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Abstract


The research presented in this paper studied interrelationships within the perceptions of pedestrian and cyclist environments, travel behaviors, and a particular subset of social networks characterized by their being usual trip or activity companions. For this purpose, 404 individuals participated in a web-based survey and provided data related to perceptions of particular elements of pedestrian- and cyclist-specific environments (sidewalks, cycle lanes, and pedestrian crossing), sociodemographics, and characteristics of their usual activity and trip companions. Participants also completed a two-day activity-travel diary. The validity of measurements and reliability of constructs were assessed by mean of Exploratory and Confirmatory Factor Analysis (EFA and CFA) and five models were determined using Structural Equation Modeling (SEM) to identify relations among the variables of the study. Results highlight the importance of how travel behavior influences the formation of perceptions of elements related to pedestrians and cyclist-specific environments.
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1. Introduction


Promoting the use of sustainable travel modes in urban areas is becoming a key issue in current transport policies. The reduction of car use and the increase of walking and cycling contribute to diminishing pollution, improving health of people, and taking greater advantage of urban space for green areas and pedestrian paths.



The design and implementation of effective actions and measures to encourage the use of sustainable travel modes in urban areas require the identification of factors that influence the decision to walk and cycle. Psychosocial factors are important in explaining travel behavior decisions [1]. Among those factors, the perception of particular elements of the built environment associated with walking and cycling has been scarcely studied in the context of sustainable travel behavior research.



Individuals’ travel behavior decisions are influenced by the people who interact with them [2]. In this context, the characteristics of activity-travel companions are particularly important.



In the following sections, psychological theories and literature review are presented, which support the definition of the research focus and conceptual framework of the present study.




2. Literature Review


2.1. Psychological Background


Perception is the process by which organisms interpret and organize sensations to produce a meaningful experience of the world [3]. The way in which human beings perceive the stimuli is selective, and will be influenced by a person’s existing beliefs, attitudes, perceptions, motivations, and personality [4]. Because humans have limited capacity to process information, there are perceptual defenses which create internal barriers that prevent stimuli incongruent with the person’s current attitudes and beliefs from passing the perception process. This process is called Selective Perception [5]. Any action requires the selection of some stimuli and not others of the environment that are action relevant, so this selection is goal-directed [6].



Perceptions of particular elements of the urban built environment that facilitate walking and biking were studied: sidewalks, bike lanes and pedestrian crossings. Together, they are referred to as perceptions of pedestrian- and cyclist-specific environments (PPCE).



Social interactions are currently being considered in travel behavior studies through the analysis of social networks. Axhausen [2] defined a social network as a set of persons who are linked pairwise, so that each person can reach any other through an active tie. It is argued that, within a traveler’s social network, the geography of the members together with the geography of the relevant activity locations determines the amount and style of travel.



Several psychological theories support the potential relationships among PPCE, social networks, and travel behavior. A brief description of those theories is presented below.



Bronfenbrenner’s Ecological Systems Theory [7,8] postulates that there are interrelationships between intercultural, community, organizational and interpersonal interactions where individual behavior is determined mostly by the social environment (e.g., community norms, values, attitudes, etc.). Thus, there will be an interaction between one’s ability to act and make decisions (e.g., deciding to travel to where an activity is going to take place), the relationships with other people (relatives, friends, and colleagues), and the physical environment (e.g., accessibility of sidewalks or bike lanes). These three factors lead to the intention to behave in a concrete way, and, influence actual behavior.



The Social Cognitive Theory [9] emphasizes reciprocal causation through cognitive or individual factors, behavioral capacity (what to do and how to do it), and environmental factors, considering the observational learning (“modeling” behaviors), reinforcements (positive or negative, and internal or external), expectations (anticipated consequences of a person’s behavior) and the concept of self-efficacy, which refers to the own-confidence on the ability to successfully perform a behavior.



Ajzen’s Theory of Planned Behavior (TPB) [10,11] theorizes that a given behavior will be determined by a person’s attitude towards the behavior, subjective norms (including the expectations of significant others) and perceived behavioral control over that particular behavior. Within this theory, attitudes refer to positive or negative evaluations of a given behavior. Subjective norms comprise one’s perceptions about significant others’ thoughts about whether one should perform the behavior. The perceived behavioral control refers to the belief about having the skills or abilities necessary to carry out a certain behavior. TPB has been used in many different scenarios trying to predict pedestrian behavior; for example, Barton et al. [12] examined adults’ intentions to cross streets under conditions of distraction and found that perceived behavioral control emerged as the most significant predictor.



The previous theories propose that there are many factors (individual, social and environmental) that lead to the intention to perform a behavior. However, intention does not necessarily lead to behavior on all occasions. In the same way, sometimes, there is no intentionality prior to the current behavior of the people. These situations have been studied by the Theory of Cognitive Dissonance [13]. Cognitive dissonance occurs when a person believes in thoughts, performs actions or consumes new information that conflicts with his or her attitudes, beliefs or behaviors. Human beings have a desire of avoid contradiction, so it is psychologically uncomfortable when an individual experiences inconsistency. Therefore, it is necessary to implement actions to reduce this dissonance. Thus, conflicting thoughts, attitudes, beliefs or behaviors are reduced to restore balance. By altering their thoughts the individual accepts that his or her original conception was mistaken and these new thoughts reinforce the new situation. Additionally, the importance of values and self-image can be changed or reduced and new information that conflicts with previous beliefs can be ignored or denied. The entire set of perceptions, including those concerning themselves, the environment, the current situations in the environment and experiences, can be agreed with each other and become congruent. For example, a person who increases their car use could adopt increasingly negative perceptions of the pedestrian- and cyclist-specific environments to reinforce their own car use.



Finally, although not a psychological theory, it is worth mentioning the space-time prism concept proposed by Hagerstrand [14], who presented the volume of the prism as an indication of accessibility, where its outline embodies the capability, coupling and authority constraints on individual activity and travel patterns. Models of space-time accessibility recognize that joint activities may constrain the performance of activities in space and time.




2.2. Previous Studies


Contrary to other psychosocial factors, the interrelationships between perceptions of particular built environments related to various transport modes and travel behavior have been rarely studied. Dill and Voros [15] found that the association between the objective measure of proximity to bike lanes and bicycling was not significant, while perceived availability of bike lanes had a positive association with bicycling. Hull and O’Holleran [16] compared different user perceptions pertaining to the comfort, speed and safety of cycling infrastructures in six European cities. They found that well design cycling infrastructures in a city will encourage more people to use bicycles. Ma et al. [17] examined the relationship between the objectively measured and perceived built environment, and their association with bicycling behavior. They found that perceptions of how easy, safe and accessible bike routes in Portland (Oregon) were had a direct and significant effect on bicycling behavior. Using the Stimuli-Organism-Response framework, Ma and Cao [18], found that objective built environments affect travel behavior through their influence on perceptions, considering also attributes of the transportation system.



There has been a growing interest in the study of social networks and their impact on personal travel behavior, travel decision making and joint scheduling both within households [19] and outside households [20]. For example, Neutens et al. [21] focused on joint activity participation and suggested that time-of-day and synchronization effects significantly affect the benefits that can be gained from opportunities for joint activities. Silvis et al. [22] found that the number of non-immediate kin at the destination affected respondents’ trip duration. Additionally, they found that both the total number of trips a respondent made and the number of different locations that a respondent visited were closely correlated both with the size of his or her social network and with the number of repeated contacts. Van den Berg et al. [23] found that social network size positively affects the number of social trips by different modes as well as social travel distance either directly or indirectly, showing that social networks generate social activities and travel. Sadri et al. [24] asserted that personal network measures, such as network density, homophily, heterogeneity, and ego-alter tie attributes exert a significant influence on the number of weekly shared trips in which an individual participates.





3. Research Focus and Conceptual Framework


We studied the interrelationships between PPCE, travel behavior during weekends, and characteristics of companions.



Unlike most existing travel behavior literature, which concentrates on general characteristics of the built environment, we studied perceptions of particular pedestrian- and cyclist-specific environments related to sidewalks, cycling lanes and pedestrian crossings. Furthermore, we considered only a subset of the social network, which consists solely of those who regularly share activities and travels with the ego. We hypothesized that these activity-travel companions have considerable influence on the person’s travel behavior. We explicitly contemplate influences in both directions between travel behavior and PPCE.



Although it is important to analyze the presence of companions both during weekdays and during weekends to deal with travel-related urban problems, in this study, weekend travel behavior was considered. Social and recreational activities are more frequent during weekends, when the presence of companions is usual. Therefore, it is more likely to find associations with characteristics of companions during weekends.



Based on psychological theories reviewed earlier and previous studies, we constructed the conceptual framework illustrated in Figure 1. We hypothesized that PPCE and travel behavior mutually affect each other. We also postulated that the characteristics of activity-travel companions, objective measures of the built environments, and socio-demographics directly affect both travel behavior and the perceptions of pedestrian- and cyclist-specific environments. Additionally, we hypothesized that travel behavior has a mediating role between perceptions of pedestrian- and cyclist-specific environments, and the rest of the explicative variables.




4. Materials and Methods


4.1. Survey Description and Data Collection


The dataset used for this research is part of the MINERVA project (“Innovative Travel Data Collection Methods for Transport Planning”) funded by the Ministry of Economy of Spain between 2016 and 2019. A web-based survey was developed ad-hoc for this project to gather information regarding personal values, activity-travel related behaviors, attitudes, perceptions, and characteristics of companions [25].



The web-based survey was distributed online. Several agreements were signed with public and private universities, companies, the local government and event organizers, all of which collaborated with the distribution.



The data collection took place between May and October 2017, excluding August to avoid non-recurrent mobility and long-distance trips executed during summer holidays. The main area of the study was Valencia (Spain) and its metropolitan area, although participants from other residential locations were also accepted.



To participate in the research, respondents were asked to create an account and log into the platform. The length of the survey was approximately 50 min and it could be completed at different times within the deadline of 10 days. Participants who completed the survey correctly were rewarded with a lottery ticket for a prize (four electronic tablets). Those who provided contact details of their social network members were given an extra ticket.



The web-based survey was designed considering user experience, flexibility, and responsiveness, so that respondents could easily access and complete the survey from any device with internet connection. Additionally, asynchronous validation provided real-time feed-back and a set of emails were prepared to set reminders based on the users’ progress.



The web-based survey was comprised of five parts. Firstly, a brief questionnaire requested information regarding demographics and socio-economic characteristics, as well as transport accessibility and the built environment attributes in the respondent’s area of residence.



Secondly, a two-day activity-travel diary was provided to collect all the activities and trips performed during a week day and one day of the weekend. The following attributes of each activity-travel episode were required: start and end points of travel, activity location, timing and duration, travel mode or type of activity, most of the fields were predefined and selectable. In addition, a text box input was displayed, and participants were asked to provide the names of those companions with whom they carried out each episode.



The third section collected information regarding characteristics of companions. For this purpose, the list of the companions already defined was displayed and a brief questionnaire concerning each person was required, including the following information: gender, age, type of relationship, social proximity, distance between residence location of ego and alter, frequency of face-to-face meetings, frequency of communication and degree of influence of the companion in the respondent’s mobility.



The fourth part collected information regarding personal values, using the Schwartz Value Survey (SVS), which was based on the Schwartz Theory of Human Values [26]. The fifth part consisted of a survey regarding attitudes and perceptions. The attitudes section used Likert scales to evaluate current travel modes, intentions to use travel modes, innovative travel solutions, semantic differentials, perceptions about the environment, use of ICTs and personal mobility.



In particular, perceptions of pedestrian- and cyclist-specific environments were assessed considering elements such as width, length and continuity, maintenance, obstacles, urban furniture, location and traffic light scheduling. For this purpose, 19 items were included: perceptions of sidewalks (5 items); perceptions of bike paths (7 items); and perceptions of pedestrian crossings (7 items).




4.2. Analysis and Measurements


This section includes the definition of variables and measurements.



Variables and Measurements


	
Demographics and socio-economic characteristics






Basic demographic and socio-economic characteristics were considered both at individual and household level (Table 1).



	
Companions






In this research, the social network consists of a subset defined by companions of trips and activities, as obtained from the two-day activity-travel diary. This list was enlarged by asking respondents to include other members of their social network with whom they usually share activities and trips. This subset was defined on the premise that it influences their travel behavior as well as their perceptions.



As shown in Table 1, several indicators were built from the data concerning the companions of each respondent. Thus, the main characteristics of the companions were defined for each participant.



	
Built environment characteristics






Information regarding attributes of built environment characteristics and accessibility was obtained from the survey responses, such as: distance to the next train station and bus stop (in minutes) and availability of bicycle lanes in the area of residence. Additionally, two indicators were created based on the address provided by respondents:




	(a)

	
Degree of transport sustainability. This indicator ranges from 1 to 6 and it is the sum of 3 equally weighted factors:




	-

	
Public transport availability (=2 if the tram, metro or train station is located at less than 10 min walking distance; =1.5 if any of these stations is located between 10 and 20 min walking distance; =1.0 in cases where there is not rail transport available, but there is at least one bus stop within 10 min walking distance).




	-

	
Bicycle infrastructure availability (=2 where bicycle lanes are safe, convenient and have continuity along the entire area; =1.5 if bicycle lanes are on or alongside main roads or where such lanes are almost nonexistent, but the low traffic flow allows for safe cycling; =1 if urban design is not convenient or safe for bicycles).




	-

	
Pedestrian conditions (=2 if pedestrian areas are wide and connected or urban design is mainly focused on pedestrians; =1.5 if pedestrian areas are less connected or urban design purpose is mixed; =1 if urban structure is car-oriented and pedestrian facilities are poor).















A correction factor of 0.5-point reduction was applied in bicycle and pedestrian oriented areas that lack sufficient amenities to make them useful.



	(b)

	
Degree of centrality. This variable indicates how far the individual’s home is from the city center. It ranges from 1 to 5 (=1 if it is in an isolated or badly connected areas; =2 if it is in a metropolitan area farther than 15 km from the city center; =3 if it is in a metropolitan area up to 15 km from the city center; =4 if it is at the periphery of the city; and =5 if it is in the city center).







	
Perceptions of the pedestrian and cycling-specific environments






19 items were included to measure the attitudes toward sidewalks (5 items), bicycle paths (7 items) and pedestrian crossings (7 items). For this purpose, several attributes were considered: width, length and continuity, maintenance, obstacles, urban furniture, location and traffic light scheduling (see Section 5). Based on these data, three latent constructs were created, as described in Section 5.






5. Results


This section includes sample characteristics, sociodemographics, and travel characteristics. Next, descriptive analyses are presented as well as the validation of scales and reliability of constructs. Finally, the development of Structural Equation Modeling (SEM) is described. SPSS software was used for descriptive analyses, while MPlus was chosen for confirmatory factor analysis and model estimation.



5.1. Sample Characteristics


More than 3000 people provided the minimum information to participate and registered in the web-based survey. After data cleaning and validation, 1683 individuals completed at least the attitudes and perceptions part of the web-based survey, and 1382 filled out the values questionnaire as well. For this research, a subsample of this dataset was used, which includes 404 participants who also completed correctly the two-day activity-travel and provided information about their companions.



The distribution of the sample according to gender is reasonably balanced (Table 2). However, as expected, those over 50 years old are under-represented in the sample. Participants are predominantly students, although there is also a significant proportion of employed individuals.



The average number of activities and trips per person and per day are 11.4 and 3.9, respectively. Regarding active transportation, walking is predominant (45.2%), while the cycling proportion is much lower (6.8%). Among the motorized travel modes, the use of a private vehicle is the most predominant (35.6%) and public transport represents 11.7% of the trips. Overall, 44.2% of the trips were carried out during week days and 55.8% during weekends. In total, 54.3% of the trips executed were with companions (Table 3).



The average number of companions declared is 10.18 persons per respondent. However, only those alters whose questionnaire was completed were considered, which reduces this ratio to 9.12 companions. Seventy-six percent out of those were included in the diary, and the rest were added later and not linked to any activity-travel episode. Thirty-one percent of companions are family members, 37.4% are friends, 6.4% are partners and the remainders are reported as acquaintances or work colleagues. Finally, 80.2% of respondents consider that at least 50% of their companions are interrelated.




5.2. Descriptive, Exploratory and Confirmatory Factor Analysis


Descriptive analyses were carried out and basic statistics and measures of normality, symmetry and kurtosis were obtained for the information relating to perceptions. Some of the items presented signs of asymmetry and non-normality, which led us to select more robust models to take such deviations into account for the model estimation.



Cronbach’s alpha was used to measure internal consistency, which indicates how closely related a set of items are as a group. After the first analysis, it was observed that three items relating to lighting conditions were showing a low correlation with the constructs and were therefore deleted (one deletion for each latent construct). The obtained Cronbach’s alpha measurements for three latent constructs (sidewalks = 0.837; bicycle paths = 0.920; pedestrian crossings = 0.885) fall within the range of acceptable values. Thus, the scale reliability can be assumed.



The Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) was used to determine the proportion of variance in the variables that might be caused by the underlying factors. High values were obtained (>0.9), which indicate that the factor analysis technique may be appropriate. Bartlett’s test of sphericity assesses the hypothesis that the correlation matrix is an identity matrix, which would indicate that variables are unrelated and therefore unsuitable for structure detection. Null value is obtained, which also supports the use of factor analysis.



Pearson’s correlation matrix shows a high correlation between the three latent variables (perceptions of sidewalks, bicycle paths and pedestrian crossings). This might be because some of the items are related to the same attributes for each of the latent constructs (e.g., width or maintenance). Therefore, these correlations were later included in the formulation of the model.



After that, Exploratory and Confirmatory Factor Analysis were carried out. Factor Analysis offers not only the possibility of gaining a clear view of the data, but also the possibility of using the output in subsequent analyses [27,28].



Exploratory Factor Analysis (EFA) w used to explore the possible underlying factor structure of a set of observed variables without imposing a preconceived structure on the outcome [29]. By performing EFA, the underlying factor structure is identified. To evaluate the scales and assess the formulated conceptual framework, an exploratory factor analysis (EFA) was conducted based on a theoretical construct that represents the PPCE containing 16 items. The results of EFA, using Varimax rotation and a factor loading of 0.40 as the threshold to maintain items in the factor, is shown in Table 4.



After the EFA procedure, Confirmatory Factor Analysis (CFA) specifying the posited relationships of the observed indicators to the latent variables, was conducted. CFA is used to verify the factor structure of a set of observed variables and to test the hypothesis that a relationship between observed variables and their underlying latent constructs exists.



The following goodness of fit indices were obtained: Chi square/df = 1.57; Comparative Fit Index (CFI) = 0.984; Tucker-Lewis Index (TLI) = 0.977; Standardized Root Mean Square Residual (SRMR) = 0.038; and Root Mean Square Error of Approximation (RMSEA) = 0.038. These statistics support the validity of the constructed scales. All coefficients exceed 0.6, indicating that all statements are strongly correlated with the latent variables defined (Figure 2).




5.3. Model Estimation and Results


Structural Equation Modeling (SEM) is a very powerful tool that it is increasingly used in travel behavior research [30,31,32,33,34,35]. In SEM, the relationships between theoretical constructs are represented by regression or path coefficients between the factors [36]. SEM is analyzed by drawing a path diagram consisting of boxes for observed variables and circles for latent factors, connected by arrows. Single-headed arrows or “paths” are used to define causal relationships in the model, with the variable at the tail of the arrow causing the variable at the point. Double-headed arrows indicate covariances or correlations, without a causal interpretation [36].



A complete SEM consists of three sets of equations: structural equations, measurement equations for the endogenous variables, and measurements equations for the exogeneous variables. Structural equations are used to capture causation, the weighted influence of exogenous variables on endogenous variables. If a measurement model is used, then a set of latent (unobserved) variables are measured as linear functions of other observed exogeneous or endogenous variables. In a fully specified model with latent variables, all three of these sets of equations are included. However, most applications of SEM only include one or two. In this research, the casual relationship between travel behavior and perceptions of pedestrian and cyclist environments was tested in both directions. To handle this reciprocal relationship, two structural equations and one measurement equation were needed. Therefore, the model was initially defined using the following equations:



Structural equations:


PPCE = B PPCE + C TRAVEL + Γ1 X1 + Γ2 X2 + ς



(1)






TRAVEL = D PPCE + E TRAVEL + Π1 X1 + Π2 X3 + μ



(2)







Measurement equation:


Y = Λ PPCE + ε



(3)




where PPCE: latent variable that represents the Perceptions of Pedestrian and Cyclists-specific Environments; TRAVEL: weekend use of each private vehicle/public transport/active transport; X1: vector of exogenous variables that affect both PPCE and TRAVEL; X2: vector of exogenous variables that only affect PPCE; X3: vector of exogenous variables that only affect TRAVEL; B: vector of weight coefficients predicting PPCE’s from other PPCE’s; C: vector of weight coefficients predicting PPCE’s from TRAVEL’s; D: vector of weight coefficients predicting TRAVEL’s from PPCE’s; E: vector of weight coefficients predicting TRAVEL’s from other TRAVEL’s; Γ: vector of weight coefficients predicting PPCE’s from exogeneous variables; Π: vector of weight coefficients predicting TRAVEL’s from exogeneous variables; ς: vector of residuals representing unobserved dependent variables affecting PPCE and errors and random disturbances; μ: vector of residuals representing unobserved dependent variables affecting TRAVEL and errors and random disturbances; Y: vector of endogenous variables (variables A111 to A128 in Table 4 that measured the latent variable PPCE); Λ: coefficient matrix that reflects the causal relationship between Y and PPCE; and ε: vector reflecting measurements errors in Y.



The structural equations involve two endogenous variables (PPCE and TRAVEL), exogenous variables (X), vectors of residuals (ς and μ), and several vectors of coefficients to be estimated. The measurement equation includes the endogenous variables (Y) that measure the latent variable PPCE, vector ε reflecting measurement errors and a coefficient matrix (Λ) to be estimated. Regarding structural equations, at least one excluded exogenous variable (X) is needed for the equations to be identified. That is, it must have an X2 variable that does not have an effect on the endogenous variable TRAVEL and an X3 variable that does not have an effect on the endogenous variable PPCE. These X2 and X3 variables are called instrumental variables for the causal system, and are very difficult to find. In our case, it was not possible to find those variables. Therefore, two separate non-reciprocal models were fit to simulate each relationship between PPCE and TRAVEL. Differences between coefficient estimates of the rest of the variables and global fit indexes of both models are minimum, so results are represented below in the same figure.



In this study, maximum likelihood with Huber-White covariance adjustment (MLR) was used for parameter estimation [37]. This estimator uses White’s sandwich-based method to yield test statistics that are robust in presence of non-normality (censored data from below) and non-independence (multiple data provided by a single respondent) [38]. While this robust estimator yields superior results (compared to standard maximum likelihood) when input data are non-normal, the chi-square test of absolute model fit can still be sensitive to trivial misspecifications in the model’s structure. Additionally, we also evaluated the following descriptive measures of model fit: the Standardized Root Mean Residual (SRMR) [39], the Comparative Fit Index (CFI) [40], and the Root Mean Square of Approximation (RMSEA) [41] using the recommended cutoff values of 90 for the CFI and related incremental fit indices, 08 for the RMSEA, and 10 for SRMR [42].



Based on the conceptual framework and the results of the EFA and CFA, five full SEM models were estimated for weekend travel behavior. Models 1a and 1b include the use of PV during weekend (% PV TRIPS WEEK-END). Model 2 includes the use of PT during weekend (% PT TRIPS WEEK-END). Models 3a and 3b include the use of AT during weekend (% AT TRIPS WEEK-END). Three latent variables that represent the perceptions of sidewalks, bike paths and pedestrian crossings are included in the models as well. However, indirect effects are only significant when the aggregated perception of pedestrian- and cyclist-specific environments (PPCE) is used (Models 1a and 3a). Results are described in the next subsections.



5.3.1. Models 1a and 1b: Use of Private Vehicle (PV) during Weekends


Figure 3 includes Model 1a results showing the direct effects between other variables with PPCE.



As expected, the perception of pedestrian- and cyclist-specific environments is negatively associated with the weekend use of PV (Figure 3), indicating an inverse relationship between the two variables. This association presents a low statistical significance. More interestingly, there is a strong statistically significant and negative association between the weekend use of PV and the perception of pedestrian- and cyclist-specific environments, which again indicates an inverse relationship.



The existence of bicycle lanes in a neighborhood has a positive association with the perception of pedestrian- and cyclist-specific environments. Some socioeconomic characteristics are also associated with the perception of pedestrian- and cyclist-specific environments. Gender and age have significant negative association with the perception, while ownership of a transport pass has a positive association with the perception.



In the case where bicycles are mainly used for sport there is a negative association with the perception of the pedestrian- and cyclist-specific environments. There is no significant statistical evidence that the characteristics of companions influence directly the respondents’ perceptions of pedestrian- and cyclist-specific environments.



Conversely, the degree of transport sustainability and the centrality of the residence area are inversely associated with the weekend use of PV. Logically, when bicycles are mainly used for transport, there is a negative association to the weekend use of PV. In contrast, car availability is positively associated with the weekend use of PV.



Some characteristics of companions present a significant association with the use of PV during weekends. The proportion of non-family members among companions is negatively associated with the weekend use of PV. The distance between alters’ and egos’ residences is positively associated with the weekend use of PV.



Figure 4 includes Model 1a results showing the indirect effects between other variables with PPCE. All identified effects are mediated by the weekend use of private vehicle.



The variables with a positive association with PPCE are: centrality of home locations of respondents, using bicycle mainly for transport, and the proportion of non-family members among companions. The variables with a negative association with PPCE are car ownership and the distance between companions’ and respondent’ residences.



Figure 5 presents Model 1b results showing the direct effects between all other variables and the three disaggregated perceptions (sidewalks, bicycle paths and pedestrian crossings).



None of the perceptions of sidewalks, bicycle paths and pedestrian crossings present a significant association with the weekend use of PV. By contrast, there are negative statistical significant associations between the weekend use of PV and the three disaggregated perceptions.



All variables associated with the aggregated perception of pedestrian- and cyclist-specific environments (Model 1a) are also found significantly associated with the perception of sidewalks, bicycle paths and pedestrian crossings (Model 1b), with the exception of owning a transport pass.




5.3.2. Model 2: Use of Public Transport (PT) during Weekends


Figure 6 reports Model 2 that includes direct effects results for weekend use of PT. Since indirect effects are not significant, these results can be considered as total effects. In this case, no significant effects have been found between weekend use of PT and the aggregated perceptions of pedestrian- and cyclist-specific environments. Therefore, Figure 4 includes only disaggregated perceptions of sidewalks, bicycle paths and pedestrian crossings. Weekend use of PT does, however, affect positively only the perception of sidewalks.



Similar to the previous models’ results, the existence of bicycle lanes positively associates with the perceptions of sidewalks, bicycle paths and pedestrian crossings.



Model 2 also indicates that age has a negative effect on the perceptions of sidewalks, bike paths and pedestrian crossings. The use of bicycle for sport negatively influences the perception of sidewalks. Gender and car availability have a negative association with the weekend use of PT.




5.3.3. Models 3a and 3b: Use of Active Transport (AT) during Weekends


Figure 7 reports Model 3a direct effects results for weekend AT use, which includes the aggregated perception of pedestrian- and cyclist-specific environments. The perception of pedestrian- and cyclist-specific environments presents a non-significant association with the weekend use of AT (p > 0.1). Conversely, there is a positive statistically significant association between the weekend use of AT and the perception of pedestrian- and cyclist-specific environments.



The availability of bicycle lanes is positively associated with the perception of pedestrian- and cyclist-specific environments. Age, gender, and to a lesser extent using bicycle mainly for sport are also negatively associated with that perception. Characteristics of companions do not affect directly the perception of pedestrian- and cyclist-specific environments.



The degree of transport sustainability in residential locations, gender and bicycle mainly use for transport are positively associated with the weekend use of AT. Car availability is negatively associated with the weekend use of AT.



Some characteristics of companions also present a significant association with the use of AT during weekends. Contrary to the use of PV (Model 1a), the proportion of non-family members among companions is positively associated with the weekend use of AT. The distance between companions’ and respondents’ residences is negatively associated with the weekend use of AT. In this case, the frequency of face-to-face contact with companions is negatively associated with the use of AT during weekends.



Figure 8 includes Model 3a results showing the indirect effects between other variables with PPCE. All identified effects are mediated by the weekend use of AT.



The only variable with a positive association is using bicycle mainly for transport. The variables with a negative association are car ownership and the distance between companions’ and respondents’ residences.



Figure 9 presents Model 3b results showing the direct effects between all other variables and the three disaggregated perceptions (sidewalks, bike paths and pedestrian crossings). Similar to the public transport model (Model 2), indirect effects are not significant. Therefore, these results can be considered as total effects.



None of the perceptions of sidewalks, bicycle paths and pedestrian crossings present a significant association with the weekend use of AT. There is, however, a statistically significant and positive association between the weekend use of AT and the perceptions of bike paths and pedestrian crossings. Surprisingly, there is no significant association between the use of AT and the perception of sidewalks.



All associations found in Model 3a that include the aggregated PPCE are also found in Model 3b where the three disaggregated perceptions are considered. Differences according to the level of significance appear between age and the perception of sidewalks.






6. Discussion


Results of the models described in Section 5 indicate that not all the hypothesized relationships in the conceptual framework are confirmed. Built environment characteristics and sociodemographics and travel characteristics are both associated with the PPCE and travel behavior. However, the characteristics of companions only directly influence the weekend use of PV and AT. However, we have found indirect effects that associate the characteristics of companions with perceptions mediated by travel behavior.



6.1. Travel Behavior and the PPCE and the Disaggregated Perceptions


The PPCE and the weekend use of PV, PT and AT mutually influence each other in the conceptual model. However, only a weak association between the PPCE and the use of PV during weekend has been found. Ma and Cao [18] also found significant associations between perceptions and travel behavior in the context of civil/religious and shop travel. This is also in line with the Ecological Systems Theory.



On the contrary, the effects of weekend use of PV and AT on the PPCE and the disaggregated perceptions of sidewalks, bike paths and pedestrian crossings are significant. These results are in line with Kroesen et al. [43], who found stronger effect of travel behaviors on attitudes than vice versa. Similarly, De Vos et al. [44] found that the evaluation of walking and cycling trips positively affects the respondents’ attitude towards the respective mode, which in turn has a positive effect on choosing that mode. According to Goldstein [45], one of the variables affecting human perception is the experience associated to the perceived object. In other words, the more PV is used, the more awareness of its positive characteristics. Therefore, there is a better perception of PV. Additionally, these results could be explained by the Cognitive Dissonance Theory [13]. Individuals may adapt their perceptions to their current behavior to reduce the possible dissonance and keep their psychological consistency.



In this study, the weekend use of PV is negatively associated with both the PPCE, and the disaggregated perceptions of sidewalks, bicycle paths and pedestrian crossing. In contrast, the weekend use of AT is positively associated with those perceptions. Interestingly, the weekend use of PT only affects the perceptions of sidewalks with a positive sign. Access and egress displacements to and from PT stops and stations are carried out mainly using sidewalks, which may help public transport users to form a positive perception of this part of the pedestrian environment.




6.2. Social Networks and Perceptions


Although there is not a direct effect association between the characteristics of companions and PPCE, we have found indirect effects through travel behavior. The proportion of non-family members among companions is positively associated with PPCE through the weekend use of PV. The activity-travel behavior with non-family companions is less routine, visiting more non-habitual locations, which may facilitate be more aware of pedestrian- and cyclist-specific environments. The distance between participants’ and their companions’ residences is negatively associated with PPCE through the weekend use of both PV and AT. Long displacements increase the likelihood of encountering poor pedestrian or cyclist-specific environments.




6.3. Built Environment, Sociodemographics, Travel Characteristics and Perceptions


As expected, the existence of bicycle lanes is positively associated with PPCE and the disaggregated perceptions. Considering that other elements of the built environment do not provide significant relations with any of the specific perceptions, we can conclude that bike infrastructure has a wider impact on global perceptions of the built environment related to pedestrians and cyclists than the rest of attributes of the area.



Females and older people have more negative associations with the PPCE and the disaggregated perceptions. This result may be explained because women and older people are more sensitive to the presence of obstacles in sidewalks and bicycle paths.



Respondents who use the bike for sport have a negative association with the PPCE, and particularly of bike path and to a lower extent of sidewalks. This could be explained by the design of cycling-specific environments, which might not be convenient for sport activities due to their different requirements.




6.4. Social Networks and Travel Behavior


Several characteristics of the activity-travel companions are associated with travel behavior. The proportion of non-family members among companions is negatively associated with the weekend use of PV, and positively associated with the weekend use of AT. As explained earlier, activity-travel with family companions is more routine including maintenance trips, which tend to be carried out more by car than by bicycle or foot.



As expected, the distance between participants’ and their companions’ residences is negatively associated with the weekend use of PV, and positively associated with the weekend use of AT. This finding confirms that distance is a deterrence of walking and cycling [46].



The frequency of face-to-face meeting with companions is negatively associated with the weekend use of AT. Cycling and particularly walking are used to perform short displacements that are usually solo trips, which are carried out to fulfill mainly maintenance activities that do not require companionships.




6.5. Built Environment, Sociodemographics, Travel Characteristics and Travel Behavior


As expected, the degrees of transport sustainability and centrality of the respondent’s residence area are both negatively associated with the weekend use of PV, and positively associated with the use of AT. The provision of high quality public transport and pedestrian itineraries is of paramount importance to promote sustainable travel behavior.



Females are negatively associated with the weekend use of PT and positively associated with the weekend use of AT. Women usually travel more by PT than men when weekday commute trips are considered. In contrast, during weekends, the use of PT diminishes to a great extent, particularly among females. Regarding the use of AT, women usually walk more than men any day of the week. This is not true for bike use. However, the number of walking trips is much greater than bike trips.



Logically, car availability is positively associated with the weekend use of PV, and negatively associated with the weekend use of AT. Using bike for transport is negatively associated with the weekend use of PV, and positively associated with the weekend use of AT. This result makes clear that PV and bike are substitute travel modes.





7. Conclusions


This paper presents a study of the interrelationships within the perception of pedestrian- and cyclist-specific environments, travel behaviors, and a particular subset of social networks, characterized by their being usual trip or activity companions. To this end, data collected with a web-based survey were analyzed using Structural Equation Modeling.



Among the variables that present important associations with perceptions of pedestrian- and cyclist-specific environments, travel behavior characteristics is the most outstanding. This result suggests that people tend to adapt their perceptions to their current travel behavior to reduce the possible dissonance and keep their psychological consistency. In other words, the more people walk and use bicycle, the more attractive are these travel modes. It is easier to convince people to use AT when performing non-compulsory activities. Therefore, the use of AT should be encouraged through better infrastructure, adequate land-use developments, and information campaigns.



Another important finding is the associations found between several characteristics of activity-travel companions and weekend use of PV and AT. Our hypothesis related to the influence of that subset of individuals’ social network on their travel behavior is confirmed. An important application of this finding is that transport surveys should include questions to collect basic characteristics of companions, which would help improve travel studies and modeling efforts.



In this study, a subsample of the social network was used, which consisted on an enlarged list of activity and trips companions. Our hypothesis related to the influence of that subset of individuals’ social network on their travel behavior is confirmed. Information regarding activity-travel companions can be obtained in a costly-effective way, compared to the exhaustive studies on social networks available found in travel behavior literature. Transport surveys and activity studies should include questions to collect basic characteristics of companions, which would help improve activity-travel studies and modeling efforts.



Limitations of this research include possible residential self-selection bias to the extent that participants’ travel preferences and perceptions might also influence where to live. However, this limitation may not be relevant because only perceptions of particular elements of pedestrian and cyclist environments are considered, instead of global perceptions of the built environment.
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Figure 1. Conceptual model. 
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Figure 2. Confirmatory Factor Analysis. 
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Figure 3. Model 1a. Direct effects. 
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Figure 4. Model 1a. Indirect effects. 
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Figure 5. Model 1b. Direct effects. 
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Figure 6. Model 2. Total effects. 
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Figure 7. Model 3a. Direct effects. 
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Figure 8. Model 3a. Indirect effects. 
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Figure 9. Model 3b. Total effects. 
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Table 1. Definition of variables.
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Variables

	
Description

	
Type






	
Demographics




	
Gender

	
0 = male; 1 = female

	
Categorical




	
Age

	
Age of the respondent

	
Continuous




	
Transport Pass

	
1 = respondent has an integrated public transport pass; 0 = otherwise

	
Categorical




	
Car

	
Car availability (0 = low to 5 = high)

	
Continuous




	
Bike

	
Bicycle availability (0 = low to 5 = high)

	
Continuous




	
Motorbike

	
Motorbike availability (0 = low to 5 = high)

	
Continuous




	
Bikes in HH

	
Number of bicycles available in the household

	
Continuous




	
Cars in HH

	
Number of cars available in the household

	
Continuous




	
Marital status

	
1 = single; 2 = married; 3 = civil partner; 4 = couple; 5 = widow; 6 = divorced; 7 = other

	
Categorical




	
Education level

	
1 = no studies; 2 = primary level; 3 = vocational training; 4 = secondary level; 5–6 = higher education; 7 = university degree or higher

	
Categorical




	
Occupation

	
1 = student only; 2 = employed; 3 = self-employed; 4 = student and employed; 5 = unemployed; 6 = retired; 7 = housekeeper; 8 = other

	
Categorical




	
Income

	
1 = any income; 2 = less than 500 €; 3 = 500–1000 €; 4 = 1000–1500 €; 5 = 1500–2000 €; 6 = 2000–2500 €; 7 = 2500–3000 €; 8 = more than 3000 € (net monthly)

	
Categorical




	
Bicycle Use




	
Bike transport

	
1 = bicycle used mainly for travel; 0 = otherwise

	
Categorical




	
Bike sport

	
1 = bicycle used mainly for sport; 0 = otherwise

	
Categorical




	
Built Environment and Accessibility




	
Bike lane

	
1 = bicycle lane available in the respondent’s residence area; 0 = otherwise

	
Categorical




	
Centrality

	
Degree of centrality of the respondent’s residence area. (See indicator definition)

	
Continuous




	
Sustainability

	
Degree of transport sustainability of the respondent’s residence area. (See indicator definition)

	
Continuous




	
Metro

	
Walking distance to the closest metro station: 1 = less than 5 min; 2 = 5–10 min; 3 = 10–15 min; 4 = 15–20 min; 5 = 20–30 min; 6 = more than 30 min

	
Categorical




	
Bus

	
Distance to the closest bus stop: 1 = less than 5 min; 2 = 5–10 min; 3 = 10–15 min; 4 = 15–20 min; 5 = 20–30 min; 6 = more than 30 min

	
Categorical




	
Companions




	
SN size

	
Number of companions

	
Continuous




	
SN %male

	
Percentage of males in the companions

	
Continuous




	
SN %family

	
Percentage of family members companions

	
Continuous




	
SN %other

	
Percentage of not family members companions

	
Continuous




	
SN distance

	
Average distance of residence between the respondent and his/her companions

	
Continuous




	
SN meetings

	
Frequency of face-to-face meeting with companions

	
Continuous




	
SN age

	
Average age of companions

	
Continuous




	
SN connectivity

	
Connection degree among companions (0 = low to 5 = high)

	
Continuous




	
HH minors

	
Number of persons under 18 living in the household

	
Continuous




	
HH members

	
Number of people living in the household

	
Continuous




	
SN influence

	
Average degree of influence of companions in the ego’s mobility

	
Continuous











 





Table 2. Sample distribution.
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Respondents

	
Percentage






	
Gender




	
Male

	
182

	
45.1%




	
Female

	
222

	
54.9%




	
Age




	
16–25

	
144

	
35.6%




	
26–35

	
100

	
24.7%




	
36–50

	
102

	
25.2%




	
>50

	
58

	
14.3%




	
Occupation




	
Student only

	
141

	
34.9%




	
Employed

	
188

	
46.5%




	
Student & employed

	
40

	
9.9%




	
Unemployed

	
19

	
4.7%




	
Retired

	
7

	
1.7%




	
Other

	
9

	
2.2%











 





Table 3. Modal split and companions.
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Trips

	
Trips/Person

	
Trips/Person-Day

	
Percentage






	
Modal Split




	
Private Vehicle

	
1132

	
2.802

	
1.401

	
35.62%




	
Public Transport

	
372

	
0.921

	
0.460

	
11.71%




	
Cycling

	
217

	
0.537

	
0.269

	
6.83%




	
Walking

	
1437

	
3.557

	
1.778

	
45.22%




	
Other

	
20

	
0.050

	
0.025

	
0.63%




	
Companions




	
Trips with companions

	
1453

	
3.60

	
1.80

	
45.72%




	
Solo trips

	
1725

	
4.27

	
2.13

	
54.28%




	
Total




	

	
3178

	
7.87

	
3.93

	
100%











 





Table 4. Exploratory and Confirmatory Factor Analyses. Disaggregated perceptions of sidewalks, bicycle paths and pedestrian crossings.
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Statistic

	
EFA

	
CFA




	
Variable

	
Item

	
Mean

	
SD

	
Median

	
Mode

	
Factor Loading

	
STDYX Standardized Loadings (S.E.)






	
Perception of Sidewalks




	
A111

	
Width and length are appropriate

	
3.67

	
1.19

	
4

	
4

	
0.751

	
0.733 (0.030)




	
A114

	
Maintenance conditions are good

	
3.53

	
1.18

	
4

	
4

	
0.811

	
0.806 (0.031)




	
A117

	
They are free of any obstacle

	
3.12

	
1.30

	
3

	
4

	
0.721

	
0.714 (0.034)




	
A123

	
Urban furniture is appropriate

	
3.50

	
1.18

	
4

	
4

	
0.684

	
0.695 (0.037)




	
Perception of Bicycle Pahts




	
A112

	
Width and length are appropriate

	
2.92

	
1.37

	
3

	
2

	
0.846

	
0.804 (0.022)




	
A115

	
Maintenance conditions are good

	
3.26

	
1.32

	
3

	
4

	
0.835

	
0.861 (0.022)




	
A118

	
They are free of any obstacle

	
3.15

	
1.34

	
3

	
4

	
0.747

	
0.770 (0.029)




	
A124

	
Urban furniture is appropriate

	
3.12

	
1.32

	
3

	
4

	
0.749

	
0.749 (0.031)




	
A126

	
They are placed conveniently

	
2.94

	
1.34

	
3

	
4

	
0.794

	
0.790 (0.028)




	
A129

	
They have sufficient continuity

	
2.73

	
1.41

	
3

	
1

	
0.815

	
0.784 (0.026)




	
Perception of Pedestrian Crossings




	
A113

	
Width and length are appropriate

	
3.85

	
1.03

	
4

	
4

	
0.691

	
0.716 (0.032)




	
A116

	
Maintenance conditions are good

	
3.70

	
1.06

	
4

	
4

	
0.764

	
0.807 (0.025)




	
A119

	
They are free of any obstacle

	
3.78

	
1.13

	
4

	
4

	
0.699

	
0.684 (0.039)




	
A125

	
Urban furniture is appropriate

	
3.67

	
1.07

	
4

	
4

	
0.773

	
0.726 (0.032)




	
A127

	
They are placed conveniently

	
3.70

	
1.07

	
4

	
4

	
0.762

	
0.731 (0.033)




	
A128

	
Traffic light scheduling is adequate

	
3.57

	
1.19

	
4

	
4

	
0.644

	
0.651 (0.041)




	
Correlations—Disaggregated Perceptions




	

	
Bicycle paths WITH Sidewalks

	

	
0.618 (0.045)




	
Pedestrian crossings WITH Sidewalks

	
0.837 (0.028)




	
Pedestrian crossings WITH Bicycle paths

	
0.711 (0.035)








Note. All CFA factors are statistically significant (p < 0.01).
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