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Abstract
This study evaluated the direct and indirect association of Climate Change Awareness 
(CCA) with urban mobility options (i.e., walking, biking, and driving a carbon-dependent 
car) through Green Purchase Intention (GPI) and Eco-Socially Conscious Consumer Be-
haviour (ECCB). The study adopted a cross-sectional design with sensitivity analyses, 
robustness tests, and common methods bias evaluation. The participants were 865 adults 
in Accra, Ghana. The relationship was tested concurrently with a path analysis through 
structural equation modelling. CCA was positively associated with walking, biking, and 
driving. It had an indirect positive association with walking time through ECCB but an 
indirect negative association through GPI with walking time. CCA had an indirect positive 
association with biking and driving through GPI. ECCB can be an important determinant 
of walking for transportation among city dwellers with higher CCA. This study was the 
first to assess the nexus between environmental knowledge, pro-environmental consump-
tion indicators, and active and non-active travel, unfolding implications for city design in 
a Sub-Saharan African context.

Keywords  Walking · Biking · Driving · Climate change awareness · Green purchase 
intention · City residents

Introduction

Climate change is a worrying global challenge influenced by travel behaviour. It is partly 
caused by transportation-related greenhouse gas emissions (Saleem et al. 2018a, b; Saleem 
et al. 2018a, b). Much of the greenhouse gases (e.g., carbon dioxide, methane, and nitrous 
oxide) emitted are from transportation involving the combustion of fossil fuels (Asiamah et 
al. 2023; Saleem et al. 2018a, b), which makes active commuting (e.g., walking and bicy-
cling) a better option for the planet and an important concept within the sustainability-health 
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debate. Over the past decades, the debate on sustainability has evolved to a stage where the 
role of environment-friendly action in individual health is strongly recognised (Grant et al. 
2017). At this stage, the “sustainability-health” concept was used to delineate and value the 
health benefits of pro-environmental behaviour.

A pro-environmental behaviour is any choice or action taken by individuals and manu-
facturers to minimise the adverse impacts of their activities on the environment (Amoah and 
Addoah 2021; Opuni et al. 2022). Driving an electric vehicle and choosing active commut-
ing over driving a carbon-dependent car (i.e., a car that depends on fossil fuel or produces 
greenhouse gases during its use) are examples of individuals’ pro-environmental behaviour. 
The use of solar-powered energy sources in a manufacturing firm is an example of corpo-
rate pro-environmental behaviour. There is a growing consensus in the literature that these 
and similar behaviours are among the topmost efforts against the climate crisis. It is, thus, 
understandable why researchers (Asiamah et al. 2023; Saleem et al. 2021; Xu et al. 2022) 
are advocating mainstream adoption of pro-environmental behaviours. A notable pro-envi-
ronmental behaviour is Eco-Socially Conscious Consumption Behaviour (ECCB).

ECCB encompasses consumer actions that reflect an awareness and consideration of 
both the environmental and social impacts of purchasing decisions (Saleem et al. 2021). Its 
antecedents are environmental awareness, religiosity, patriotism, morality, and social con-
sciousness (Saleem et al. 2021; Saleem et al. 2018a, b). It encapsulates elements of socially 
responsible consumption and ecologically conscious consumption behaviour, which are also 
motivated by people’s morality, patriotism, and ethical orientation (Connell 2011; Saleem et 
al. 2018a, b). ECCB is an outstanding pro-environmental behaviour because it is informed 
by a sense of morality driven by both social and environmental considerations (Saleem et al. 
2018a, b), which implies that people with a high level of ECCB are conscious of the adverse 
impacts of their consumption on the environment and people. It is, therefore, rich in altruism 
and love for nature, which makes it an ideal behaviour for sustainability.

Environmental awareness, often used interchangeably with environmental knowledge 
(Amoah and Addoah 2021; Asiamah et al. 2024), is a noteworthy determinant of ECCB. 
Environmental knowledge is an individual’s understanding and awareness of environmental 
issues such as global warming and climate change (Asiamah et al. 2024; Ünal et al. 2018). 
It includes knowledge about appropriate actions to take and avoid in the interest of sus-
tainability. An example of environmental knowledge is Climate Change Awareness (CCA), 
defined as an individual's understanding of environmental and climate issues as well as their 
willingness and commitment to act and collaborate with others to address these issues (Itur-
riza et al. 2020). This definition portrays CCA as a socialist approach to addressing climate 
issues. Others have defined CCA as the extent to which people are aware of climate change 
events (e.g., extreme weather) and how to act against them (Asiamah et al. 2024).

CCA is an important indicator of environmental knowledge because it fosters Green Pur-
chase Intention (GPI). Although it does not always translate into actual pro-environmental 
behaviour, GPI is the foundation for environment-friendly purchase decisions and actions. 
It is the desire of people to use products and services of organizations that employ environ-
mentally friendly manufacturing processes (Ahmad et al. 2023). A growing body of empiri-
cal research has shown that GPI is predicted by CCA or environmental knowledge (Hwang 
et al. 2024; Myung Ja Kim and Hall 2019; Wang et al. 2020), and other studies (Amoah & 
Addoah 2021; Halady and Rao 2010; Hopkins 2016; Venghaus et al. 2022) have reported 
a positive association between CCA and different aspects of pro-environmental behaviour 
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that serve as proxies of ECCB. In this study, we refer to ECCB and GPI as pro-environ-
mental consumption indicators, since they represent environmentally friendly consumption 
intention or behaviour.

To recall, much of the greenhouse gas emissions are from transportation, so the sus-
tainability-health debate advocates for interventions enabling individuals to choose active 
commuting over driving carbon-dependent cars. Active commuting refers to travelling to 
places with active types of transportation, such as walking and bicycling (Osmënaj et al. 
2024). Bicycling (subsequently referred to as biking) and walking are well recognised in the 
literature as health-seeking pro-environmental behaviours (Asiamah et al. 2023; Hopkins 
2016; Mathisen et al. 2015), with the latter considered the most environmentally friendly 
mobility method (Asiamah et al. 2023). While some studies (Asiamah et al. 2024; Hopkins 
2016) have found a positive association of environmental knowledge on biking and walk-
ing, others (Fallah Zavareh et al. 2020; Teixeira et al. 2023) have reported pro-environmen-
tal consumption indicators as predictors of these active forms of commuting. Yet, no study 
has simultaneously examined the association among environmental knowledge, pro-envi-
ronmental consumption indicators, as well as active and non-active modes of commuting.

This study, therefore, aimed to advance the sustainability-health debate by answering the 
following two research questions: (1) does CCA have a direct influence on GPI, ECCB, and 
the three types of transportation [i.e., walking, biking, and driving a carbon-dependent car], 
and (2) does CCA indirectly influence the three forms of transportation through GPI and 
ECCB? A path analysis that allowed for the concurrent assessment of the foregoing nexus 
was utilised.

Accra is the capital city of Ghana, where the urban population is rapidly growing (Doan 
and Oduro 2012). Its residents are experiencing ubiquitous climate change events such as 
flooding and heatwaves, leading to climate anxiety in the general population (Abunyewah 
et al. 2023). A population-based study (Asiamah et al. 2025) recently found that climate 
anxiety in Ghana is highest in Accra, Cape Coast, Tamale, and Wa. Extreme weather is, thus, 
expected to influence mobility choices and consumption behaviours in these cities over 
the coming decades. Most vehicles used in Accra and similar cities in Sub-Saharan Africa 
depend on fossil fuels (Ackaah et al. 2022; Farinloye et al. 2024), but there is increasing 
adoption of electric cars among residents. This situation, coupled with climate anxiety and 
the ubiquity of extreme weather events in Accra, warranted an assessment of the correlation 
of CCA with different mobility choices.

This study is the first to incorporate environmental knowledge, the pro-environmental 
consumption indicators, walking, biking, driving, and personal factors in a path model or 
analysis. Testing the foregoing association with a concurrent path model is more statistically 
robust as it enabled us to avoid estimating the effect sizes with multiple models and type 
I error (i.e., confirming an effect that does not exist) (Kim 2015; MacKinnon et al. 2002). 
This is the first study to test a model that extends the link between environmental knowledge 
and ECCB to active and non-active modes of commuting. As a superior pro-environmental 
behaviour comprising social and environmental considerations, ECCB in a path model with 
GPI can unfold policy implications. Our path model is unique in the context of city resi-
dents who, for reasons discussed later, may choose to drive a carbon-dependent car despite 
having a high CCA. Finally, the association can be biased by various threats to internal 
validity, such as non-linearity. Yet, previous studies undermined assumptions such as model 
linearity, suggesting that non-linear relationships were possibly tested with linear models. 
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To address these gaps and better elucidate implications for practice, we employ sensitivity 
analyses and robustness tests in the path analysis.

Theoretical framework

The Theory of Planned Behaviour by Icek Ajzen in 1985 (Ateş 2020; Dangelico et al. 2021) 
has been predominantly utilised by researchers to explain pro-environmental consumption 
indicators and their associated factors (Ateş 2020). It posits that behavioural intentions are 
influenced by three interrelated factors: attitude, subjective norms, and perceived behav-
ioural control. “Attitude” is an individual’s evaluation of a behaviour as positive or benefi-
cial, whereas “subjective norm” is a belief in other people’s endorsement of the behaviour. 
If individuals recognise using an electric vehicle as a positive choice that may protect the 
environment and believe others endorse and value this behaviour, their motivation or inten-
tion to choose an electric vehicle over a carbon-dependent car would be high. Individu-
als’ intention to perform a pro-environmental behaviour (e.g., walking instead of driving a 
carbon-dependent car) is more likely to result in the behaviour if their subjective norm and 
attitude are high.

The Theory of Planned Behaviour is an extension of the Theory of Reasoned Action (Sok 
et al. 2021), which shares the foregoing postulates. Unlike the Theory of Reasoned Action, 
however, the Theory of Planned Behaviour recognises and delineates the role of “perceived 
behavioural control” in people’s behaviour. Perceived behavioural control, which is analo-
gous to self-efficacy (Giles et al. 2004), is a belief in one’s ability to perform a behaviour 
based on an evaluation of personal circumstances (Hwang et al. 2024; Sok et al. 2021). 
Some individuals with high “behavioural intention” or motivation may not have the requi-
site circumstances for performing a behaviour. For example, older adults who have both the 
attitude, subjective norm, and intention to choose walking over driving a carbon-dependent 
car may avoid walking owing to their low perceived behavioural control caused by their 
physical limitations. Thus, perceived behavioural control complements the intention to per-
form a pro-environmental behaviour.

Perceived behavioural control comes from a self-assessment of personal circumstances 
such as resources owned (e.g., money for buying an electric vehicle), physical functional 
ability, and knowledge needed to perform a behaviour safely or sustainably. This perspec-
tive unfolds the role CCA may play in pro-environmental behaviours. A high CCA is a 
resource with which individuals can understand and appreciate the value of pro-environ-
mental behaviours and other people’s appreciation of these behaviours. Invariably, individu-
als would have a high subjective norm and, in effect, the attitude and intention to perform 
pro-environmental behaviours at a high CCA. This thought is corroborated by several stud-
ies (Amoah and Addoah 2021; Asiamah et al. 2024; Halady & Rao 2010; Hopkins 2016; 
Venghaus et al. 2022) that have found a positive association of environmental knowledge 
with pro-environmental behaviour. Noteworthy are studies (Amoah & Addoah 2021; Asia-
mah et al. 2024) confirming a positive association between CCA and pro-environmental 
behaviours in Ghana.

Two models that recognise the potential effect of environmental knowledge on pro-envi-
ronmental behaviours are the Tripartite Integrated Model of Social Influence (TIMSI) and 
the Knowledge Deficit Framework. Propounded by Mica Estrada and associates (Estrada et 

1 3



Transportation

al. 2011, 2017), the TIMSI avers that climate change education is a catalyst for social and 
community integration. It adds that climate change education fosters individual interest in 
the consequences of climate change and encourages action to avert these consequences. 
Although the TIMSI was aimed at explaining pro-environmental behaviours in younger 
adults, its imports apply to the general population, given that older adults can be as con-
cerned about environmental protection as younger generations (Asiamah et al. 2023) and 
would perform pro-environmental behaviours if their circumstances allow them to do so. 
The TIMSI suggests that climate change education enlightens people about climate crises 
and shared actions (i.e., universally accepted actions that protect the environment) against 
these crises. It can be inferred that CCA is a possible outcome of climate change education 
and an antecedent of pro-environmental behaviours such as ECCB.

The imports of the TIMSI are consistent with the argument of the Knowledge Deficit 
Framework, which acknowledges increased pro-environmental action as a product of envi-
ronmental knowledge. Individuals with higher environmental knowledge are more likely to 
make daily consumption or purchase choices in favour of sustainability. Deductively, the 
positive association of environmental knowledge with pro-environmental behaviour is not 
only supported by the Theory of Planned Behaviour and a growing body of empirical stud-
ies (Amoah & Addoah 2021; Asiamah et al. 2024; Hopkins 2016) but is also corroborated 
by the TIMSI and Knowledge Deficit Model. The firm theoretical and empirical backing 
of this relationship bolsters climate change education as an instrumental quest in favour of 
the environment. Yet, research needs to improve stakeholders’ understanding of whether 
outcomes of this type of education (e.g., CCA) predict active transportation since carbon-
dependent transportation is one of the major facilitators of climate change (Asiamah et al. 
2023; Saleem et al. 2018a, b).

Active transportation through walking and biking is viewed as an environment-friendly 
choice (Asiamah et al. 2023; Galich et al. 2021; Hopkins 2016), and walking is consid-
ered the most sustainable form of commuting (Asiamah et al. 2023; Kim et al., 2020). The 
above theoretical deductions, thus, support the positive association of CCA (a type of envi-
ronmental knowledge) with biking and walking, implying that city residents with higher 
CCA would spend more time commuting through walking and biking. As mentioned earlier, 
pro-environmental behaviour and intention driven by environmental knowledge depend on 
personal circumstances. In a sprawling city such as Accra, many residents may live far 
away from common destinations such as workplaces, churches, and shops. This reasoning 
is supported by studies (Pucher et al. 2010; Tsunoda et al. 2021) suggesting that walking and 
biking are usually for short-distance travel.

Heatwaves, unexpected rainfalls, and floods may necessitate travelling by a carbon-
dependent car despite one’s high environmental knowledge. Cars, compared to bikes, are 
more protective during extreme weather, so it is rational for residents with high environmen-
tal knowledge to choose driving a carbon-dependent car over walking or biking in Ghana 
where electric vehicles would not be affordable. This being so, CCA may not be associated 
with lower time spent on driving a carbon-dependent car as the above theoretical analysis 
implies. Instead, residents with high CCA may spend more time driving a carbon-dependent 
car. Average temperatures in Accra have increased in the past decades and heatwaves are 
frequently experienced throughout the year (Klutse et al. 2020). This situation is coupled 
with unexpected flooding and rainfalls, which render roads and floors muddy (Asiamah 
2022). These situations can discourage active commuting among city residents. Hence, 
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CCA can be positively associated with driving time among residents of Accra. As depicted 
in Fig. 1, the association of CCA with the three types of transportation are potentially posi-
tive and are denoted as p1.

ECCB is a type of pro-environmental behaviour confirmed in research as an outcome or 
a correlate of environmental knowledge (Saleem et al. 2021; Saleem et al. 2018a, b). Thus, 
the potential positive association of CCA with ECCB is supported by our theoretical syn-
thesis and empirical research, which forms the basis of the second hypothetical path (i.e., 
p2) in Fig. 1. A type of “behavioural intention” is GPI, which our theoretical framework 
reorganises as an outcome of CCA. Worth mentioning is the fact that this relationship has 
been confirmed by several studies (Hwang et al. 2024; Myung Ja Kim & Hall 2019; Wang 
et al. 2020). The study of Hwang and colleagues in the United States (Hwang et al. 2024), 
for example, found that individuals with higher environmental knowledge were more likely 
to report the intention to reduce single-use plastics. Similar results were reported by Wang 
and associates (Wang et al. 2020) as well as researchers in Korea (Myung Ja Kim and Hall 
2019). Thus, a positive association of CCA with GPI (p3), as depicted in Fig. 1, is probable.

The independent association of CCA with the three transportation types depends on three 
paths in Fig. 1 (i.e., p4, p5, and p6). According to the Theory of Planned Behaviour, “behav-
ioural intention” (e.g., GPI) can be strongly associated with actual behaviour (e.g., ECCB, 
walking, biking, and driving) depending on perceived behavioural control (Saleem et al. 
2021; Saleem et al. 2018a, b). This argument forms the basis of the remaining direct effect 
sizes (i.e., p4, p5, and p6) in Fig. 1 and implies a potential indirect association of CCA 
with walking, biking, and driving. Although this relationship is supported by our theoreti-
cal framework and anecdotal evidence (Saleem et al. 2021; Saleem et al. 2018a, b), they 
have not been empirically confirmed with a concurrent structural equation modelling. Our 
theoretical model implies a negative association of ECCB and GPI with driving, but this 
relationship can be positive since residents with high CCA, ECCB, and GPI may not neces-

Fig. 1  The conceptual model. Note: ECCB–eco-socially conscious consumer behaviour; p1-p6 are the 
effects or paths linking climate change awareness to walking, biking, and driving time; broken arrow 
represents potential confounding effect
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sarily avoid driving a carbon-dependent car. Regardless of whether this association is posi-
tive or negative, CCA would have an indirect association with the three transportation types 
through ECCB and GPI.

The direct and indirect association of CCA with the three transport behaviours can be 
confounded by personal variables. In a study undertaken in Egypt, men reported higher 
CCA (Mostafa 2007), which means gender may affect CCA and consequently confound 
the association. Environmental knowledge can depend on the level of formal educational 
attainment since individuals learn about climate change and environmental issues in school. 
If so, formal education can also confound the association of CCA in Fig.  1. Older and 
younger people have different experiences with the environment and its issues (Asiamah et 
al. 2023; Ayalon & Roy 2023), so age can likewise confound the model. To avoid or reduce 
confounding bias, we followed evidence in the literature to incorporate into the conceptual 
model relevant covariates. As discussed in the next section, a rigorous statistical procedure 
was employed to screen and adjust for such covariates.

Materials and methods

Design

This study adopted a cross-sectional design, which included sensitivity analyses and robust-
ness tests performed with path analysis, curve estimation, and a Hierarchical Linear Regres-
sion (HLR) analysis.

Study setting, participants, and selection

The study setting was Accra, a sprawling city in Ghana, West Africa. The participants were 
permanent residents of Accra who met the following inclusion criteria: (1) being aged 
18 years or older; (2) willingness to participate in the study voluntarily, (3) owned a bicycle 
and a private car, and (4) not having any disability that precluded community participation 
through walking, biking, and driving. Some rural and peri-urban suburbs of Accra (i.e., 
Dodowa, Dorimu, Shai Hills, and Prampram) were excluded from the study setting because 
their sociodemographic attributes differed from the rest of Accra. Moreover, it was difficult 
to find residents who met the third inclusion criterion in those suburbs.

The participants were selected with multistage sampling. Accra was divided into four car-
dinal blocks (i.e., north, south, east, and west), and the participants were selected randomly 
from neighbourhoods in each block. The balloting method was utilised to randomly select 
neighbourhoods from each block. The specific neighbourhoods selected are as follows:

	Accra North − Roman Ridge, Dzorwulu, Kanda, Kaneshie, and Accra New Town

	Accra South − Korle Gonno, Korlebu, Chorkor, Mamprobi, and New Mamprobi.

	 Accra West − Odorkor, Dansoman, Darkuman, and Abeka Lapaz.

	 Accra East − East Legon, Madina, Adenta, Dome, and Kwabenya
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A checklist based on the above criteria was utilised by research assistants to select partici-
pants in each block and neighbourhood, and 930 individuals were selected from the four 
blocks. Eligible participants were selected at community centres, churches, and malls. Based 
on standard parameters for detecting weak effects (α = 0.05, power = 0.8, effect size = 0.3, 
number of variables in the model = 8) used in a similar context (Asiamah et al. 2024), the 
minimum sample size was calculated with Daniel Sopper’s sample size calculator for struc-
tural equation modelling. The minimum sample calculated was 161, but we included all 
eligible participants in the study to maximise the power of the tests.

Variables and their measurement

Walking time was measured by asking participants to report time (in minutes) spent on a 
typical day walking in (1) recreational or social activities, (2) economic activities such as 
work and trade, and (3) health-seeking and other activities. These three areas of activity 
are indicative of active and non-active travel patterns in Accra and were previously used 
in a study (Bempong & Asiamah 2022). Similarly, we asked participants to report biking 
and driving time spent on the above three activities on a typical day. Composite scores of 
walking, biking, and driving time were then generated by adding times reported for the 
three activities. Reference was made to activities performed over the past week in measur-
ing the three modes of transportation. The measurement method adopted was consistent 
with the way physical activity has been measured with the World Health Organization’s 
Global Physical Activity Questionnaire and the International Physical Activity Question-
naire (Alola et al. 2022; Cheng and Yu 2021; Craig et al. 2003). Yet, the approach was less 
vulnerable to recall bias for specifying three areas of activity indicative of the travel pattern 
in Accra.

ECCB was measured with a 9-item standard scale comprising five descriptive anchors 
(i.e., 1–strongly disagree, 2–disagree, 3–somewhat agree, 4–agree, and 5–strongly agree). 
This tool was adopted in whole from a previous study (Saleem et al. 2018a, b) and encom-
passed items suited for an African context. It produced a satisfactory Cronbach’s α = 0.78, 
which exceeds the baseline value of 0.7 (Ng 2013). GPI was measured with a 5-item stan-
dard sub-scale with five descriptive anchors (i.e., strongly disagree–1, disagree 2, somewhat 
agree–3, agree–4, and strongly agree - 5). This tool is a component of the Green Purchase 
Behaviour Scale (Kanchanapibul et al. 2014) that measures GPI. It yielded a satisfactory 
Cronbach’s α = 0.81 in the current study and was chosen over other scales for its suitability 
for an African context.

CCA was measured with a 17-item standard tool from previous research (Gönen et al. 
2023). This tool accompanied the same descriptive anchors as ECCB and produced a sat-
isfactory Cronbach’s α = 0.77. It was slightly adapted by rephrasing five items to reflect 
extreme weather conditions in Africa. Items rephrased are in bold cases in Appendix A. This 
adaptation was necessary since the original scale was developed in a Nordic context. To 
transform responses on the scales into continuous data, we summed all their items to create 
a composite (summative) score. Composite scores ranged from 9 to 45, 5 to 25, and 17 to 
85 for ECCB, GPI, and CCA respectively. Higher scores represent higher levels of the vari-
ables. Responses were based on activities or situations experienced over the past week, and 
negative items were reverse-coded on all scales. Appendix A shows scales used to measure 
ECCB, GPI, and CCA.
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Previous research (Bempong and Asiamah 2022; Sghaier et al. 2022) was followed to 
measure the potential confounding variables. Education was measured as a discrete variable 
by asking participants to report their years of schooling. Gender was measured as a categori-
cal variable (men–1, and women–2). Income was also a discrete variable measured as the 
individual's gross monthly earnings in Ghana cedis. Age (in years) was a measure of one's 
chronological age. Self-reported health (poor–1, and good–2) and chronic disease status 
(none–1, and one or more–2) were measured as categorical variables. ‘Years lived in the 
community’ was measured as how long (in years) the individual had lived in their current 
neighbourhood in Accra. Categorical variables were coded into dummy-type variables and 
one level was set as a reference.

Survey instrument and common methods bias evaluation

A self-reported questionnaire comprising two sections or blocks was used to collect data. 
The first block presented measures of CCA, GPI, ECCB, and the three types of transporta-
tion. The second block encompassed questions measuring the potential confounders. Fol-
lowing previous research (Sghaier et al. 2022), we took two steps to avoid or minimise 
common methods bias. The first step involved clearly separating blocks, sections, and ques-
tions with specific survey completion instructions, ensuring that participants were guided 
to accurately answer questions in the right context. While administering the questionnaire, 
research assistants ensured every participant understood the survey completion instructions. 
The second procedure was Harman's one-factor statistical method (Jakobsen and Jensen 
2015; Kock et al. 2021), which was used to verify the absence of common methods bias. 
Regarding this method, we performed an exploratory factor analysis with varimax rotation 
on each scale and evaluated the resulting factor structures. Each factor solution included two 
or more factors, each accounting for a variance of less than 40% as recommended in the lit-
erature (Jakobsen and Jensen 2015; Kock et al. 2021). These results evidenced the absence 
of common methods bias in our data.

Ethics and data collection

This study received ethical review and clearance from an institutional research ethics review 
board in Accra, Ghana (number 005–010-2023-ACE). The participants provided written 
informed consent and participated voluntarily. Five research assistants delivered question-
naires in stamped envelopes to participants between October and November 2023. Some 
participants responded instantly, but others returned completed questionnaires in two weeks 
through a private courier hired by the researchers. A total of 865 completed questionnaires 
were analysed. Fifty-two questionnaires were not returned, whereas 13 of those returned 
were partially filled. Participants who did not return their questionnaires had a change in 
personal circumstances or decided to withdraw from the study.

Statistical analyses techniques

Data were analysed with SPSS 28 (IBM Inc., New York, USA) and Amos 28. SPSS was 
used to summarise the data with descriptive statistics and perform robustness tests as well 
as sensitivity analyses. Amos was used for path analysis through structural equation model-
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ling. Three stages of data analysis were completed. In the first stage, we summarised the 
data with descriptive statistics (i.e., counts and averages), enabling us to identify potential 
missing data. Only two personal variables (i.e., self-reported health and private car owner-
ship) had up to 2% missing data. We proceeded to the next stage without removing the 
missing data because the missing observations constituted less than 10% of the data on each 
variable (Sghaier et al. 2022).

In the second stage, we carried out a sensitivity analysis to select covariates for our statis-
tical model and investigated whether assumptions governing the use of structural equation 
modelling were met by our data. These assumptions are the linearity of the relationships, the 
multivariate normality of the data, and multicollinearity (Flora et al. 2012). Linearity was 
assessed with curve estimation under the linear regression option in SPSS. The R-square 
and its significance were computed and compared between linear and non-linear functions 
(i.e., quadratic, cubic, power, exponential, and power) for all paths in Fig. 2. The linear 
functions were significant at p < 0.001 and yielded the largest R-squares, indicating that a 
linear model was the best estimator of the effect sizes.

Multivariate normality was assessed with a composite estimator in the adjusted model 
(i.e., Fig. 2). The result violated multivariate normality, but our data could still be analysed 
with structural equation modelling since our sample size was large enough (Flora et al. 
2012; Garson 2012). Following previous research utilising HLR analysis (Sghaier et al. 
2022), we screen for the ultimate covariates through a sensitivity analysis. Only age and 
chronic disease status qualified as the ultimate covariates in this analysis. The sensitivity 
analysis was necessary to remove potential confounders that did not influence the associa-
tions. Too many irrelevant covariates in structural equation modelling may result in higher 
multicollinearity since the likelihood of this problem occurring depends on the number of 
predictors in a model (Flora et al. 2012; Osborne & Waters 2003). The absence of multi-
collinearity was confirmed with “tolerance” values > 0.5 for the two ultimate covariates, 

Fig. 2  The statistical (adjusted) model. Note: CCA–Climate Change Awareness; GPI–Green Purchase 
Intention; ECCB–Eco-socially Conscious Consumer Behaviour
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CCA, GPI, and ECCB. Appendix B shows the steps taken in the sensitivity analysis and 
multi-collinearity assessment.

Finally, the effect sizes were estimated with two statistical models. The first (baseline) 
model was fitted to estimate crude coefficients, including the direct and indirect effect sizes. 
The second (adjusted) model (in Fig. 2) included age and chronic disease status as covari-
ates from the sensitivity analyses. The conclusions of this study are based on this model. In 
another sensitivity analysis, we compared the two models’ effect sizes and fit indices. In our 
comparative analysis, the relative fits of the models were assessed with the Akaike Informa-
tion Criterion (Sghaier et al. 2022). We estimated the indirect effect sizes and their statisti-
cal significance with formulae shown in Appendix C through “user-defined estimands” in 
Amos. Our estimation was based on 2000 bias-corrected sampling iterations or bootstraps 
at a 95% confidence interval. We generated a Pearson’s correlation matrix to guide model 
fitting, and the significance of all effect sizes was detected at a minimum of p < 0.05.

Results

Table 1 shows descriptive statistics summarising the data. The average age of the partici-
pants was about 30 years (Mean = 29.64; SD = 6.33) whereas the average walking time was 
about 118 min (Mean = 118.42, SD = 94.90). About 64% (n = 550) of the participants were 
women whereas about 93% (n = 800) of them reported no chronic disease. Table 2 shows 
a correlation matrix of the variables. CCA was positively correlated with ECCB (r = 0.534, 
p < 0.001, two-tailed) and GPI (r = 0.351, p < 0.001, two-tailed), which suggests that indi-
viduals with higher CCA reported higher ECCB and GPI. GPI and ECCB were positively 
correlated (r = 0.241, p < 0.001, two-tailed), implying that participants who reported higher 
GPI reported higher ECCB.

Table 3 shows the direct effect sizes of the baseline and adjusted models. In the 
adjusted model, CCA had a positive association with ECCB (β = 0.481, p < 0.001, critical 
ratio = 16.100) and GPI (β = 0.351, p < 0.001, critical ratio = 11.017), confirming that higher 
CCA was associated with higher ECCB and GPI. CCA had a positive but weak association 
with walking (β = 0.081, p < 0.05, critical ratio = 1.996), biking (β = 0.12, p < 0.05, critical 
ratio = 2.907), and driving (β = 0.106, p < 0.05, critical ratio = 2.623). Thus, participants who 
reported higher CCA reported higher walking, biking, and driving time.

Table 4 shows the indirect effect sizes of the adjusted and baseline models. CCA had 
a positive indirect association through ECCB with walking only (unstandardised esti-
mate = 0.621, p < 0.001, CI =  ± 0.736), implying that ECCB could transmit the influence of 
CCA only on walking time. The study further found an indirect positive association of 
CCA with driving time (unstandardised estimate = 0.383, p < 0.001, CI =  ± 0.377) and bik-
ing time (unstandardised estimate = 0.303, p < 0.001, CI =  ± 0.398) but an indirect negative 
association with walking time through GPI (unstandardised estimate = -0.504, p < 0.001, 
CI =  ± 0.767). CCA had an indirect positive association with only walking through ECCB 
and GPI (unstandardised estimate = 0.033, p < 0.05, CI =  ± 0.095) in the adjusted model.

Table 5 shows the fit indices of the adjusted and non-adjusted models. The adjusted model 
had a good fit in terms of the chi-square (at p > 0.05), goodness-of-fit index, Tucker-Lewis 
index, and root mean square error of approximation (Sghaier et al. 2022). The adjusted 
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model yielded a smaller value of Akaike Information Criterion and was, therefore, more 
strongly fitted (Sghaier et al. 2022).

Discussion

This study utilised a path analysis to simultaneously assess the (1) direct association of CCA 
with walking, biking, and driving, and (2) indirect association of CCA through GPI and 
ECCB with the three transport behaviours.

A positive association of CCA with GPI and ECCB was confirmed, suggesting that 
residents who reported higher CCA had higher GPI and ECCB. The Theory of Planned 
Behaviour supports the positive CCA-GPI relationship with its argument that a person’s 
intention to perform a behaviour is an outcome of their environmental awareness. The con-

Table 2  A correlation matrix of variables in the path model (n = 865)
Variable 1 2 3 4 5 6 7 8
Climate change awareness 1 .534** .351** .116** .140** .154** -.070* .092**
ECCB 1 .241** .120** .071* .105** -.110** .224**
Green purchase intention 1 -0.054 .145** .116** -0.028 -0.022
Walking (mins) 1 .173** .106** -0.001 .230**
Bicycling (mins) 1 .106** 0.021 -.074*
Driving (mins) 1 .159** .206**
CDS (none as a reference) 1 .191**
Age (yrs) 1
**p < 0.001; p < 0.05; ECCB–eco-socially conscious consumer behaviour; CDS–chronic disease status

Variable M SD Range n (%)
Climate change awareness 57.19 6.70 41–79
Eco-socially conscious con-
sumer behaviour

28.83 4.83 15–42

Green purchase intention 17.21 3.42 1–25
Walking (mins) 118.42 94.90 0–990
Bicycling (mins) 25.34 54.83 0–390
Driving (mins) 54.62 92.14 0–540
Age (yrs) 29.64 6.33 19–48
Education (yrs) 17.32 4.22 6–29
Years lived in the community 5.67 2.99 1–15
Sex
Men 315(36%)
Women 550(64%)
Self-reported health
Poor 40(5%)
Good 800(93%)
Missing 25(2%)
Chronic disease status
None 715(83%)
One or more 150(17%)

Table 1  Descriptive statistics on 
personal characteristics (n = 865)

 M–mean; SD–standard 
deviation; n–frequency

 

1 3



Transportation

Dependent 
variable

Path Independent 
variable

B β Stan-
dard 
error 
(B)

Criti-
cal 
ratio

95% CI 
(B)

p Label

Baseline (non-adjusted) model
Eco-socially 
conscious 
consumer 
behaviour

 ←  Climate change 
awareness

0.369 0.512 0.022 16.712  ± 0.094 *** a

Green 
purchase 
intention

 ←  Climate change 
awareness

0.179 0.351 0.016 11.017  ± 0.065 *** b

Eco-socially 
conscious 
consumer 
behaviour

 ←  Green purchase 
intention

0.086 0.061 0.043 1.982  ± 0.231 0.047 j

Walking 
(mins)

 ←  Climate change 
awareness

1.522 0.108 0.582 2.614  ± 1.691 0.009

Biking 
(mins)

 ←  Climate change 
awareness

0.883 0.108 0.337 2.623  ± 1.075 0.009

Driving 
(mins)

 ←  Climate change 
awareness

1.588 0.116 0.566 2.804  ± 1.595 0.005

Driving 
(mins)

 ←  Eco-socially 
conscious con-
sumer behaviour

0.521 0.027 0.758 0.687  ± 2.455 0.492 c

Walking 
(mins)

 ←  Eco-socially 
conscious con-
sumer behaviour

1.771 0.090 0.780 2.271  ± 2.072 0.023 d

Biking 
(mins)

 ←  Eco-socially 
conscious con-
sumer behaviour

-0.155 -0.014 0.451 -0.344  ± 1.788 0.731 f

Walking 
(mins)

 ←  Green purchase 
intention

-3.161 -0.114 0.995 -3.177  ± 4.403 0.001 h

Biking 
(mins)

 ←  Green purchase 
intention

1.777 0.111 0.575 3.089  ± 2.253 0.002 i

Driving 
(mins)

 ←  Green purchase 
intention

1.846 0.068 0.968 1.908  ± 2.161 0.056 g

Adjusted model
Eco-socially 
conscious 
consumer 
behaviour

 ←  Climate change 
awareness

0.347 0.481 0.022 16.100  ± 0.093 *** a

Green 
purchase 
intention

 ←  Climate change 
awareness

0.179 0.351 0.016 11.017  ± 0.065 *** b

Eco-socially 
conscious 
consumer 
behaviour

 ←  Green purchase 
intention

0.103 0.073 0.042 2.455  ± 0.227 0.014 j

Walking 
(mins)

 ←  Climate change 
awareness

1.146 0.081 0.574 1.996  ± 1.635 0.046

Biking 
(mins)

 ←  Climate change 
awareness

0.978 0.120 0.336 2.907  ± 1.068 0.004

Driving 
(mins)

 ←  Climate change 
awareness

1.456 0.106 0.555 2.623  ± 1.654 0.009

Table 3  Direct effects from the baseline (non-adjusted) and adjusted models (n = 865)
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gruence between this result and the Theory of Planned Behaviour is complemented by stud-
ies (Hwang et al. 2024; Myung Ja Kim and Hall 2019; Wang et al. 2020) that have found 
a positive association between environmental knowledge and GPI. Notably, this study was 
the first to confirm this relationship in a sample of city residents in Africa. The positive 
association of CCA with ECCB is also consistent with the Theory of Planned Behaviour, 
which explains that environmental awareness can lead to behavioural intentions and behav-
iours, including pro-environmental behaviours. More so, the TIMSI and Knowledge Deficit 

Table 4  Indirect effects (unstandardised estimates) from the baseline and adjusted models (n = 865)
Parameter Baseline model Adjusted model

Estimate (B) 95% CI Estimate (B) 95% CI
CCA → ECCB → Driving 0.192  ± 0.898 0.183  ± 0.846
CCA → ECCB → Walking 0.654***  ± 0.789 0.621***  ± 0.736
CCA → ECCB → Bicycling -0.057  ± 0.668 -0.055  ± 0.627
CCA → GPI → Driving 0.330***  ± 0.404 0.383***  ± 0.377
CCA → GPI → Walking -0.566***  ± 0.797 -0.504**  ± 0.767
CCA → GPI → Bicycling 0.318***  ± 0.395 0.303***  ± 0.398
CCA → GPI → ECCB → Driving 0.008  ± 0.053 0.01  ± 0.064
CCA → GPI → ECCB → Walking 0.027  ± 0.087 0.033*  ± 0.095
CCA → GPI → ECCB → Bicycling -0.002  ± 0.037 -0.003  ± 0.043
***p < 0.001; **p < 0.1; *p < 0.05; CCA–climate change awareness; ECCB–eco-socially conscious consumer 
behaviour; GPI–green purchase intention; CI–confidence interval

Dependent 
variable

Path Independent 
variable

B β Stan-
dard 
error 
(B)

Criti-
cal 
ratio

95% CI 
(B)

p Label

Driving 
(mins)

 ←  Eco-socially 
conscious con-
sumer behaviour

0.528 0.028 0.758 0.697  ± 2.460 0.486 c

Walking 
(mins)

 ←  Eco-socially 
conscious con-
sumer behaviour

1.790 0.091 0.781 2.293  ± 2.096 0.022 d

Biking 
(mins)

 ←  Eco-socially 
conscious con-
sumer behaviour

-0.160 -0.014 0.451 -0.355  ± 1.788 0.723 f

Walking 
(mins)

 ←  Green purchase 
intention

-2.814 -0.101 0.977 -2.881  ± 4.323 0.004 h

Biking 
(mins)

 ←  Green purchase 
intention

1.690 0.105 0.574 2.946  ± 2.257 0.003 i

Driving 
(mins)

 ←  Green purchase 
intention

2.137 0.079 0.941 2.272  ± 2.002 0.023 g

Climate 
change 
awareness

 ←  Age 0.116 0.110 0.036 3.186  ± 0.144 0.001

Climate 
change 
awareness

 ←  Chronic disease 
status

-1.286 -0.091 0.487 -2.641  ± 1.605 0.008

***p < 0.001; CI–confidence interval; B–unstandardised coefficient; β–standardised coefficient

Table 3  (continued) 
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Model recognise pro-environmental behaviour as an outcome of climate change education 
from which CCA or environmental knowledge stems. Supporting this result are studies 
(Amoah & Addoah 2021; Halady and Rao 2010; Hopkins 2016) that have confirmed a posi-
tive association between CCA and the social and environmental dimensions of ECCB. Yet, 
the current study was the first to confirm a link between CCA and ECCB.

This study further found a positive association between CCA and the three transport 
behaviours, although the relationship is weak. This result signifies that higher CCA was 
associated with higher walking, biking, and driving time. The positive association of CCA 
with walking and biking support the recognition of these transport behaviours in the lit-
erature as environmentally friendly actions (Asiamah et al. 2023; Bempong & Asiamah 
2022). This outcome, nonetheless, does not necessarily mean CCA would be associated 
with less driving of a carbon-dependent car among city residents. As our result suggests, 
CCA may be associated with higher driving time among city residents. Since driving a 
carbon-dependent car is not a pro-environmental behaviour, this outcome is counterintuitive 
and may be explained by factors beyond the control of residents. In a sprawling city such 
as Accra, residents with a high CCA would choose driving over walking if their destina-
tions cannot be reached by walking. Some residents would drive to protect themselves from 
extreme weather and psychosocial problems such as insecurity. The rates of crime, traffic 
accidents, and extreme weather events in Accra and other Ghanaian cities are increasing 
over time (Appiahene-Gyamfi 2022; Owusu-Ansah et al. 2024; Wemegah et al. 2025). Heat-
waves and traffic accidents are increasingly prevalent in Ghanaian cities, including Accra 
(Owusu-Ansah et al. 2024; Wemegah et al. 2025). Hence, residents with high CCA may 
drive carbon-dependent cars for safety, prestige, or convenience. Since electric vehicles are 
not yet readily accessible in Ghana (Ayetor et al. 2022), residents with high CCA would be 
compelled to drive carbon-dependent cars instead of electric vehicles.

CCA indirectly influences only walking through ECCB, which means ECCB transmits 
a positive influence from CCA onto walking but not on driving and biking. Another unex-
pected result is the negative indirect association of CCA with walking through GPI. Even 
so, the indirect association of CCA with walking through GPI and ECCB is positive, which 
indicates that ECCB plays a role in whether CCA would be positively associated with walk-
ing through GPI. Given that walking is the most environmentally friendly travel behaviour 
(Asiamah et al. 2023), this result endorses ECCB as a superior pro-environmental behav-
iour, compared to GPI. The indirect association of CCA with faster modes of travel (i.e., 
driving and biking) through GPI is positive, implying that GPI would transmit a positive 
influence from CCA onto only faster commuting options. This evidence supports an argu-
ment in the literature about city residents with high CCA and pro-environmental intentions 

Index Model
Baseline Adjusted

Chi-square 5.548 (p < 0.05) 3.901 
(p > 0.05)

Goodness-of-fit index 0.998 0.999
Tucker-Lewis index 0.866 1.000
Root mean square error of 
approximation

0.073 0.000

Akaike information criterion 67.901 45.548

Table 5  Fit indices from the 
baseline and adjusted models 
(n = 865)
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choosing faster modes of travel over walking owing to long distances between homes and 
destinations (Asiamah et al. 2024).

To reiterate, ECCB as a pro-environmental behaviour is unique for being driven by a 
consideration of both the social and environmental consequences of everyday consump-
tion. This special attribute could explain why the only indirect effect of CCA on walking 
was through ECCB. Similarly, GPI only relays a positive effect from CCA onto walking if 
ECCB intervenes. This outcome was expected since GPI or behavioural intentions do not 
always result in actual behaviour. Both the Theory of Planned Behaviour and TIMSI imply 
that intentions are plans to perform a behaviour that can be traded off or disregarded. Inten-
tions are traded off and disregarded if they are not convenient or as valued and prioritized 
by the individual as other intentions. If an intention offers higher convenience and value 
than another, it does not result in a behaviour. ECCB, on the other hand, is the behavioural 
outcome of an intention and accompanies benefits for both the individual and the environ-
ment. GPI would not result in active travel if the individual is constrained by personal or 
environmental factors such as a disability or extreme weather event. Yet, future research 
including more pro-environmental behaviours (e.g., socially responsible consumption, and 
eco-conscious consumer behaviour) in our model is needed to substantiate our evidence 
and explanation. Judging by our evidence alone, pro-environmental behaviours based on 
a consideration of the social and environmental consequences of consumption may better 
encourage walking.

As our correlation matrix shows (see Table 2), the three types of transportation are cor-
related in our statistical model (i.e., Fig. 2). These correlations were modelled to maximise 
model fit and avoid biased effect sizes. It is worth considering these correlations in future 
research, especially in situations where the three types of transportation serve as predic-
tors. In such instances, multi-collinearity is probable and could distort the estimated coef-
ficients (Chan et al. 2022). It was further observed that coefficients between the baseline and 
adjusted models were different. This result attested to the significance of adjusting for the 
covariates, given that wrong effect sizes would have been reported without this adjustment. 
Controlling for confounders is recognised in the literature as a strategy to maximise internal 
validity (Busenbark et al. 2022; Min Ju Kim et al. 2014), but researchers should ensure that 
this procedure does not lead to issues such as model misfit and multi-collinearity, which 
were avoided in this study. The above results and thoughts have implications for policy and 
research.

Implications for policy and research

Sustainability campaigns emphasize a reduction in greenhouse gas emissions from transport-
related travel, which accounts for a significant part of the global carbon footprint (Asiamah 
et al. 2023). The confirmed link between CCA and active commuting supports interven-
tions intended to improve environmental knowledge. Researchers (Berkowitz et al. 2005; 
Bonney et al. 2009) are of the view that initiatives improving environmental knowledge 
should ultimately be driven by national or regional policies. This recommendation has been 
predominantly based on evidence linking environmental knowledge to pro-environmental 
behaviours and intention unrelated to active travel. Hence, this study consolidates empiri-
cal evidence in favour of the above recommendation. In some countries, there are policy-
led educational programmes that provide environmental awareness (Agbedahin 2019). An 
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example is the rollout of climate change education to create awareness of environmental 
issues and pro-environmental actions. This study bolsters the importance of such policy-
led programmes and unfolds a need for similar programmes targeted at everyone. Beyond 
formal educational programmes, governments can roll out campaigns to improve people’s 
awareness of pro-environmental action.

The results of this study suggest that high environmental knowledge and pro-environmen-
tal behaviour are not necessarily associated with less driving of carbon-dependent vehicles 
in cities. An exploration of factors that explain this relationship was beyond the scope of this 
study, but it can be inferred from our result that improving environmental knowledge as sug-
gested above without city design and human-developed programmes that enable residents 
to replace driving carbon-dependent vehicles with active travel is incomplete. Ensuring 
proximity to neighbourhood facilities and improvement in walkability (Otsuka et al. 2021) 
are among the steps recommended for encouraging active commuting, but more empiri-
cal evidence is needed to understand why people with high environmental knowledge and 
pro-environmental behaviour (i.e., ECCB) would drive carbon-dependent vehicles in cities.

Walking and biking are good for the planet and protective of health (Asiamah et al. 2023; 
Bempong and Asiamah 2022), which signifies their bi-dimensional impact on human soci-
ety. As such, it is incumbent on researchers to adequately value active travel based on this 
impact, emphasizing to policymakers the sustainability-health reward of walking, and bik-
ing. Owing to their desired impacts on health and the environment, active commuting should 
be prioritised among pro-environment behaviours and encouraged through cross-sectorial 
and interdisciplinary campaigns. Advocacy for active travel by scholars may translate into 
improved stakeholder recognition of active commuting as a shared behaviour with which 
sustainability can be achieved. Policymakers would, in effect, improve their commitment 
to city design and human development programmes aimed at improving active travel as a 
mainstream sustainability behaviour. Similarly, governments may become more interested 
in policies encouraging and driving upstream pro-environmental actions. The above view-
points ought to be evaluated and applied based on the limitations and strengths of this study.

As the results of this study suggest, residents with high CCA and environmental knowl-
edge may need support from governments and city planners to avoid driving a carbon-
dependent car. Extreme weather conditions, violence, high cost of electric vehicles, and 
traffic accidents involving cyclists and pedestrians can discourage active transportation 
among those with high CCA. It is, therefore, incumbent on governments to introduce poli-
cies aimed at enhancing traffic safety, reducing the cost of electric vehicles, and educating 
the public on how to navigate extreme weather events during their active travel. Planners 
should work closely with governments to reduce the carbon footprint of Accra and similar 
cities by empowering businesses to choose pro-environmental practices. Lowering the car-
bon footprint of cities would reduce the likelihood of extreme weather events (e.g., heat-
waves, storms, and floods) that discourage active travel.

Limitations and strengths

This study utilised a self-reported survey instrument. Although individual measures of the 
variables have been reliably used in previous research, they are vulnerable to response bias. 
Our measurement of walking, biking, and driving time was susceptible to recall bias despite 
our effort to improve upon existing subjective measurement methods, such as the way walk-
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ing has been measured with the International Physical Activity Questionnaire. Although 
our measurement was intended to overcome some issues with existing subjective methods, 
it did not capture potential differences in walking, biking, and driving times across days. 
Future researchers are encouraged to utilise objective measures (e.g., activity trackers) if 
possible. Other modes of transport (e.g., public transport, motorbiking, and paratransit) 
were not considered in this study, although they might have influenced active transport and 
driving. Future researchers are encouraged to consider these additional transport modes and 
assess their influences on the relationships explored in this study.

Our sampling method was not probabilistic, so this study’s results have limited generalis-
ability. The number of participants selected was not proportional to the population size of 
the neighbourhoods, and we may have missed potential participants by selecting individuals 
at malls, churches, and community centres. Future researchers may employ probabilistic 
and representative samples to enhance the external validity of this study. We did not have 
the requisite resources (e.g., funding and time) to adopt a longitudinal design, which is 
superior to the cross-sectional design employed in the current study. Thus, this study could 
not establish causation between the variables, so its regression coefficients should be viewed 
as correlations, and future researchers are encouraged to utilise a longitudinal design. The 
verification of the participants’ bike ownership and permanent residency was based on self-
report, an approach that could be biased. An objective method, such as checking receipts 
from bike purchases and permanent city residency documents, may be employed in future 
research.

This was the first study to link environmental knowledge and the pro-environmental 
consumption indicators to active and non-active travel in a path analysis. Estimating the 
direct and indirect effects with this analysis mitigated type I error, which is more prob-
able when studies test a nexus (as shown in our conceptual model) in parts (Kim 2015). 
By capturing driving a carbon-dependent car and active transportation (i.e., walking and 
biking) in the same model, this study would provide unique evidence about how CCA, 
directly and indirectly, influences active and non-active commuting. This evidence would 
consolidate stakeholders' understanding of the roles of environmental knowledge and pro-
environmental behaviours and intention in sustainable transportation among city residents. 
Our exploratory tests for ensuring the linearity of the relationships and the absence of multi-
collinearity in the data add to the strength of this study. Our sensitivity analysis for screening 
covariates played a role in identifying variables most likely to confound the relationships 
examined. It also helped in minimising potential multi-collinearity among covariates in the 
model. These procedures and our test for multivariate normality are a model for maximising 
the robustness of future cross-sectional designs.

Conclusion

ECCB and GPI are associated with larger scores of CCA, and city residents with higher 
CCA are more likely to travel by walking, biking, and driving for transportation than those 
with lower CCA. GPI positively mediates CCA and driving as well as biking but negatively 
mediates CCA and walking. CCA was indirectly positively associated with only walking 
through both GPI and ECCB. City dwellers who walk and bike owing to high CCA may 
also travel by driving a carbon-dependent car. ECCB can be an important determinant of 
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walking for transportation among city dwellers with higher CCA. Our result reinforces the 
need for proximity between residential facilities (i.e., where residents live) and commercial 
infrastructure (e.g., workplaces, shops, and community centres) in Accra. The design of 
cities should be cognisant of the potential impact of extreme weather on travel behaviour. 
Future studies utilising a longitudinal design and objective measures of travel behaviour are 
needed.

Appendix A. Items and measures of climate change awareness, eco-
socially conscious consumer behaviour, and green purchase intention

Appendix A1. Measures of climate change awareness scale

SN Statement 1 2 3 4 5
1 Permanent changes in the habitats or environments of animals are some of the 

consequences of global warming
2 I am aware that global warming is caused by human activities
3 I am aware that the warm weather nowadays lasts longer each year
4 I am amazed by people who are unaware of how dangerous climate change is
5 I am aware that floods will occur if the temperature of the world increases
6 I am aware that most emissions of greenhouse gases (i.e., gases that cause 

global warming) are caused by people’s use of fossil fuels such as petrol
7 I am aware that greenhouse gases such as nitrous oxide used in vehicles increase 

global warming
8 It will make me happy to see the creation of new businesses that seek to produce 

environment-friendly energy options
9 I am aware that methane and carbon dioxide are natural greenhouse gases
10 I am worried about energy waste
11 I would like to improve my knowledge on combating climate change
12 I am aware that less consumption of energy from fossil fuels slows down 

global warming
13 I am not worried about the number of hungry people in the world due to climate 

change (R)
14 I am not concerned about problems (e.g., flooding and extreme temperatures) 

faced by people due to climate change (R)
15 I am not interested in the disappearance of animal species due to climate 

change (R)
16 I think that global climate change will not cause drought in my country (R)
17 I don’t think expected rises in the level of the sea is due to global warming (R)
Descriptive anchors: 1; strongly disagree, 2; disagree, 3; somewhat agree, 4; agree, and 5; strongly agree; 
reworded items are in bold; items with an R in parentheses represent negative items.

Appendix A2. Measures and items of eco-socially conscious consumer behaviour

SN Statement 1 2 3 4 5
1 I would select a car that produces least friction and saves energy
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SN Statement 1 2 3 4 5
2 I would avoid using wide thread tires that cause road friction and consume more 

fuel
3 I would consider using radial tires that help to preserve fuel resource knowing that 

excessive speed is inefficient and requires more energy to stop the car
4 I would consider observing speed limits knowing that excessive speed is inef-

ficient and requires more energy to stop the car
5 I would move at a steady pace when driving
6 I would use less fuel when using a car
7 I would buy an electric vehicle even if its quality is lower than a conventional car
8 I would buy an electric vehicle even if its performance is lower than a conven-

tional car
9 I would buy an electric vehicle even if it has a less appealing design
Descriptive anchors: 1; strongly disagree, 2; disagree, 3; somewhat agree, 4; agree, and 5; strongly agree.

Appendix A3. Measures of green purchase intention

SN Item 1 2 3 4 5
1 I avoid buying products which are potentially harmful to the environment
2 I have changed my principal products for ecological reasons
3 When I have to choose between two similar products, I choose the one that is less 

harmful to the environment
4 I make a special effort to buy paper and plastic products that are made from 

recycled materials
5 I will not consider environmental issues when making a purchase
Descriptive anchors: 1; strongly disagree, 2; disagree, 3; somewhat agree, 4; agree, and 5; strongly agree.

Appendix B. Steps taken in the sensitivity analysis for confounders and 
multi-collinearity

Appendix B1. Steps taken in the sensitivity analysis

Stage # Action
1 1 Fit a simple linear regression model to assess the relationship between CCA and walking

2 Note the standardised regression weight from step 1
3 Fit a multiple linear regression model in which all measured covariates are treated as 

predictors of the primary independent variable, CCA
4 Identify from step 3 potential confounders that have a p-value ≥ 0.25
5 Predictors from step 4 that produced a p ≥ 0.25 should be removed from the analysis and 

the others kept for the next stage of the analysis
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Stage # Action
2 6 Adjust for each of the remaining confounding variables in the model fitted at step 1

7 Compute the per cent (%) change between the standardised regression weight at step 1 
and the new weight resulting from step 6

8 All potential confounders that produce a change of 10% or more are the ultimate covari-
ates and should be in the adjusted model

9 Replace walking with biking and repeat steps 2 to 8 to note any ultimate covariate
10 Replace biking with driving and repeat steps 2 to 8 to note any ultimate covariate

Following the above steps, age and chronic disease status were consistently noted as the ultimate covariates.

Appendix B2. Steps taken in assessing multi-collinearity with hierarchical linear 
regression

Block Step What to note Result
1 Examine the effects of chronic 

disease status and age on CCA in 
multiple linear regression

Take note of the variance infla-
tion factor or tolerance values

Tolerance for each predic-
tor was greater than 0.5

2 Through multiple linear regres-
sion, assess the effects of CCA, 
GPI, and ECCB on walking

Take note of the variance infla-
tion factor or tolerance values

Tolerance for each predic-
tor was greater than 0.5

3 Perform step 2 again with walk-
ing replaced with biking

Take note of the variance infla-
tion factor or tolerance values

Tolerance for each predic-
tor was greater than 0.5

4 Perform step 2 again with walk-
ing replaced with driving

Take note of the variance infla-
tion factor or tolerance values

Tolerance for each predic-
tor was greater than 0.5

Appendix C. Equations used to estimate indirect effects through 2000 
biased-corrected bootstraps and a 95% confidence interval

1.	 CCA → ECCB → Driving = a*c
2.	 CCA → ECCB → Walking = a*d
3.	 CCA → ECCB → Bicycling = a*f
4.	 CCA → GPI → Driving = b*g
5.	 CCA → GPI → Walking = b*h
6.	 CCA → GPI → Bicycling = b*i
7.	 CCA → GPI → ECCB → Driving = b*j*c
8.	 CCA → GPI → ECCB → Walking = b*j*d
9.	 CCA → GPI → ECCB → Bicycling = b*j*f

Note: Letters a, b, c, d, f, g, h, I, and j are paths or effects. Please see Fig.  2 in the 
main paper to know which paths these letters represent. Estimation was done through “user-
defined estimands” in Amos.

KEY

CCA: Climate change awareness.
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GPI: Green purchase intention.
ECCB: Eco-socially conscious consumer behaviour.
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