

  sustainability-12-04250




sustainability-12-04250







Sustainability 2020, 12(10), 4250; doi:10.3390/su12104250




Article



Trip and Personal Characteristics towards the Intention to Cycle in Larnaca, Cyprus: An EFA-SEM Approach



Paraskevas Nikolaou 1, Socrates Basbas 2,*[image: Orcid], Ioannis Politis 3[image: Orcid] and Georgios Borg 2





1



Lab for Transport Engineering, Department of Civil and Environmental Engineering, University of Cyprus, Nicosia 1678, Cyprus






2



School of Rural & Surveying Engineering, Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece






3



School of Civil Engineering, Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece









*



Correspondence: smpasmpa@auth.gr







Received: 15 April 2020 / Accepted: 19 May 2020 / Published: 22 May 2020



Abstract

:

Mobility is one of the most important and challenging aspects that influence climate change, air quality, and especially the quality of citizens’ lives. Therefore, creating sustainable transport solutions makes way for different modes of transport such as the bicycle, which is continuously gaining more supporters, due to the health, economic, and environmental benefits that it provides. However, cyclists are facing several barriers (e.g., lack of infrastructure), a fact that keeps away commuters from using a bicycle for their daily trips. Investigating the factors that reflect on the commuters’ intention to use a bicycle is a sine qua non for the promotion of sustainable mobility. Therefore, the objective of this paper is the investigation of the factors that prevent residents with low experience or with no cultural/lifestyle background in regards to cycling from cycling. The case study of the city of Larnaca (Cyprus) is deployed by exploring the socio-demographic and trip characteristics of the city’s residents and their relation with the intention to cycle. A two-step approach is developed, namely Explanatory Factor Analysis (EFA) and Structural Equation Modeling (SEM). Despite the promotion of cycling that education is attempting to do (successfully), other factors (such as age, distance, and time) appear to prevent Larnaca’s residents from cycling. Among the actions that local authorities should undertake is that of safety prevention of the vulnerable users of the road network. This group includes elderly people, who need major encouraging interventions by local policymakers and stakeholders.
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1. Introduction


As referred by the European Commission (EC), transport is the main cause of air pollution in cities while it represents almost a quarter of Europe’s greenhouse gas emissions. In detail, road transport was recorded to be by far the biggest emitter accounting for more than 70% of all Greenhouse Gas (GHG) emissions from transport in 2014 (Climate Action—European Commission, 2017) [1]. Therefore, the high records of carbon dioxide emissions from transport are making it one of the greatest challenges cities are facing today. Although many perceive these challenges as a great opportunity for low-carbon urban development that requires political will and conviction, a growing number of voices are against this statement, a matter that will be discussed further in the last section of the paper. The bicycle could be the solution to this problem, for it is an alternative way of commuting and at the same time it promotes sustainable urban mobility. Several studies have focused on the use of the bike for promoting sustainability in campus areas (e.g., Cherry et al., 2014 [2]) or in urban environments (e.g., Zhang et al., 2015 [3]).



However, cycling is facing certain barriers in many European cities. These barriers can be identified as economic, environmental, attitudinal, lack of infrastructure, scarcity of parking facilities, weather conditions, security, comfort, and the safety of cyclists. For instance, the lack of adequate cycling infrastructure and lack of safety were identified by De Souza et al. (2014) [4] as one of the strongest barriers for using a bike. Additionally, Swiers et al. (2017) [5], identified weather and safety as the primary barriers for cycling in their research. Furthermore, the lack of adequate bike lanes, difficulties of maintaining appearance, and weather were defined by Iwińska et al. (2018) [6] as barriers for cyclists and non-cyclists that prevent them from using the bike in the city of Warsaw. Additionally, Wadud (2014) [7] found that annual hourly bicycle flows vary in London’s network due to climate change. Thus, it is a challenge for many researchers to change this situation through decision/policymaking and through promoting sustainability in cities. To further integrate cycling into the multimodal transport policy, the European Commission reinforces cycling aspects within the European Mobility Week campaign (European Comission, 2017 [8]).



Promoting cycling and thus sustainability in an urban environment is not an easy task, and it requires the identification of these barriers. Despite the obvious barriers to cycling (e.g., lack of infrastructure), there are also some unobserved factors (e.g., attitude and intention of not cycling) that also prevent commuters from cycling. Therefore, this study investigates the effects that socio-demographic and trip characteristics might have on the intention to use a bike instead of a car in the city of Larnaca. The city’s residents have low experience in cycling, or their cultural/lifestyle background prevents them from cycling. A two-step approach has been developed using Explanatory Factor Analysis (EFA) and Structural Equation Modeling (SEM).



The rest of the paper is organized as follows. The literature review is presented in the next section. Section 3 presents the case study city (Larnaca, Cyprus). The methodological framework of the study, including the data collection and the development of EFA and SEM, is described in the fourth section. The fifth section interprets the outcomes of the SEM model. The sixth section analyzes the sustainable mobility planning aspects of urban cities, e.g., Larnaca. The last section offers some conclusions to the study.




2. Literature Review


Besides all the psychological, physical, and environmental benefits of cycling, there are also the economic benefits that can be gained from cycling. For example, Meschik (2012) [9] found that in the case of Vienna, cycling is contributing to the overall economy as opposed to vehicular traffic. Additionally, Winslott Hiselius and Svensson (2017) [10] denoted that many sustainable benefits can be gained from e-bikes especially when they replace trips made by cars. However, as noted by Wardman et al. (2007) [11] over the forecasted time period of 1997–2027, the proportion of the population that cycles to work will fall from 5.8% to 2.4%, urging people to opt for cars due to the increase of car availability. Therefore, it is important to understand what factors are preventing commuters from using a bicycle as an alternative transport mode. In this study, particular focus is given to the residents of cities with low experience or with no cultural/lifestyle background in cycling. More specifically, the case study of the city of Larnaca (Cyprus) is deployed.



Investigating attitudes and intentions on behalf of cyclists will provide significant information on how cycling should be approached by policymakers, in order to adopt this mode choice in the commuters’ daily routine, especially for close destinations. For these investigations, it is important to identify and use correlated information that will assist the interpretation of the people’s intent to cycle. This information can be varied between different researches, which have the same topic as the one that is being discussed in this study. For instance, Piatkowski and Marshall (2015) [12] investigated the impact that attitude, socio-demographics, and built environments might have on two types of cyclists (occasional cyclists and those interested in cycling but unwilling to cycle regularly). They found that socio-demographic characteristics, attitude and perception variables appeared to have a significant impact on commuter cyclists. Fernandez-Heredia et al. (2014) [13] found that convenience and exogenous restrictions (e.g., danger) have a strong influence on attitudes towards the bicycle. Another study explored the factors that appear to influence the intention and behavior of bicycle-sharing commuting in China. One of the findings indicated that the attitude towards bicycle-sharing has no significant effect on males’ intention of bicycle-sharing commuting, contrary to the effect that it has on females (Cai et al. 2019) [14]. In Segadilha and Sanches (2014) [15], the authors identified the volume of motor vehicles, security, and street lighting as important attributes that influence the route choice of individuals in a medium-sized Brazilian city. Therefore, the information that was considered was based on the macro-economic, socio-demographic, and trip characteristics of Larnaca’s residents.



Analyzing the collected information can be a tricky thing, as it requires the use of suitable and appropriate methods that can incorporate this information. Therefore, the questions being raised here are: How unobserved information, and likewise the “intention” to cycle, can be measured? How can we measure the effects of overall factors (e.g., socio-demography and trip characteristics) on intention? Since these studies are concentrating more and more on parameters that incorporate psychological aspects, the emphasis is given to unobserved (latent) elements. Specific techniques are taken into consideration to handle such types of latent structures, such as Explanatory Factor Analysis (EFA) for identifying possible unobserved (latent) variables inside the dataset. For example, Munoz et al. (2016) [16] implemented EFA to examine the structure of the latent and objective variables related to bicycle commuting. The findings for the objective factors showed that socio-economic and household characteristics, mode availability, and trip characteristics are related to bicycle commuting.



Identifying latent structures is important; however, incorporating these latent structures is a different aspect that must be taken under consideration. A suitable method for incorporating this latent information with the observed information is Covariance Based (CB) Structural Equation Modeling (SEM). Several studies have developed SEM for measuring these constructs (e.g., Politis et al. (2013) [17]; Dimitriou et al. (2017) [18]). For instance, Useche et al. (2018) [19] used SEM to examine the effect of gender on cyclists’ risky and positive riding behavior, using as predictors demographic, psychological, and bike-use-related variables. Through the use of SEM implementation, they found that gender does indeed influence the statistical explanation of risky and protective behaviors.



The combination of the factor analysis (e.g., EFA) and SEM (EFA-SEM) is a powerful and robust technique for concrete analysis and for obtaining valid results that can and must be used by policymakers. For instance, Lois et al. (2015) [20] implemented a confirmatory factor analysis for determining the constructs of the data. These constructs were further tested by the use of SEM. The findings of their analysis suggested that a more specific measure of perceived self-efficacy and targeting concrete behaviors can be used for raising interest in initiatives concerning urban cycling’s promotion. In Politis et al. (2012) [21] an EFA was implemented to identify latent structures that were incorporated into the model development for identifying their role on daily travel activities from and to the Aristotle University of Thessaloniki, Greece. Thereinafter, to investigate the contribution of latent variables (e.g., attitude) concerning the intention to cycle, the SEM method was considered suitable. The findings of this research showed that the frequency of car use as a daily travel activity is an obstacle for promoting and supporting sustainable mobility measures.



The results that the combination of the EFA and SEM methods, along with the existing results obtained from relevant studies, will be very helpful for understanding how cycling must be approached by local authorities in Larnaca. For instance, from the study of Festa and Forciniti (2010) [22] (investigation of attitudes towards cycling in Rende, a small town in Italy) it was found that bike use could be promoted by enlarging the existing bike network, by adopting bike-sharing systems, and by promoting specific policies targeted at sustainable transport modes. The work of García et al. (2019) [23] presented the effects of cognitive, affective, and behavioral attitudes towards the use of walking and cycling on both intentions and real use of cars, public transport, bicycles, and walking. As was indicated from the results, an affective attitude towards cycling is negatively associated with walking. On the other hand, a cognitive attitude towards cycling is positively associated with the intention of both cycling and walking. Additionally, Passafaro et al. (2014) [24] investigated the role of social and psychological factors in an attempt to predict the desire to cycle for necessary daily trips in a big city (e.g., Rome). The findings of their research indicated that positive anticipated emotions and past behavior were the most direct predictors of desire to cycle in contrast with the social norms and attitudes that appeared to predict desire indirectly through anticipated positive and negative emotions. In Zheng et al. (2019) [25], the changes in traveling mode after the introduction of shared bicycles in China were identified. The results indicated that the use of shared bicycles is more popular among young and low-income populations.



Table 1 provides an overview of some specific literatures (relevant to the topic and methodology of this paper), which are used in this study to better understand the steps deployed for fulfilling this paper’s scope.



Consequently, several researches have been developed for investigating behavioral and psychological characteristics towards the use of the bicycle, incorporating socio-demographic, economic and trip characteristics data. The methods for analyzing these observed and unobserved constructs were CFA, EFA, and SEM. Therefore, this study developed a two-step approach implementing EFA-SEM methods. Overall, this paper has followed these previous literatures for completing its objective, which was the investigation of the factors that prevent residents of cities with low experience or with no cultural/lifestyle background in cycling from cycling. One of these cities is Larnaca (Cyprus).




3. Case Study


Larnaca is the third-largest city of Cyprus, with an urban population of approximately 50,000 inhabitants (according to the 2011 population census). Additionally, the city of Larnaca is where the country’s primary airport and the second busiest port are located (World Data [26]; Shoham Shipping and Logistics [27]). The morphology of Larnaca is ideal for cycling due to its low ground level and the long coastal front (Larnaca region [28]). Therefore, Larnaca is in a privileged position for adapting cycling as a way of transport on a daily level and also for leisure purposes. Figure 1 presents the location of Larnaca in Cyprus and the lack of cycle infrastructure especially in Larnaca, a fact that worsens the conditions for cycling.



Additionally, in Larnaca, car use holds the first place as it is what locals prefer for their trips, a fact that has been identified in the survey. For this reason, Larnaca, and therefore Cyprus, are in a high ranking position inside the European Union (EU) concerning CO2 emissions. Figure 2 presents the place of the 28 member countries of the EU concerning the GHG emissions per capita (tons of CO2 equivalent per capita) during the period of 2010 to 2015. As can be seen, the red line depicts the place of Cyprus over a certain period, which appeared to be in 8th place in the years 2010, 2011, 2014, and 2015. However, in 2012 and 2013 Cyprus dropped down to the 9th and 11th place, respectively. If one considers the size of Cyprus in population (almost one million) alone, one can understand that this does not compliment Cyprus at all. Therefore, some measures must be taken for change, specifically the promotion of sustainable mobility. Still, in Cyprus (Larnaca) the alternative means of transport, like the bike, do not exist. This fact strengthens the problem of GHG emissions. The lack of bike usage exists due to barriers (e.g., lack of bicycle network infrastructure, lack of safety and policy measures) that affect the intention of individuals in regards to cycling.



Furthermore, Cyprus is a Mediterranean island, and due to its geographic location high-temperature phenomena are occurring, especially during the summer period, a factor that prevents most people from cycling. However, for the remaining months of the year, the climate in Larnaca is ideal for cycling (the average temperature in the period of 1991–2007 was 17.7 °C based on Anon (2020) [29]) and therefore it was not considered as a barrier for cycling. Thus, it was not included in the understudy variables. Instead, the factors that were investigated were based on the attitudinal and intentional characteristics of the residents of Larnaca since they cannot be directly measured.



Despite these circumstances, in 2011 Larnaca managed to be nominated for the European Mobility Award, which was handed to Bologna (Italy) at the Brussels Musical Instrument Museum on March 5, 2012 (European Mobility Week [30]). Thus, Larnaca seems to be an ideal case for studying the intentional characteristics of the individuals and for replacing any other motorized means of transport with a bike, thus transforming the city of Larnaca into a sustainable urban environment.




4. Methodological Framework


This section was developed for investigating the use of bicycles in the city of Larnaca, Cyprus by providing answers to the concept question: Which observed factors (e.g., macro-economic, demographic and trip characteristics) influence the intention to cycle in the city of Larnaca, especially when the majority of the participants are willing to cycle (60%) but the percentage of cyclists is dramatically low (4%)? The step-by-step approaches followed in this section for answering this question are integrated into a concrete mathematical framework. Therefore in this study, a data collection approach has been taken for selecting a representative sample of Larnaca’s residents and descriptive statistics were provided for all information collected. To collect this information, a face-to-face questionnaire survey took place in the city of Larnaca, and therefore a total of 250 non-cyclists participated in the survey to identify the reasons that are preventing them from cycling.



However, in this part, it was considered that this sample may include latent information and thus a methodological framework was developed for identifying possible latent constructs inside the data sample using a suitable analysis, namely Exploratory Factor Analysis (EFA). The existence of two latent constructs was identified from EFA and was named “Socio-Demographic” and “Trip Characteristics”, which were used in the model’s development process. Furthermore, the intention of non-cyclists for cycling is a not directly observed variable. This is the reason why Structural Equation Modeling (SEM) was implemented for incorporating the observed and unobserved structures and for identifying their effect on the intention to cycle in the city of Larnaca. The knowledge of this information that SEM can provide, shows some insights to urban planners concerning the conditions that affect the intention of individuals, and thus they can suggest measures for overcoming these barriers, and transforming the city of Larnaca into a sustainable city.



4.1. Selecting the Appropriate Statistical Tool


The a-priori selection of the statistical tool that a researcher decides to use is of vital importance for the successful promotion of the main research questions, their robust treatment, and the documentation of the main findings. In this study, we utilize two well-known methodologies, Exploratory Factor Analysis (EFA) and Structural Equation Modeling (SEM), for analyzing cause and effect relationships of the given data.



4.1.1. Exploratory Factor Analysis


The British psychologist Charles Spearman was the first person in history to use the term “factor analysis” in order to explain the role of two factors in human intelligence (Spearman (1904) [31]); in its full term, exploratory factor analysis was firstly used by Howe (1955) [32], Andreson and Rubin (1956) [33], and Lawley (1958) [34].



The formation of the factor analysis model is:


  x = Λ f + e  



(1)







For a p-element vector  x , there are a   p × k   matrix  Λ  of loadings, a k-element vector  f  of scores, and a p-element vector  e  of errors. Only the  x  component is observed, but the major restriction is that the scores must be uncorrelated and of unit variance, and that the errors must be independent with variances  ψ . For doing factor analysis, the maximum likelihood procedure was preferred. The concept of using EFA was the provision of estimates of the correlation between variables and latent factors in the case that the variables are representing a latent part.




4.1.2. Structural Equation Modeling


The advantages of using (unobserved) factors instead of directly observed variables were highlighted by many researchers in the past, since the latter models do not take into account the measurement error and cause bias at the estimations (Schumacker Lomax (2004) [35]); SEM techniques, for instance, are taking into account measurement error during the statistical manipulation of the data.



Based on the above comments, it was decided that the appropriate statistical technique that fits better to the objectives of this study is that of SEM, and more specifically an application of it known as MIMIC models (Multiple Indicators Multiple Causes). A MIMIC model stands for a multiple indicator multiple cause model, in which multiple indicators reflect the underlying latent variables or factors and the multiple causes (observed predictors) affect latent variables or factors (Wang and Wang (2019) [36]).



MIMIC-type models have been used in transport studies for decades now in order to identify cause–effect relationships, especially for those factors related to the socio-economic background of the responders (age, income, gender, etc.). Indicative studies of MIMIC-related applications in transport are the works of Li et al. (2019) [37] and Chen and Li (2017) [38] in the field of public transport, Shrestha et al. (2007) [39] and Allen et al. (2018) [40] in the field of perceived trip quality and satisfaction, and Elyasi [41] and Politis et al. (2013) [17] in the field of road safety. Furthermore, an extended application of SEM techniques called Integrated Choice and Latent Variables (ICVL) models also treats personal characteristics of the responders as latent factors (Potoglou et al. (2015) [42]). In addition, many psychology-oriented theories, like the Theory of Planned Behavior (TPB), the Transtheoretical Model (TTM), and the Technology Acceptance Model (TAM) are transposing the direct observed socioeconomic background of the cases into unobserved (latent) constructs.



In SEM there are two types of models: the measurement model and the structural model. The measurement model specifies how measured variables come together for explaining (the identified from EFA) latent factors. The measurement model is formed below:


  x =  Λ x  ξ + δ ,  



(2)






  y =  Λ y  η + ε ,  



(3)




where the  x ’s and  y ’s are observed for latent variables, the  ξ ’s and  η ’s are latent variables, the  λ ’s are factor loadings, and the  ε ’s and δ’s are error terms. The measurement model of the SEM involves Confirmatory Factor Analysis (CFA). The question raised at this point was the minimum number of indicators (observed variables) for explaining different latent constructs. According to Kline (2015) [43], for the CFA models in the measurement model, there is a rule concerning the minimum number of indicators per factor. This rule is expressed as follows:



“If a standard CFA model with a single factor has at least three indicators; or has two or more factors where each factor has two or more indicators, then the model is identified”.



The structural model represents the notation of how well related the latent constructs are with each other. The structural model can be written as follows:


  η = α + Β η + Γ ξ + ζ ,  



(4)




where η is an   m × 1   vector of latent endogenous variables, ξ is an   n × 1   vector of latent exogenous variables,  a  is an   m × 1   vector of intercept terms, B is an   m × m   matrix of coefficients that give the influence of  η  on each other, Γ is an   m × n   matrix of coefficients of the effect of  ξ  on  η , and  ζ  is the   m × 1   vector of disturbances that contains the explained parts of the  η ’s. Therefore, the ability of SEM to incorporate and analyze the effects of latent variables on observed variables was the criterion for developing a SEM model instead of a classic regression model.





4.2. Data Collection


In order to collect the information required for this investigation (i.e., variables that explain the macro-economic, demographic, social, and mobility context of Larnaca’s residents), a face-to-face questionnaire survey was preferred amongst other methods of survey (such as an online survey, e.g., Uttley and Lovelace (2016) [44]) due to the immediacy that the a face-to-face questionnaire offers to the participants. Additionally, this survey method provides the ability to control the sample’s equality concerning the participants’ gender. Unfortunately, this information (e.g., macro-economic, demographic, and social data) was not available from other resources. Therefore, the structure of the questionnaire was constructed in such a way as to obtain the above information.



For the purposes of this study and having taken under consideration the population size of Larnaca (approximately 50,000 inhabitants according to Cyprus’ Statistical Service [45]), the representative number of questionnaires that was decided upon was approximately 400. However, during the questionnaires survey (from June to September 2014), it was noted that the population of Larnaca was not willing to spend time and complete the face-to-face surveys and thus the number of questionnaires remained at 250. The survey was based on random sampling but with only one constraint, the equality of the participants’ gender. The reason for this constraint was to reflect the proportion of the participants’ gender in regard to Larnaca’s total population. It must be mentioned that smaller samples introduce larger uncertainty. However, because of Larnaca’s small population, the 250 questionnaires are representative of the total population. Additionally, it must be noted that the reason for analyzing non-cyclists has to do with the fact that the sample of the cyclists was too small and thus not representative. The participants in the survey were above the age of 18. The survey aimed at balancing the participants by gender and thus the number of female and male participants was almost the same. Furthermore, the participants were approached at different places of interest inside the city of Larnaca.



The structure of the questionnaire consists of three sections. The first section focused on the socio-demographic characteristics of the participants (e.g., gender, age, monthly income). The second section considered the general trip characteristics of the participants. In particular, in this section, the participants were asked about their latest movement, i.e., the origin and the destination of their latest trip and its purpose and total travel time. The reason for focusing on their last trip and not on their daily, monthly, or annual trips was based on the hypothesis that the participants can easily recall recent trip characteristics and behavior or feelings gained from their trip (information that will support the objective of this paper). Additionally, this section continued by asking questions that will assist the identification of the relationship between the participants and the bicycle. The third section was concerned with the perceived level of service of the bicycle network infrastructure in the city of Larnaca. From this section, we collected important information concerning the participants’ opinion on improving the conditions for cycling in the city, by suggesting improvements, in a hierarchical order, that support the idea of adopting a bike as an alternative way for commuting. The last question of this section led to the creation of a “picture” of the participants’ intention to cycle. In detail, this question asked the participants if they would use the bicycle in case all of their suggestions were approved.



Table 2 shows the collected data that were used in the current research. As can be seen, the majority of the participants were considered educated people, aged between 19 to 39 years old with an income between 0–800 euros (per month) that have at least one car in their household and have at least one bike even though they do not cycle.



The variables “Know_B_B” (Knowledge of bicycling’s benefits) and “Availability” (Availability for replacing the last mean of movement with bicycle) were used for determining the intention of the participant to cycle in the city of Larnaca (dependent variables). The rest of the variables were considered as explanatory of the dependent variables. For observing the latent constructs inside the dataset, a suitable statistical technique was developed, namely Exploratory Factor Analysis (EFA).




4.3. Exploratory Factor Analysis


EFA is commonly used for identifying collinearity before performing any linear regression analysis (e.g., Structural Equation Modeling) and also for identifying statistically insignificant variables. The outcome of EFA showed the structures of the data and the number of latent variables. In detail, the reduction of the observed variables and the identification of the unobserved variables were followed through a data-driven approach. The first outcome of the EFA showed no clear structure among the sample and thus the procedure was followed by discarding some variables that appeared to be either collinear or statistically insignificant. Table 3 presents the Kaiser–Meyer–Olkin (KMO) measure of sampling adequacy and Bartlett’s test of sphericity. From this table, it can be concluded that the EFA passes the cutting off criteria (KMO > 0.5 and Bartlett’s Test of Sphericity < 0.05) and that the concluded sample is adequate for further analysis.



At the next step, the EFA provided a three-factors (latent variables) construct explaining 72.792% of the variance. The cut-off for the number of the generated factors was all factors with an eigenvalue of ≥1. However, often a cut-off of 1 results in more factors than the user aimed for, or it leaves out a theoretically important factor whose eigenvalue is just below 1. For this study, based on the meaning and nature of the observed variables, we reached the conclusion with only the two latent factors, which explain 53.747% of the variance. The eigenvalue and percentage of the explained variance are presented in Table 4.



Table 5 presents the concluded variables for both latent factors and their relationships. The two factors were “Socio-Demographic” and “Trip Characteristics”, and the observed variables that explained each of the two latent variables can be indeed characterized in the same group based on their meaning. The “Socio-Demographic” factor included the observed variables “Age”, “Income”, and “Education” and the latent factor “Trip Characteristics” included the variables “Route_Length”, “Transport_Mean”, and “Route_Time”. Notwithstanding the identification of the latent structures and the variables explaining them, the study continued with the estimation of the relationship that these structures have with the intention of cycling, using Structure Equation Modeling (SEM).




4.4. Structural Equation Modeling


SEM is an extension of the general linear model that offers estimations between observed and unobserved variables. In a general SEM path, the observed variables are depicted as rectangles or squares. The unobserved variables, which are called latent variables, are depicted as ovals or circles. Additionally, residuals are presented by ovals or circles (University of Texas at Austin (2012) [46]).



The advantage of using the SEM model instead of a linear model is that SEM incorporates the indirect effects between the explanatory and dependent variables. Additionally, for studying different fields of the social sciences, researchers are advised to use the SEM model and analysis, which will allow the analysis of complex research problems based on an analysis of cause–effect phenomena (Tarka (2018) [47]). Even though the causality should be inferred by the research design instead of the statistical model, we used the represented causality in a non-inferred way by developing the SEM model studying the direct and indirect constructs of observed and unobserved variables.



Notwithstanding the fact that EFA provided the structure of the data, the initial SEM path was modified to improve its fit, and thus the proposed model, which is depicted in Figure 3, was converged. From this figure, it can be seen that latent variables (depicted with ovals) have an effect on the observed variables (depicted with rectangles), which include some residuals or errors (depicted by circles). Correlations and covariances are represented by bidirectional arrows, which represent relationships without an explicitly defined causal effect. By contrast, directional arrows show effect relationships. Therefore, in this figure, it can be seen that the latent variable “Socio-Demographic” has an effect on “Income”, “Education”, “Age”, and “Transport_Mean”. As far as the latent variables “Trip Characteristics” are concerned, they seem to have an effect on “Rout_Length”, “Transport_Mean”, and “Rout_Time”. The observed variable “Transport_Mean” appear to be related to both latent variables, a fact that was obtained from EFA and incorporated in SEM. The interpretation of these relationships, of the observed variable with both latent factors, is that as the demographic conditions of Larnaca increase (e.g., population and income), people are looking for alternative methods of commuting (e.g., motorcycle, bus). Furthermore, as the trip characteristics of a movement change (increase of trip length, non-cycling path networks, lack of safety, etc.) the people of Larnaca are expected to travel more with their private cars, as trip characteristics are becoming more complicated. Therefore, the signs of particular relationships reflect the above interpretation. Additionally, we can observe from the specific figure that the “Socio-Demographic” and “Trip Characteristics” latent variables are correlated or associated, but that there is no claim that “Socio-demographic” is causing “Trip Characteristics” or vice versa, and therefore this representation can be done through the bidirectional arrow. The same stands for the case of the residuals, i.e., when the covariance between residuals is high enough, the correlation or association symbol (bidirectional arrow) is added for representing this relationship with no causal effect and for improving the fit of the model.



Table 6 presents the Good-of-Fit (GOF) indices regarding the particular SEM path. As can be observed, the particular SEM model is considered as a GOF model, and thus it can be trusted and interpreted to improve the urban planning approach. The GOF indices that were concerned are: Root-Mean-Square-Error Approximation (RMSEA), the Adjusted Goodness-Of-Fit Index (AGFI), GFI, Comparative Fit Index (CFI), and chi-square.



Finally, Table 7 presents the estimations between the observed and unobserved variables. All estimations were below a significant level of 5%. Further discussion of the results will be provided in the following section.





5. Discussion of the Results


The findings of the SEM model showed that socio-demographic and trip characteristics play a significant role when estimating people’s intention to cycle in the city of Larnaca in a direct way. The negative sign of these latent constructs depends on their measurement scale. Moreover, based on the Root-Mean-Square-Error Approximation (RMSEA), the Adjusted Goodness-Of-Fit Index (AGFI), GFI, Comparative Fit Index (CFI), and chi-square, the SEM model appeared to fit the data properly (statistically adequate), and thus the model can be considered robust for estimation reasons.



From Table 7, it appears that trip characteristics have a higher explanatory value regarding the intention to cycle (β = −0.51) than socio-demographic factors do (β = −0.33). The meaning of each estimation appears to be reasonable. For instance, “Education” tends to increase one’s intention for cycling as the levels of education increase. This is one of the main outcomes of our study: the fact that well educated people are more inclined to cycle, mainly due to the fact that they are better informed about the benefits of active transport. As for the variable “Age”, it seems to have a negative impact on one’s intention to cycle, i.e., as people grow older, they are unwilling to use a bicycle for their trips or may not be able to cycle due to their perceived health or safety reasons. As for the variable “Income”, it seems that commuters with high incomes are more willing to cycle. An analogous result was found in the study of Liao (2016) [48], where the socio-demographic factors, namely age, educational level, and city of residence, were associated with public bicycle use. As for the variable “Transport_Mean”, it plays a role in directly estimating both latent variables (“Socio-Demographic” and “Trip Characteristics”). It seems that this variable, when concerned with its indirect relationship with “Intention”, is a deterrent factor for using a bike, especially when the commuters use their bike for commuting purposes. A similar result was obtained by Verma et al. (2016) [49], where they found that the odds of increased bicycle commuting are lower among those who have car availability. Furthermore, the rest of the variables from the factor “Trip Characteristics” also show a negative relationship with the intention of cycling. It seems that as the travel distance and travel time increase, cycling is not considered as an alternative transport mode for the residents of Larnaca. Overall, despite the positive effect that some observed variables have on the intention to cycle (“Income”, “Education”, and “Transport_Mean”), the socio-demography and trip characteristics of Larnaca’s population remain key factors that prevent Larnaca’s population from using a bike.



These findings were also confirmed by other studies, which indicate that in order to increase peoples’ intention to use the bike as an alternative transport mode in the city of Larnaca, local authorities should design strategies which will, in return, produce the desired impact on their residents’ intention (i.e., changing intention from negative to positive).




6. Policy Implications


The findings of this research should not go unnoticed especially to policymakers, who should consider the factors that keep away Larnaca’s commuters from cycling, thus promoting sustainable mobility inside the city of Larnaca.



In detail, the city’s authorities should consider encouraging non-cyclists to start or even to increase their bicycle use by arranging monthly mobility events, like the European Mobility Week campaign, but in a more frequent manner. Furthermore, due to the lack of infrastructure, commuters have car use as their first priority, even in cases of short-distance trips (below 10 km). This fact increases the need for addressing the factors that seem to prevent commuters from using the bike. Although the variable “Prevent_Bike” was omitted from the final SEM model, it appears that it is still important in order to interpret (even in a non-statistical way) the descriptive statistics (percentage) of this variable in Table 1. As can be seen, the main reasons preventing people from using the bike are: the occupancy of the car (40%), lack of safety (15%), long distance between origin and destination (7%), and lack of comfort (7%). Therefore, local authorities should also take into account these factors in their considerations. Focus must be given to safety, because despite the fact that it is not the primary reason for preventing the use of bicycles, it remains a significant factor. For instance, Chataway et al. (2014) [50] studied the differences between Brisbane (an emerging cycling city) and Copenhagen (an established cycling city) in terms of the cyclists’ safety perceptions, and provided reports on their behavior. The results showed a difference between the safety perceptions of cyclists in the two cities. Brisbane’s cyclists were identified as more fearful than Copenhagen’s cyclists due to traffic, to a lower perceived safety of infrastructure layouts, to higher use of safety gear, and higher attention to traffic. Concerning safety and infrastructure, it is essential to study the infrastructure that is possibly going to alter the commuters’ attitude in order to start using the bike. Likewise, Basu and Vasudevan (2013) [51] studied the effects of some of the bicycle-friendly infrastructures in urban Indian bicycling from the users’ point of view. They identified the dedicated bicycle lane as the most preferred bicycle-friendly infrastructures based on public opinion. Additionally, Caulfield et al. (2012) [52] examined the infrastructure preferences of cyclists in order to identify the factors that have the greatest influence on the level of cycling confidence and some other factors as well. They identified the direct routes with short journey times as being the most important to cyclists and non-cyclists in their route choice.



Further efforts could also be made in education, as it seems to be one of the variables that intensely affect people’s motivation to cycle. As for the participants who feel that age is a barrier for cycling, a shared system of electric bicycles might be a solution. However, to justify this proposal, a questionnaire-based survey is needed in order to investigate participants’ willingness to use bike-sharing systems. Last but not least, income has a significant effect on increasing the intention to cycle. However, there is a portion of people who cannot afford to buy a bicycle. Thus, for these people, Larnaca’s authorities should install a low-cost bike share system. Overall, the intention may not be easy to change, and thus this measure must be adopted in every sustainable urban mobility plan (SUMP).



Overall, all of the factors that were highlighted in this study as supporting the decision-making process of local authorities should be treated in a sensible way, i.e., cities’ authorities should be skeptical towards such findings and should carefully consider their respective investment plans for cycling infrastructure by taking into account that citizens already have a strong habit of using cars.




7. Conclusions


Cycling offers a variety of benefits compared to motorized forms of transport towards the vision of low-carbon development. Although many studies confirm the positive role of cycling in the provision of a low-carbon footprint [53,54], there are others that argue against the dominant role of cycling as a sustainable factor in cities [55,56].



The research question developed in this study was: What are the factors that are preventing Larnaca’s residents from cycling? This question has troubled local authorities especially when one considers that more than 60% of the commuters who do not use a bike express an interest in cycling. Such a contradiction makes a strong case for further investigating. This study attempted to contribute to the identification of the existing barriers that make cycling in Cyprus have low demand levels, despite the existence of an appropriate landscape and good weather conditions. This also applies to other Mediterranean countries like Greece, Italy, and Spain. The overall “picture” obtained from this study will provide significant support to the decision-making efforts of local authorities in creating a friendlier environment for commuters who wish to cycle, thus promoting a more sustainable city.



The approaches made for fulfilling this contribution are described below. The data collection procedure was carried out in 2014 using a face-to-face questionnaire survey with 250 participants inside the city of Larnaca, Cyprus. A straightforward methodology for identifying the structure of the data, such as Exploratory Factor Analysis (EFA), was considered important. The factors identified through the development of the EFA were characterized by socio-demographic and trip characteristic factors (observed variables) and thus titled “Socio-Demographic” and “Trip Characteristics”. For analyzing this latent component (identified in EFA) and for estimating the direct and indirect relationships between the observed and latent variables, a suitable method, namely SEM, was developed. It must be mentioned that several other methods could also be developed for fulfilling the scope of this study, such as the theory of planned behavior, norma activation theory, trans-theoretical models, and a stage model of self-regulated behavior change. However, the SEM model was adequate for this study. However, it can be argued that these methods will be considered in a future step of this research.



Concerning the results obtained from the SEM model, it seems that both latent factors, i.e., “Socio-Demographic” and “Trip Characteristics”, appear to have a significant relationship with the intention to cycle. However, variables such as “Education”, “Income”, and “Transport_Mean” have a positive relationship with the intention to cycle. Therefore, the overall study showed that changes in people’s intentions will also eventually change the way cities (in this case Larnaca) can be sustained by adopting cycling as an alternative method of commuting. In order to do so, they have to face the factors that prevent citizens’ intentions. Additionally, it must be mentioned that Good-of-Fit measures (i.e., AGFI, GFI, CFI, RMSEA, and Chi-square) showed that the SEM model is robust and thus can be trusted for interpretation purposes.



A number of limitations make this study questionable for the generalization of its findings, which is a matter that needs to be mentioned. One main drawback is the robustness of the sample size. Applying pure statistical calculations, the sample of 250 questionnaires in regards to the overall population of Larnaca, with the assumption of a 95% confidence level, leads to a confidence interval of 4.9, which may be considered as weak but not as non-acceptable for reliable outcomes. The unwillingness of responders to participate in the survey, along with time and staff constraints, rescheduled the timescale of the on-field survey. This is a lesson learnt for the case of questionnaire-based surveys in Cyprus that needs to be taken into consideration in similar future research. This issue may be overcome by utilizing modern data collection techniques, such as tablets with cellular connection for real-time data saving and transmission.



In future research, more attitudinal factors will be used along with a larger sample of questionnaires, which will be collected by expanding the study area to a larger buffer zone of Larnaca. Additionally, it is important to also study the intention of Larnaca’s commuters when it comes to the use of a shared system of electric bicycles. The methodology followed in this paper can also be enriched by developing behavioral change models or a simple logit model, which will provide a more accurate “picture” of Larnaca’s residents’ intention to cycle.







Author Contributions


Conceptualization, S.B.; supervision, S.B. and I.P.; formal analysis, P.N.; writing—original draft, P.N.; writing—review and editing, S.B., P.N., I.P., and G.B. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Climate Action—European Commission. Transport Emissions—Climate Action—European Commission. 2017. Available online: https://ec.europa.eu/clima/policies/transport_en (accessed on 17 August 2019).

	



Ji, S.; Cherry, C.; Han, L.; Jordan, D. Electric Bike Sharing: Simulation of User Demand and System Availability. J. Clean. Prod. 2014, 85, 250–257. [Google Scholar] [CrossRef]

	



Zhang, L.; Zhang, J.; Duan, Z.; Bryde, D. Sustainable Bike-Sharing Systems: Characteristics and Commonalities across Cases in Urban China. J. Clean. Prod. 2015, 97, 124–133. [Google Scholar] [CrossRef]

	



De Souza, A.; Sanches, S.; Ferreira, M. Influence of Attitudes with Respect to Cycling on the Perception of Existing Barriers for Using this Mode of Transport for Commuting. Procedia—Soc. Behav. Sci. 2014, 162, 111–120. [Google Scholar] [CrossRef]

	



Swiers, R.; Pritchard, C.; Gee, I. A cross sectional survey of attitudes, behaviours, barriers and motivators to) cycling in University students. J. Transp. Health 2017, 6, 379–385. [Google Scholar] [CrossRef]

	



Iwińska, K.; Blicharska, M.; Pierotti, L.; Tainio, M.; de Nazelle, A. Cycling in Warsaw, Poland – Perceived enablers and barriers according to cyclists and non-cyclists. Transp. Res. Part A Policy Pract. 2018, 113, 291–301. [Google Scholar] [CrossRef] [PubMed]

	



Wadud, Z. Cycling in a changed climate. J. Transp. Geogr. 2014, 35, 12–20. [Google Scholar] [CrossRef]

	



European Comission. Clean Transport, Urban Transport. 2017. Available online: https://ec.europa.eu/transport/themes/urban/cycling_en. (accessed on 11 June 2017).

	



Meschik, A. Reshaping city traffic towards sustainability. Why transport policy should favor the bicycle instead of car traffic. Soc. Behav. Sci. 2012, 48, 495–504. [Google Scholar] [CrossRef]

	



Winslott Hiselius, L.; Svensson, Å. E-bike use in Sweden—CO2 effects due to modal change and municipal promotion strategies. J. Clean. Prod. 2017, 141, 818–824. [Google Scholar] [CrossRef]

	



Wardman, M.; Tight, M.; Page, M. Factors influencing the propensity to cycle to work. Transp. Res. Part A 2007, 41, 339–350. [Google Scholar] [CrossRef]

	



Piatkowski, D.P.; Marshall, W.E. Not all prospective bicyclists are created equal: The role of attitudes, socio-demographics, and the built environment in bicycle commuting. Travel Behav. Soc. 2015, 2, 166–173. [Google Scholar] [CrossRef]

	



Fernandez-Heredia, A.; Monzon, A.; Jara-Diaz, S. Understanding cyclists’ perceptions, keys for a successful bicycle promotion. Transp. Res. Part A 2014, 63, 1–11. [Google Scholar] [CrossRef]

	



Cai, S.; Long, X.; Li, L.; Liang, H.; Wang, Q.; Ding, X. Determinants of intention and behavior of low carbon commuting through bicycle-sharing in China. J. Clean. Prod. 2019, 212, 602–609. [Google Scholar] [CrossRef]

	



Segadilha, A.B.P.; Sanches, S.P. Identification of factors that influence cyclists’ route choice. Soc. Behav. Sci. 2014, 160, 372–380. [Google Scholar] [CrossRef]

	



Munoz, B.; Monzon, A.; Lopez, E. Transition to a cyclable city: Latent variables affecting bicycle commuting. Transp. Res. Part A 2016, 84, 4–17. [Google Scholar]

	



Politis, I.; Basbas, S.; Papaioannou, P. Exploring the effects of attitudinal and perception characteristics on drinking and driving non-compliant behaviour. Accid. Anal. Prev. 2013, 60, 316–323. [Google Scholar] [CrossRef]

	



Dimitriou, L.; Nikolaou, P.; Antoniou, C. Policy-Driven Investigation of Sectoral Latent Information Regarding Global Road Fatalities. Transp. Res. Procedia 2017, 22, 685–694. [Google Scholar] [CrossRef]

	



Useche, S.; Montoro, L.; Alonso, F.; Tortosa, F. Does gender really matter? A structural equation model to explain risky and positive cycling behaviors. Accid. Anal. Prev. 2018, 118, 86–95. [Google Scholar] [CrossRef]

	



Lois, D.; Moriano, J.; Rondinella, G. Cycle commuting intention: A model based on theory of planned behaviour and social identity. Transp. Res. Part F Traffic Psychol. Behav. 2015, 32, 101–113. [Google Scholar] [CrossRef]

	



Politis, I.; Gavanas, N.; Pitsiava-Latinopoulou, M.; Papaioannou, P.; Basbas, S. Measuring the level of acceptance for sustainable mobility in universities. Soc. Behav. Sci. 2012, 48, 2768–2777. [Google Scholar] [CrossRef]

	



Festa, D.; Forciniti, C. Attitude towards Bike Use in Rende, a Small Town in South Italy. Sustainability 2019, 11, 2703. [Google Scholar] [CrossRef]

	



García, J.; Arroyo, R.; Mars, L.; Ruiz, T. The Influence of Attitudes towards Cycling and Walking on Travel Intentions and Actual Behavior. Sustainability 2019, 11, 2554. [Google Scholar] [CrossRef]

	



Passafaro, P.; Rimano, A.; Piccini, M.P.; Metastasio, R.; Gambardella, V.; Gullace, G.; Lettieri, C. The bicycle and the city: Desires and emotions versus attitudes, habits and norms. J. Environ. Psychol. 2014, 38, 76–83. [Google Scholar] [CrossRef]

	



Zheng, F.; Gu, F.; Zhang, W.; Guo, J. Is Bicycle Sharing an Environmental Practice? Evidence from a Life Cycle Assessment Based on Behavioral Surveys. Sustainability 2019, 11, 1550. [Google Scholar] [CrossRef]

	



Worlddata.info. Largest Airports and Airlines in Cyprus. 2020. Available online: https://www.worlddata.info/asia/cyprus/airports.php> (accessed on 11 May 2020).

	



Shoham Shipping and Logistics. Larnaca Port—Shoham Shipping and Logistics. 2020. Available online: https://www.shoham.com.cy/port-agency/ports-in-cyprus/larnaca-port/> (accessed on 11 May 2020).

	



Larnakaregion.com. Cycling—Larnaka Tourism Board (Official Site). 2020. Available online: <https://larnakaregion.com/page/cycling> (accessed on 11 May 2020).

	



Anon. 2020. Available online: http://www.moa.gov.cy/moa/ms/ms.nsf/DMLcyclimate_en/DMLcyclimate_en?OpenDocument (accessed on 6 March 2020).

	



Mobilityweek.eu. European Mobility Week | EMW Awards. 2019. Available online: http://www.mobilityweek.eu/emw-awards/ (accessed on 18 August 2019).

	



Spearman, C. The Proof and Measurement of Association between Two Things. Am. J. Psychol. 1904, 15, 72–101. [Google Scholar] [CrossRef]

	



Howe, W.G. Some Contributions to Factor Analysis; Oak Ridge National Laboratory: Oak Ridge, TN, USA, 1955. [Google Scholar]

	



Anderson, T.W.; Rubin, H. Statistical inference in factor analysis. In Proceedings of the Third Berkeley Symposium on Mathematical Statistics and Probability, Berkeley and Los Angeles, CA, USA, 26–31 December 1956; Statistical Laboratory, University of California Press; Volume 5, pp. 111–150. [Google Scholar]

	



Lawley, D.N. Estimation in factor analysis under various initial assumptions. Br. J. Stat. Psychol. 1958, 11, 1–12. [Google Scholar] [CrossRef]

	



Schumacker, R.E.; Lomax, R.G. A Beginner’s Guide to Structural Equation Modeling; Lawrence Erlbaum Associate: Mahwah, NJ, USA, 1996. [Google Scholar]

	



Wang, J.; Wang, X. Structural Equation Modeling: Applications Using Mplus; John Wiley & Sons: Hoboken, NJ, USA, 2019. [Google Scholar]

	



Li, J.; Jia, S.; Zhang, S.; Wang, Y. Modeling and Analysis of Ticketing Channel Choice for Intercity Bus Passengers: A Case Study in Beijing, China. J. Adv. Transp. 2019, 2019, 8198346. [Google Scholar] [CrossRef]

	



Chen, J.; Li, S. Mode choice model for public transport with categorized latent variables. Math. Probl. Eng. 2017, 2017, 7861945. [Google Scholar] [CrossRef]

	



Shrestha, P.; Tanaboriboon, Y.; Hanaoka, S. Study of travel factors through structural equation modeling approach in Bangkok. J. of East. Asia Soc. for Transp. Stud. 2007, 7, 556–569. [Google Scholar]

	



Allen, J.; Muñoz, J.C.; de Dios Ortúzar, J. Modelling service-specific and global transit satisfaction under travel and user heterogeneity. Transp. Res. Part A: Policy Pract. 2018, 113, 509–528. [Google Scholar] [CrossRef]

	



Elyasi, M.R.; Saffarzade, M.; Boroujerdian, A.M. A PLS/SEM Approach Risk Factor Analysis in Road Accidents Caused by Carelessness; Blue Eyes Intelligence Engineering & Sciences Publication Pvt. Ltd.: Bhopal, India, 2016. [Google Scholar]

	



Potoglou, D.; Palacios, J.F.; Feijóo, C. An integrated latent variable and choice model to explore the role of privacy concern on stated behavioural intentions in e-commerce. J. Choice Model. 2015, 17, 10–27. [Google Scholar] [CrossRef]

	



Kline, R.B. Principles and Practice of Structural Equation Modeling; Guilford Publications: New York, NY, USA, 2015. [Google Scholar]

	



Uttley, J.; Lovelace, R. Cycling promotion schemes and long-term behavioural change: A case study from the University of Sheffield. Case Stud. Transp. Policy 2016, 4, 133–142. [Google Scholar] [CrossRef]

	



Mof.gov.cy. Statistical Service—Population and Social Conditions—Population Census—Key Figures. 2020. Available online: https://www.mof.gov.cy/mof/cystat/statistics.nsf/populationcondition_22main_en/populationcondition_22main_en?OpenForm&sub=2&sel=2 (accessed on 6 March 2020).

	



University of Texas at Austin. Structural Equation Modeling Using AMOS. 2012. Available online: https://stat.utexas.edu/images/SSC/Site/AMOS_Tutorial.pdf (accessed on 14 August 2018).

	



Tarka, P. An overview of structural equation modeling: Its beginnings, historical development, usefulness and controversies in the social sciences. Qual. Quant. 2018, 52, 313–354. [Google Scholar] [CrossRef] [PubMed]

	



Liao, Y. Association of Sociodemographic and Perceived Environmental Factors with Public Bicycle Use among Taiwanese Urban Adults. Int. J. Environ. Res. Public Health 2016, 13, 340. [Google Scholar] [CrossRef] [PubMed]

	



Verma, M.; Rahul, T.; Reddy, P.; Verma, A. The factors influencing bicycling in the Bangalore city. Transp. Res. Part A Policy Pract. 2016, 89, 29–40. [Google Scholar] [CrossRef]

	



Chataway, E.S.; Kaplan, E.; Nielsen, T.A.S.; Prato, C.G. Safety perceptions and reported behavior related to cycling in mixed traffic: A comparison between Brisbane and Copenhagen. Transp. Res. Part F 2014, 23, 32–43. [Google Scholar] [CrossRef]

	



Basu, S.; Vasudevan, V. Effect of bicycle friendly roadway infrastructure on bicycling activities in urban India. Procedia—Soc. Behav. Sci. 2013, 104, 1139–1148. [Google Scholar] [CrossRef]

	



Caulfield, B.; Brick, E.; McCarthy, O.T. Determining bicycle infrastructure preferences—A case study of Dublin. Transp. Res. Part D 2012, 17, 413–417. [Google Scholar] [CrossRef]

	



Sweeney, S.; Ordóñez-Hurtado, R.; Pilla, F.; Russo, G.; Timoney, D.; Shorten, R. A context-aware e-Bike system to reduce pollution inhalation while cycling. IEEE Trans. Intell. Transp. Syst. 2018, 20, 704–715. [Google Scholar] [CrossRef]

	



Rojas-Rueda, D.; de Nazelle, A.; Teixidó, O.; Nieuwenhuijsen, M.J. Health impact assessment of increasing public transport and cycling use in Barcelona: A morbidity and burden of disease approach. Prev. Med. 2013, 57, 573–579. [Google Scholar] [CrossRef]

	



Aldred, R.; Jungnickel, K. Why culture matters for transport policy: The case of cycling in the UK. J. Transp. Geogr. 2014, 34, 78–87. [Google Scholar] [CrossRef]

	



Aldred, R. Chapter 16: The new mobilities paradigm and sustainable transport: Finding synergies and creating new methods. In Routledge International Handbook of Social and Environmental Change; Lockie, S., Sonnenfeld, D.A., Fisher, D.R., Eds.; Routledge, Taylor & Francis Group: Abingdon, UK, 2014. [Google Scholar]








[image: Sustainability 12 04250 g001 550] 





Figure 1. Map of Larnaca’s location in Cyprus and the existing cycling paths (© OpenStreetMap contributors and © 2020 Republic of Cyprus). 
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Figure 2. Greenhouse gas emissions (tons of CO2 equivalent per capita) inside the EU over the period 2010–2015 (red line denotes the recorded CO2 emissions in Cyprus for each year). 
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Figure 3. Proposed SEM model. 
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Table 1. Presentation of some specific literatures relevant to the topic and methodology of this paper. EFA: Explanatory Factor Analysis; SEM: Structural Equation Modeling.
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	Author/s
	Year
	Sample
	Tool/s Used
	Results





	Piatkowski and Marshall [12]
	2015
	Socio-demographic and attitudinal data (from a survey) and built environment measures (e.g., street network connectivity, street network density and trip distance)
	• Binary logit model

• Ordered logit model
	• Race, education, and car ownership are each significant factors in increasing commute-cycling

• Significant socio-demographic variables are income and gender

• One-way trip distance is negatively associated with both the decision to begin commute-cycling as well as the decision to commute by bike with greater frequency



	Fernandez-Heredia, Monzon, and Jara-Diaz [13]
	2014
	Factors that promote bicycle use (e.g., economical, healthy).

Factors that inhibit bicycle use (e.g., distance, danger).
	• EFA

• SEM
	Convenience (flexible, efficient) and exogenous restrictions (danger, vandalism, facilities) are the most important elements to understand the attitudes towards the bicycle



	Cai, Long, Li, Liang, Wang, and Ding [14]
	2019
	Socio-demographic data (e.g., age, gender, etc.) obtained from a survey
	Confirmatory Factor Analysis (CFA)

SEM
	Attitude towards bicycle-sharing has no significant effect on males’ intention of bicycle-sharing commuting



	Munoz, Monzon, and Lopez [16]
	2016
	Socioeconomic; household characteristics;

mode availability;

trip characteristics;
	EFA
	Safety and comfort issues are not major barriers to bicycle commuting as far as non-car commuters are concerned.



	Useche, Montoro, Alonso, and Tortosa [19]
	2018
	demographic, psychosocial and bike-use-related variables
	SEM
	Age had no significant effect on the explanation of positive behaviors.



	Politis, Gavanas, Pitsiava-Latinopoulou, Papaioannou, and Basbas [21]
	2012
	Demographic, household characteristics
	EFA and Mixture SEM
	Car use for daily travel activity is not in favor of promoting and supporting radical sustainable mobility measures.



	Festa and Forciniti [22]
	2019
	Questionnaire data (bike use, purpose, and frequency of bike use, main trip purpose, socio-economic characteristics, etc.)
	Crossed statistical analysis
	Knowing the characteristics of mobility demand is very important in terms of the design of the city’s network.

The group of travelers with the greatest propensity to biking is made up of students from the university in the city of Rende.
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Table 2. Abbreviation, description, measurement scale and descriptive statistics of the collected.
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	Abbreviation
	Description
	Measurement Scale
	Descriptive Statistics





	Gender
	Gender of participant
	1: Male; 2: Female
	46% Male; 54% Female



	Age
	Age of participant
	1: 19–24; 2: 25–39; 3: 40–54; 4: 55–64; 5: ≥65
	19–24: 48%; 25–39: 30%; 40–54: 14%; 55–64: 6%; ≥65: 2%



	Income
	Income of participant (euros/month)
	1: 0–800; 2: 801–1600; 3: 1601–2400; 4: >2400; 5: Do not know; 6: Did not answer
	0–800: 69%; 801–1600: 15%; 1601–2400: 6%; >2400: 2%; Do not know: 1%; Did not answer: 7%



	Education
	Educational level of participant
	1: Primary School; 2: Lower secondary school; 3: Upper secondary school4: Tertiary school; 5: Other
	Primary School: 1%; Lower secondary school: 1%; Upper secondary school: 21%; Tertiary school: 32%; Other: 45%



	Residence
	Place of participant’s residence
	1: Inside Larnaca; 2: Larnaca’s province; 3: Aradippou, Livadia, Dromolaxia, Oroklini
	Inside Larnaca: 58%; Larnaca’s province: 16%; Aradippou, Livadia, Dromolaxia, Oroklini: 26%



	Num_Bikes
	Number of bikes per household
	Number of bikes per household
	1: 53%; 2: 21%; 3: 18%; 4: 6%; 5: 2%



	Cycle_User
	Main cycle user
	1: Yes; 2: No
	Yes: 4%; No: 96%



	Num_Cars
	Number of cars per household
	Number of cars per household
	1: 2%; 2: 7%; 3: 27%; 5: 35%; 6: 21%; 8: 5%; 9: 2%; 12: 1%



	Car_User
	Main car user
	1: Yes; 2: No
	Yes: 86%; No: 14%



	Route_Length
	Route’s length
	Route’s length
	200–3300: 51%; 3300–6400: 22%; 6400–9500: 15%; 9500–12600: 6%; 12600–15700: 4%; 15700–18800: 1%; 18800–21900: 1%



	Transport_Mean
	Mean of transport for the last route before the questionnaire
	1: Car; 2: Motorcycle; 3: Bus; 4: Walking; 5: Cycling
	Car: 90%; Motorcycle: 7%; Bus: 2%; Walking: 0%; Cycling: 1%



	Movement_P
	Purpose of movement
	1: Returning home; 2: Work; 3: Education; 4: Shopping; 5: Health reasons; 6: Social contacts—Entertainment; 7: Personal—Business Affairs; 8: Escort; 9: Change mean of transport; 10: Other
	Returning home: 1%; Work: 4%; Education: 1%; Shopping: 15%; Health reasons: 0%; Social contacts—Entertainment: 73%; Personal—Business Affairs: 4%; Escort: 2%; Change mean of transport: 0%; Other: 0%



	Route_time
	Route’s time
	Route’s time
	2–5 min.: 39%; 5–13 min.: 37%; 13–20: 20%; >20: 4%



	Know_B_B
	Knowledge of bicycling’s benefits
	1: No; 2: Enough; 3: Yes; 4: Very Well
	No: 3%; Enough: 15%; Yes: 32%; Very Well: 50%



	Prevent_Bike
	Reasons to prevent bicycle use
	1: Occupancy of a car; 2: Use of public transport; 3: Occupancy of a motorcycle; 4: Lack of comfort; 5: Long distances; 6: Lack of time; 7: Lack of safety; 8: Other; 9: None
	Occupancy of a car: 40%; Use of public transport: 2%; Occupancy of a motorcycle: 5%; Lack of comfort: 7%; Long distances: 9%; Lack of time: 22%; Lack of safety: 15%; Other: 0%; None: 0%



	Stand_Sug_Bike_Net
	Standpoint for the suggested bicycle network
	1: Yes; 2: No; 3: Do not know
	Yes: 81%; No: 15; Do not know: 4%



	Choose_Cycle_R
	Choose a cycleway infrastructure on the road
	1: Yes; 2: No; 3: Do not know; 4: Did not answer
	Yes: 4%; No: 96%; Do not know: 0%; Did not answer: 0%



	Choose_Cycle_P
	Choose a cycleway infrastructure on the pedestrian area
	1: Yes; 2: No; 3: Do not know; 4: Did not answer
	Yes: 12%; No: 87%; Do not know: 1%; Did not answer: 0%



	Choose_Cycle_B_P
	Choose a cycleway infrastructure on the pavement
	1: Yes; 2: No; 3: Do not know; 4: Did not answer
	Yes: 20%; No: 79; Do not know: 1%; Did not answer: 0%



	Availability
	Availability for replacing the last mean of movement with bicycle
	1: Yes; 2: No
	Yes: 60%; No: 40%
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Table 3. Kaiser–Meyer–Olkin (KMO) and Bartlett’s Test.
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Kaiser–Meyer–Olkin Measure of Sampling Adequacy.

	
0.528






	
Bartlett’s Test of Sphericity

	
Approx. Chi-Square

	
212.867




	
Df

	
15




	
Sig.

	
0.000
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Table 4. Total variance explained.






Table 4. Total variance explained.





	
Factor

	
Initial Eigenvalues




	
Total

	
% of Variance

	
Cumulative %






	
1

	
1.853

	
30.881

	
30.881




	
2

	
1.372

	
22.867

	
53.747




	
3

	
1.143

	
19.045

	
72.792




	
4

	
0.722

	
12.031

	
84.823




	
5

	
0.521

	
8.689

	
93.511




	
6

	
0.389

	
6.489

	
100.000
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Table 5. Data structure.






Table 5. Data structure.





	

	
Factor




	
1

	
2






	
Age

	

	
−0.325




	
Income

	

	




	
Education

	

	
0.999




	
Route_Length

	
0.952

	




	
Transport_Mean

	

	




	
Route_Time

	
0.626

	








Note: loadings < 0.3 are not shown.
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Table 6. Fit statistics of the SEM model.






Table 6. Fit statistics of the SEM model.





	Fit Statistics
	Cut off Criterion
	Obtained





	χ2
	-
	18.957



	df
	-
	15



	χ2/df
	< 3.0
	1.26



	GFI
	> 0.95
	0.981



	AGFI
	> 0.90
	0.955



	CFI
	> 0.95
	0.983



	RMSEA
	< 0.08
	0.032
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Table 7. Estimations between observed and unobserved variables.






Table 7. Estimations between observed and unobserved variables.













	
	
	
	Estimate
	t-Test
	p-Value





	Intention
	<---
	Socio Demographic
	−0.333
	−2.453
	0.014



	Intention
	<---
	Trip Characteristics
	−0.514
	−3.938
	***



	Know_B_B
	<---
	Intention
	0.585
	-
	-



	Availability
	<---
	Intention
	−0.369
	−2.704
	0.007



	Age
	<---
	Socio Demographic
	0.486
	-
	-



	Education
	<---
	Socio Demographic
	−0.706
	−3.769
	***



	Income
	<---
	Socio Demographic
	−0.235
	−2.322
	0.020



	Route_Time
	<---
	Trip Characteristics
	0.760
	5.481
	***



	Transport_Mean
	<---
	Trip Characteristics
	−0.226
	−3.092
	0.002



	Route_Length
	<---
	Trip Characteristics
	0.783
	-
	-



	Transport_Mean
	<---
	Socio Demographic
	0.372
	3.800
	***







Note: -: factor loading constrained to one. ***: p < 0.001.
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