assess the validity and 
reliability of the questionnaire survey data. Similarly, reliability tests 
were used to ensure that the constructs were random error-free and 
produced reliable outputs. The purpose of this step was to reduce the 
chances of bias and errors in the resulting estimates. 

For the estimation for reliability tests, three reliability techniques 
were employed, i.e., average variance extracted (AVE), composite reli
ability (CR), and Cronbach’s alpha. The following techniques were used 
to ensure the validity and reliability of the data and the model. Confir
matory factor analysis (CFA) was conducted to measure convergent 
validity, which is commonly measured through factor loadings (>0.50) 
and AVE (>0.50). CFA was used to test the correlation between factors 
in the measurement model (<0.85). Moreover, the reliability test, which 
is facilitated by CFA, was used. Construct validity is also assured by 
careful attention to the goodness-of-fit of the model to the data 
employing CFA. All values surpassed our threshold values as calculated 
by using SPSS software. 

A four-month household poll, from September to December 2017, 

2 The questionnaire was divided into three sections for this study: (i) data 
collection on respondents’ socio-demographic information and household 
characteristics; (ii) measuring households’ direct and indirect (secondary) 
carbon footprints; and (iii) carbon footprint assessment using online carbon 
calculation software to calculate each household’s direct, secondary, and total 
carbon footprint. 
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included face-to-face interviews. This study’s data analysis was divided 
into two sections. The first step was to collect data from the question
naire survey in order to measure the carbon footprint of households. 

This goal was achieved using an online carbon footprint calculator3 

model. The next step was to use the SPSS (Statistical Package for the 
Social Sciences) programme to analyse the results. 

The importance of household/individual behaviour towards the 
environment is a key factor to understand the consumption pattern of 
households, and thus affects the total carbon footprint of each household 
(Bin and Dowlatabadi, 2005). Households with a more sustainable or 
green attitude towards the environment are expected to have a smaller 
carbon footprint and lower contribution to global warming and carbon 
footprint, as measured by their behaviour. The overall result was cat
egorised based on i) characteristics of household, ii) environmental 
awareness of respondents, iii) environmentally friendly lifestyle (green 

attitude) of respondents, iv) measurement of carbon footprint, v) 
comparing carbon footprint of different categories of respondents, vi) 
the relationship between lifestyle and socio-economic aspects of 

Fig. 1. Map of the study area.  

Table 1A 
Iskandar Malaysia’s socio-economic indicators.  

Indicator 2025 

Population 3,005,815 
No. of households 751,454 
GDP (mil RM) 176,224 
GDP per capita (RM/capita) 58,628 
Gross output (mil RM) 474,129 
Floor space for commercial (mil m2) 19.3 
Passenger transport demand (mil p-km) 8677 
Freight transport demand (mil t-km) 5204 

Source: IRDA (2018), US$1 = RM4.05 

Table 1B 
Systematic sampling in study area.  

Category GPS position (Lat, Long) Area Sampling segment No. of Households No. of Respondents 

Village (rural) 1.4831495,103.5771114 Kampung 
Ulu Pulai 

1/35 Houses 2480 70 

Squatters 1.4868218,103.7116368 Kampung 
Skudai Kiri 

1/4 Houses 323 70 

Non-Market Housing 1.5148899,103.8775484 Bandar 
Seri Alam 

1/7 Houses 476 70 

Affordable Housing 1.5638594,103.6111346 Taman Pulai Perdana II 1/5 Houses 400 70 
Medium Cost Housing 1.5450616,103.6282214 Melana Apartments 1/4 Houses 376 70 
Medium-High-Cost Housing 1.5356146,103.6219169 Taman University and Taman MutiaraRini 1/4 Houses 325 70  

3 The method of analysis for (i) carbon footprint analysis, (ii) selection of 
carbon footprint calculator and (iii) carbon footprint calculation process is 
added in the appendix (as supplementary material). 
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households and their carbon footprint, and vii) the effect of different 
variables on the carbon footprint of a household. 

To explore in detail the socioeconomics determinants of household 
carbon footprints in Iskandar Malaysia, the hypothesis used in this study 
are as follow: 

H0. : Green attitudes of households do not affect the total amount of 
carbon footprint 

H1. : Green attitudes of households have a significant effect on the 
total amount of carbon footprint. 

By using SPSS, 23 questions were converted into one compound 
variable to determine the green attitude index of household, which is 
labelled as the “green attitude index”. For this purpose, the values of all 
23 questions have been added together and then divided by 23 to 
determine the overall environmental index of each household (i.e., the 
minimum value for each question is 1 and the maximum value is 3). 
Moreover, a Pearson correlation was used to investigate the correlation 
among the low carbon attitudes of respondents and their total carbon 
footprint generated from a carbon footprint calculation (Refer to Part 1). 
The results were then used to identify whether there is a significant 
difference between the carbon footprints of green attitude respondents 
versus the carbon footprints of non-green attitude respondents. The 
strength of the association developed by Cohen et al. (2007) was 
adopted for use in this study. The details of the three sections are 
explained in detail below: 

The independent variables of this research were divided into three 
major categories:  

i The first category is socioeconomic factors, which include ethnicity, 
religion, household type, household size, age, education, household 

head’s gender, household’s total monthly income, and household 
tenure status. Some of the independent variables were categorical 
data and could not be used in multiple regression models; to solve 
this problem, dummy variables were created for categorical data like 
household type, religion, ethnicity, household head’s gender, field of 
education and tenure status of households.  

ii The second category, which reflects the lifestyle of households, is 
named the green attitude index. This part of the questionnaire in
cludes 23 questions, which asks respondents about their green be
haviours at home, at work, and during their shopping and recreation 
activities. Respondents answered questions by saying Never, Some
times and Always. Never means they do not practice a low carbon/ 
green lifestyle at all and this non-green behaviour is consistent. By 
using SPSS, these 23 questions have been converted into one inde
pendent variable labelled as “Green Attitude Index”. The list of 23 
questions is listed inTable 1C. The equation used to convert the mean 
value of these 23 questions into one variable is as below:  

Green Attitude Index = [Q1 +Q2 + Q3 + …. + Q23] / 23 … … … … ….  (1)  

3.3. Limitation of the work 

Statistics used in data analysis are limited to quantifiable charac
teristics of objects, and hence, rarely provide a whole solution to a 
problem. They provide a foundation for judgement but not the entirety 
of the decision. Although statistics makes extensive use of laws and 
equations to ensure its robustness, the conclusions obtained are usually 
‘supportive’ rather than conclusive. As they are usually incapable of 
providing an absolute conclusive answer to a problem, the result must be 
subjected to further research with the inclusion of additional dimensions 
(not included in this study). Thus, the conclusions reached in this study 
should be used with caution for generalisations, care is needed when 
applying the findings. 

4. Results 

The socio-economic and demographic profiles of Iskandar Malaysia 
are as follows: people of Malaysian background made up 95.2% of all 
respondents, followed by Chinese (15.2%) and Indians (8.3%). 76.2% of 
respondents were Muslim, predominantly Malay, followed by Buddhists 
at 10.7%, Hindus at 6.9%, and Christians at 6.2%. Families with adult 
children topped the list of household types at 28.8%, followed by fam
ilies with young children (25.7%) and single parents with adult children 
(10.5%). Other household kinds (the remaining %) were “couples 
without children”, “single parents with young children”, “Alone”, and 
“elderly couples”. In terms of household size, 23.3% of households had 
four individuals, followed by 19.3% and 14.5% with five and six 
members respectively. Male-headed households were 86.9% of the 
sample, while female-headed households comprised 13.1%. Education
ally, 4.5% of the respondents’ household heads had a secondary edu
cation, or 187 respondents. With 19.8%, “certificate/diploma” came 
second. Only 6% of respondents held postgraduate degrees, with 3.6% 
having Master’s and 2.6% having PhDs. Respondents with a post- 
secondary education studied “engineering/technology” (13.6%), “hu
manities/law/management” (10.1%), “art/architecture/planning” and 
“pure science” (1.2%) and rest other did not disclose their education or 
uneducated (63%). Most responders have no post-secondary education. 

The household income assessed in the survey comprised the income 
of the husband, wife, and all other family members (if any). A total 
monthly household income of RM2001-RM3000 was reported by 25.2% 
of respondents, followed by RM1000-RM2000 by 22.4% and RM3001- 
RM4000 by 16.0%. The study found that 20% of respondents earned 
above RM500.00 per month, but only 3% earned over RM1000.00. A 
single wage earner was found in 37.9% of households, followed by two 

Table 1C 
Household low carbon practices/green household behaviour.  

At home Never Sometimes Always 

1. Use re-chargeable battery    
2. Reuse glass bottles for other purposes    
3. Reuse plastic bags for other purposes    
4. Separate recyclable plastic/aluminium cans 

from other waste materials    
5. Put recyclable materials into separate plastic 

bags from garbage bag    
6. Bring recycled materials to recycling bins    
7. Not using food packaging from Styrofoam/ 

polystyrene    
8. When not in use, switch off lights    
9. When not in use, turn off fans    
10. Switch off air-conditioning system when not 

in use    
11. When not in use, switch off appliances 

completely    
12. Put appliances on standby when not in use    
At work Never Sometimes Always 
13. Practice car pooling    
14. Use public transport to work    
15. Reuse used papers/envelopes    
16. Bring my own food containers to buy food    
17. Bring my own drinking bottle    
18. Shut down or put my computer on standby 

when not in use    
Recreation and Shopping Never Sometimes Always 
19. Use bicycle to and from nearby houses    
20. Walk to and from nearby places    
21. Use plastic food containers provided in 

restaurants    
22. Refuse to use a plastic bag when purchasing 

small number of items    
23. Bring reusable bags to shops to avoid use of 

new plastic bags    

Note: (PART FOUR in the questionnaire: Household behaviour, please tick the 
appropriate box). 
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wage earners (32.4%), and roughly 20% of respondents had more than 
two wage workers, whereas 10% had no income earners at all and were 
assumed to be on welfare. In terms of home ownership, 60% of re
spondents owned their homes while 40% rented. 

4.1. Climate change awareness 

The research examined the degree to which respondents claimed to 
have awareness of the negative effects of climate change, finding that 
83.6% of respondents’ reported high awareness. Despite this self- 
reported high degree of awareness, only 2.6% of respondents identi
fied (Table 2). Around 80% of respondents get their climate change 
information from television and radio, while 14% get it from the 
Internet. The remaining respondents get their information from envi
ronmental groups/NGOs (2.4%) and government activities such as green 
campaigns (3.3%). The findings suggest that the first step in improving 
educational strategy for climate change awareness in Iskandar Malaysia 
should be to strategize an educational awareness campaign. 

Study results also demonstrated that many respondents had an 
awareness of the concept of carbon footprint. Around 65% of survey 
respondents said they were aware of their carbon footprint, while 35% 
said they were not, or did not know about carbon footprint. When asked 
to define carbon footprint, around 45% of respondents chose the correct 
response from four possible meanings of carbon footprint: “The amount 
of carbon released in our everyday activities, such as cooking and driving” 
(Table 3). Their response indicates that they acknowledge the individual 
role that consumption and daily activities plays in carbon emissions. 
Around 90% of respondents said “No” idea on their own carbon foot
print assessments (e.g., respondents have no idea on how their daily 
activities or lifestyles affecting carbon footprint in the economy), while 
just 10% said “Yes” idea on their carbon footprint assessments. 

The research revealed that only 13.6% of those with a high level of 
awareness and at least a medium level of knowledge has made some 
concerted efforts to reduce their carbon footprint, while an additional 
8.8% have made numerous lifestyle changes to reduce their carbon 
footprint and are willing to do more (Table 4). 82.6% of respondents 
claimed to be willing to change their lifestyle to a green lifestyle in order 
to reduce their own carbon footprint. 

4.2. Attitudes towards a low carbon lifestyle 

The impact of respondents’ food habits, fashion choices, and elec
trical and furniture use, as well as their leisure activities, packaging, and 
recycling attitudes, on carbon emissions were identified as part of the 
research (Table 5). According to survey results, almost half of house
holds have a dietary preference for a combination of white and red meat. 
White meat4 (e.g., not red) was the second most common food response 
for 22.9% of respondents, while 20.7% of households responded that 
they primarily eat fish. Just 8.3% of households declared themselves 
vegetarians. 

Half of the respondents said they have a food choice option either 

organic or non-organic products, while 27.9% of households said they 
prefer non-organic products or would never attempt to purchase any 
organic goods. On the other hand, 16.2% of respondents said they only 
buy or grow organic goods because they prefer such food. The rest of the 
households were unaware of their dietary preferences regarding organic 
products; in other words, they had no idea if the food they were pur
chasing was organic or not. This category of households represents 6.2% 
of the total number of households surveyed in this study. 

Households’ lifestyles include fashion attitudes and the frequency 
with which household members purchase clothing. The majority of re
spondents have a fashion mindset, with 59.3% saying they purchase new 
clothes when they are needed and/or they frequently shop for the latest 
fashion (at least once every three months), while 12.9% of respondents 
said they purchase used clothing (Table 5). 

Questions asked about households’ attitudes toward packaging 
indicate that 56.7% make an effort to purchase products with little 
packaging, followed by 33.8% of households that only buy things that 
are nicely packed. These latter products tend to have a higher carbon 
footprint (due to the carbon emissions related to packaging materials), 
and the person who buys them typically has a significant secondary 
carbon footprint. In contrast, 9.5% of households stated they have 
sometimes declined to purchase a product due to its excessive pack
aging. The secondary carbon footprint of these respondents is assumed 
to be the smallest. 

Respondents were asked about their expenditures on furniture, 
electrical appliances, and home fashion. 62.6% of respondents said they 
only buy what they need and use the items until they break down, while 
26.4% of respondents said they buy new items and keep these for more 
than five years. A small percentage, 5.2% of those surveyed, said they 
shop often to keep up with the new technology and home fashion trends, 
and these individuals are thought to have a large secondary carbon 
footprint. 5.7% of respondents said they only buy used furniture and 
appliances (Table 5). 

Two of the most critical aspects of a household’s lifestyle are its 
recycling and recreational attitudes, both of which have a correlation 
with the amount of secondary carbon footprint produced. Around 37.1% 

Table 2 
Climate change definition.  

Climate Change is described in a variety of ways Change (%)  

i. The weather in a particular season of the year changes 53.5  
ii. Climate change in various parts of the world during the same 

season 
25.2  

iii. Changing conditions at various times of the day 18.8  
iv. Over the course of decades, the weather trend has changed 2.6 
Total 100  

Table 3 
Carbon Footprint is a term used to describe the amount of carbon emitted.  

Survey: Possible Carbon Footprint Definitions Proportion of 
Respondents (%)  

i. The amount of CARBON released in our everyday 
activities, such as cooking and driving 

45.7%  

ii. The volume of CARBON released into the atmosphere 
by urban factories 

30%  

iii. The amount of CARBON released as a result of 
fertiliser and spray use, which damages the ozone 
layer 

18.6%  

iv. The average amount of carbon in the atmosphere for a 
certain time span 

5.7% 

Total 100%  

Table 4 
Household carbon footprint reduction to save the planet.  

Self-claimed Declaration Frequency Response 
(%)  

1. I’m not sure of the problems around climate change 92 21.9  
2. While I am aware of climate change, I have not 

taken any concrete measures to reduce my carbon 
footprint 

234 55.7  

3. I’ve made some deliberate efforts to lower my 
carbon footprint. 

57 13.6  

4. I’ve made a number of lifestyle improvements to 
reduce my carbon footprint, and I’d like to do even 
more. 

37 8.8 

Total  100.0  

4 A combination of fish and poultry. 
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of respondents said they have a partial recycling attitude, while 30.5% 
of households have a non-recycling attitude. 6.0% of respondents re
ported that they have a fully recycled or composting mentality. 
Household recreational activities can also play a significant role in 
deciding their carbon footprint, both directly and indirectly. The results 
of descriptive statistics show that the majority of respondents (36.7%) 
rarely go to places like movies, bars, and restaurants. Simultaneously, 
31.4% of respondents said they only engage in zero-carbon behaviours 
such as walking or cycling. 7.1% of respondents, on the other hand, 
enjoy carbon-intensive activities such as car or motorcycle convoys 
(Table 5). 

4.3. Low carbon behaviour index 

Research on the low carbon behavioural practices of households was 
comprised of a suite of 23 questions that asked about respondents’ be
haviours at home, at work, during recreation, and while shopping 
(Table 6). Using SPSS, the sum of these 23 questions was converted to 
one compound variable, called the “low carbon behaviour index”. For 
this index, the values of all 23 questions were added together and then 

divided by 23 to determine the average environmental index of each 
household (Minimum value for each question is 1 and a maximum value 
is 3. Higher values reflect more pro-environmental behaviours). 

4.4. Multiple regression model for household carbon emissions 

The study used multiple regression analysis to assess the significant 
factors that have the greatest impact on household carbon footprints, 
and to determine how much each factor influences the amount of carbon 
generated from household activities. The effect of each independent 
variable on our dependent variable, the amount of household carbon 
released, was determined using an online carbon footprint calculator. 
The calculation includes self-reported primary and secondary household 
carbon footprint contributions. 

The statistical method used in this transformation was a stepwise 
approach with a collection of variables: income, residence position, 
green attitudes, household size, household head’s level of education, 
tenure status, religion, age of household head, type of household, gender 
of household head, race, household’s wage earners total income and 
household head’s education level. The outcome was eight SPSS- 
suggested statistics, ranging in updated R2 (R squared) from 0.494 to 
0.601 (see Table 7). The model’s lifestyle and socioeconomic factors, as 
well as the order in which variables are entered into the model, are 
reviewed in Table 7. 

Model No.8 was chosen because it has an adjusted R2 value of 0.601, 
which means it explains about 60.1% of the total variance in the 
dependent variable. In regression models, this sum is considered a 
respectable result. The modified R2 value is not significantly different 
from the R2 value of all models. The R2 value in our chosen model is 
0.0608. We looked at the ANOVA table to see if the finding was statis
tically significant. According to the data in the ANOVA table, this 

Table 5 
The attitude of households towards a low-carbon lifestyle.  

A. Attitude towards food Frequency Response 
(%) 

Preference for vegetarian cuisine 35 8.3 
Fish is primarily consumed as a source of nutrition 87 20.7 
Preference for white meat 96 22.9 
A combination of white and red meat is preferred as a 

meal 
199 47.4 

Preference for red meat 3 .7 
B. Attitude towards organic products 
Preference for organic foods 68 16.2 
Organic and non-organic food preferences 209 49.8 
Preference for non-organic foods 117 27.9 
Organic food isn’t something I’m familiar with 26 6.2 
C. Attitude towards fashion 
Regularly shopping for the new trends is a fashion 

attitude 
54 12.9 

When it comes to fashion, it’s all about buying new 
clothes when they’re needed 

249 59.3 

When it comes to fashion, people have a tendency to 
buy things they don’t need 

100 23.8 

Attitude toward secondhand clothing as a fashion trend 17 4.0 
D. Attitude toward packaging 
Don’t buy something that has packaging around it, 

according to the packaging mentality 
40 9.5 

As far as packaging goes, I try to buy products with as 
little packaging as possible 

238 56.7 

Just buy items that are nicely packed, according to the 
packaging mentality 

142 33.8 

E. Attitudes towards furniture and electricity 
Willingness to have up-to-date innovations and home 

décor 
22 5.2 

To purchase new items but retain them for more than 5 
years 

111 26.4 

Purchase only required equipment and use it before it 
breaks 

263 62.6 

Furniture and appliances can only be purchased 
secondhand 

24 5.7 

F. Attitude towards recycling 
Attitude that is completely recycled or composted 25 6.0 
Mostly Recycled mentality 111 26.4 
Attitude that has been partially recycled 156 37.1 
Attitude of not recycling 128 30.5 
G. Attitude towards recreation 
Only engage in zero-carbon activities, e.g., walking and 

cycling 
132 31.4 

Go to the movies, bars, and restaurants only on rare 
occasions 

154 36.7 

We also go to the movies, pubs, and restaurants 104 24.8 
Participate in behaviours that produce a lot of 

emissions. 
30 7.1  

Table 6 
Low carbon practices/behaviour of households (N = 420).  

A. Practices at Home Mean Std. 
Deviation 

Use rechargeable battery 1.90 .831 
Reusing glass bottles for other purposes 1.75 .744 
Reusing plastic bags for other purposes 2.44 .707 
Separating recyclable plastic/aluminium cans from other 

waste materials 
1.96 .745 

Put recyclable materials into separate plastic bags from the 
garbage bag 

1.91 .766 

Bring recycled materials to recycling bins 1.69 .750 
Not using food packaging from Styrofoam/polystyrene 1.72 .699 
When not in use, switch off lights 2.83 .410 
When not in use, turn off fans 2.87 .347 
Switch of an air-condition system when not in use 2.68 .661 
Completely Switch off appliances when not in use 2.86 .372 
Put appliances on standby when not in use 2.20 .793  
A composite mean score 2.23   
B Practices at Work Mean Std. 

Deviation 
Practice carpooling 1.47 .671 
Use public transport to work 1.44 .639 
Reusing used papers/envelopes 1.86 .714 
Practice at Workplace   
Bring my own food containers to buy food 1.56 .707 
Bring my own drinking bottle 2.02 .801 
Shut down or put my computer to stand by when, not in use 2.03 .778 
A composite mean score 1.73   
C Practices During Recreation and Shopping Mean Std. 

Deviation 
Use a bicycle to and for nearby areas 1.46 .719 
Walk to and for nearby places 2.04 .746 
Use plastic food containers provided in restaurants 2.04 .757 
Refuse to use a plastic bag when purchasing a small 

number of items 
1.85 .620 

Bring reusable bags to shop to avoid the use of plastic bags 1.78 .650 
A composite mean score 1.83  
Overall Average Score/Green Behaviour Index 1.93   
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model’s outcome is statistically significant, with [Sig = 0.00, p < 0.05]. 
More information can be found in Table 8. 

For each variable, the multicollinearity test, tolerance, and the 
Variance Inflation Factor, VIF values are determined applying the 
method 1–R.2 A value of less than 0.10 suggests a high level of multiple 
correlations with other variables, implying multicollinearity. Table 9 
shows the Tolerance VIF values for all variables in this mode. The VIF for 
checking multicollinearities for all independent variables has a value 
less than 10, indicating that the multicollinearity assumption has not 
been violated and that there is no multicollinearity among the predictor 
variables. 

Table 9 reveals that 5 of the 13 variables that registered were omitted 
because they did not contribute significantly to the model. Religion, 
ethnicity, household type, household head’s field of education, and the 
wage earners’ number in a household are among the 5 variables omitted. 
Eight (8) independent variables, on the other hand, play a significant 
role in predicting household carbon footprint remained in the model. 
These include household income, green attitude, residence area, 
household carbon footprint, tenure status of the household, household 
head’s education level, household size, age of household head, and 
gender of household head are the eight variables. 

The Beta value was used to see which of the model’s independent 
variables contributed the most to the dependent variable’s estimation. 
The findings indicate that among all variables, “Household Income” has 
the greatest impact on calculating a household’s carbon footprint 
(=0.476, p < 0.05). The findings were duly indicated by green attitude 
(β = − 0.196, p < 0.05) and area of residence (β = 0.157, p < 0.05). The 
educational level of the household head is another significant indicator 
of a household’s carbon footprint (β = 0.131, p < 0.05), as are the tenure 
status of the household (β = 0.130, p < 0.05), household head’s age (β =
0.112, p < 0.05), household’s size (β = 0.101, p < 0.05) and household 
head’s sex (β = − 0.077, p < 0.05). A standard likelihood plot of 
regression is shown in Fig. 3. For example, for 1 standard deviation in
crease in income, the model predicts a carbon footprint increase of 0.472 

standard deviations, while for 1 standard deviation increase in green 
attitude, the carbon footprint decreases by 0.192 standard deviation. 
Fig. 2 indicates that the data are normally distributed. Based on the 
results of multiple regression, the equation for the model of this research 
is presented as below:  

Y = 7.73 + 1.11 X1 - 4.18 X2 + 0.52 X3 + 1.58 X4 + 0.61 X5 + 0.30 X6 + 0.04 
X7 -1.61 X8 - 1.02 X9 … … … … … … … … ….                               (2) 

Where:  

Y Household’s carbon footprint  
X1 Total household monthly income (in Malaysian Ringgit)  
X2 Green attitude Index  
X3 Residence location and housing type (residential area)  
X4 Tenure status of household (house ownership: owner or tenant)  
X5 Household head’s education (years of education)  
X6 Family size (number of people in the household)  
X7 Head of household’s age  
X8 Sex of the household head (female or male)  
X9 Type of household (composition of household members) 

4.5. Household carbon footprint: socio-economic determinants: 
significant variables 

A summary of the result of the household’s socio-economic pre
dictors and carbon footprint is presented in Table 10. The most signifi
cant indicator of carbon footprint is income (β = 0.476, p < 0.05) 
showing that for any increase in a household’s income there is a sig
nificant risk that the carbon footprint of that particular household would 
increase. Consumers with more money have the ability to purchase more 
appliances and amenities for their houses, as well as more personal 
vehicles for family members. The result is commonly found in similar 
research carried out in other countries such as China, India and UK 
(Grunewald et al., 2012; Liu et al., 2013; Minx et al., 2009). 

The second significant predictor of carbon footprint is a household’s 
green attitude (β = − 0.196, p < 0.05), however, the correlation is in a 
negative direction, meaning that any strengthening of one’s or a family’s 
green attitudes will likely result in a smaller carbon footprint. Low- 
carbon living refers to a society’s low-carbon mindset/attitudes and 
associated behaviours. 

The third predictor is the residential area where the household is 
situated in the metropolitan area; Bandar Seri Alam, Kampung Skudai 
Kiri, Taman Pulai Perdana-2 and Taman University make larger carbon 
footprint contributions than households in the rural area of Kampung 

Table 7 
A model’s summary of lifestyle and socioeconomic variables.  

Model Type/Categories Predictors (Factors) R R Squared Adjusted R Squared Std. Error of the Estimate 

1.0 Income level Monthly household income 0.70a 0.49 0.49 4.18 
2.0 Green thinking Owned behaviour 0.73b 0.53 0.53 4.05 
3.0 Areas of residence Location 0.75c 0.56 0.56 3.91 
4.0 Household’s educational standard Ownership & education 0.76d 0.58 0.57 3.85 
5.0 Status of tenure Time of possession or holding of residence 0.77e 0.59 0.58 3.79 
6.0 Age Household head’s age 0.77f 0.59 0.59 3.77 
7.0 Family status (size) Household size 0.78g 0.60 0.59 3.74 
8.0 Household head’s gender Male/female 0.78h 0.61 0.60 3.72  

a Predictors: (Constant), Total monthly household income. 
b Predictors: (Constant), Total monthly household income. 
c Predictors: (Constant), Total monthly household income, Owned Behaviour. 
d Predictors: (Constant), Total monthly household income Owned, Behaviour, and Location. 
e Predictors: (Constant), Total monthly household income, Behaviour, Ownership, Location, and Household Size are all factors to consider. 
f Predictors: (Constant), Total monthly household income, Behaviour, Ownership, Place, Household Size, and Household Head’s Education. 
g Predictors: (Constant), Total monthly household income, Owned, Behaviour Household Size, Location Household Head’s Education Degree, Household Head’s 

Age. 
h Predictors: (Constant), Total monthly household income, Owned, Behaviour Location, Household Size, Household Head’s Education Level, Household Head’s Age, 

Female. 

Table 8 
Regression model test outcomes by ANOVA.  

Sum of Squares df 

8817.023 8 
5674.378 411 
14491.401 419 
h. Predictors: (Constant), Total monthly household income, Owned, Behaviour 

Location, Household Size, Household Head’s Education Level, Household Head’s 
Age, Female 
i. Dependent Variable: Total CF  
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Ulu Pulai (β = 0.157, p < 0.05). In comparison to the gap between the 
residential area and the nearby business district, the household in the 
urban area consists of a mix of single and double-story residential 
buildings which requires high carbon emitting transportations. 

Examining the relationship between education level and carbon 
footprint, this fourth predictor showed two distinct trends (Table 10). 
Heads of households who do not have higher education demonstrate 
higher level of carbon footprints. Households with a head who has a 
university education, demonstrate lower carbon footprints, and these 
footprints decrease as the level of education increases (β = 0.131, p <
0.05). To put it another way, individuals who have more education tend 
to have a smaller carbon footprint than people who don’t have as much 

education, likely as a result of increased environmental consciousness 
and sensitivity to the impacts of climate change and global warming. 
Thus, one of the variables that appears to reduce carbon footprints is 
higher education attainment. 

Home ownership or tenure status is the fourth important predictor of 
the amount carbon footprint of household (β = 0.133, p < 0.05) 
(Table 10). The mean carbon footprint of households who own their 
home and those who rent a home differs in a manner which is statisti
cally significant, with homeowners having a significantly higher carbon 
footprint than those who rent. 

Several additional factors play a role in a household’s carbon foot
print. The results of the regression model show that in Iskandar 
Malaysian households, the age of the household head is a significant 
indicator of total carbon footprint (β = 0.095, p < 0.05). The number of 
household members, or the size of the household, is an important 
measure of the overall amount of carbon footprint (β = 0.106, p < 0.05), 
with an increased size of the household members resulting in a rise in the 
total amount of carbon footprint. Gender of the household head is also 
an important indicator in predicting the total carbon footprint of a 
household in Iskandar Malaysia. There is a statistically significant dif
ference (β = − 0.077, p < 0.05), in carbon footprint between households 
with female householders and those with male householders. Female- 
headed households consume less and, as a result, produce fewer car
bon emissions than male-headed households. The household head’s 
gender is thus a significant predictor of a household’s overall carbon 
footprint. 

Another variable that was expected to be a significant measure of 
carbon footprint is the type of household or the combination of house
holds. The research revealed that the mean carbon footprint values of 
different household combinations varied in a statistically significant 

Table 9 
Values of the lifestyle model’s coefficients.  

Model Unstandardized 
Coefficients 

Standardized Coefficients t Sig. Correlations Collinearity Statistics 

B Std. Error Beta Zero-order Partial Part Tolerance VIF 

(Constant) 7.22 1.81  4.00 .000      
Total monthly household income 1.12 0.10 0.48 11.10 .000 0.70 0.48 .34 0.52 1.93 
Environmental Consciousness − 4.25 0.69 − 0.19 − 6.18 .000 − 0.29 − 0.29 .19 0.95 1.05 
Status of Tenure 1.55 0.41 0.13 3.75 .000 0.32 0.18 .12 0.79 1.27 
Areas of Residence 0.54 0.13 0.16 4.26 .000 0.48 0.21 .13 0.71 1.42 
Size of the Family 0.29 0.09 0.10 2.96 .003 0.16 0.14 .09 0.84 1.22 
Level of education 0.61 0.19 0.13 3.14 .002 0.46 0.15 .09 0.55 1.84 
Household Head’s Age 0.06 0.02 0.11 3.07 .002 0.10 0.15 .09 0.71 1.41 
Household Head’s Gender − 1.34 0.55 − 0.08 − 2.44 .015 − 0.15 − 0.12 -.08 0.95 1.05 

a. Dependent Variable: Total CF. 

Fig. 2. Regression model normal probability plot.  

Fig. 3. Scatterplot of residuals.  

Table 10 
Household carbon footprint predictors.  

Model Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 

B Std. 
Error 

Beta Rank Predictor 

1 Level of income 1.12 0.10 0.48 11.10 0.000 
2 Green thinking − 4.25 0.69 − 0.19 − 6.18 0.000 
3 Areas of 

residence 
0.54 0.13 0.16 4.26 0.000 

4 Household 
head’s 
educational 
standard 

0.62 0.19 0.13 3.14 0.002 

5 Status of tenure 1.55 0.42 0.13 3.75 0.000 
6 Age 0.06 0.02 0.11 3.07 0.002 
7 Size of the 

family 
0.29 0.09 0.101 2.96 0.003 

8 Household 
head’s gender 

− 1.34 0.56 − 0.08 − 2.44 0.015  
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manner. Families with mature/adult children had the highest carbon 
footprint, while aged couples had the lowest. Although there is a small 
connection between the number of wage earners in a household and the 
overall household carbon footprint, it is insufficient to justify the use of a 
regression model. In Iskandar Malaysia, regardless of how many people 
contributed to the total household income, the total household income is 
more important to the carbon footprint than is the number contributing 
to income. 

5. The study’s discussion and implications 

The research investigated the issues and consumption patterns with 
associated variables such as climate change understanding, attitudes, 
and knowledge, to better comprehend the complicated linkages between 
socioeconomic variables and carbon emissions at household level from 
their spending and lifestyle patterns. The research finds that 83.6% 
understanding of climate change and 2.6% value on the right concept of 
climate change, which is similar to early surveys on climate change 
public opinion, which described as loose information (Abuelgasim and 
Daiban, 2017). Specific understanding on the subject of climate change 
has significant relations with an individual’s level of awareness, attitude 
and behaviour (Lorenzoni et al., 2007). In terms of climate change, 
significant decreases in carbon emissions are related to changes in levels 
of consumption and economic activities. Scientists have discovered a 
link between carbon emissions, economic activities, consumption and 
global warming. Climate models and historical data combined to indi
cate a simple linear link between total cumulative emissions and global 
climate change (IPCC et al., 2014). Developed countries depend on 
viable mitigation of climate change solutions (Ali et al., 2018; Druckman 
and Jackson, 2009, 2010), which focuses on overall consumption as the 
source of today’s environmental crisis, and the fact that more affluence 
and associated overconsumption may not be sufficient to mitigate the 
current environmental crisis (Jackson, 2011). In response towards that, 
there is a movement to counteract overconsumption by promoting a 
simple lifestyle (Ballantine and Creery, 2010) or minimizing consump
tion (Hamilton, 2010). A decline in the number of consumption of 
goods, services and products indicates change in consumption behav
iours, such as avoiding purchasing recent product with high carbon 
emission and/or purchasing secondhand items, for example, buying 
fewer clothes or reducing living space, recycle or upcycle product and 
recreation towards zero carbon activities e.g., walk and cycle. 

The study like others in various countries, shows that income is the 
strongest determinant for household carbon emissions, and is needed in 
order to accurately calculate the carbon footprint of a household. Green 
attitudes, household location (i.e., residential area), housing type, status 
of tenure of the household, education level of the household head, size of 
household, and household head’s age are the additional socio-economic 
determinants that contribute in a positive direction to the household’s 
carbon footprint. Only one factor, the gender of household head, has 
variable contribution, meaning that households that are female-headed 
tend to practice lower carbon lifestyles than male-headed households. 
However, the research has demonstrated that in Iskandar Malaysia, rural 
and urban lifestyles are broadly similar in terms of the characteristics 
that matter most to carbon footprints (e.g., electrical appliance use, 
lifestyles, and car use). Different scenarios have been captured in other 
settings where there is a greater disparity between rural and urban 
development. In China for example, there are greater differences be
tween the home electrical and heating devices found in urban house
holds as compared to rural households: according to the State Statistical 
Bureau 2008, the number of electrical applications, especially air con
ditioners, used in urban households increased three times that of rural 
households, and 5.5 times for computers use (Feng et al., 2011). 

This study indicates that numerous socio-economic determinants can 
affect household carbon footprints either positively or negatively. 
However, more detailed studies that include other lifestyle character
istics are needed in order to get more accurate information on consumer 

behaviours and carbon footprints, or what marketing practitioners refer 
to as a ‘geodemographic approach’ of “analysis of people by where they 
live” (Harris et al., 2007). Only a few studies exist that have begun to 
look at the connection between carbon footprints and lifestyle analysis 
via geodemographic data (Duchin, 1998; Duchin and Hubacek, 2003; 
Druckman and Jackson, 2009; Minx et al., 2009). Information such as 
the type of public transportation used, both private or public, 
commuting requirements, the distance to stores, and the condition and 
the age of the housing stock are all required. The concept behind geo
demographics is that people and places are inextricably linked. The 
knowledge of people’s whereabouts reveals details about them, which in 
turn affects carbon footprints. People who lead similar lives are said to 
congregate in specific locations (Schelling, 1969; Harris et al., 2007; 
Pancs and Vriend, 2007; Vickers and Rees, 2007). “Villages of wealthy 
commuters”, “affluent urban workers, big flats” or “single elderly peo
ple, high-rise flats” are examples of geodemographic lifestyle categories 
which likely have similar carbon emissions (Boardman, 2007). This 
classification gives a more meaningful result in the context of 
urban-rural preparation for low carbon development in the near future. 

One criticism of input-output based lifestyle studies is the typically 
descriptive nature of the analysis of results. Several experiments have 
been conducted in order to estimate the amount of emissions associated 
with various consumption habits based on socioeconomic variables such 
as schooling, income, or gender to recognize the connection between 
lifestyles and emissions (Salo et al., 2021; Kees Vringer and Blok, 2000; 
Weber and Perrels, 2000; Ferrer-i-Carbonell and Van Den Bergh, 2004; 
Lenzen et al., 2006; Weber and Matthews, 2008; Hertwich and Peters, 
2009). No study in Malaysia has yet recognized the role of lifestyles in 
clarifying emissions and taken them into account in empirical studies as 
emissions determinants. The model of important lifestyle and 
socio-economic build in this study reveal factors that have an effect on 
carbon footprint. The findings indicate that household income (β =
0.476, p < 0.05), green attitude (β = − 0.196, p < 0.05), residential area 
(β = 0.157, p < 0.05), education level (β = 0.131, p < 0.05), tenancy 
standing of household (β = 0.130, p < 0.05), household head’s age (β =
0.112, p < 0.05), size of household (β = 0.101, p < 0.05) and household 
head’s gender (β = − 0.077, p < 0.05) are all affecting a household’s 
carbon footprint to some extent. Following the outcomes, we have rec
ommended that improvements to environmental awareness, and 
improvement in infrastructure and green technologies, are critical if 
local authorities are to make progress towards a low carbon Iskandar 
Malaysia. 

The research findings revealed that income was the most important 
factor increasing carbon emissions when calculating a household’s 
carbon footprint (see Lévay et al., 2021; Christis et al., 2019). As a result, 
policy implications may need to include some corresponding sugges
tions on higher-income households. People’s lifestyles, particularly in 
cities, have evolved over time and are currently heavily reliant on 
electric household facilities, businesses, and portable appliances, so 
there needs to be innovation in renewable technologies that consume 
less energy and release less carbon. If this ambition is to be accom
plished, local manufacturers must be encouraged to develop more green 
household appliances. Local governments should also employ 
eco-labelling to impose control over trading enterprises in order to 
ensure that they import energy-efficient products when it comes to 
imported equipment. This will go a long way toward reducing urban 
residential energy consumption, which is the second-largest source of 
carbon emissions in Iskandar Malaysia. 

According to study outcomes, “for higher-income individuals, the 
determinant of carbon emission to the carbon footprint is a function of 
preference,” while “for lower-income individuals, the determinant of 
carbon emission to the carbon footprint is a function of constraints.” 
Higher-income households frequently use more energy, while low- 
income households emit a significant amount of carbon since they do 
not have the choice to switch to sustainable low energy-based alterna
tive appliances. However, we do not believe that individual preferences 
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and initiatives will be enough to fix this problem. Decarbonizing elec
trical systems, using energy-efficient equipment, and developing 
renewable energy sources that consume less energy and emit less carbon 
are some feasible solutions in future, though, policymakers should 
impose a specific strategy based on national low carbon economic plans. 
Improving infrastructure and services, as well as promoting green 
technologies, are two more options for Iskandar Malaysia to attain a 
low-carbon society. In this instance, large-scale structural transitions of 
energy infrastructure are required, as high-income households necessi
tate structural changes to our energy system. 

Despite this study’s limitations, we contend that the findings of this 
study are useful for policy development in Malaysia and other countries 
with similar economic environments. Noting that this study only looked 
at carbon dioxide emissions (e.g., kg CO2) and household’s carbon 
footprint, more research is needed to gain a better understanding of 
other carbon-related emissions, such as the primary sources of green
house gases or GHG emissions (kg CO2-eq), greenhouse gases of special 
concern (e.g., methane), and specific climate change’s effects on specific 
behaviours. 

6. Conclusion 

The study investigated lifestyle and socioeconomic factors that had a 
substantial impact on Iskandar Malaysia’s carbon footprint and emis
sions. It also showed which socioeconomic indicators were more pre
dictive of a household’s carbon footprint and which were less predictive. 
According to this study, income, green behaviour, residential zone, 
tenure status, degree of education, the age of the household head, the 
size of the household, and the gender of the household head are the most 
relevant criteria for determining a home’s carbon footprint. In Iskandar 
Malaysia, a variety of statistical approaches were employed to deter
mine the impact of household lifestyle and socioeconomic factors on 
carbon footprint. Only 2.6% of Iskandar Malaysians comprehend 
climate change, despite the fact that over 80% say they do. They have a 
different perspective on climate change in its current state. There is a 
need for increased campaigning for low-carbon household lifestyles and 
consumption to combat climate change. Environmental campaigns in 
government offices, colleges, schools, and universities can be pivotal to 
increase society environmental awareness through a number of activ
ities ranging from television shows to the internet. Another strategy to 
increase societal awareness of environmental issues is to fund environ
mental non-governmental organizations (NGOs). Over 82% of re
spondents agree to alter their lifestyle in order to reduce carbon 
emissions, which is a favorable reaction. This demonstrates an ability to 
adjust to the evolving environment. Malaysia is a good place to do more 
detailed and comprehensive research. Future research should focus on 
reducing the impact of lifestyle and socioeconomic factors on carbon 
emissions in the country. In terms of energy consumption, it will be good 
to look into the different ways that people use energy in their houses. To 
learn more about low carbon scenario planning and preparedness, the 
geo-demographic segmentation used in this study could be useful in the 
future. Ethnic group or job status could also be probed as potentially 
important sociodemographic factors linked to carbon footprints. It 
would be good to repeat this study on an individual level instead of a 
household level and compare the results. This way, we can see how each 
person’s consumption of household goods and perceptions on climate 
change changes over time. 
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