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Abstract

:

Pedestrian Navigation Applications (PNAs) provide assistance in terms of self-localization, space recognition, and turn-by-turn navigation. The use, motivations and perceptions associated with these applications have been under investigated due to users being insufficiently involved in their design and development. This paper analyses the extent to which PNAs are used for assisting people to walk, the frequencies and reasons of using these applications, the perceptions about them, and the barriers preventing them from being used. The study is supported by a questionnaire (N = 1438) that was administered in Bologna (Italy) and Porto (Portugal). Results indicated that 42% of the respondents use PNAs mainly on an occasional basis to find locations and the shortest routes. Google Maps was the preferred navigation service. Statistical tests showed that PNAs were more likely to be used by younger adults and students. The lack of need was the main reason for not using these apps, due to the good spatial knowledge of the cities or the non-use of the pedestrian mode for regular trips. Respondents would like to have apps that are more accurate, usable, and adjusted to pedestrian navigation. The findings described in this paper could be helpful for future designs of PNAs, especially to match pedestrian needs more effectively and to enhance the role of these apps in promoting healthier and sustainable lifestyles.
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1. Introduction


Walking is the oldest and simplest form of human mobility and people walk for many reasons. Regardless of the type of trip, such as commuting, going to school, for shopping, or to catch a bus, walking is often the first and last mode used.



Besides being an enjoyable and natural activity, walking is a sustainable and healthy mode of transport. Walking reduces the negative environmental impact of motorized vehicles in terms of CO2, air pollutants, noise, and the depletion of the earth’s non-renewable resources [1]. Walking is also an active mode of transport and a way of doing physical activity that helps to prevent various physiological and mental diseases associated with sedentary lifestyles, such as obesity, diabetes and depression [2,3]. Although the health benefits of sufficient physical activity are well known, just under one third of adults in the European Union declared they were physically active [4].



Characteristics of the urban environment influence the overall experience of walking in terms of comfort, safety, and satisfaction. The extent to which the built environment is pedestrian-friendly and enables walking is broadly defined as “walkability” [5]. Walkability is often evaluated by measuring specific built environment attributes, such as the diversity and density of land use and characteristics of pedestrian facilities [6]. Enhancing these attributes through proper planning and design solutions leads to improving walkability.



Spatial knowledge, which corresponds to a mental representation of space, is also important for pedestrian travel [7]. Spatial knowledge can be acquired by repeated travel experiences, e.g., living in a city for a long time or visiting a place many times, as well as by using signs, maps, landmarks, or other external orientation sources. Limited spatial knowledge and walking in unfamiliar streets has been associated to specific problems, especially the anxiety of wandering into unsafe areas and being lost [8,9]. Understanding space and making travel choices depends, to a large extent, on using mental maps. Thus, both walkability and spatial cognition influence people’s willingness to walk, but these two topics have been scarcely connected in the literature [10].



With the recent advancements in Information and Communication Technology (ICT), a growing number of mobile applications become available to help people stay physically active and walk [2]. This includes various types of pedestrian navigation apps (PNAs). PNAs hereafter also designated as “apps” are usually supported with a Global Positioning System (GPS) to obtain positional information data to localize and guide pedestrians [11]. These apps can be used by pedestrians for walking from one place to another without becoming lost [7]. They can also be used for guiding people with cognitive limitations. They may also provide information about the surrounding environment, the various modes of transport available and statistical data about the walk, such as the distance walked, time spent walking, among others.



Using ICT in transportation has been widely analyzed [12,13]. However, studies analyzing smartphone apps and travel behavior are still limited [12,14] and the impact of mobility apps on walking is considered an evolving research topic [14,15]. The literature has focused on the features and contents of mobile apps, but critical factors that lead to using apps and to individual behaviors associated with their use need to be fully understood [2]. The demand of navigation apps is growing [16,17], but there is evidence that some of these apps are not very well suited for pedestrians, partially due to the actual users not being sufficiently involved in their design and development process [18]. Within the research field of pedestrian navigation aids, the impact of individual differences has not yet been systematically studied and the needs of people in navigation have rarely been researched [19]. For example, the effects of variables, such as gender and age, have been omitted even if these factors are known to influence navigational use and skills [20]. Furthermore, little work has been done on how navigation aids influence walkability [10] and very little is known about the role that pedestrian navigation systems have on navigation performance and spatial cognition [21].



To enrich the knowledge in this specific research field, this paper provides additional evidence about the extent to which PNAs are used for walking, about how people evaluated and perceived these apps, as well as about the barriers preventing their use. To the best of the authors’ knowledge, this is the first study examining the most critical features that convince people to use PNAs and their correlation with the decision to walk. The results of this study are based on a questionnaire (N = 1438) administered in Bologna and Porto within the context of the Smart Pedestrian Net (SPN) research project. The described findings can influence future designs of PNAs to match pedestrian needs more effectively and to enhance the role of these apps in promoting walking.



This paper is organized as follows. The next section presents a theoretical background focused on key aspects linked to pedestrian navigation. Then, Section 3 describes the materials and method used in this study. The results are presented in Section 4 and discussed in Section 5. Finally, the last section summarizes the main conclusions of this study.




2. Background


Every day we carry out navigation tasks to move from one location to another. The concept of navigation involves two distinct but complementary processes: wayfinding and locomotion [22,23]. Wayfinding refers to the cognitive dimension of navigation, bringing into play planning and decision-making processes associated with spatial cognitive abilities [24]. These mental capabilities ensure actions such as choosing a route, estimating distances, and maintaining a sense of orientation while moving [25]. In turn, locomotion is the ability that enables people to move through space to reach a specific destination [22]. Walking is the basic form of human locomotion.



In successful navigation, people can orientate themselves in space, such as in the case of routine trips in familiar environments. In this case, navigation is relatively automatic and easy. In contrast, when travelling through unfamiliar areas, including in bounded environments (indoor), in open environments (outdoor), or both, successful navigation is much more complex. In this case, specific aids could be necessary, such as asking for the assistance of other people [22], using paper maps [26], web mapping services and navigation systems installed in mobile devices, such as tablets and smartphones [22,24,25,27]. These navigation systems are often available as geo-mobile applications, which provide a multitude of information across an array of travel modes [15,18,28].



PNAs are geo-mobile tools for pedestrian orientation and wayfinding, mainly for outdoor environments. This is because GPS signals are weaker indoors as buildings attenuate the signal strength [29]. As a result, alternative approaches have been developed for addressing indoor navigation, such as wireless indoor positioning techniques and systems [29,30]. In turn, the accuracy of GPS signals outdoors allows the development of various mobile navigation tools typically supported with cartographic interfaces, which present the user with position and orientation details through visual modalities, usually multilayer maps. Generally, the shortest pedestrian route is overlaid on the map and text-based/audio turn-by-turn instructions are provided for guiding pedestrians [31,32]. These apps may also provide complementary data, such as the location of sight-seeing attractions, monuments, restaurants, among others.



PNAs were designed analogously to car navigation systems [16]. However, driving and walking are quite different experiences and drivers and pedestrians have different needs. Inversely to cars, pedestrians are not constrained by street network lanes and can move freely in any direction [16,20]. In addition, pedestrians move at slower speeds, and require map information on larger scales and in higher levels of detail [18]. Whereas car-based navigation apps tend to focus on distances and street names/numbers, pedestrians generally prefer landmarks to navigate [17]. For these reasons, it is recognized that many apps do not entirely satisfy pedestrian needs due to an insufficient incorporation of built environment information and landmarks in the navigation [33]. For example, PNAs usually do not use the sidewalk network and the quality of the routes on the routing [34]. However, such variables define the walkability of an area and are important attributes influencing the decision to walk and the selection of a specific route.



To solve or at least mitigate these problems, various efforts have been made to make PNAs more pedestrian-friendly, especially by adding built environment and natural variables into the routing process. This includes weather variables and pedestrian traffic [35], landmark locations [17,36], top-bounded environment paths for providing protection to pedestrians against adverse weather conditions [32], and noise, greenery, water fountain areas, and architectural design data [37]. Some prototypes and apps have also been developed such as: pathNav, a pedestrian navigation web app that utilizes smart data and a connected network of sidewalk and pathway data [34]; the Landmark Identification Service and the OpenRouteService, which includes landmarks from OpenStreetMap in instructions [17]; Walkstreets (http://walkstreets.urbica.co, accessed on 20 December 2020) that provides users with the possibility of selecting the greenest, most quiet, or cleanest air route; and the Smart Pedestrian Assistant (https://asidees.org/index.php?id=smart-pedestrian-assistant, accessed on 20 December 2020), which provides optional pedestrian routes and allows users to interact with city managers [38].



In addition to the lack of built environment and landmark variables in the routing process, navigating from apps installed on smartphones could be difficult due to the small size of the device and to the generally narrow area mapped around the user [27]. For these reasons, maps and text can be difficult to read and navigation often requires a “neck-down” interaction to pan and zoom the map [31]. Consequently, many pedestrians do not take their eyes off their smartphones while walking, which can cause misunderstandings of the space, reduces the user’s spontaneous ability to gain orientation in an unfamiliar environment [24], and can create discomfort and safety risks to pedestrians, such as collisions with obstacles and other pedestrians, accidents with cars, and falls [21,39].



To mitigate these problems, different prototypes have been developed to improve the overall experience of pedestrian navigation. These include audio and feedback technologies, such as haptics to guide pedestrians without needing to look at the screen [31], sensors to notify the pedestrians about the nearby presence of obstacles [40] and Augmented Reality and 3D visualization to provide a better recognition of the surrounding urban environment [41,42]. Other authors have attempted to improve the usability of pedestrian navigation systems by adopting a user-centered design approach to include the user’s requirements in these apps [18].



Individual variables, such as gender, age, income, and being tech-savvy have also been reported for their influence in using travel and navigation apps [16]. While the influence of gender in spatial cognition has been analyzed for a long time [43], the influence of gender in using travel and navigation apps has been much less studied. Recent studies showed inconclusive results, suggesting that both males and females were likely to use these tools [44,45]. However, app usage has different motivations and perceptions. A recent study carried out by Blasko et al. [46] showed that both men and women found mobile maps useful, but women were more likely to feel that using Google Maps increased safety, while men found paper maps more useful than women. In the case of the navigation tool Waze, Silber-Varod et al. [47] reported some different perceptions among men and women. They highlighted that women tended to value the psychological and financial benefits of the system more than men, while men reported more motivation for using the system because of its innovative aspects. Liao and Dong [45] also showed that males using 3D maps paid more attention to landmarks and demonstrated better orientation than females. In terms of age, it is recognized that smartphone users are mostly young/middle-aged groups and well-educated individuals [12]. In general, the elderly population has difficulties in using smartphones due to many reasons—such as a lack of experience and interest in mobile computing technologies, financial limitations, vision impairments, among others [48]. There is also evidence that the elderly differ from young people in app usage behavior: they use fewer apps, take longer to complete tasks and use their phones earlier in the day [49]. In terms of mobile travel apps, recent research suggested that these apps are more likely to be used by young and tech-savvy individuals [13,14,15]. Some studies also suggest that transportation apps were more likely to be used by middle to upper income individuals [50].




3. Materials and Method


In this section, the methodology used to collect and analyze data about the use and non-use of PNAs in Bologna and Porto is presented. Data is based on a questionnaire administered in these two cities, which were selected for implementing the SPN research project. The goal of SPN was to promote walkability as one of the critical dimensions of smart and sustainable mobility in European cities.



3.1. Case Studies


The two cities where the use of PNAs was analyzed are Bologna and Porto (Figure 1). Bologna is the capital of the Emilia-Romagna region in Italy and has about 390,000 inhabitants. Porto is the biggest city located in the North of Portugal and has a population of about 250,000 inhabitants. Both were walled cities and are recognized by their rich history and culture. Bologna is particularly famous for its monuments and extensive porticoes and arcades that cover most of the city center, while the historical center of Porto is classified as a World Heritage Site. Therefore, the two cities are important sites visited by thousands of tourists every year. They also attract many users that commute to the cities mainly for working and studying.



Both cities are engaged in promoting sustainable mobility policies to limit the negative effects of motorized traffic, especially in the city centers. This includes policies that have led to an increase in using electric mobility, public transport, alternative vehicles such as scooters, and cycling and walking. Regarding walking, both cities are improving walkability in terms of pedestrian facilities, such as the number of pedestrian-only streets and traffic safety. Smart mobility technology has been used to change habits towards more sustainable modes of transport in both cities. This includes some mobile apps, such as VeloBÒ that can be used to find cycle lanes, racks, and bike sharing hotspots in Bologna; and the apps Moovit and Move-Me to encourage people to travel by public transport in Bologna and Porto, respectively.




3.2. Data Collection


Data about the use and perceptions of PNAs was collected by designing and distributing an online questionnaire implemented through Google Forms. As highlighted by Frehlich et al. [51], population studies using Internet-administered questionnaires are becoming more frequent due to the continued growth of Internet access. In addition, online questionnaires have several advantages compared to face-to-face questionnaires, such as being inexpensive and fast, allowing easy control over the sequence of questions and skipping questions, monitoring the level of answers, among others.



The first step of the work consisted of developing the questionnaire according to the research goals of SPN. The questionnaire was previously structured and consisted of a mix of single choice, multiple choice, ranking, and open-ended types of questions. The inclusion of open-ended questions was provided to allow respondents to answer in an open text format so that they would answer based on their feelings and understanding. The final version contained 20 questions divided into three main parts. The first part included personal information related to gender, age, education level, type of occupation and type of pedestrian (residents, commuters and tourists). The second part was addressed to participants that use PNAs. Participants were asked to report: (i) if they used PNAs for walking and which app they had installed at the time of response; (ii) the frequency of using these apps; (iii) the reasons for using PNAs to walk; (iv) how they evaluate the installed app by using a five-point Likert scale, ranging from 1 (“very bad”) to 5 (“very good”); and (v) what they like and dislike in their apps. The third part contained questions specifically addressed to participants that never use PNAs to walk. Non-users were asked to explain: (i) the reasons for not using PNAs; (ii) if they were available to use a PNA in the future; and (iii) the respective reasons. Finally, a pilot test was run to check the meaning of the various questions and the overall organization of the questionnaire. As a result, some changes were carried out to improve the reliability and sensitivity of the questionnaire.



The second step of the work consisted of estimating the minimum sample size necessary for this study. The method described by Israel [52] was adopted to define the sample size. This method (Equation (1)) takes into consideration the population size, a confidence level, and a level of precision:


  n =  N  1 + N    ( e )   2     



(1)







In Equation (1), n is the sample size, N is the population size, and e is the margin error. The parameters adopted to define the sample were: (i) the number of inhabitants in each city in 2019 (disaggregated commuting and tourism data at the city level was not available); (ii) a 95% confidence level; and (iii) a level of precision of 5%. In 2019, as the population living in Bologna was 301,984 [53] and in Porto was 216,606 [54], the required sample size was 384 individuals in Bologna and 383 in Porto.



The third step of the work consisted of distributing and conducting the questionnaire. The questionnaire was administered through the Internet and the target population, residents, commuters and tourists in Bologna and Porto, were approached through social media, the SPN website and databases from the municipalities and from the universities of Bologna and Porto. In Bologna, the questionnaire was distributed in Italian from May to July 2019; in Porto, the questionnaire was distributed in Portuguese from September to November 2019.




3.3. Data Analysis


After making basic operations of data editing, correction, and compilation, the collected data were analyzed by using various descriptive and statistical analysis to extract key success features and shortcomings about the use and non-use of PNAs. Firstly, conventional descriptive statistics, such as averages and percentages, were used to describe the sample and main findings on the use and non-use of PNAs.



Then, a complementary analysis was performed by using the Statistical Package for the Social Sciences (SPSS) to find inferential statistic associations between the variables. In particular, the aim was to test relationships between groups and differences between individual and geographic variables in terms of app use, feature preferences, app rating, and reasons for using and not using the apps. Relationships between the variables were confirmed through Chi-square tests, Pearson correlations, and T-tests. These statistical tests have been widely used in transport studies to compare variables and groups [41,55,56]. Chi-square tests were conducted to test associations between individual and geographic variables and the use of PNAs, the reasons for using PNAs, as well as to test associations between the individual and geographic variables and the barriers for not using PNAs. Individual variables include aspects such as gender, age, education level and occupation of participants, while the geographic variables are related to the two cities involved in this study. The type of Chi-square test used for the analysis varied depending on the cross tabulation and included one of the following: (i) Pearson Chi-square; (ii) Likelihood-ratio Chi-square; (iii) Fisher’s exact test; and (iv) Yates’ corrected Chi-square (continuity correction). Accordingly, the appropriate Chi-square test was automatically selected by the SPSS algorithm. For 2 × 2 tables, Fisher’s exact test was computed when a table that does not result from missing rows or columns in a larger table has a cell with an expected frequency of less than 5. Yates’ corrected chi-square is computed for all other 2 × 2 tables. For tables with any number of rows and columns, SPSS calculated the Pearson Chi-square and the likelihood-ratio Chi-square. When both table variables are quantitative, Chi-square yields the linear-by-linear association test [57]. Furthermore, T-tests and Pearson correlations were computed to test the association between specific individual variables and app ratings. The conventional level of p ≤ 0.05 was taken to represent statistical significance [55,56,58]. The analyzed data were finally used to produce charts, tables, and other supports that helped us to understand the extent to which PNAs are used in Bologna and Porto to assist people to walk.





4. Results


This section presents the results of the different analyses performed. We start by describing the sample to give an overview of the participants who took part in this study. Then, the descriptive statistics of the analysis are presented. Finally, the analysis of the correlations between the different variables is described.



4.1. General Description of the Sample


As shown in Table 1, the sample consisted of 1438 respondents. From these, 865 were respondents from Bologna, while 573 were from Porto. Respondents included slightly more females (59%), most of them were adults aged between 45–65 years old (48%), but the proportion of young adults (25–45 years old) was also high (35%). The sample mostly comprised residents (57%), people that had an undergraduate degree (61%) and those who were employed full-time (74%) or studying (25%).



As can be concluded from Table 1, the questionnaire sample’s sociodemographic characteristics do not differ much from the population living in the two cities in some variables, such as gender and city of origin. However, there are some deviations in other variables. More specifically, elderly people (≥65 years old) and consequently retired people, are underrepresented in our sample, while adults, employed people, and graduates are overrepresented. These deviations are mostly justified by the difficulty in targeting specific groups with an online questionnaire. Online samples are regarded as biased, especially in terms of age and education [59], because aged people with low levels of education and less tech-savvy skills are more difficult to target with online questionnaires.




4.2. Use and Frequencies of Using Pedestrian Navigation Apps


One of the main goals of this study was to understand the extent to which PNAs are used, the type of app used, as well as the frequency of using these apps for walking purposes. Therefore, participants were asked to report if they use any type of navigation app for walking and how frequently they use this PNA in their lives. Results indicated that besides the very high use of smartphones in general (92%), the use of PNAs was much lower. As shown in Figure 2, the percentage of respondents using this type of app was 42%. Users of these apps were mainly young people aged less than 25 years old, young adults (25–44 years old), and students (Table 2). The percentage of users was also higher among tourists and commuters than among residents and was higher among undergraduates than graduates. Geographically, results indicated a higher proportion of users in Porto than in Bologna.



Regarding the apps used for pedestrian navigation, results indicated that people mostly used Google Maps. The service provided by Google was preferred by 95% of the respondents. The remaining reported apps providing pedestrian navigation were Apple Maps, Here WeGo, and Maps.Me.



In terms of frequencies of using these apps, as shown in Figure 2, three options were considered: daily use (at least once/day), weekly use (at least once/week), and occasional use (less than once/week). Results indicated that most of the respondents (about 40%) used PNAs weekly, while about 35% of respondents used these tools more occasionally. In turn, frequencies of daily use were the lowest (around 25%).



To find inferential statistic associations between the variables, especially to analyze whether individual and geographic factors were associated with using PNAs, a Chi-square test was performed (Table 2). The Chi-square test confirmed significant relations between age and the type of occupation and the use of PNAs. More specifically, the relation between age and app use was found to be significant, X2 (1, N = 1438) = 26.936, p < 001, confirming that young people (individuals who were less than 25 years old) and young adults (25–44 years old) were more likely to use a PNA than older individuals. The relation between occupation and app use was also found to be significant, X2 (1, N = 1438) = 36.169, p < 001, confirming that students were more likely to use a PNA than employed and other (retired and unemployed) individuals. The relation between the other variables and the app use was not significant.




4.3. Reasons for Using Pedestrian Navigation Apps


Another main goal of this study was to understand the reasons for using pedestrian navigation apps. Thus, participants who use PNAs were also invited to report the reasons for doing so. The options given were: (i) for selecting the shortest routes between two locations; (ii) for finding specific locations, such as restaurants, shops, and public facilities; and (iii) for collecting useful walking data (travel distance, travel time, optional routes, etc.). Besides these three, participants could also add and describe other reasons not listed in the questionnaire.



Results are summarized in Figure 3. For around 42% of participants, selecting the shortest routes was the main reason for using PNAs. In turn, about 38% of them used these apps for finding specific locations, while for 19% obtaining walking data was the reported reason. The other reasons are of little relevance as they were reported by only 1% of the participants.



A Chi-square test was also performed to analyze the relation between individual and geographic variables and the reasons for using PNAs. As shown in Table 3, significant relations between gender and using PNAs for finding specific locations (X2 (1, N = 606) = 5.012, p = .025) and for obtaining walking data (X2 (1, N = 606) = 4.558, p = .032) were found. In this case, females were found more likely to use PNAs for finding locations, while males were found more likely to use PNAs for obtaining walking data. Regarding age, a significant relation was also found (X2 (1, N = 606) = 18.659, p < 001), showing that individuals aged 45–64 years old and ≥65 years old were more likely to use PNAs for obtaining walking data. Finally, significant relations were also found between the type of occupation and the use of PNAs for finding locations (X2 (1, N = 606) = 8.762, p = .012) and for obtaining walking data (X2 (1, N = 606) = 6.741, p = .034), confirming that students were more likely to use PNAs for finding locations, while employed individuals were more likely to use PNAs for obtaining walking data.



Geographically, a significant relation was found between app use and finding locations (X2 (1, N = 606) = 31.645, p < 001), and between app use and defining the shortest routes (X2 (1, N = 606) = 25.861, p < 001). These results confirmed that in Bologna, individuals were more likely to use PNAs for finding locations, while in Porto they were more likely to be used for defining the shortest routes.




4.4. Users’ Satisfaction and Perceptions about the Pedestrian Navigation Apps


Another main goal of this study was to understand the users’ satisfaction and their perceptions about PNAs. The level of satisfaction was evaluated by asking the participants to rate the respective app on a five-point Likert scale, ranging from 1 (“very bad”) to 5 (“very good”). With an average score of 3.95, respondents made an overall good evaluation. No respondent rated the app as “very bad” and few respondents (2.3%) classified the app as “bad”. In turn, more than a half of them (55%) evaluated the app as “good”, while 25% considered the app “very good”. The overall evaluation of Google Maps (average score of 3.95), was similar to the evaluation given to the other navigation apps (average score of 4.01).



In order to investigate any relationships between the app rating and individual and geographic variables, a series of statistical tests were also carried out. Specifically, a Pearson correlation test was performed to investigate the relationship between PNA rating and age. Among the people of Bologna and Porto, age and app rating were negatively weakly correlated, r(606) = −.161, p < 001. This might be expected as with aging it might be more mentally demanding and difficult to use a PNA. Furthermore, a Pearson correlation test was also performed to investigate the relationship between PNA rating and education level. However, these two variables were not significantly correlated, r(606) = −.036, p < 371. To investigate any differences between the evaluation and gender, a T-test was also performed. No significant differences were found between men and women. More specifically, the relation between these variables was not significant, X2 (1, N = 606) = 0.32, p = .871. Women and men were found to be equally likely to rate PNAs.



Participants were also invited to report their perceptions about the navigation app installed in their mobile devices through the two following open-ended questions: “what do you like the most in your PNA?” and “what do you like the least in your PNA?”. The results of this individual evaluation are respectively summarized in Figure 4 and Figure 5.



Regarding the aspects that people like the most (N = 330), 35% of participants pointed out that these apps provide reliable pedestrian navigation, while 22% highlighted that they are easy to use. For the first group, these apps are helpful for providing turn-by-turn guidance and for finding destinations without becoming lost or asking for help. For the second group, the apps are easy to use, which gives clues about the usability of the app, reflecting the efficiency and satisfaction of the users. The remaining aspects were much less reported. About 14% of the respondents emphasized the useful travel data provided by the app in terms of travel distance and time, which helped them to plan trips (arrival time, just walking or walking in combination with other modes, etc.). Much less (7%) valued the information provided by the apps about various public and private services (shops, restaurants, museums), and about public transport (stations, schedules) in the walking area. Other less reported positive features included fast processing, free downloads and use, updated maps, and the fact that some apps work offline.



Regarding the aspects that people liked the least (N = 285), 16% of the respondents expressed that they have nothing against it, which reinforces the overall satisfaction and positive perceptions about PNAs. Nevertheless, and as shown in Figure 5, the most reported problem, reported by around 18% of participants, was related to the lack of reliability, meaning that the apps are not entirely accurate in terms of navigation (turn-by-turn) and wayfinding (location of specific destinations). The second aspect was mentioned by about 9% of the respondents and was related to the difficulty in understanding the app instructions. More precisely, users said that when they are disoriented, they have difficulty in understanding the right direction to start walking. Approximately 8% of the participants preferred to point out the rapid battery consumption and the need to recharge devices frequently. Some apps also require an Internet connection in order to operate. This problem that may involve additional costs (mobile data usage) and coverage problems (low speed, delay, no signal) was identified by 7% of the respondents. About 7% of the respondents also expressed that the app should provide more data about the built environment and other modes of transport. In this group, some users would like to have a real pedestrian navigation tool, which provides data regarding footpaths, slopes, benches for resting, etc. Others were dissatisfied because their apps did not provide real time information about the public transport systems, especially to track vehicles and know when they will arrive at a specific stop, as well as about the cycling lanes. Other participants mentioned that the app runs slowly, especially for calculating the route. Other issues were less reported, including the fact that some apps have limited routing options, especially in terms of providing alternative routes (not only the shortest), filtering options for planning a trip (the route often starts from the current location), poor interface/graphic design, data not being updated, and privacy issues associated with smartphone location and the risk of being tracked.




4.5. Non-Users and Barriers Preventing the Use of Pedestrian Navigation Apps


Results indicated that 832 respondents (58%) do not use any PNA for walking. As shown in Table 2, non-users were more likely to be adults aged between 45–64 years old and elderly individuals aged ≥65 years old. Results also revealed that non-users were more representative in Bologna than in Porto and among residents than among commuters and tourists.



To understand the reasons preventing the use of PNAs, non-users were invited to report the respective barriers from a given list of options. From these, 698 participants (84% of non-users) reported the respective reasons. The results are summarized in Figure 6.



Accordingly, non-use was mainly justified by three main reasons: (i) no need of using PNAs; (ii) unaware of the apps available; and (iii) the perception that these apps are limited or not useful. The first was identified as a barrier by around 41% of participants. From these, a significant part (59%) does not need any navigation assistance because they know the city well. This includes people who have lived and worked for a long time in both cities, which comprehensibly do not need the support of any PNA to walk around them. The remaining participants (41%) do not use any PNA because walking is not their exclusive/main daily mode of transport. This could be related to various reasons, including long travel distance and time, comfort and safety issues, or lack of physical condition to walk. The second barrier was much less representative (about 19%) and includes those that are unaware of the navigation apps available. In this case, non-use could be justified by various reasons, including poor computer literacy and technological skills that may prevent people from choosing, understanding and operating a PNA. A similar percentage of respondents (19%) does not use PNAs because in their view these apps are limited or not useful. This could be related with problems of reliability and accuracy of the apps in locating and finding places, as highlighted by some respondents, as well as by the lack of technological skills to operate these apps. In relation to the other less reported barriers, the lack of an appropriate mobile device (smartphone) for running the app was indicated by about 9% of the non-users. No interest in using PNAs was expressed by about 6% of respondents, while a similar percentage of participants reporting various other reasons including mobile data usage, privacy reasons, dislike of the apps, apps causing stress and distract, enjoying the landscape, self-orientation, among others.



A Chi-square test was also carried out to find associations between the individual and geographic variables and the barriers preventing the use of PNAs (Table 4).



As shown in Table 4, various significant relations were found. An association between gender and the non-use due to the perception that PNAs are limited/not useful was found (X2 (1, N = 698) = 6.962, p .008). The test confirmed that this barrier prevents more males than females from using PNAs. Associations between age and the non-use due to being unaware of the PNAs available (X2 (1, N = 698) = 19.392, p < 001) due to the perception that PNAs are limited/not useful (X2 (1, N = 698) = 10.053, p .018), and to the lack of suitable devices for running the apps (X2 (1, N = 698) = 28.614, p < 001) were also found. In this case, the test confirmed that the lack of suitable mobile devices and the perception that PNAs are limited/not useful are barriers that mainly prevent people ≥65 years old from using these apps. In turn, unawareness of the PNAs available limited more young individuals (≤24 years old) from using these apps than adult individuals. Associations between the type of occupation and the non-use due to the lack of a suitable mobile device (X2 (1, N = 698) = 63.199, p < 001) and due to no need (X2 (1, N = 698) = 6.647, p .036) were also identified. This analysis confirmed that the lack of an appropriate device restricts more individuals with other occupations (retired and unemployed individuals) from using these apps than students and employed individuals. On the contrary, the lack of need was the barrier most reported by students and the employed population to not use these apps. The lack of an appropriate device also restricted more tourists than residents and commuters in using PNAs (X2 (1, N = 698) = 23.089, p .001).



When asked about the future utilization of PNAs, 66% of the non-users (n = 548) said that they do not intend to use these apps in the future. These respondents were mostly those that do not need, do not see usefulness or were unaware of the existing PNAs. This finding suggests that most of the non-users will hardly ever use a PNA in the future. In relation to the non-users thinking about using a PNA in the future, about 80% of them are interested in their usefulness in terms of wayfinding. Other reasons include curiosity in operating a PNA and the data associated with walking.





5. Discussion


Smartphones were widely used by the population involved in this study. This is in line with recent travel studies carried out in other European countries [60]. However, PNAs installed in smartphones were used by 42% of the respondents in both cities. This could be explained by two main reasons. First, the low usage of PNAs could be explained by most of the travel being local and familiar to participants and made by other modes of transport. In fact, the lack of need was the main barrier preventing the use of PNAs in Bologna and Porto. Our findings are in line with previous research, confirming that these apps are mostly used to plan occasional trips [61]. Interestingly, the lowest regular use of PNAs was found among commuters in Porto (57%), while the highest was found among tourists in Bologna (75%). This could be directly related to the type of activity and spatial cognition people have from these cities. As tourists generally have less spatial knowledge of cities, using navigation tools can be useful for them to define routes and to find specific places, such as monuments, museums, stations, restaurants, etc. In turn, commuters are usually engaged in utilitarian walking associated to mandatory and fixed activities, controlled by relatively rigid schedules [56]. For that reason, they make repeated trips using the same routes between two locations, which may explain the low regular use of PNAs among these users [62]. Second, some authors such as Gadziński [12] argued that besides the increasing rate of smartphone ownership, many individuals only use basic functionalities of their mobile phones, especially to make calls and send text messages. In our study, we cannot confirm this assumption, although most of the participants do not use apps for walking navigation. Obviously, this does not prevent participants from using other apps on their smartphones, but these issues were not explored in our questionnaire.



Regarding the users of PNAs, Google Maps was the preferred navigation service in both cities, which is in line with recent research [60,63]. The prevalence of Google Maps could be justified by the popularity of the mapping service, the mapping capability across multiple locations globally and by the open-access planning router that can be used for several independent or mixed transport modes [10].



This paper also confirmed that some individual variables exert a significant influence in using PNAs. Confirming previous studies [12,14,16], we found that PNAs were more likely to be used by younger people: the percentage of users decreases from about 50% among people aged ≤24 years old, to 25% among people aged ≥65 years old. This could be explained by the fact that using mobility apps for trip planning and travel outcomes is usually associated to young and tech-savvy individuals [14,16]. This also suggests that older individuals generally use fewer technologies (and less frequently) than younger people, as previously confirmed in other studies [48,49]. Nonetheless, it is well-known that age affects several abilities which are important to ensure effective mobility and navigation. Mobility degrades with aging, while wayfinding is highly affected by the aging process: old people have more difficulty in locating destinations, finding routes, remembering landmarks, and inferring distances and directions [16,36,43]. As highlighted by Renaudin et al. [20], PNAs are assistive technologies that have the potential to enable elderly users to move more efficiently and autonomously in unfamiliar environments. The findings of this study suggest that seniors do not have this understanding about the assistance that can be provided by these technologies. The lack of an appropriate mobile device (35%) and unaware of the navigation apps available (23%) were the main reasons preventing seniors from using PNAs. Some studies also emphasized that gender may have an impact on using ICT for travelling [15,64]. In the present study, gender was not relevant, as females and males were found to be equally likely to use PNAs. However, we found that females were more likely to use the apps for finding locations, while males were more likely to use them for collecting useful walking data. This could be explained by the fact that women generally walk more, but for shorter periods of times, because they have more time restrictions than men [56]. Similarly, previous research also suggested that transportation apps were more likely to be used by higher educated people than by their undergraduate counterparts [50,65], showing that the higher the education level, the more such a person is likely to use apps. However, in our sample, the education level was not significantly correlated with using PNAs. This could be explained by the fact of undergraduate students tending to use mobile apps frequently due to their age and tech skills [66] and by the fact that they were more likely to walk and cycle than older graduate individuals [55]. Moreover, more educated individuals, who often have higher incomes, tend to walk less [56], which makes using PNAs expendable.



The apps were generally well rated by respondents, with an overall average score of 3.95 on a five-point Likert scale, showing that users were satisfied with their PNAs. Interestingly, specific issues that some users liked the most corresponded to issues that other users liked the least. This includes the reliability of the navigation service and the usability of the apps, as well as other less reported issues (speed, interface, update). This could be explained by many reasons, including the navigation service used, the characteristics of the mobile device, poor GPS coverage at specific locations, individual difficulties in operating the apps and navigating with them, among others. Individually or jointly, these issues can result in very different navigation experiences. These findings corroborate previous research indicating that navigating with mobile devices is affected by the variability of contexts of use, the diversity of users and their preferences and capabilities [18]. Nonetheless, the findings also showed that the accuracy and usability of the navigation services towards targeting a destination are critical [11,41]. They also confirm that battery consumption, mobile data usage, processing speed and updated information are relevant navigation issues as found in previous studies [18,67,68]. About 7% of users also highlighted the need for improving the pedestrian navigation service, especially by including more built environment and transport data, to reach the pedestrians’ needs and preferences more effectively. It has been argued that one feasible way to increase the number of people walking is to provide as much information as possible about the most walkable streets and areas in our cities, which require mapping services showing the suitability of a street for walking [69]. However, as described in the Background [16,17,70], PNAs are inspired by car navigation systems, which are strongly based on road networks, distances and turn-by-turn instructions, which do not effectively and properly reply to the pedestrians’ needs. Pedestrian infrastructure data, such as the characteristics of sidewalks (width, slopes, condition, etc.), the existence of footpaths and pedestrian bridges/tunnels allowing shorter connections, and landmark data have been insufficiently included in PNAs. As also mentioned in the Background, some prototypes and new apps have been recently developed to include landmark and built environment data, but they are only available for specific locations, providing navigation for a restricted number of pedestrians. Similarly, the deployment of multimodal transport data could provide interesting extensions towards the use of smartphone apps [13]. While some navigation services provide integrated data for various modes of transport, such as Google Maps, data are not available for all cities and for all modes of transport. For instance, for Bologna and Porto, Google Maps do not provide cycling navigation. Nonetheless, in our study, the lack of pedestrian infrastructure and transport data in PNAs was reported by a relatively low number of participants (7%), which means that these problems were not identified as critical by many of them.



The study also showed that 58% of the participants do not use any PNA for walking. From these, a significant part does not need any technological aid, because walking is not their main mode of transport mode (41%) or because they know the cities well (59%). Regarding the first barrier, it is recognized that walking is preferred for short distances up to 0.8 km or 10-min walking [71]. For longer distances, other modes, including motorized modes of transport, are frequently preferred. They are faster and may provide other benefits, including comfort, convenience, security, and safety [55]. However, even for short urban trips, the literature shows that some people prefer to drive rather than walk, especially in Southern Europe [72]. However, this is not always the case in Bologna and Porto. In a recent study focused on utilitarian walking, Fonseca et al. [56] showed that 21% and 47% of the daily trips to the central areas of these cities were, respectively, made on foot or using a pedestrian mode combined with other modes of transport. In this study, the preference for other modes of transport (public transport, car, bicycle) was an important reason but not the main barrier preventing the use of PNAs. In fact, the main barrier found was knowing the cities well. It is recognized that the main advantage of PNAs is to guide people in unfamiliar environments [8,9,22]. This was not the case particularly of those engaged in utilitarian walking, including students and employed individuals, who make repeated daily trips to the same destinations. In turn, not having a suitable mobile device was associated with elderly individuals, while more surprisingly, unawareness of the apps available was a barrier deterring more young adults from using these apps than older individuals.



Finally, this study revealed some interesting differences between Bologna and Porto. In their recent study on utilitarian walking in the central areas of these cities, Fonseca et al. [56] found a share of utilitarian walking higher in Bologna than in Porto. In this current study, we found a slightly greater percentage of individuals using PNAs in Porto (45%) than in Bologna (40%). Thus, the use of these technological aids does not seem to explain the different patterns of utilitarian walking in both cities. The study also found that individuals from Bologna were more critical regarding the usefulness of these apps. The perception that PNAs are limited/not useful was more likely to be held by individuals from Bologna, who also evaluated these apps slightly lower (average score of 3.9) when compared to the evaluation given by the participants from Porto (average score of 4.1). These different perceptions about PNAs may also explain the lower percentage of users among the participants of Bologna.




6. Conclusions


City planning is increasingly concerned with becoming more pedestrian-friendly due to the environmental and health benefits of walking. Policies for developing safe, comfortable, and connected pedestrian networks have been implemented worldwide. In turn, technology is changing the way people live and travel. In a time where transport modes are undergoing great changes, technological efforts have been developed to promote active mobility. Smartphone apps have been used to improve different travel related activities, including active transportation, and to change travel behaviors towards more sustainable and healthy modes of transport. By providing self-localization, spatial recognition, and turn-by-turn navigation, PNAs allow people to walk independently and confidently without being concerned about becoming lost and taking more time to arrive at a destination. Thus, user-friendly, reliable, and efficient navigation apps, could influence individuals’ mobility in various ways, especially to address misunderstandings about the route, distance, and time it would take to walk to a destination.



Based on an extensive questionnaire carried out in Bologna and Porto (N = 1438), this paper examined the extent to which PNAs are used for walking, how people evaluated and perceived these apps and the main barriers preventing their use in both cities. Results indicated that 42% of the participants use pedestrian navigation tools frequently/occasionally, mainly for finding locations and for selecting the shortest routes for specific destinations. The use/non-use pattern revealed some specificities related to individual and geographic attributes. PNAs were found to be more used by young adults and students. The occasional use and non-use of these apps was not associated to operational problems, but mostly to the fact that participants do not need these tools because they know the cities well and because walking is not their daily main mode of transport.



While these apps are mostly used by their functional value (navigation and wayfinding), there is room for increasing their regular use and, therefore, their role in promoting healthier and sustainable lifestyles. According to the findings described in this paper, app developers should concentrate on developing mobility-supported smartphone applications with different types of adjustable features to match the pedestrians’ daily mobility needs more effectively. The apps should be more reliable and precise in terms of navigation, they should offer several options for selecting routes and be easier to understand, particularly regarding the beginning of the route: where am I? Which is the right direction to start walking? Furthermore, these apps should provide navigation that is more supported on pedestrian infrastructure data (characteristics and conditions of sidewalks, informal paths, pedestrians barriers, landmarks) rather than on road data. This will lead to real and easier pedestrian navigation and not a car navigation service used for pedestrian purposes. In addition, PNAs should provide access to integrated transport data to allow the use of the pedestrian mode in combination with other modes of transport (public transport stations and schedules, bike share docks, bike lanes, among others) to reach a specific destination. The provision of complementary data (health, biological data associated to the walk), the provision of incentives for using these navigation apps (such as vouchers) and the promotion of marketing campaigns may also encourage more people to use these apps and motivate them to change their travel behaviors, especially in the case of short urban trips.



Finally, this study has some limitations that should be considered. The described results are based on a questionnaire, meaning that results are based on self-reported usage and not on direct observations that are often more objective. Subjective evaluations can contain inconsistencies between reported options/preferences and individual behaviors. Furthermore, this study reflects the use of PNAs in a broader context. Using a specific navigation app for making specific walking trips would provide more accurate results, especially to compare the subjective evaluations and objective measurements (travel distance and time in a specific route, features of the built environment, etc.). Plus, tourists and elderly people are under-represented in this study due to the difficulties in targeting these groups with an online questionnaire. Thus, the findings described were not able to represent the use of PNAs by these groups appropriately, especially tourists.
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Figure 1. Location of Bologna and Porto in Italy and Portugal, respectively. Source: ArcGIS World Street Map. 
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Figure 2. Users and frequencies of using pedestrian navigation apps. 
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Figure 3. Reasons for using pedestrian navigation apps. 
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Figure 4. What people like the most in their pedestrian navigation apps. 
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Figure 5. What people like the least in their pedestrian navigation apps. 
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Figure 6. Barriers preventing the use of pedestrian navigation apps. 
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Table 1. Descriptive statistics of the sample.






Table 1. Descriptive statistics of the sample.





	
Variable

	
Attributes

	
Questionnaire

	
Population 2019




	
Total

	
%

	
Total

	
%






	
Gender

	
Female

	
848

	
59.2

	
325,817

	
53.5




	
Male

	
590

	
40.8

	
282,773

	
46.5




	
Age

	
≤24

	
194

	
13.5

	
126,256

	
20.8




	
25–44

	
502

	
34.9

	
150,794

	
24.8




	
45–64

	
691

	
48.0

	
172,777

	
28.4




	
≥65

	
51

	
3.6

	
158,763

	
26.0




	
Education

	
Undergraduate

	
870

	
60.5

	
472,437

	
77.6




	
Graduate

	
568

	
39.5

	
136,153

	
22.4




	
Occupation

	
Student

	
266

	
24.9

	
93,143

	
17.6




	
Employed

	
1137

	
73.9

	
254,220

	
48.0




	
Other

	
35

	
1.2

	
182,649

	
34.4




	
Type of pedestrian

	
Resident

	
857

	
59.6

	
608,590

	
-




	
Commuter

	
526

	
36.6

	
NA

	
-




	
Tourist

	
55

	
3.8

	
NA

	
-




	
City

	
Bologna

	
865

	
57.3

	
391,984

	
64.4




	
Porto

	
573

	
42.7

	
216,606

	
35.6








Source (Population data): [53,54].
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Table 2. Characteristics of the users and non-users of pedestrian navigation apps (N = 1438).
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Variable

	
Attributes

	
Users

	
Non-Users

	
p-Value




	
Total

	
%

	
Total

	
%






	
Gender

	
Female

	
359

	
42.3

	
489

	
57.7

	
.858




	
Male

	
247

	
41.9

	
343

	
58.1




	
Age

	
≤24

	
96

	
49.5

	
98

	
50.5

	
<001 *




	
25–44

	
244

	
48.5

	
259

	
51.5




	
45–64

	
253

	
36.7

	
437

	
63.3




	
≥65

	
13

	
25.5

	
38

	
74.5




	
Education

	
Undergraduate

	
251

	
44.2

	
317

	
55.8

	
.204




	
Graduate

	
355

	
40.8

	
515

	
59.2




	
Occupation

	
Student

	
151

	
56.8

	
115

	
43.2

	
<001 *




	
Employed

	
448

	
39.4

	
689

	
60.6




	
Other

	
7

	
20.0

	
28

	
80.0




	
Type of pedestrian

	
Resident

	
348

	
40.6

	
509

	
59.4

	
.354




	
Commuter

	
233

	
44.3

	
293

	
55.7




	
Tourist

	
25

	
45.5

	
30

	
54.5




	
City

	
Bologna

	
347

	
40.1

	
518

	
59.9

	
.056




	
Porto

	
259

	
45.2

	
314

	
54.8








* p-value < 0.05 (significant).
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Table 3. Reasons for using a pedestrian navigation app (N = 606).
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Variable

	
Attributes

	
Finding

locations

	
Shortest

Routes

	
Walking

Data

	
Other

Reasons




	
Total

	
%

	
Total

	
%

	
Total

	
%

	
Total

	
%






	
Gender

	
Female

	
150

	
41.7

	
147

	
41.0

	
58

	
16.2

	
4

	
1.1




	
Male

	
81

	
32.8

	
107

	
43.3

	
57

	
23.1

	
2

	
0.8




	
p-value

	
.025 *

	
.560

	
.032 *

	
.709




	
Age

	
≤24

	
40

	
41.7

	
45

	
46.8

	
11

	
11.5

	
0

	
0.0




	
25–44

	
98

	
40.2

	
110

	
45.1

	
33

	
13.5

	
3

	
1.2




	
45–64

	
89

	
35.2

	
93

	
36.7

	
68

	
26.9

	
3

	
1.2




	
≥65

	
4

	
30.8

	
6

	
46.1

	
3

	
23.1

	
0

	
0.0




	
p-value

	
.537

	
.184

	
<001 *

	
-




	
Education

	
Undergraduate

	
128

	
36.1

	
155

	
43.6

	
69

	
19.4

	
3

	
0.9




	
Graduate

	
103

	
41.0

	
99

	
39.4

	
46

	
18.4

	
3

	
1.2




	
p-value

	
.213

	
.299

	
.731

	
.668




	
Occupation

	
Student

	
69

	
45.7

	
62

	
41.1

	
18

	
11.9

	
2

	
1.3




	
Employed

	
157

	
35.1

	
191

	
42.6

	
96

	
21.4

	
4

	
0.9




	
Other

	
5

	
71.4

	
1

	
14.3

	
1

	
14.3

	
0

	
0.0




	
p-value

	
.012 *

	
.311

	
.034 *

	
-




	
Type of

pedestrian

	
Resident

	
144

	
41.4

	
139

	
39.9

	
61

	
17.5

	
4

	
1.2




	
Commuter

	
77

	
33.1

	
106

	
45.5

	
48

	
20.6

	
2

	
0.8




	
Tourist

	
10

	
40

	
9

	
36.0

	
6

	
24.0

	
0

	
0.0




	
p-value

	
.125

	
.342

	
.526

	
-




	
City

	
Bologna

	
99

	
28.5

	
176

	
50.7

	
72

	
20.8

	
0

	
0.0




	
Porto

	
132

	
51.0

	
78

	
30.1

	
43

	
16.6

	
6

	
2.3




	
p-value

	
<001 *

	
<001 *

	
.197

	
-








* p-value < 0.05 (significant).
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Table 4. Main barriers preventing the use of pedestrian navigation apps (N = 698).
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Variable

	
Attributes

	
No

Need

	
Unaware of

the Apps

	
Apps Are

Limited

	
No

Device

	
No

Interest

	
Others

Reasons




	
Total

	
%

	
Total

	
%

	
Total

	
%

	
Total

	
%

	
Total

	
%

	
Total

	
%






	
Gender

	
Female

	
169

	
41.2

	
78

	
19.0

	
63

	
15.4

	
40

	
9.8

	
32

	
7.8

	
28

	
6.8




	
Male

	
116

	
40.3

	
57

	
19.8

	
67

	
23.3

	
23

	
8.0

	
12

	
4.2

	
13

	
4.4




	
p-value

	
.803

	
.800

	
.008 *

	
.421

	
.051

	
.200




	
Age

	
≤24

	
30

	
39.0

	
24

	
31.2

	
15

	
19.5

	
1

	
1.3

	
6

	
7.8

	
1

	
1.2




	
25–44

	
85

	
40.5

	
53

	
25.2

	
30

	
14.3

	
12

	
5.7

	
14

	
6.7

	
16

	
7.6




	
45–64

	
161

	
43.1

	
51

	
13.6

	
83

	
22.3

	
39

	
10.4

	
20

	
5.3

	
20

	
5.3




	
≥65

	
9

	
24.3

	
7

	
18.9

	
2

	
5.4

	
11

	
29.8

	
4

	
10.8

	
4

	
10.8




	
p-value

	
.167

	
<001 *

	
.018 *

	
<001 *

	
.534

	
.117




	
Education

	
Undergr.

	
168

	
38.5

	
91

	
20.9

	
84

	
19.2

	
46

	
10.5

	
26

	
5.9

	
22

	
5.0




	
Graduate

	
117

	
44.8

	
44

	
16.9

	
46

	
17.6

	
17

	
6.5

	
18

	
6.9

	
19

	
7.3




	
p-value

	
.096

	
.199

	
.599

	
.073

	
.618

	
.222




	
Occupation

	
Student

	
36

	
41.0

	
25

	
28.4

	
19

	
21.6

	
1

	
1.1

	
6

	
6.8

	
1

	
1.1




	
Employed

	
245

	
41.9

	
106

	
18.1

	
110

	
18.8

	
49

	
8.4

	
37

	
6.3

	
38

	
6.5




	
Other

	
4

	
16.0

	
4

	
16.0

	
1

	
4.0

	
13

	
52.0

	
1

	
4.0

	
2

	
8.0




	
p-value

	
.036 *

	
.067

	
.131

	
<001 *

	
.876

	
.123




	
Type of

pedestrian

	
Resident

	
170

	
41.1

	
80

	
19.3

	
79

	
19.1

	
32

	
7.7

	
29

	
7.0

	
24

	
5.8




	
Commuter

	
108

	
41.7

	
53

	
20.5

	
46

	
17.8

	
22

	
8.5

	
15

	
5.8

	
15

	
5.7




	
Tourist

	
7

	
28.0

	
2

	
8.0

	
5

	
20.0

	
9

	
36.0

	
0

	
0.0

	
2

	
8.0




	
p-value

	
.407

	
.321

	
.897

	
<001 *

	
-

	
.899




	
City

	
Bologna

	
189

	
38.8

	
76

	
15.6

	
109

	
22.4

	
47

	
9.7

	
34

	
7.0

	
32

	
6.5




	
Porto

	
96

	
45.5

	
59

	
28.0

	
21

	
10.0

	
16

	
7.6

	
10

	
4.7

	
9

	
4.2




	
p-value

	
.098

	
<001 *

	
<001 *

	
.381

	
.262

	
.234








* p-value < 0.05 (significant).
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