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A B S T R A C T   

This study estimated the effects of spending on information and communication technology (ICT) 
on transport fuel intensity and examined how the effects of gender on transport fuel intensity 
depend on spending on ICT in expanding economies. It applied restricted dependent binary lo-
gistic regression to the Ghana Living Standards Survey of 14,009 households disaggregated into 
4366 women’s and 9643 men’s households, respectively. The main findings were that ICT ex-
penditures complement fuel intensity in transportation and that spending on ICT has a greater 
impact on the fuel intensity of transportation in urban households headed by women than in those 
headed by men. Additionally, the study revealed that households headed by men or women 
consume less fuel as their income increases, age has an effect on the fuel intensity of the male and 
full households but not the female households, and the fuel efficiency of female-headed house-
holds improved as family size increased. Finally, only female-headed households exhibit a sig-
nificant correlation between transportation fuel intensity and job status. The original value of this 
paper is to show that reducing spending on ICT is much more desirable for reducing the intensity 
of transport fuel in a gender context in expanding urban economies.   

1. Introduction 

Though less than one-third of the world’s 3 billion poor people are men, and even fewer of these men live in metropolitan 
households where they are the primary breadwinners [1], in terms of trips made, time spent travelling, and distance travelled, recent 
studies [2–4] have shown that women travel less than men. This is because the increase in gross domestic product (GDP) in large 
metropolitan economies has resulted in a greater number of women working farther from home than ever before [5]. The amount of 
money that families in developing nations spend annually on transport fuel has skyrocketed over the last 30 years, and this is having a 
crippling effect on women’s ability to participate broadly in society [6]. 

In Ghana, spending on transportation fuel has increased by more than a factor of a thousand since the 1990s, moving from GHS 
5.484 in 1990 to GHS 108.266 in 2017 [7]. This represents a jump from the previous low point of GHS 5.484 in 1990. Families are 
reallocating their resources away from other life-enhancing commodities towards transportation activities, particularly women and 
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children [4,8]. Other factors, such as mobility dynamics and the current level of infrastructure, can also have an effect on fuel con-
sumption [9]. Additionally, a willingness to utilise technologies in a variety of industries, most notably the transportation industry, has 
been noted to shift the amount of money spent on travel due to their connection to urban mobility [10]. 

The relevant literature on gender differences is expanding, with studies [11,12] linking gender differences in relative poverty 
alleviation, relocation, fuelwood consumption, and climate security contexts to education. Other studies [13–16] linked gender dif-
ferences in entrepreneurial ecosystems in evolving economies to information technologies [17]. asserted that ICT has become one of 
the vital components of modern societies, with a well-documented effect of ICT on societal activities such as political election cam-
paigns, activism, and accountability [18]. Also, some studies [19–21] explored the impact of ICT on how women spend their time on a 
daily basis. However, there is a dearth of research on how the effect of gender on the intensity of transport fuel depends on spending on 
ICT globally. This is the gap this study aims to fill to establish key practical applications, primarily for local transport policy makers in 
rising urban economies. 

This study looks at gender differences in spending on information and communication technology and transport fuel intensity in 
Ghana. It aims to examine differences in transportation fuel intensity between households headed by women and those headed by men, 
estimate the effects of spending on ICT on transport fuel intensity, and examine the extent to which gender effect on transportation fuel 
intensity depends on spending on ICT. Individual use of the internet in Ghana has risen as a proportion of the population, and mobile 
services have connected more than half of the Ghanaian population to the internet via their mobile phones [22]. The question that is 
still unanswered is how rising internet use, which is proxied by households’ spending on ICT, affects transport fuel intensity in a gender 
context. This study defines transport fuel intensity as the amount of spending on transport fuel that is above the average yearly 
household transport fuel expenditure. 

To answer the question above, this paper builds on [20,23], who suggested that the effects of ICT on transportation could be either 
substitutional or complementary, with diverse and sometimes unforeseen consequences for mobility, and hypothesised that decreasing 
spending on ICT will reduce fuel usage in transportation, but with different consequences for families led by men or women. Other 
variables such as mobility dynamics and the state of infrastructure may influence fuel consumption data in addition to gender and ICT. 
However, we controlled for income, which has been proxied by household spending, household size, and location, as well as the 
household head’s marital status, whether or not the household has members over 65 years of age, and whether or not the number of 
individuals working in the family exceeds the mean number of workers in the home. We discussed these factors later, while we found 
that ICT expenditures complement fuel intensity in transportation and that spending on ICT has a greater impact on the fuel intensity of 
transportation in urban households headed by women than in those headed by men. We also found that households headed by men or 
women consume less fuel as their income increases. 

This paper continues as follows: Section 2 provides the literature review; Section 3 covers the theoretical settings, i.e., the binary 
logit and the empirical models; Section 4 discusses the data and descriptive statistics; Section 5 analyses the results; and Section 6 offers 
the paper’s conclusions. 

2. Literature review 

The literature review is done in two contexts. The first context considers transportation characteristics and ICT in Ghana. Part two 
covers the relevant empirical context of this paper. 

2.1. Transportation characteristics and ICT in Ghana 

The act of moving people, goods, or both from one location to another is referred to as transportation. ICT makes it possible for the 
transportation of talents and resources across geographical contexts, and mobility opens doors that lead to resources and opportunities 
[24]. In Ghana, the governance and organisation of transport and ICT help facilitate this mutual interaction. Since 1973, Ghana’s 
Ministry of Transport and Communication has been in charge of the nation’s transportation and communication systems. In 1997, the 
Ministry of Transport and Communications was split up to better accommodate the expanding fields of transportation and commu-
nications. Since that time, the Ministry of Communications has been in charge of overseeing the telecommunications sector, while the 
Ministry of Transport has been divided into several different departments that each concentrate on a different aspect of transportation, 
including the Ministries of Transport, Roads and Highways, Aviation, and Railway Development. 

According to Ref. [25], even though transportation and communications are two separate subsectors, they are interrelated in every 
way. This is the case despite the fact that both of these fields are considered to be independent. According to the authors’ point of view, 
there is a connection between high population levels and significant tele-densities on a regional scale. Ref. [25] emphasised that 
historically speaking, governments have had relatively little trouble integrating the two divisions under one ministry. According to 
Ref. [25], however, planning for both of the subsectors has been modified as a result of developments in mobile telephony as well as 
involvement from the private sector. So, despite the fact that the link is robust intellectually, it is unclear with regard to the formulation 
of public policy. 

A recent study identified a negative link between household transport fuel use and ICT in Ghana [26], which indicates that 
decreasing spending on ICT should reduce the intensity of transport fuel usage. The supply of public transportation in Ghana comes 
from the informal sector, with bus, minibus, and taxi operators currently having the majority of market share in this industry [27]. 
Metro Mass Transportation (MMT) was founded in 2003 to provide faster service to travellers in urban and rural areas. It provides free 
bus rides to uniformed students up to the junior high school level, charges lower fares, operates on routes that private transport 
operators consider unattractive and unprofitable, and influences and stabilises transportation fares nationwide in support of the 
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government’s pro-poor policy [28]. The MMT also provides contract bus and school bus services, supports mass transit, and rein-
troduces high-occupancy vehicles [29]. Although the MMT has offered intra-city bus services since 2003, several cities still rely heavily 
on the minibuses run by the Ghana Private Road Transport Union (GPRTU) [30], with the motor-taxi known as Okada progressively 
gaining favour among Ghanaians. 

2.2. Empirical context 

This section looks at recent research on how women around the world use digital technologies to reach their economic goals. 
Ref. [16] investigated how female entrepreneurs use digital technologies. Saudi women used digital business to transform their 
embodied identities and lived realities rather than to evade gender embodiment online. Ref. [13] asserts that combining studies on 
digital innovation with women’s entrepreneurship would encourage hypothesis- and empirical-based study in each field. In order to 
synthesise information on the challenges faced by women entrepreneurs, they conducted an “assessing review” of relevant research 
and literature. Another study [14,15] discovered new patterns and opportunities for future research to improve gender equity in digital 
technology management and use through research, theoretical developments, practises, and contemporary challenges. Ref. [11] 
discovered that fuelwood scarcity had an economic, social, and physical impact on women in poor countries who were responsible for 
household survival. 

Ref. [31] used data from several waves of the Italian Household Budget Survey to do research on the consumption of fuel for private 
vehicles in Italy. A double-hurdle model supported by age and cohort effects revealed that older people spend significantly more on 
transportation fuel than younger generations. The findings support numerous economic hypotheses that predict an increase in home 
energy usage and a decline in transportation energy use as a result of an ageing population. Thus, because they spend more time at 
home, households with elderly members spend more on heating and less on the costs associated with commuting. 

The double hurdle approach was also employed by Ref. [32] to look into Irish household spending on petrol and diesel. According 
to the study, residing in a city, taking public transport, and not owning a car are all associated negatively with spending money on 
petrol and diesel. Therefore, households without a car, who commute by public transportation, and who live in cities will spend less on 
both petrol and diesel. Contrarily, the study found a positive correlation between car ownership, occupation, household spending, and 
spending on petrol and diesel, showing that households with more cars, more working residents, and higher levels of household 
spending will spend more on petrol and diesel. According to the double hurdle model, when income levels improve, there will be a 
substantially greater possibility that households will spend money on the diesel market as opposed to the petrol market. 

Ref. [4] used nonlinear structural equation modelling and descriptive statistics to examine gender differences in activity and travel 
behaviour in the Arab world. The study revealed a positive relationship between gender and travel-related activities, proving that 
gender significantly influences both activity participation and travel. In addition, the study found that both the number of trips and the 
overall amount of time spent travelling were lower for women than for men. The outcome also suggests that women make the majority 
of stops that serve children. The study came to the conclusion that residents’ travel options are limited by their financial situation and 
personal obligations, despite that women use automobiles as passengers more frequently than men do. 

In eight cities across three continents—Auckland, Dublin, Hanoi, Helsinki, Jakarta, Kuala Lumpur, Lisbon, and Manila— [3] 
examined how men and women move in urban areas. The form of transportation, the purpose of the journey, the distance travelled, 
and the time of departure were the main topics of the study. The findings showed that women in cities travel shorter distances and 
favour taxis and public transportation over their own vehicles. Another study [8] found that women use public transportation and walk 
more than men do. Women tend to bike less, but [8] found that in cities that encourage cycling, both sexes pedal equally. The survey 
found that 30–50% of active travel time was spent on public transportation. While statistics on active travel differ by age and gender, it 
has been discovered that gender differences increase as people get older. 

Ref. [2] used the Rhône-Alpes regional household travel survey (2012–2015), which includes the second-largest urban area in 
France, to demonstrate that even if gender differences in employment status and access to private cars were eliminated, differences in 
travel behaviours between men and women would still exist because men and women do not have the same factor sensitivities. The 
gender differences in daily trip rate, mode of transportation, journey time, and travel purpose were examined by Ref. [33] using the 
nationally representative 2007 Pakistan Time-Use Survey. The study found that women travelled less, were half as mobile as men, and 
relied more on walking. The study also revealed that women’s mobility and activities were affected by the country’s social and cultural 
context, which perceives women as private, reclusive, and bound by family reputation. The study found a negative link between age, 
wealth, and married status and female mobility, implying that age, income, and marital status have reducing effect on female mobility 
in Pakistan. 

Ref. [19] used the Latent Class Modelling (LCM) method to show how smartphones affect vehicle kilometres travelled and what 
that means for transportation policymaking. The study found a negative correlation between vehicle kilometre travel (VKT) and 
smartphone use for online shopping, active transport as the primary mode, home-to-work/school distance, and a pro-environmental 
attitude, suggesting that decreasing VKT requires increasing smartphone use for online shopping, active transport as the primary 
mode, home-to-work/school distance, and a pro-environmental attitude. However, Ref. [34] noted that price increases due to scarcity 
of hitherto “cheap” but non-renewable energy sources, geopolitical events influencing petroleum supply, or local regulations such as 
fuel taxes or congestion pricing may have an effect on telecommunications use. Nonetheless, increasing social commitment to more 
environmentally friendly or sustainable communication modes may have a negligible effect on telecommunications use. 

There is no reason to believe that current or upcoming events will change the complementing link between travel and telecom-
munications, which stretches back to a number of technological advancements and political developments in the past [34]. According 
to Ref. [34], information exchanges through the internet about relationships, activities, and locations may improve complementarity. 
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Ref. [20] investigated how ICT influences how people travel. It was shown that the overall impact of travel complementarity or 
replacement is frequently the result of numerous factors working in different ways. Ref. [23] found that the relationship between travel 
and telecommunications is not one-way. The author pointed out that telecommunication can affect transportation in ways that are 
complementary, substitutive, and enhancing. 

In order to get insight into how Greek women spend their time on various types of activities during a typical weekday or week [21], 
explored the function of ICT during the activities being conducted. According to the survey, women in less affluent areas preferred to 
use traditional forms of transportation for their everyday chores because they had less computer knowledge and there was less traffic in 
such locations. Furthermore, women with children tended to use electronic devices for longer periods of time when engaging in various 
activities on a normal day. Future scenarios showed that the activity would be more beneficial if carried out by ICT rather than physical 
travel in some circumstances (such as ICT accessibility, traffic conditions, and governmental incentives). In the setting of major 
administrative work, financial transactions, and comparative shopping during part of their shopping trips and possibly during their 
daily commute, “virtual mobility” offers tempting advantages for certain women. 

Ref. [5] took into account development and gender studies to appreciate economic and political operations as well as how women 
behave and interact with transportation in their daily lives. The study encouraged a critical analysis of current transportation regu-
lations and recommended effective ways to address the needs of women. It was concluded that a better understanding of women’s 
needs and the issues they encounter when travelling would be helpful in developing policies that address issues other than harassment 
of women and that more inclusive urban access would improve conditions for women and allow them to make decisions based on their 
needs. This would enable social research and policy to interact, in line with [5]. 

According to the literature review, transportation and ICT governance, as well as their organisations, promote a symbiotic 
interaction. We also discovered that buses, minibuses (trotro), and taxi drivers provide 95% of urban transportation services in Ghana. 
The review also revealed gender variations in digital entrepreneurship, mode of transportation, trip purpose, journey distance, and 
departure time. It also indicated that telecommunications may have substitutional, complementary, and enhancing effects on trans-
portation. Finally, we discovered that living in cities, taking public transportation, and not owning a car all have a negative impact on 
petrol and diesel expenditures, whereas car ownership, occupation, and household expenditure all have a positive impact. Clearly, the 
empirical research on how the effects of gender on transport fuel consumption depend on spending on ICT is weak, which is why we are 
interested in filling this gap to provide useful proposals, mainly for transport policy makers in rising urban economies. 

3. Theoretical context: the binary logit model 

This section examines the article’s econometric context. The article used data from Ghana to explain gender differences in spending 
on information and communications technology and transportation fuel. We used a framework that allowed binary responses, 
assuming that the outcome variable was also binary. All binary response frameworks are built on the threshold theory. When a 
stimulus exceeds the agent’s reaction threshold, the agent must select between two options [35]. For instance, if an agent is given the 
option of spending more or less on transportation fuel, their reaction threshold will produce a binary-dependent outcome yi with zero 
(0) if the agent has a lower reaction threshold for spending more on transportation fuel and one (1) if the agent has a higher reaction 
threshold for spending less on transportation fuel. Given a set of independent factors xi serving as potential explanations for the 
phenomenon in issue, the probability of observing 1 can be stated as follows: 

pi

(

yi =
1

xiβi

)

=F(xiβi) (1)  

where F is a continuous cumulative distribution function with a real value ranging from 0 to 1. β is a vector of unknown parameters. 
From (1), the probability of observing 0 is stated as: 

pi

(

yi =
0

xiβi

)

= 1 − F(xiβi) (2) 

Given specifications (1) and (2), the maximum likelihood estimation (MLE) is the proper econometric technique for estimating the 
model’s parameters of interest. The MLE guarantees that heteroskedasticity is adequately taken care of [36]. 

An unobserved latent variable (yi∗), the choice to spend more or less on transportation fuel, has the following linear relationship 
with yi: 

yi = xiβi + μi (3)  

where μi is the error term which is autonomous of xi. From (3), the observed outcome variable, which is determined by whether yi is 
greater than the threshold value or not is stated in (4) as: 

yi =

{
1 if yi∗ > 0
0 if yi∗ ≤ 0 (4) 

From (4), yi∗ is the threshold value for yi, which is assumed to be normally distributed. Applying the ordinary least squares (OLS) 
method to estimate β in (1) will violate the homoskedasticity and normality assumptions [37]. In most famous journals, logistic or 
probit models are used to estimate (1) [36,38]. In this paper, we used the binary logit model to analyse gender differences in spending 
on ICT and transport fuel intensity. Transport fuel intensity refers to a household’s yearly average spending on transport fuel, either 
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above or below the household annual fuel budget. 
The binary logistic model is used in this study because it assures that the probability estimates of the dependent variable are within 

the bounds of 0 and 1 and that they are non-linearly dependent on the explanatory variables [39]. To avoid compromising the 
probability range of 0–1, the extremely non-linear model is transformed into a linear model in the parameters by taking the logarithm 
of the odds ratio. The logistic function is expressed in (5) as: 

Li = ln
(

pi

1 − pi

)

= β0 +
∑

βjХn (5)  

where pi is the probability of being less fuel intensive and 1 − pi is the likelihood of spending above the household annual fuel budget. 
L, which is linear in both Х and the βs that represent the estimated parameters, is the log of the odd ratio. By differentiating with regard 
to xi, one may estimate the marginal impact of each exogenous variable xi on the likelihood that a household will decide to spend less 
on transportation fuel. From (5), the marginal effect is expressed in (6) as: 

∂pi

∂xi
= βjp(1 − p) (6) 

Equation (6) shows that the rate of change in probability with regard to Х depends not just on βs but also on the degree of 
probability used to assess the change. For every unit change in Х, the βs estimates the change in L. The marginal effect describes how 
the log odds favouring a change in the decision about transportation fuel expenditure vary by a unit. 

3.1. Empirical model 

This paper examines how the effect of gender on transportation fuel intensity depends on spending on ICT using the binary logit 
model. A household’s likelihood of choosing to spend less money on transportation fuel can be predicted using the logit model, which 
is based on a cumulative logistic probability function. In accordance with [36,39], we expanded (5) to empirically define the logistic 
regression model in (7) as follows: 

Li = ln
(

pi

1 − pi

)

= β0 + β1hexpi
ict + β2hexpi

ictsq + β3hsizei + β4hinci + β5urbani+

β6malei + β7marriedi + β8agedi + β9owntypei + β10wor keri + εi

(7) 

When the outcome variable is measured by a dichotomous variable, 1 indicates households that are likely to spend less on 
transportation fuel (LFI), and 0 indicates households that are likely to spend more on transportation fuel (MFI). The mean ICT spending 
(hexpict) and its square (hexpictsq) are the independent variables. Some of the household characteristics included in the model are 
household size (hsize), household income (hinc), a dummy of the setting of the households (urban), a dummy of the head of household’s 
gender (male), a dummy of the head of household’s marital status (married), a dummy of whether the household has members over 65 
years old or not (aged), and a dummy of whether the household has more workers or not (worker). βs are the estimated coefficients, and 
ε is the error terms. The following section of the paper discusses the data used and provides an overview of the descriptive statistics for 
the variables that were employed. 

4. Data 

The Ghana Statistical Service’s (GSS) Ghana Living Standards Survey (GLSS) was the source of data for this paper. The Statistical 
Service Act, 2019 (Act 1003), which replaced the Statistical Service Law, 1985, says that the Service must come up with ethical rules 
for collecting and using data. This guarantees the relevance, accuracy, reliability, coherence, comparability, timeliness, and integrity 
of the data. So, we are confident that the data used for this study was collected ethically. Every participant gave their informed consent 
before being recruited for the survey. For more on the service’s mandates (see https://www.statsghana.gov.gh). The GLSS is the 
seventh round of the consumer spending survey conducted over the course of a full year in 2016–17, using a multi-stage sampling 
technique. Even though the survey does not usually collect information on how people travel, it does include information on how much 
money households spend on transportation. 

For instance, the survey asked how much was spent on transportation fuel and information and communication technologies. This 
includes fuel for private vehicles but not public transportation. Besides food, education, water, power, and waste disposal, the data 
included remittances, other expenses, and rent. The survey covered 15,000 houses from Ghana’s 10 administrative areas, but a 94.4% 
response rate reduced the sample size to 14,009 households [7]. This study used all 14,009 households to represent the household 
model. The women’s and men’s models used 4366 and 9643 disaggregated samples, respectively. This was an accurate count of 
female-headed and male-headed household heads who answered the transportation question. Descriptive statistics were used to 
determine if the LFI and MFI have analytical differences. The student t-test was used to examine ICT spending and household size. 
Pearson’s chi-square test was used to assess categorical predictors. LFI and MFI were considered to be the same despite the regression 
models’ predictive components. Based on the models’ predictive properties, we assumed LFI and MFI were distinct. 
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5. Results and discussions 

5.1. Descriptive statistics 

This section examines a sample test of difference results and descriptive statistics. Table 1 shows that the difference in LFI and MFI 
due to households’ spending on ICT is statistically equivalent to zero and that family size significantly extricate between LFI and MFI. 
Table 1 also shows that the null hypothesis that household income does not explain the difference between LFI and MFI cannot be 
accepted at 1%, as household income significantly differentiates between LFI and LMF. 

We investigate how spending on ICT affects the effect of gender on transportation fuel intensity using data from Ghana that has 
been gender-separated. The assumption was that being the male family head or not influences the household’s choice of being LFI or 
MFI. Table 1 shows a significant result at 1%, indicating that gender influences transport fuel intensity. Additionally, it is false to claim 
that there is no distinction between LFI and MFI based on residence because Table 1 shows a significant relationship between LFI and 
MFI depending on location. 

We also reject the null hypothesis that, regardless of the marital status of the head of family, the LFI and MFI are equal. The findings 
indicate that marital status has an impact on LFI and MFI (Table 1). When LFI and MFI are compared based on whether or not a 
household member is above the age of 65 and whether or not more than one-third of the family works, it is believed that there is no 
difference (Table 1). The test shows a statistically significant difference between the LFI and MFI groups at the 1% level based on the 
number of employed household members above the average cut-off point and the number of members aged 65 or older. 

Next, we discuss the descriptive statistics of the elements that influence TFI from the women’s and men’s samples. We evaluate 
whether the means of these characteristics were statistically distinct after computing and comparing the means of all variables for the 
LFI and MFI of gendered household heads. We did this by using an independent t-test. The null hypothesis states that the population 
means of the two groups (female-headed families versus male-headed households) are not statistically different. According to the 
alternative hypothesis, the population means of the two independent groups are statistically and significantly different. From Table 2, 
we observe the number of people in each group by the gender of households’ heads and transport fuel intensities. 

Table 2 shows that male-headed families predominate over female-headed families at all levels of fuel intensity. For example, 
although 4279 female-headed families spent less on transportation fuel, 8373 male-headed households spent the same. Individuals 
who spent more than the average amount on transportation fuel included 87 female-headed households, whereas 1270 male-headed 
families spent so much (Table 2). According to the distribution of household transport fuel intensity, households headed by men had 
higher MFI and LFI than those headed by women. Do male- and female-headed households have different transport fuel intensities? 
How does the effect of gender on transportation fuel spending depends on ICT? These questions are addressed later. 

The categorical variables in Table 3 were examined using Pearson’s chi-square distribution, while the continuous variables (ICT 
spending and household size) were tested using the student t-test. Compared to LFI and MFI groups, households headed by women 
spend more on information and communication technologies than those led by men. This is solid proof that the intensity of trans-
portation fuel for female-headed and male-headed families varies with mean ICT spending. Table 4 in the next section shows how much 
the difference in LFI and MFI between households led by women and those led by men is as a result of households’ spending on ICT. 

5.2. Empirical results 

Using disaggregated data, we explained the gender differences in spending on ICT and transport fuel intensity. The coefficients and 
odds ratios of the logistic models for households, women, and men are presented in Table 4. Parentheses contain robust standard 
errors. In the three regression models, spending on ICT is negative and statistically significant at 1%. There is no difference in direction 
among the three models, implying that an increase in spending on ICT has the opposite effect of reducing transportation fuel intensity. 
Therefore, in the three models, a unit decrease in ICT spending has a lower chance of increasing the log likelihood of being LFI versus 
MFI by 0.99. 

Though previous studies [20,23,34] proved that inadequate transportation infrastructure may counteract the effects of spending on 
ICT on spending on fuel, some studies [20,34] also indicated that low-cost teleconferencing, telecommuting, teleshopping, 

Table 1 
Statistics of variables used in the model and test of difference for sub-sample.  

Variable Sample (14009) MFI LFI  

Prop/M Std. Dev. Mean Std. Dev. Mean Std. Dev. Sig. level 

household ict exp. 284.867 582.641 579.584 1100.457 253.257 85.558 *** 
household size 4.200 2.867 5.466 3.634 4.065 2.738 *** 
income group 3.000 1.414 3.897 1.201 2.904 1.402 *** 
urban location of hh 0.430 0.495 0.427 0.495 0.430 0.495 *** 
male head of hh 0.688 0.463 0.936 0.245 0.662 0.473 *** 
married head of hh 0.552 0.497 0.808 0.394 0.524 0.500 *** 
housing type of hh 0.480 0.500 0.391 0.488 0.490 0.500 *** 
age of head of hh 0.149 0.356 0.066 0.249 0.158 0.365 *** 
no. of workers in hh 0.310 0.463 0.397 0.489 0.301 0.459 *** 

Note: *** indicates that, at 1%, the means of the related variables for LFI and MFI are significantly different. hh means household. 
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telebanking, and telemedicine are likely to replace travel possibilities for technologically savvy households. 
In the full and male models, the estimation of household size is negative and statistically significant, but it is positive and insig-

nificant in the female model. Compared to full and male-headed households, households headed by women are more likely to be LFI 
versus MFI. Precisely, an increase of one unit in the size of a family with a female head increases the likelihood of being LFI versus MFI 
by 1.084, other things being equal. Contrarily, an increase of one unit in the size of households, besides those headed by men, reduces 
the log odds of being LFI by 0.97 and MFI by 0.96, respectively. These findings are consistent with a previous study [31], which found 
that an additional household member increases the chance of a female-headed household pooling cars, thereby raising the log odds of 
being LFI than MFI, while the dead end of sharing and pooling cars may make male-headed households or total households less likely to 
be LFI than MFI. 

In all three regression models, the income indicator variables from Table 4 are positive and significant drivers of the transport fuel 
intensities. The results show that, compared to being in an upper-income household, being in a lower-income household increases the 
log odds of being LFI than MFI by 7.907, 7.456, and 8.016, respectively. Additionally, the results show that compared to being in an 
upper-income home, being in a lower-middle-income household increases the log odds of being LFI than MFI by 2.680, 4.498, and 
2.614, respectively, in all models. Once more, the findings show that, in comparison to being in an upper-income home, being in a 
middle-income household increases the log odds of being LFI than MFI by 1.893, 3.214, and 1.838, respectively, for all models. The 
results show that, in comparison to an upper-income household with a female head or a male head of household, being in an upper- 
middle-income household increases the log odds of being LFI than MFI by 1.637, 1.969, and 1.622, respectively, for all models. 

According to the findings, female heads are more likely to be LFI than male heads across all indices of wealth. The outcome is not 
unexpected because wealth and female mobility have been found to have a negative relationship in the past [33]. This demonstrates 
that money has a detrimental impact on female mobility and, consequently, fuel expenditure. A further indication that households are 
becoming MFI is the fact that the effects of spending less on fuel become smaller as households move from lower to higher income 
levels. This result is consistent with a prior study [32], which revealed that when income levels rise, there is a greater possibility that 
households will spend money on diesel as opposed to petrol. According to economic theory, goods are deemed “normal” where there is 
more spending on them and inferior where there is less spending as income rises. These findings imply that transportation fuel is an 
economic good. 

Only in the male models is the urban variable’s coefficient positive and statistically significant, implying that urban households 
headed by men are more likely to be LFI than MFI when related to both full and female-headed households. Specifically, the log 
probabilities of being LFI as opposed to MFI are increased by 1.197 when living in a city. To explore the traversing effects of location 
and ICT spending on transport fuel intensities, an interaction term was added to the model. The interaction between urban and ICT 
spending was positive and significant in all three models, showing that, though urbanity had no effect on fuel intensities in the full and 
female models, there was a statistically significant urban effect among households with ICT spending. Table 4 shows that ICT spending 

Table 2 
The sample size of gender groups differentiated by TFI.  

TFI Women MEN TOTAL 

MFI 87 1270 1357 
LFI 4279 8373 12,652 
TOTAL 4366 9643 14,009  

Table 3 
Descriptive statistics of variables used and test of difference for sub-sample (women group).  

Female Sample (4,366) MFI LFI  

Variable Prop/M Std. Dev. Prop/M Std. Dev. Prop/M Std. Dev. Sig. level 

household ict exp. 218.050 575.940 709.063 886.077 208.066 218.050 *** 
household size 3.398 2.147 4.069 2.401 3.384 3.398 *** 
income group 2.836 1.387 4.103 1.182 2.810 2.836 *** 
urban location of hh 0.486 0.500 0.586 0.495 0.484 0.500 *** 
married head of hh 0.209 0.407 0.402 0.493 0.205 0.404 *** 
housing type of hh 0.555 0.497 0.402 0.493 0.558 0.497 *** 
age of head of hh 0.207 0.405 0.138 0.347 0.208 0.406 *** 
no. of workers in hh 0.217 0.412 0.483 0.503 0.211 0.408 *** 
Male sample (9,643) 
household ict exp. 315.12 583.168 570.14 1113.37 276.352 315.12 *** 
household size 4.564 3.071 5.561 3.685 4.412 4.564 *** 
income group 3.074 1.42 3.883 1.201 2.951 3.074 *** 
urban location of hh 0.404 0.491 0.417 0.493 0.402 0.490 *** 
married head of hh 0.707 0.455 0.836 0.370 0.687 0.464 *** 
housing type of hh 0.447 0.497 0.391 0.488 0.455 0.498 *** 
age of head of hh 0.123 0.328 0.061 0.240 0.132 0.339 *** 
no. of workers in hh 0.352 0.478 0.391 0.489 0.346 0.476 *** 

Note: *** indicates that, at 1%, the means of the related variables for LFI and MFI are significantly different. hh means household. 
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escalates the log odds of being LFI versus MFI by 1.003, 1.004, and 1.001 for urban households, as well as those headed by women or 
men. The result indicates that ICT expenditures have a greater impact on transport fuel intensities for urban households with female 
heads than those with male heads. According to studies [2–4], city women travel less than men in terms of trips, time, and distance, 
which may reduce their travel expenses. Women in urban areas also walk and use public transportation more than men, which may 
reduce their fuel costs [8]. 

The study reveals that male household leaders influence the likelihood of being LFI versus MFI. In particular, the male gender 
decreased the log likelihood of being LFI rather than MFI by 0.111 (Table 4). Male household leaders are more likely to work to support 
their families, making them more mobile and fuel consumers. However, to appreciate the intersecting effects of gender and ICT 
expenditure on transport fuel intensities, an interaction component was included in the model. The interaction coefficient was positive 
and significant, indicating that, while men who did not spend money on ICT were less likely to be LFI than women, there was a 
statistically significant gender effect among households with ICT spending. Specifically, Table 4 shows that ICT expenditure intensifies 
the log odds of being LFI versus MFI by 1.004 for men compared to women. This result refutes past research [4], but it is supported by 
Ref. [9], who found that mobility dynamics and infrastructure can also alter fuel consumption data. Ref. [10] also stated that a 
proclivity to use technologies in other businesses, most notably the transportation industry, may lead to shifts in travel spending owing 
to urban mobility and not gender. 

The household head’s marital status is a significant positive predictor of LFI in all three models. In each of the three models, 
singlehood is more likely to increase LFI than MFI. When unmarried, the log odds of being LFI rather than MFI increase by 1.637, 
1.969, and 1.622, respectively, in the full, female, and male models. The female-headed model is more affected by marital status than 

Table 4 
Estimated logistic coefficient of full, women and male models of transport fuel intensity.  

Variables Modelf Modelw Modelm (EXP(B))f (EXP(B))w (EXP(B))m 

ICT − 0.005a − 0.005a − 0.001a 0.995a 0.997a 0.999a 

(0.002) (0.002) (0.000) (0.002) (0.002) (0.000) 
ICT × ICT 2.89e-06 b 2.92e-06 b 2.19e-07c 1.000 1.000 b 1.000c 

(1.41e-06) (1.31e-06) (1.27e-07) (1.41e-06) (1.31e-06) (1.27e-07) 
Men − 2.200a   0.111a   

(0.305)   (0.034)   
Men × ICT 0.004 b   1.004 b   

(0.002)   (0.002)   
Men × ICT × ICT − 2.68e-06c   1.000c   

(1.42e-06)   (1.42e-06)   
Urban − 0.038 − 0.0403 0.180c 0.963 0.961 1.197c 

(0.404) (0.415) (0.104) (0.389) (0.399) (0.124) 
Urban × ICT 0.003 b 0.004 b 0.001 b 1.003 b 1.004 b 1.001 b 

(0.002) (0.002) (0.000) (0.002) (0.002) (0.000) 
Urban × ICT × ICT − 2.78e-06c − 2.89e-06 b − 2.02e-07 1.000* 1.000 b 1.000 

(1.42e-06) (1.31e-06) (1.27e-07) (1.42e-06) (1.31e-06) (1.27e-07) 
Men × Urban 0.227   1.255   

(0.416)   (0.522)   
Men × Urban × ICT − 0.003c   0.997c   

(0.002)   (0.002)   
Men × Urban × ICT × ICT 2.58e-06c   1.000c   

(1.42e-06)   (1.42e-06)   
Household size − 0.030 b 0.081 − 0.035a 0.970 b 1.084 0.965a 

(0.012) (0.052) (0.011) (0.011) (0.057) (0.011) 
Lower income 2.068a 2.009a 2.081a 7.907a 7.456a 8.016a 

(0.168) (0.623) (0.171) (1.329) (4.645) (1.373) 
Lower middle income 0.986a 1.504a 0.961a 2.680a 4.498a 2.614a 

(0.111) (0.473) (0.115) (0.298) (2.126) (0.301) 
Middle income 0.638a 1.167a 0.609a 1.893a 3.214a 1.838a 

(0.096) (0.383) (0.099) (0.181) (1.231) (0.182) 
Upper middle income 0.493a 0.677 b 0.484a 1.637a 1.969 b 1.622a 

(0.084) (0.308) (0.088) (0.137) (0.606) (0.142) 
Not married 0.471a 0.655a 0.460a 1.601a 1.925a 1.584a 

(0.083) (0.239) (0.089) (0.133) (0.460) (0.142) 
Age above 65 years 0.793a − 0.030 0.881a 2.210a 0.970 2.414a 

(0.117) (0.339) (0.127) (0.258) (0.329) (0.307) 
House owner − 0.354a − 0.836a − 0.310a 0.702a 0.433a 0.734a 

(0.072) (0.249) (0.075) (0.050) (0.108) (0.055) 
Workers in the home 0.035 − 0.827a 0.106 1.036 0.437a 1.112 

(0.067) (0.235) (0.070) (0.069) (0.103) (0.077) 
Constant 3.812a 3.582a 1.604a 45.228a 35.942a 4.973a 

(0.319) (0.539) (0.140) 14.442 (19.364) (0.697) 
N 14,009 4366 9643 14,009 4366 9643 
Log pseudo/likelihood − 3725.112 − 351.796 − 3359.353 − 3725.112 − 351.796 − 3359.353 
Pseudo R2 0.164 0.176 0.106 0.164 0.176 0.106 

Robust standard errors in parentheses a p < 0.01, b p < 0.05, c p < 0.1 NB: f = full model; w = women model; m = men model. 
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the male-headed and aggregated models. This conclusion is likely because an unmarried female family head may have dependant 
children, making walking impractical according to Ref. [33] yet needing expensive forms of transportation according to Refs. [4,8]. 
Nonetheless, unmarried women with children are more likely to carpool, increasing the likelihood of being LFI than MFI. 

Table 4 shows that owning a home is negative and significantly linked to being LFI than MFI in all three models. In all three models, 
the result means that if someone owns their own home instead of renting, they are less likely to be LFI than MFI. In the full, female, and 
male models, respectively, living in one’s own home against renting lowers the log odds of being LFI by 0.702, 0.433, and 0.734, other 
things being equal. The results are consistent with earlier studies [40,41], which showed a relationship between the location of a 
household’s residence and the cost of public transportation, particularly for middle-to low-income groups. In the male model, living in 
one’s own home reduces the chance of being LFI more than in the aggregate model or the female model. Despite the male model’s 
higher LFI for homeowners versus renters, the aggregated and female models indicate a smaller effect size for the variable. The results 
reveal that people’s housing works as a measure of their life-cycle status, absorbing some of the less relevant impacts of family size and 
repeating the home-ownership effect in the model with a female head of household. 

In two models, the dummy variable for age is positively and significantly correlated with whether or not a person is LFI. In 
particular, our findings indicate that having a family head older than 65 increases the log likelihood of being LFI than MFI by 2.210 and 
2.414, respectively, in both full and male models. This finding is consistent with the findings of [31], who discovered that because the 
elderly households spend more time at home, they spend more on heating and less on transportation. In contrast, we found that age is a 
negative and insignificant factor in determining whether households with female heads older than 65 are LFI or MFI, despite the fact 
that a previous study [31] did not support the negative effect of age on transportation fuel expenditure. 

In addition to the aforementioned findings, we also hypothesised that households with more than one-third of their members 
employed would have a higher chance of being LFI than MFI. Table 4 shows that job status does not have a positive effect on TFI, but it 
does make it less likely that a female household is LFI instead of MFI by a factor of 0.437. This indicates a correlation between the status 
of employment and transportation fuel intensity. This result is consistent with [31], who discovered a negative relationship between 
employment status and energy costs, but inconsistent with [32], who discovered a positive relationship between employment and 
energy consumption. As countries get better and more jobs open up, these results will be very useful, especially for people who make 
decisions about local transportation in growing cities. 

5.3. Average marginal effects 

The model’s three-way interaction is examined to determine how the effect of gender on transport fuel consumption is influenced 
by household ICT expenditures and location. Appendix 1 Figure A1 illustrates the average marginal effects of how the variance in the 
effect of gender between rural and urban households changes with ICT spending. We notice that the difference in effects of gender 
between rural and urban households is initially positive but then declines and becomes negative after GHS 300 in ICT expenditures are 
made, and rises later after spending GHS 700 on ICT. This result implies that any policy aimed at reducing the intensity of transport fuel 
expenditure should consider subsidising households that are technologically savvy. 

6. Concluding remarks and policy implications 

This study examined gender differences in ICT spending and transport fuel intensity in developing economies, as well as the 
relationship between ICT spending and gender effects on transport fuel intensity. The study used three logistic models to analyse 
aggregated and disaggregated household data. The main findings are that ICT expenditures complement fuel intensity in trans-
portation. Spending on ICT has a greater impact on the fuel intensity of transportation in urban households headed by women than in 
those headed by men. The average marginal effects show that the difference in gender effects between rural and urban households is 
initially positive, then decreases and becomes negative until ICT expenditures exceed GHS 300, and then increases after GHS 700. This 
implies that initiatives to reduce the expenditure of fuel in transportation should include price support for technologically savvy urban 
households headed by women. Additionally, the study reveals that households headed by men or women consume less fuel as their 
income increases. Age has an effect on the fuel intensity of the male and full households, but not the female households. In contrast to 
male-headed and full households, the fuel efficiency of female-headed households improved as family size increased. Homeownership 
influences fuel efficiency, and unmarried individuals consume less fuel than married individuals. Finally, only female-headed 
households exhibit a significant correlation between transportation fuel intensity and job status. 

The complementary relationship between ICT spending and transport fuel intensity, as well as the fact that female-headed 
households in lower income brackets consume less fuel than male-headed households, has policy implications for sustainable trans-
portation in developing nations. Considering that taxes account for 20% of cell phone prices in Ghana, policymakers should consider 
reducing the Communication Service Tax (CST) and customs taxes on mobile data, handsets, and smartphones in order to eliminate 
barriers to teleconferencing, telecommuting, teleshopping, telebanking, and telemedicine and reduce transit fuel intensity. According 
to this study, any price subsidy that restricts the ICT spending of households to GHS 300 should raise the difference in effects of gender 
on transport fuel intensity between rural and urban households. 

There are some restrictions on this paper. The cross-sectional nature of the data does not make it possible to examine how gender 
differences in ICT spending and transportation fuel intensity have changed over time. In the meantime, using cross-sectional panel 
approaches on longitudinal data might reveal some dynamic effects of ICT spending on the gender-specific fuel intensity of trans-
portation. We encourage future research to use cross-sectional panel approaches on longitudinal data to assess the relationship be-
tween ICT spending and fuel intensity in the context of gender. It is also probable that factors like movement patterns and the health of 
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the infrastructure may have some impacts on the data on fuel use. Future scholars ought to take these into account when exploring how 
gender effect on transport fuel intensity depends on spending on ICT. 
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