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Abstract

:

Bangladesh has emphasized active transportation in its transportation policies and has encouraged its population, especially the youth and students, towards bicycling. However, there is a scarcity of studies that have examined the factors important to the choice of active transportation that can be referenced to support the initiative. To address this research gap, in this study, we explore the influence of sociodemographics and latent perceptions of a built environment on the choice to walk and bicycle among students and nonstudents in Rajshahi, Bangladesh. In Rajshahi, we conducted a household survey between July and August, 2017. We used a modeling framework that integrated choice and latent variable (ICLV) models to effectively incorporate the latent perception variables in the choice model, addressing measurement error and endogeneity bias. Our models show that students are influenced by perceptions of safety from crime, while nonstudents are influenced by their perceptions of the walkability of a built environment when choosing a bicycle for commuting trips. For recreational bicycle trips, students are more concerned about the perceptions of road safety, whereas nonstudents are concerned about safety from crime. We find that road safety perception significantly and positively influences walking behavior among nonstudents. Structural equation models of the latent perception variables show that females are more likely to provide lower perceptions of neighborhood walkability, road safety, and safety from crime. Regarding active transportation decisions, overall, we find there is a difference between student and nonstudent groups and also within these groups. The findings of this study can assist in developing a sustainable active transportation system by addressing the needs of different segments of the population. In this study, we also provide recommendations regarding promoting active transportation in Rajshahi.
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1. Introduction


Dependence on active transportation (AT), such as walking and bicycling, is an important characteristic of travel behavior in South Asian countries [1]. In contrast to developed countries, the majority of people in developing countries, such as South Asian countries, cannot afford a car [2], and therefore, have to depend on AT, public transport, or other forms of shared motorized transport. In the context of South Asia, the poor service quality of public transportation greatly encourages people to depend on AT to make trips [3,4,5,6]. AT also complements public transportion by enabling the first and last mile connection to a public transportation mode [7]. Despite the demand in the Global South, AT has largely been overlooked in urban planning and infrastructure development by policymakers who lack an understanding of the benefits of AT [8]. The myriad of benefits of AT that are not well recognized and promoted in the developing world include reduction in congestion, less air pollution, improved transportation safety, public health benefits such as reduction in obesity, and economical investment in infrastructure development [2].



Similar to many other South Asian countries, Bangladesh has long neglected AT in transportation policy and planning. However, the government of Bangladesh has recently started initiatives to encourage AT with the goal of achieving the Sustainable Development Goals (SDGs): SDG 3 on health (increased road safety), SDG 7 on energy, SDG 11 on sustainable cities, and SDG 12 on sustainable consumption and production (reducing subsidies for fossil fuel) [9]. To achieve these SDG goals for Bangladesh, an Integrated Multimodal Transport Policy was formulated to promote bicycling, walking, widening sidewalks, bringing essential services in peri-urban and rural areas within short walking distances, and creating separated bicycle lanes in urban areas [10]. Despite ongoing policy discussions, policymakers in Bangladesh and in other developing countries still have not grasped the influences of socioeconomic, environmental, and cultural factors on AT [8,11,12]. The lack of comprehension of the dynamics of the different factors influencing AT is responsible for the absence of AT in transportation planning and the unsuccessful implementation of AT policies [13]. Reluctance to use AT and the marginalization of AT by higher income people, particularly, bicycling as not smart or transportation of the poor or an outdated travel mode, are plausible reasons behind the absence of AT in policies of developing countries [14,15]. It is important to foster a deeper understanding of the key factors influencing AT for the development of appropriate policies in Bangladesh and in other developing countries.



To address the abovementioned knowledge gap, in this study, we explore the influence of latent perceptions on the choice of AT using Rajshahi, Bangladesh as a case study area. This study used behavioral models to understand the factors, such as travel behavior and latent perception towards the built environment along with sociodemographics that influence the decision to walk and bicycle among students and nonstudents. Rajshahi is an “educational hub” in Bangladesh with six major educational institutions. Unlike other cities, the Rajshahi City Corporation has been at the forefront of advancing AT in Bangladesh by building cycling lanes and widening sidewalks [16]. With these developments, bicycling in Rajshahi is a popular mode of transportation among students [17,18,19]. We performed two types of modeling: (1) use of bicycles (i.e., whether an individual used a bicycle or not) for commuting and recreational trips and (2) daily walking habit (i.e., daily average duration in minutes of an individual’s walk). We hypothesize that bicycling use for different trip purposes is influenced by sociodemographics and transportion access-related factors as well as by individuals’ perceptions regarding their surrounding built environment. We examined the differences in bicycling and walking between students and nonstudents and between students and nonstudents in terms of sociodemographics (i.e., gender), as previous studies have indicated a difference across behaviors and perceptions regarding AT decisions based on gender. Our findings show that factors that influence students’ decisions to bicycle are completely different from those of nonstudents.




2. Literature Review


Many studies have focused on the nexus of socioeconomic factors (age, gender, income, education, etc.), travel distance, and travel time with the selection of AT as travel modes in both developed and developing countries [20,21,22]. In addition, built environment characteristics such as density, land use, street connectivity, crime rate, and traffic volume in network propensity also influence individuals’ decisions regarding walking or biking [23,24,25,26]. Studies have also shown that the emergence of new micromobility services (e.g., electric bike-sharing) have had influences on individual level biking as well as attitudes toward biking [27,28,29]. Several studies have found that perceptions and attitudes such as predilections for flexible transportation mode travel habits, perceived environmental condition of the neighborhood, and perceived safety from traffic and crime are likely to influence the walking and bicycling behaviors of individuals in developed countries [30,31,32]. However, a few studies have explored the impact of latent attitude and perception variables on the choice of AT in developing countries [33].



Individual and socioeconomic factors, i.e., age, income, gender, and education, were noticed to be key correlates of AT-related behavior. However, due to the differences in geographical and sociocultural contexts, some variations in AT-related behaviors were found [34]. Buehler et al. (2011) found that, in Germany and in the United States, males were more likely to use AT than females [35]. McDonald (2012) found that, in the USA, the rate of bicycling to school was three times higher for male students than for female students [36]. Hatamzadeh et al. (2017) compared the walking behavior of different worker groups in Rasht, Iran, and concluded that males were less likely to walk for commuting than females [37], which contrasted with the results of Buehler et al. (2011) and McDonald (2012). Aslam et al. (2018) found that, in Lahore, Pakistan, the taboo against females using bicycles deterred them to travel by bicycle [38]. The study concluded that the biking rate among females was lower in the Indian subcontinent as compared with other Asian countries, such as China. Likewise, income also has a varying influence on selecting a bicycle as a travel mode. Mitra and Nash (2019) examined the gender gap in bicycling among university students in Ontario, Canada [39]. The study found that the presence of biking facilities and low-speed limits on nearby roads enhanced the likelihood of walking among females for commuting trips. Buehler et al. (2011) found that funding for installing biking facilities was low for low-income neighborhoods in the USA. Due to the absence of appropriate biking facilities, people in low-income neighborhoods are not interested in biking [35]. Gravenstine et al. (2022) revealed that support for infrastructure enhancements, enjoyment from riding, riding to spend time with friends and family, and the number of children in the household positively influenced intentions to travel by bicycle in New York, USA [40]. Fasan et al. (2021) found that secondary school students in Birmingham, UK, felt more inclined to bicycle when their peers also bicycled [41].



Several studies have explored the connection between trip impedance, accessibility, and AT. Hetamzadeh et al. (2017) concluded that bicycle trips were preferred in Pakistan when the trip duration was less than 15 min [37]. MacDonald (2007) and Jurak et al. (2021) found that, with an increase in travel distance to school, students’ propensity to use AT decreased in the USA and Slovenia [42,43]. Nash and Mitra (2018) found that students used AT as a primary mode of transportation, and they used AT mostly for shorter trips [44]. Wolek et al. (2022) studied the role of accessibility to the city center of Gdynia, Poland and found that better accessibility to the city center by walkways enhanced residents’ propensity to travel to the city center [45]. Czech, Ivan et al. (2019) found that better connectivity and accessibility of the road network to bus stops encouraged transit riders to walk to bus stops [46].



The characteristics of a built environment and perception of safety can also influence walking and biking. A study by Kweon (2021) found that the presence of a sidewalk, buffers, and street trees positively influenced the willingness to walk to school in the USA [47]. Meanwhile, Oliva et al. (2018) found a positive correlation between the length dedicated to the bicycle lanes and people’s willingness to bicycle in Chile [48]. Another study from Taiwan showed that good network connectivity was favorable for AT. Studies by Tuber and Sudeck (2021) and Higgins and Ahren (2021) showed that safety during walking or biking was an important factor influencing AT use in Germany and Ireland [49,50]. Tuber and Sudeck (2021) showed better security from neighborhood crimes enhanced the willingness of a student to walk to school. Higgins and Ahren (2021) showed if safety from crime and vandalism can be ensured, people will use their bicylces more often [50]. Tuber and Sudeck (2021) revealed that when students were safe from vehicular traffic, their frequency to bicycle to school increased [49]. Pogacar et al. (2020) studied the biking behavior of university students from Maribor, Slovenia, and found that the lack of biking infrastructure, bicycle theft fear, motivation for bicycling, and travel distance and time negatively influenced the frequency of biking [51]. In another study conducted in New York, USA, Barberan er al. (2017) showed that when people lived close to the city center, they had a higher propensity to bicycle [52].



Several studies have directly linked perceptions of road safety, walkability, and crime perception with AT. Moniruzzaman and Paez (2012) revealed that when people had a positive attitude towards walking infrastructures, they had a higher possibility to shift from other modes to walking when provisioned with walking infrastructures [53]. Knollerberg et al. (2009) and Pedroso et al. (2010) evaluated the relation between students’ perception of safety with their decision to travel to school using AT in the USA and found that they were more likely to walk if they perceived their neighborhood as friendly for walking and safe from crime [54,55]. Knollberg et al. (2009) also found that walkways and bicycle lanes with appropriate stop lights and reduced speeds on nearby vehicular ways made students feel safer using AT and more likely to use AT to go to school. A study by Cauwenberg et al. (2012), conducted in Belgium, showed that when females perceived a neighborhood as safe, they were likely to bicycle at a higher frequency [56]. Tuber and Sudeck (2021) found university students in Germany walked or bicycled more frequently when they had more land uses accessible within a short distance from their residence. Sun et al. (2015) aimed to understand the walking behavior of students at the Chinese University of Hong Kong using the theory of planned behavior and showed that students were more likely to walk when they perceived AT as physically and mentally beneficial [57].



Studies have shown that perceptions of the built environment also influenced individuals’ decisions regarding AT in developing countries. Oyeyemi et al. (2012) found that a higher level of perceived safety from traffic by pedestrians encouraged them to walk more in two cities with higher rates of traffic accidents, i.e., Maiduguri, Nigeria, and Bogota, Colombia [58]. Another study conducted in Barranquilla, Colombia by Arellana et al. (2020) revealed that having cycling infrastructure encouraged people to bicycle, however, it did not necessarily uphold their perception of safety from roadside traffic [59]. Parra et al. (2011) found that higher perceptions of accessibility to different facilities and pedestrian facilities worked as a positive catalyst for walking for leisure in a study conducted in Curitiba, Brazil [60]. A study conducted by Adhalka et al. (2018) and Gul et al. (2018) found different relations between perceived safety from crime and walking in India and Pakistan. Adlakha et al. (2018) found an inverse relationship between walking for commuting and perceived safety from crime [26], while Gul et al. (2018) found an impartial relationship between these two parameters [33]. Table 1 provides a summarize of most of the previously mentioned studies.



The abovementioned literature reveals that there are mixed findings regarding the influence of relevant factors on AT in developing countries. Adlakha et al. (2018) emphasized the generation of regional and local-specific evidence and cautioned policymakers and researchers when integrating findings from developed countries within a given context. To develop a better understanding of AT-related behavior for cities in developing countries, Larrañaga et al. (2016) urged considering the differences among vehicle ownership, modal share, preferences, and people’s perception regarding transportation mode choice, as well as socio-cultural context [34].




3. Method


3.1. Data Collection


This study was based on primary data collected through a questionnaire survey of randomly selected households in Rajshahi. Students from the urban planning school of Rajshahi were recruited and trained to visit households and to conduct the survey with the full consent of the surveyed participant. A total of 402 households were surveyed. The surveyed participants were given full liberty to stop participating in the survey if they found sharing any information against their privacy or any offensive information. The participation was voluntary and surveyed persons were not paid remuneration for their participation.



The questionnaire was divided into three sections: sociodemographic profiles, trip patterns, and respondents’ perceptions of the built environment on active transportation. We collected data on respondents’ sociodemographic profiles such as age, gender, occupation, income, and the number of household members. Regarding trip-related parameters, questions included daily route activities (trip purpose), mode, travel time and distance, the number of bicycles owned, and car ownership. Respondents were asked to evaluate the role of built environment characteristics on their use of active transportation based on their perception of the built environment. Respondents were asked about their perception regarding safety from crime and the amount of local traffic while walking and cycling on local and main roads. Respondents were requested to rate their surroundings’ influence with respect to walking and cycling comfort on a Likert type scale to capture their perceptions of the built environment on active transport. A Likert-type scale from 1 to 5 was used with 1, 2, 3, 4, and 5 representing very poor, poor, moderate, good, and very good, respectively. For additional information on the survey, see Jamal and Mohiuddin (2020) [18].



Table 2 describes the summary statistics of the survey participants. More than two-fifth of the surveyed participants were students. Land uses of the individuals’ residences were mostly residential. More than 65% of the respondents owned one bicycle and more than 35% of commuting trips were made by bicycle. Daily walking time was more than two times the duration of cycling trips.




3.2. Dependent Variables


The transportation mode choices for commuting and recreational trips of students and nonstudents were used as dependent variable separate choice models. In the commuting and recreational trip models, the dependent variable was binary, whether the person bicycled or not. An ordered logit model was developed for daily walking habits, with the dependent variable being the daily walking duration of an individual. The duration of daily walking was categorized into four ordered categories: less than 30 min, from 31 min to 60 min, from 61 min to 120 min, and more than 120 min. The following section describes the methodology of the choice models.



Table 3 shows that there are considerable differences between students and nonstudents. Students tend to own bicycles more and, on average, walk and cycle less; however, a higher percentage of students walk for commuting than nonstudents, have shorter commuting times, and tend to live more in educational land uses (probably on-campus residences or near the campus). Students who limited walking and cycling times indicated they had less need for travel as compared with nonstudents.




3.3. Modeling Approach


Our bicycle mode choice model incorporated perceptions of the built environment latent variables. The statements described in Figure 1 were used to capture three different perceptions of the built environment: walkability, road safety from traffic, and safety from crimes. Table 4 presents the respondents’ perception response data regarding walkability and safety. The majority of respondents reported the walkability of their neighborhood as good and conducive to walking to the workplace, grocery store, and social gathering. However, the majority of respondents rated the walkability of their environment for recreation as moderate. More than 40% of respondents reported that the safety of local roads was good for walking and biking. While most of the respondents considered main roads with good safety for walking, local roads were considered only at a moderate level of safety for biking. Almost half of the respondents perceived poor safety from crime at night to use active transportation modes.



These three aspects can be treated as latent variables which cannot be directly observed such as visible characteristics (i.e., sociodemographics and travel behavior) of an individual rather extracted from a survey of well-designed statements. These types of attitudes and perception-related statements can be included in the choice model using several approaches. One of the common approaches is adding factor scores using the attitude statements directly into the utility of the choice models. This approach can have issues such as measurement error as well as endogeneity biases [61,62,63].



A better framework for this approach is to integrate choice and latent variable (ICLV) models. The ICLV modeling framework includes a discrete choice model and latent variable model(s). In the ICLV framework, exogenous variables influence latent variables (LVs). The structural equation model (SEM) of the LVs incorporates another model (i.e., the measurement model) that utilizes the LVs as predictors to estimate the survey responses of the individuals regarding the attitude and perception statements [62,64]. In our case, the measurement model connected LVs to the statements collected from the survey on built environment perception. The entire framework is shown in Figure 1 and Figure 2. Based on the frameworks presented in Figure 1 and Figure 2, we developed the ICLV model equations. We used a similar framework for both the student and nonstudent models.



Equation (1) represents the utility for biking for work/commute and the recreational trips model for nonstudents. This includes the sociodemographic variables that are directly observable and vectors of latent perception variable predictors that are not directly observable but rather estimated using the responses of the built environment perception statements. Equations (5a)–(5c) characterize the SEMs for LVs. Equation (6) denotes the general measurement model of the ten perception statements (explained in Figure 1) of different features of the built environment collected from the survey [65]. Equation (1) Is:


       u n  =    ASC    +  β 1     Age   n  +  β 2     Gender   n  +  β 3     Income   n  +  β 4     Landuse   n  +  β 5     Distance   n   +  β 6     Number   of   Bikes   n          +  β 7     Household   Members   n    +  β 8     Number   of   Motor   vehicles   n  +  β 9     Walktime   n          +  β  10      Biketime   n   +  Γ 1     Walkability   perception   n  +  Γ 2     Road   Safety   Perception   n         +  Γ 3   Neighborhood   Crime   perception  n +  ϵ n       



(1)




   ϵ n    is the disturbance term. LVs included in Equation (1) represented by    Γ 1   ,    Γ 2   , and    Γ 3    denote the influence of latent perception on the utility of choice of bicycle. In the utility equation of students, we dropped the variables for income, age, and number of family members. Since students are rarely likely to have large personal income, income was removed from the student model as its inclusion could mislead the conclusion. In addition, age was not considered in the student model as their ages only varied within a small range (between 14 and 29). Meanwhile, students generally live in dorms and/or outside the university campus in housing with other students. Thus, we did not include the number of family members variable in the student model. The students’ utility function is as follows:


       u n  =    ASC    +  β 2     Gender   n  +  β 4     Landuse   n  +  β 5     Distance   n  +  β 6     Number   of   Bikes   n         +  β 8     Number   of   Motor   vehicles   n  +  β 9     Walktime   n  +  β  10      Biketime   n         +  Γ 1     Walkability   perception   n  +  Γ 2     Road   Safety   Perception   n         +  Γ 3   Neighborhood   Crime   perception  n +  ϵ n       



(2)







We also modeled the daily walking habits for students and for nonstudents. The theoretical framework of the ordered model is shown in Figure 2.



If we consider all the daily walking categories as ordered, the ordinal response is assumed to originate from the categorization of a latent continuous variable. In the following Equation (3),    Y  n , t     is the observed value for the dependent variable for the tth observation for individual n.    Y  n , t     can take S possible values (s = 1, …, S) (in our case 4 possible values for four use levels from 1 to 4) [66]. In an ordered logit model, the probability of observing value s is given by:


   P   Y  n , t = s     =    e   τ s  −  V  n , t       1 +  e   τ s  −  V  n , t       −    e   τ  s − 1   −  V  n , t       1 +  e   τ  s − 1   −  V  n , t        



(3)




where, for Tau (τ), the value is set to    τ s  = + ∞   and    τ 0  = − ∞   for normalization, so that the probability of    Y  n , t     = 1 is given by      e   τ 1  −  V  n , t       1 +  e   τ 1  −  V  n , t        , while the probability of    Y  n , t     = S is given by 1−      e   τ s  −  V  n , t       1 +  e   τ  s − 1   −  V  n , t         [66]. Here,    V  n , t     is the utility specification within the ordered logit model which is a function of the individual [66]. Therefore, the utility equation of the ordered ICLV model becomes:


       V n  =   τ s   +  β 1     Age   n  +  β 2     Gender   n  +  β 3     Income   n  +  β 4     Landuse   n  +  β 5     Number   of   Bikes   n         +  β 6     Household   Members   n  +  β 7     Number   of   Motor   vehicles   n         +  Γ 1     Walkability   perception   n  +  Γ 2     Road   Safety   Perception   n         +  Γ 3   Neighborhood   Crime   perception  n +  ϵ n       



(4)







Similar to the utility equation for students, we dropped the variables for income, age, and number of family members.



The structural equation models are the same for both modeling frameworks (i.e., binary and ordered) as shown in Equations (5a)–(5c). We developed the structural model using only the gender variable, a common sociodemographic variable in both the student and nonstudent models. It is expected that the influence of gender on the LVs would be different as different genders may perceive the surrounding environment differently. Since the gender variable was included in both the main utility equation and in the structural equation models, we can interpret the former effect of gender as the direct effect on the utility of the choice of bicycling and frequency of walking, and the latter as the indirect effect of gender through the LVs on the choice of bicycling and frequency of walking. In this framework, SEMs of the LVs become:


                    W a l k a b i l i t y   p e r c e p t i o  n n  =  A 1  G e n d e  r n  +  v n   



(5a)






  R o a d   S a f e t y   P e r c e p t i o n   f o r   A c t i v e   T r a v e  l n  =  A 1  G e n d e  r n  +  v n   



(5b)






  N e i g h b o r h o o d   C r i m e   p e r c e p t i o  n n  =  A 1  G e n d e  r n  +  v n   



(5c)







Here, A indicates the effect of gender on LVs and    v n    is the unobserved disturbance term [65].




3.4. Measurement Equation Models


The measurement model connects the responses of the perception statements (collected using 5-point Likert-type scales) with the LVs. The generalized measurement model is shown in Equation (6). Here, D indicates a vector of parameters that represents the sensitivities of the responses of a statement to the respective LV in matrix form    x n *    (see Figure 1 and Figure 2 to understand how the perception statements are linked with the LVs). Here,    i k    indicates the kth perception statements and    η n    is the stochastic component of the equation. The stochastic component is assumed to be normally distributed and statistically independent. Equation (6) is as follows:


   i  k , n   = D  x n *  +  η n       



(6)







Figure 1 and Figure 2 illustrate the statements used in conjunction with the three LVs. Each perception statement is associated with one measurement equation. The choice model, structural equation models, and the measurement models are combined to integrate choice and latent variable models [65,67] We used the Apollo package version 0.2.4 in the R platform for model estimations [68]. The modeling process needed integration over multiple disturbance terms, and we performed 100 interindividual Halton draws as we had one observation per individual for the term    η n    [68,69].




3.5. Limitations


This study was mainly limited by budget, and therefore, only 402 households were surveyed. The responses to the surveys were biased towards males, i.e., the heads of the households and the main respondents for household surveys in Bangladesh. Because this study attempted to explore factors associated with the outcome, our study falls into the category of exploratory research. For such types of exploratory research, sample representation is less critical [70]. Even if our sample was not fully representative of the sociodemographics, our model still provided valid insights into the relationships among factors and outcome, at least within the range of sociodemographics represented within the sample.



This project was funded by the Bangladesh Institute of Planners (BIP). We conducted the survey as per agreement with BIP in 2017 and we did not receive any additional funding for conducting the survey. We acknowledge the possibility of change in travel and active transportation behaviors among people after 5 years in 2022. Therefore, the outcomes of the study should be used with caution.





4. Results and Discussion


The outcomes of the ICLV models for choosing to bicycle for commuting trips for students and nonstudents are illustrated in Table 5. The ICLV modeling framework has many models (i.e., choice model, structural equation models for the latent perception variables, and measurement equation models for the perception statements). In Table 5, we report the results of the choice model and the structural equation models for the latent perception variables. We did not report the measurement models for the selected ten statements in Table 5 due to space constraints. The results of our measurement models are aligned with the model assumptions. All respective statements were significantly associated with their respective latent perception variables. As multiple models are reported in Table 5, we have not reported any log-likelihood there. We followed a similar approach for Table 6 and Table 7.



4.1. Factors Influencing the Choice of Bicycling for Commuting


4.1.1. Influence of Gender


Gender (being female) is not significant in either the student or the nonstudent models.




4.1.2. Influence of Travel Distance


The lengths of commutes are positively associated with bicycling for the nonstudent model. However, the effect of commuting distance is not significant in the student model. Distance may be less of an issue for bicycling, as students may bicycle for shorter [44] and longer distances. For the nonstudent model, there could be two possible underlying reasons for the association. Firstly, Rajshahi has a high density of mixed-use developments which reduces commutes between residential and commercial land uses (mean commuting distance of 1.25 km), and therefore, walking and biking are likely to be very convenient options for travel. Secondly, low income and low motorized vehicle ownership may also lead an individual to bicycle more [71].




4.1.3. Influence of Bicycle Ownership and Land Use


For nonstudents, bicycle ownership is significantly positively associated with bicycle use, which was expected. Access to motor vehicles negatively influence bicycling for commuting in the nonstudent model. However, this variable is not significant in the student model.



Respondents living in the residential areas are less likely to commute by bicycle in the student model than in the nonstudent model. As a large portion of the students may live in educational land uses (e.g., student halls), students living within educational land uses are more likely to bicycle for their daily commuting trips, as campuses often have less motorized traffic and more scenic environments conducive to AT.




4.1.4. Influence of Latent Perception Variables


The perception of walkability affects biking decisions for nonstudents. However, this latent variable is not significant in the student model, indicating that positive perceptions of walkability may not influence bicycling among students. Rather, the modeling results indicate that neighborhood crime perception is significantly associated with students’ biking decisions. Thus, safety from crime is more important to students than walkability and road safety when determining whether to bicycle for their commutes.




4.1.5. Influence of Active Travel Habit


A regular habit of biking is positively associated with commuting by bicycle for both the student and nonstudent models. This is expected and important from a behavioral perspective. However, daily walking duration has a significant and positive influence on bicycling only in the nonstudent model.




4.1.6. Influence of Gender on Latent Perception Variables


Gender influences perceptions and consequently transportation mode choices. Females rated the walkability of their built environment surroundings lower than males, which is probably due to the fact that much of the urban environment in Bangladesh has been planned by males without much consideration for their female counterparts.



Our student model shows that neighborhoods perceived as relatively safe from crime positively influence biking, and the structural equation model shows that females are less likely to give a higher rating than males regarding safety from crime. These findings align with previous studies [72,73].



In the ICLV modeling framework, the influence of gender on the structural equation model of latent perception variables can be described as the indirect effect of gender on the utility of biking [65]. Although being a female student does not directly affect the choice of biking for commuting trips, gender does indirectly influence commuting by bicycle for students through the latent perception variables. For nonstudents, being a female also implicitly affects the choice of biking for commuting trips through the walkability perception LV. These results align with research that shows that the bicycling behavior of females is influenced by environmental and social factors and also by perceptions of safety [74].





4.2. Modeling Bicycle Use for Recreational Trips


We modeled the choice of bicycling for recreational trips for students and nonstudents and the outcomes of the models are shown in Table 6.





[image: Table] 





Table 6. The outputs of the ICLV models of choice of biking for recreational trips.






Table 6. The outputs of the ICLV models of choice of biking for recreational trips.





	

	
Student Model

(n = 167)

	
Nonstudent Model

(n = 233)




	
Estimate

	
Robust

t-Ratio

	
Estimate

	
Robust

t-Ratio






	
ASC

	
−4.959

	
−2.543

	
−3.102

	
−0.709




	
Age

	

	

	
0.053

	
0.595




	
Income

	

	

	
−0.00002

	
−0.546




	
Number of household members

	

	

	
−0.770

	
−1.337




	
Gender (base = male)

	
−1.901

	
−1.359

	
−11.422

	
−9.856




	
Travel distance (in kilometers)

	
0.403

	
2.651

	
0.316

	
2.709




	
Bicycle ownership dummy

	
1.348

	
1.537

	
0.864

	
0.894




	
Land use (base = nonresidential)

	
−4.739

	
−2.641

	
−0.869

	
−0.727




	
Regular walk time (min)

	
0.014

	
0.804

	
−0.014

	
−1.394




	
Regular bicycle time (min)

	
0.032

	
3.232

	
−0.010

	
−0.889




	
Vehicle ownership

	
−4.237

	
−3.873

	
0.511

	
1.187




	
Latent Perception Variables




	
Walkability perception

	
0.788

	
1.317

	
0.930

	
1.280




	
Road safety perception for AT

	
1.977

	
3.005

	
1.108

	
1.277




	
Neighborhood crime perception

	
1.126

	
0.945

	
1.659

	
1.655




	
Walkability Perception Latent Variable Model is shown in Equation (5a)




	
Female

	
−0.157

	
−1.110

	
−0.435

	
−1.826




	
Road Safety Perception for AT Latent Variable Model is shown in Equation (5b)




	
Female

	
−0.492

	
−4.537

	
−0.249

	
−1.278




	
Neighborhood Crime Perception Latent Variable Model is shown in Equation (5c)




	
Female

	
−1.013

	
−4.550

	
0.106

	
0.377









4.2.1. Influence of Gender


Gender is not significant in the student model; however, it has a significant and negative effect in the nonstudent model. In the nonstudent model, the variable has a negative coefficient with a high magnitude. This indicates that females are less likely to bicycle for recreational trips. This is in line with previous research [75].




4.2.2. Influence of Travel Distance


Recreational trip distance influences bicycle mode choice in both the student and the nonstudent models. This indicates that individuals, regardless of student status, are more likely to use bicycles when the length of their recreational trip increases.




4.2.3. Influence of Bicycle Ownership and Land Use


Bicycle ownership influences the choice of bicycling for nonstudents. This was expected. Motor vehicle ownership significantly and negatively influences the choice of bicycling for students. The influence of motor vehicle ownership is not significant in the nonstudent model. Respondents living in the residential areas are less likely to bicycle for recreational trips in the student model and more likely to bicycle in the nonstudent model.




4.2.4. Influence of Latent Perception Variables


In the case of the choice of bicycles for recreational trips, we observe a different finding as compared with the use of bicycles for commuting trips. The walkability perception is not significant in both the student and the nonstudent models. On the one hand, in the student model, road safety perception influences the decision to use a bicycle, indicating that students care about the perception of street safety (i.e., both local and major streets) for walking and biking while deciding on using bicycles for recreational trips. On the other hand, in the nonstudent model, road safety perception is not significant; however, safety from crime perception is significant. This indicates that nonstudents are more likely to bicycle for recreational trips when they perceive their neighborhood is safe from crimes.




4.2.5. Influence of Active TravelHabit


Biking habits significantly influence bicycling in the student model. This association was expected. However, both of the active travel habit variables (i.e., bicycling and walking) are not significant in the nonstudent model. This indicates that daily active travel habit of a nonstudent population does not influence their choice of bicycles for recreational trips.




4.2.6. Influence of Gender on Latent Perception Variables


The structural equation model shows that more females than males are more likely to report lower perception ratings of neighborhood walkability, road safety, and safety from crime. This result was expected. The underlying reason for this result has already been described in the previous section. As previously described, this can be characterized as the implicit influence of gender on the choice of bicycling for recreational trips for students through the latent perception variables (although the direct effect of gender is not significant).





4.3. Modeling Daily Walking Habit


After modeling the use of a bicycle for commuting and recreational trips, a model of the daily walking habit of both the student and the nonstudent populations was performed to understand what influences individual level walking habits. The outcomes of the models are shown in Table 7.
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Table 7. The outcomes of the ICLV models of walking habit.






Table 7. The outcomes of the ICLV models of walking habit.





	

	
Student Model

(n = 166)

	
Nonstudent Model

(n = 231)




	

	
Estimate

	
Robust

t-Ratio

	
Estimate

	
Robust

t-Ratio






	
Number of observations

	
166

	
231




	
Age

	

	

	
0.022

	
1.745




	
Income

	

	

	
−0.00004

	
−4.432




	
Number of household member

	

	

	
0.338

	
3.255




	
Gender (base = male)

	
0.082

	
0.154

	
0.102

	
0.298




	
Bicycle ownership dummy

	
−0.446

	
−1.496

	
0.047

	
0.221




	
Land use (base = nonresidential)

	
1.107

	
2.773

	
0.342

	
1.029




	
Vehicle ownership

	
0.283

	
0.741

	
0.035

	
0.384




	
Tau of walk

(less than 30 min|from 31 min to 60 min) *

	
0.289

	
0.729

	
0.785

	
1.162




	
Tau of walk

(from 31 min to 60 min|from 61 min to 120 min) *

	
2.207

	
5.170

	
2.558

	
3.633




	
Tau of walk

(from 61 min to 120 min|more than 120 min) *

	
4.045

	
7.686

	
3.321

	
4.552




	
Latent Perception Variables




	
Walkability perception

	
−0.014

	
−0.052

	
−0.166

	
−0.916




	
Road safety perception for AT

	
−0.134

	
−0.374

	
0.378

	
2.242




	
Neighborhood crime perception

	
0.053

	
0.149

	
−0.070

	
−0.457




	
Walkability Perception Latent Variable Model is shown in Equation (5a)




	
Female

	
−0.188

	
−1.056

	
−0.424

	
−2.340




	
Road Safety Perception for AT Latent Variable Model is shown in Equation (5b)




	
Female

	
−0.467

	
−3.114

	
−0.165

	
−1.273




	
Neighborhood Crime Perception Latent Variable Model is shown in Equation (5c)




	
Female

	
−1.092

	
−4.776

	
0.069

	
0.294








* Based on Equation (4).











4.3.1. Influence of Gender


Gender (being a female) is not significant in both the student and nonstudent models.




4.3.2. Influence of Vehicle Ownership and Land Use


Bicycle ownership and motor vehicle ownership are both not significant in the student and nonstudent models for daily walking behavior. Students residing in residential areas are more likely to walk regularly; however, the effect of living in a residential neighborhood is not significant in the nonstudent model. This finding is different from the findings from the previous section that show students residing in residential areas are less likely to bicycle for commuting and recreational trips. This indicates that the residential neighborhood environment may nudge students towards more walking as there is abundant walking infrastructure in Rajshahi; however, they may be skeptical towards bicycling as their surroundings may not have safe road infrastructures mostly free of road traffic, as found in educational campuses.




4.3.3. Influence of Other Variables


Nonstudent individuals’ daily walking tends to decrease with an increase in their income. However, nonstudent individuals tend to walk more when they have more members in their household.




4.3.4. Influence of Latent Perception Variables


None of the latent perception variables are significant in the student model. However, a nonstudent individual is more likely to walk in neighborhoods that are perceived as safe for active transportation. This latent perception variable may have also captured the built environment (i.e., residential land use) influence on daily walking for nonstudents. Overall, this result indicates that built environment perception does not significantly influence the walking behaviors of students but does influence the walking behaviors of nonstudents.




4.3.5. Influence of Gender on Latent Perception Variables


As discussed previously, the structural equation component of the student model shows that females are more likely to provide low perception ratings of road safety and safety from crime of their surrounding travel environment. For nonstudents, the structural equation model shows that females are more likely to give a low rating for the walkability of their surrounding travel environment. This result was expected and has already been discussed previously. These effects can be characterized as the implicit influence of gender on the frequency of walking for students and nonstudents through the latent perception variables (although the direct effect of gender is not significant).






5. Conclusions and Recommendations


This study used an ICLV modeling framework to examine how sociodemographics and perceptions of a built environment influence bicycle mode choice and daily walking duration among students and nonstudents in Rajshahi, Bangladesh. Many of our findings are aligned with previous studies [72,73,74,75]. However, we recommend additional investigations using other cities and contexts to deeply understand the factors influencing active transportation choice.



Gender was found as a significant predictor of bicycling choice for recreational trips for nonstudents. Along with that, gender indirectly influences bicycling through the latent perception variable. For bicycling, students are more likely to bicycle for commuting and recreational trips when they live in nonresidential areas as compared with those who live in residential areas. However, the place of residence was not a significant predictor of bicycle choice for commuting and recreational trips for nonstudents. For walking, students walked more often when they lived in residential areas and their walking behaviors were not influenced by the selected built environment perceptions; nonstudents walked more in neighborhoods and on roads where they perceived it safe for active transportation. Our results also show that travel distance is positively associated with bicycling for recreational trips for both students and nonstudents, however, bicycling for work trips is not affected by travel distance for students.



Our study finds that latent perception variables significantly influence individuals’ choices to bicycle for commuting and recreational trips. For commuting trips, students are influenced by perceptions of safety from crime, and nonstudents are influenced by perceptions of walkability. For recreational bicycling trips, students focus more on perceptions of road safety than on safety from crime. We also found that road safety perception for AT significantly positively influenced walking behaviors among nonstudents; however, none of the latent perception variables were significant in the student model. The ICLV modeling framework also shows that females are more likely to provide lower ratings for the walkability of the built environment and perceptions of road safety and safety from crime.



Considering that the share of the bicycle mode for commuting trips is 36.8%, it is important to promote cycling in Rajshahi. The large population of students in Rajshahi are dependent on affordable active transportion modes such as walking and bicycling for regular commuting. Hence, it is important for transportation equity and sustainability in Rajshahi to include and advance active transportation. Based on the findings of this study, we suggest possible areas of improvements to both the built environment as well as perceptions of the built environment to promote AT. Specifically, improvements that incorporate gender considerations and safety would positively influence decisions to use active transportation modes. Since almost half of the survey respondents are concerned about poor safety at night, initiatives are required to ensure safety at night for pedestrians and bicyclers. Since students are commuting by bicycle more in nonresidential areas (59%), nonresidential areas should be prioritized in bicycle safety initiatives. To enhance the walkability of neighborhoods and the safety of pedestrians and bicyclers, buffer strips can be used to delineate walkways and vehicular ways. As shorter travel distances are congenial for recreational trips made by active transportation modes, features such as food courts or kiosks can be established at regular intervals across the city as pull factors and a place for rest and refreshment for active transportation users.



Future studies should be conducted to further explore the relationships of neighborhood walkability, road safety, and crime rates to AT adoption and use. The relationship of walkability parameters, such as footpath width, presence of landscaping features along the footpath, and pedestrian volume, with AT, should also be explored in future studies. Future studies should also compare the travel behaviors of bicycle and motorcycle users. Although not within the scope of this study, future studies should compare and analyze use costs of AT and non-AT travel.
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Figure 1. Modeling framework for choice of bicycle for commuting trips. 
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Figure 2. Modeling framework for the walking frequency model. 
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Table 1. Studies on factors influencing use of active transportation.






Table 1. Studies on factors influencing use of active transportation.





	Literature
	Study Area
	Active

Transportation
	Target Group
	Factors





	Buehler et al., 2011 [35]
	Germany, USA
	Bicycling, walking
	Not specific
	Gender, trip distance



	McDonald, 2012 [36]
	USA
	Bicycling
	School going children
	Gender



	Hatamzadeh et al., 2017 [37]
	Rasht, Iran
	Walking
	Working group
	Gender



	Aslam et al., 2018 [38]
	Lahore, Pakistan
	Walking
	Working group
	Taboo



	Mitra and Nash, 2019 [39]
	Ontario, Canada
	Bicycling
	University student
	Biking facilities, low speed on roads, travel distance, gender



	Gravenstine et al., 2022 [40]
	Central New York, USA
	Bicycling
	Not specific
	Enjoyment from riding, riding to spend time with friends and family, and number of children in the household



	Fasan et al., 2021 [41]
	Birmingham, UK
	Bicycling
	Secondary school student
	Peer groups inclination to bicycle



	McDonald, 2007 [42]
	USA
	Bicycling, walking
	School going children
	Travel distance



	Jurak et al., 2021 [43]
	Slovenia
	Bicycling, walking
	School going children
	Travel distance



	Wolek et al., 2022 [45]
	Gdynia, Poland
	Walking
	People visiting city center
	Accessibility of footpaths



	Ival et al., 2019 [46]
	Czech
	Walking
	People walking to bus stop
	Accessibility of footpaths



	Kweon et al., 2021 [47]
	USA
	Walking
	School going children
	Presence of a sidewalk, buffer strip, and street trees



	Olivia et al., 2018 [48]
	Chile
	Bicycling
	Not specific
	Presence of dedicated bicycle lane, willingness to bicycle



	Tuber and Sudeck, 2021 [49]
	Germany
	Bicycling, walking
	Not specific
	Safety from crime and vandalism, Distance to land uses



	Higgins and Ahren, 2021 [50]
	Ireland
	Bicycling, walking
	Student
	Safety from vehicular traffic



	Pogacar et al., 2018 [51]
	Maribor, Slovenia
	Bicycling
	University student
	Lack of biking infrastructure, fear of bicycle theft, lack of desire or motivation



	Barberan 2017 [52]
	Vitoria-Gasteiz, Spain
	Bicycling
	Not specific
	Travel distance



	Moniruzzaman and Paez, 2012 [53]
	Hamilton, Canada
	Walking
	Not specific
	Attitudes towards walking infrastructure



	Knollberg et al., 2009 [54]
	USA
	Walking
	School going children
	Perception about safety



	Pedrosos et al., 2010 [55]
	USA
	Walking
	School going children
	Perception about safety



	Cauwenberg et al., 2012 [56]
	Belgium
	Biking
	Not specific
	Gender and perception about safety



	Sun et al., 2015 [57]
	Hong Kong
	Bicycling, walking
	University students
	Perceived health and mental benefit of active transportation



	Oyeyemi et al., 2012 [58]
	Maiduguri, Nigeria, and Bogota, Colombia
	Walking
	Not specific
	Perceived safety from roadway traffic



	Arrallena et al., 2020 [59]
	Barranquilla, Colombia
	Bicycling
	Not specific
	Perceived safety from roadway traffic



	Parra et al., 2011 [60]
	Curitiba, Brazil
	Walking
	Not specific
	Perception towards pedestrian facilities



	Adlakha et al., 2018 [26]
	Chennai, India
	Walking
	Not specific
	Safety from crime
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Table 2. Summary statistics of the data used for modeling (sample size = 402 households).
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Variable

	
Summary






	
Sociodemographics

	




	
Age (mean)

	
29.26




	
Gender

	




	
 Female

	
15.42%




	
 Male

	
84.58%




	
Household size (Mean)

	
4.70 persons




	
Student status

	
41.50%




	
Monthly household income (mean)

	
35,162 Taka (approx. 360 USD)




	
Land Use of Home Residence

	




	
Residential

	
65.67%




	
Nonresidential

	
34.33%




	
Travel

	




	
Bicycle ownership

	
0

	
24.63%




	
1

	
55.97%




	
2

	
18.91%




	
3

	
0.50%




	
Motor vehicle ownership

	
0

	
59.7%




	
1

	
35.57%




	
2

	
3.48%




	
3+

	
1.25%




	
Daily walking time (mean)

	

	
64.68 min




	
Daily cycling time (mean)

	

	
31.10 min




	
Commuting distance (mean)

	

	
1.25 km




	
Mode Choice

	




	
Commute mode

	
Bicycle

	
36.80%




	
Non-commute mode (recreation)

	
Bicycle

	
11.6%




	
Non-commute mode (going for tea)

	
Bicycle

	
6.20%




	
Non-commute mode (grocery)

	
Bicycle

	
17.40%
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Table 3. Comparison of students and nonstudents regarding AT travel habits.






Table 3. Comparison of students and nonstudents regarding AT travel habits.





	
Variable

	
Student (Sample Size = 167)

	
Nonstudent (Sample Size = 235)






	
Sociodemographics

	

	




	
Age *

	
20.37

	
35.86




	
Gender (female)

	
17.0%

	
14.0%




	
Travel Behaviors

	

	




	
Daily walking duration (minutes) *

	
47.7

	
76.8




	
Daily biking duration (minutes) *

	
25.9

	
34.8




	
Daily commuting duration (minutes) *

	
13.9

	
25.4




	
Daily commuting distance (in kilometers) *

	
3.01

	
5.24




	
Mode Ownership

	

	




	
Motor vehicle ownership *

	
0.60

	
0.40




	
Bicycle ownership *

	
1.05

	
0.88




	
Home Location Land Use

	

	




	
Educational

	
59.0%

	
0.40%




	
Residential

	
37.0%

	
85.0%




	
Primary Mode Choice for Commuting




	
Auto

	
5.9%

	
12.7%




	
Bicycle

	
34.1%

	
38.7%




	
Rickshaw

	
11.9%

	
12.3%




	
Walk

	
35.3%

	
15.7%








* Reporting the mean values.













[image: Table] 





Table 4. Responses to selected perception statements.
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	Indicator
	Very Poor

(%)
	Poor

(%)
	Moderate

(%)
	Good

(%)
	Very Good (%)





	Walkability rating of the road from respondents home for going to the following places:
	
	
	
	
	



	
	
Work/business/school





	1.00
	2.49
	18.41
	53.73
	24.38



	
	
Grocery store





	2.49
	1.74
	28.36
	43.53
	23.88



	
	
Social gathering places (e.g., tea stalls and restaurants)





	0.00
	2.99
	22.89
	51.24
	22.89



	
	
Recreational/ entertainment places (e.g., parks, natural places, and movies)





	0.25
	15.17
	43.03
	28.86
	12.69



	Safety rating from traffic while using ATs for the followings:
	
	
	
	
	



	
	
To walk in the local streets





	1.00
	7.71
	38.56
	43.53
	9.20



	
	
To walk in the main roads in this neighborhood





	0.00
	2.99
	20.9
	62.69
	13.43



	
	
To ride a bicycle in the local roads





	0.75
	4.98
	39.55
	44.53
	10.2



	
	
To ride a bicycle in the main roads





	2.24
	16.42
	53.73
	20.65
	6.97



	Perceived unsafety rating to use ATs due to criminal activities (mugging, robbing) in the neighorhood during the following times:
	
	
	
	
	



	
	
During day light





	1.99
	10.2
	41.54
	36.57
	9.70



	
	
During night





	4.48
	48.01
	22.14
	16.42
	8.96
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Table 5. The output of the ICLV models for choosing to bicycle for work/commuting trips.
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Student Model

(n = 166 *)

	
Nonstudent Model

(n = 231 *)




	
Explanatory Variables

	
Estimates

	
Robust

t-Ratio

	
Estimates

	
Robust

t-Ratio






	
ASC

	
−2.508

	
−3.618

	
−2.609

	
−1.991




	
Age

	

	

	
0.051

	
1.803




	
Income

	

	

	
−0.00004

	
−2.036




	
Number of household members

	

	

	
−0.685

	
−3.061




	
Gender (base = male)

	
0.915

	
1.136

	
−0.362

	
−0.555




	
Travel distance (in kilometers)

	
0.016

	
0.298

	
0.274

	
4.115




	
Bicycle ownership dummy

	
0.533

	
0.878

	
1.663

	
3.331




	
Land use (base = nonresidential)

	
−4.294

	
−3.237

	
0.739

	
1.361




	
Regular walk time (min)

	
0.002

	
0.292

	
0.011

	
2.653




	
Regular bicycle time (min)

	
0.060

	
1.761

	
0.010

	
1.771




	
Vehicle ownership

	
0.793

	
1.448

	
−1.638

	
−3.372




	
Latent Perception Variables




	
Walkability perception

	
−0.237

	
−0.650

	
1.129

	
2.736




	
Road safety perception for AT

	
−0.525

	
−1.292

	
0.340

	
1.079




	
Neighborhood crime perception

	
1.107

	
2.219

	
−0.391

	
−1.259




	
Walkability Perception Latent Variable Model is shown in Equation (5a)




	
Female

	
−0.186

	
−1.104

	
−0.420

	
−2.234




	
Road Safety Perception for AT Latent Variable Model is shown in Equation (5b)




	
Female

	
−0.481

	
−3.276

	
−0.166

	
−1.288




	
Neighborhood Crime Perception Latent Variable Model is shown in Equation (5c)




	
Female

	
−1.094

	
−4.939

	
0.059

	
0.247








* For missing values, the sample size is reduced.
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