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Abstract

:

Ferry terminals are an essential facility for those frequently commuting between islands or towns ashore. Therefore, it is crucial to ensure a smooth and efficient flow of passengers and vehicles while guaranteeing safety and convenience at the ferry terminal. This study investigates and evaluates the walking path environment and determines the passengers’ walkability and walking satisfaction of ferry terminals in Korea. As a case study, to measure the passenger’s overall perception and satisfaction of the built environment of the ferry terminal, we conducted an importance–performance analysis for two ferry terminals located in Mokpo city of Korea. The segments of the poor built environment in terms of walking were found. Furthermore, the ANOVA and t-test results confirmed that the satisfaction level of the built environment varied by age and residential location of passengers. There was a significant difference in satisfaction between the groups (age and residential location) in the walking path segments while embarking and disembarking the ferry. Passengers’ perceptions and walking satisfaction were different depending on the features of the built environment, including public transport accessibility, layout, distance, and surface condition of the walking path of the ferry terminal. As a limitation of the study, the case study was conducted only in the Mokpo region due to the impact of COVID-19, and the sample survey was also conducted in a short period of time. In addition, further studies are needed on the generalization of passengers’ walkability in ferry terminals.
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1. Introduction


Walking is an easy, convenient, and no-cost physical activity and an environmentally friendly alternative to motorized transportation for every generation as well as an important component of both the active transportation and leisure domains [1,2,3]. Many studies have shown that walking is the most common physical activity to prevent adult diseases and maintain health and psychological stability, as well as to enjoy leisure-time [4,5,6,7,8]. Thus, a convenient environment for walking in streets or parks, residential areas in a city is required. Therefore, planning and designing walking-friendly neighborhoods have become important urban design goals in recent times. However, there are few studies on improving the walking conditions or built environment in a port area such as a ferry terminal.



A port city functions as both a port and a city. A seaport may help to improve the economy of the host port city. After all, the cargo flows passing through the seaport bring to the port city trade, information flow, passenger flow, financial flow, and many other value-added services [9]. Especially, a ferry terminal located in the port area serves as a crucial intersection node between different modes of transport. Ports including ferry terminals add great value and have a significant influence on the regional and national economies. With changes in the existing ports, the spaces used to handle cargo are also changing into office, commercial, or eco-friendly spaces where people can work, rest, and enjoy. As the appearance of a port has evolved, people have gathered more, and walking activity has increased in the port area, including the ferry terminal.



Generally, a ferry terminal is located close to the city area for easiness of use to passengers and connects islands to the city in Korea. Islanders use ferries for hospital visits, shopping, or family visits [7]. In Korea, the number of ferry passengers exceeded 14.5 million in 2019 [8]. Additionally, cargoes and daily necessities are transported by ferry in vehicles for revitalizing island tourism and improving infrastructure to create convenient living conditions for the residents of islands. Accordingly, a ferry terminal is considered as a space that handles passengers and cargoes (vehicles) together. Furthermore, as the number of passengers increased, the passengers’ walkability became complex and diversified in the limited space of the ferry terminal.



The passengers of the ferry terminal include islanders, travelers, and visitors. Notably, among islanders, the percentage of older adults over 60 years is high. In the case of Sinan-gun, as an administrative district, the target area of this study was located near Mokpo city. As of September 2020, 39,582 people lived on the island, of which 14,203 people aged 65 or older accounted for 35.8% of the population [9]. However, studies on the impact of built environment involving walking paths at ferry terminals on passengers’ physical behavior are insufficient.



Thus, in this study, we aim to measure the passengers’ walkability at ferry terminals. The first objective is to analyze the built environment of ferry terminals in terms of passengers’ walking. To measure the built environment, an audit survey tool was developed in this research. The second objective is to find the poor walkable section at ferry terminals, measuring passengers’ satisfaction by using importance–performance analysis of the audit survey results. This study was carried out in two ferry terminals located in the Mokpo city in Korea. Section 2 studies the walking environment and characteristics, and the evaluation tools are examined. Section 3 presents the methods applied, namely, the audit survey, importance–performance analysis, and statistical analysis, for measuring the satisfaction of the ferry terminal’s built environment. Finally, Section 4 discusses the findings and the conclusions.




2. Literature Review


2.1. Built Environment and Related Characteristics


To measure the built environment of the transportation facilities in terms of walking, a field experiment was conducted using motion-sensing cameras capable of observing walking characteristics to verify the walking speed and behavior, in addition to the level of service (LOS) and graded density. The experiment was conducted at the Daerim metro station in Seoul. The transfer passage in the most crowded section was selected, and the density in an hour, walking speed, time, and behavior patterns were measured for one weekday [10].



Additionally, research on pedestrian movement in commercial complexes regarding human–environment interaction was conducted. Particularly, the agent-based model was used for analyzing and predicting pedestrian movement considering spatial characteristics. Furthermore, to guide the tenant placement, the arrival time, and the amount of visual exposure of pedestrians were calculated [11]. In the case of a public area such as urban parks, to analyze the relationship between pedestrian behavior and the physical environment, pedestrian behavior patterns were mapped for visualization using geospatial analytics. The behavior pattern of pedestrians at urban parks was classified into resting and moving behaviors [12]. This study demonstrates the feasibility of using pedestrian behavior patterns in designing the layout and spatial arrangement of urban parks. However, this research was conducted not on the pedestrians’ walking behavior but participants’ activities, such as playing and other events, in the urban park.



At intersections, a study was also conducted to analyze the preference of pedestrians according to the structural environment of the street in order to investigate the relationship between the structure of the street and the pedestrians’ choice of the walking path. According to the analysis results, when it comes to road layout preferences, pedestrians preferred low-rise roads over high-rise roads. Additionally, pedestrians preferred the diagonal paths to the straight paths in a street layout [13]. The analysis results of these studies show that pedestrians’ walking convenience and satisfaction are influenced by the layout of the streets.




2.2. Tools for Measuring Walking Environment


Kelly et al. [14] developed an audit method, the Pedestrian Environment Data Scan (PEDS), to measure the consistency, reliability, and efficiency of the walking environments for pedestrians. They conducted the inter- and intra-rater reliability test of the proposed instrument with individual audit measures and various approaches to administering the audit. The PEDS provided a comprehensive method to evaluate pedestrian environments for transportation and physical activities and for practitioners to identify the investment priority. Items that can quantitatively measure pedestrians’ gait in residential areas were selected, and the indicators were constructed. The items to measure pedestrians’ walkability consisted of the street condition and the local environment for walking. This was used to analyze the physical environments that affected the pedestrian environment in residential areas.



The Active Neighborhood Checklist (ANC) was developed in order to measure the environmental elements affecting walkability in residential neighborhoods [15]. In this assessment tool, the evaluation elements consisted of twenty environmental items, including the street environment (five elements), the network environment (six elements), and the regional environment (nine elements). This tool can be used to plan and design walkable residential neighborhoods.



Professional investigators measured the convenience of pedestrians to verify the effectiveness of the developed tool [1]. However, as professional investigators, not pedestrians, conducted these surveys, there might be a gap between the evaluation and the actual perception of pedestrians. The online survey was designed to analyze the relationship between street conditions and pedestrian safety perception in Auburn, Alabama, USA. This online survey contributed to obtaining information about respondents’ brief personal characteristics, walking times of pedestrians, and the level of anxiety regarding certain street settings based on daytime and nighttime photographs (close-ended questions on a Likert scale from 1 to 5), and their reasoning behind these ratings (open-ended) [16].




2.3. Ferry Service Environment


Waiting time has been a key component of travel time estimates for projects involving ferry services, such as frequency changes or ferry replacement projects. Andersen and Tørset [17] analyzed the relationship between observed waiting time and service frequency, and the influence of the characteristics of ferry services on waiting time in Norway. Additionally, while using public transport, a woman’s safety perception was surveyed during waiting time at the ferry terminal in Auckland, New Zealand. The offshore islanders used public transport systems, including bus, train, and ferry services. Chowdhury and van Wee [18] measured the safety perception of women transferring from public transport using a questionnaire tool and analyzed the descriptive statistics. Regarding the walkability and safety of the built environment in ferry terminals, there has been few studies despite the importance of ferry services to the local communities and the regional economy.



In general, a ferry terminal where passengers move to islands and cities for various purposes is surrounded by a complex pedestrian environment connecting to other transportation modes. The built environment of the ferry terminal may be more complicated because the ferry is used for general passenger cars and trucks with cargoes as well as passengers in Korea. In fact, accidents in which passengers collide with vehicles are occurring in some ferry terminals in Korea. However, based on this literature survey, few studies are researching the built environment of the ferry terminal in terms of passengers’ walkability, walking satisfaction, use of easiness, and safeness. Therefore, this study differs from previous studies. We investigate and evaluate the built environments and passengers’ walkability encountered in ferry terminals by surveying actual passengers in two ferry terminals located in Mokpo city.





3. Methods


3.1. Study Area


This study’s target location was Mokpo city, Korea, where a lot of ferry routes between the mainland and islands were operating. As of 2019, the number of passengers in Korea was 14.59 million, and the Mokpo region accounted for 38.3% of the total number of passengers—the largest number of passengers in the country [8]. There are 25 ferry routes in the region with 22 ferry companies and 68 ferry ships to transport passengers, cars, and cargoes [7,19]. Therefore, in this study, two ferry terminals located in Mokpo city, south-west of Korea, the South and North Ferry Terminals, were targeted, as shown in Figure 1.




3.2. Analysis of the Built Environment of the Ferry Terminals


We conducted a passengers’ walkability and walking satisfaction survey to evaluate the built environment, including walk path, in the ferry terminals located in Mokpo city, including its distance, width, surface condition, slope, signage, and signals for comfortable walking. Regarding walking, the importance and satisfaction of the built environment were investigated at two ferry terminals: North Ferry Terminal and South Ferry Terminal. As shown in Table 1, an audit survey tool was developed to investigate the built environment from a passenger’s point of view.



A passenger may take public transport to the ferry terminal and reach a ticket office via the sidewalk and the footpath inside the terminal for boarding tickets. After that, the passenger moves to the cabin through the designated passage on the ferry. When disembarking from the ferry, the passenger moves in the reverse order. The walking sections of the ferry terminal and ferry were identified to investigate the passengers’ walkability and walking satisfaction, as shown in Figure 2. The walking path was divided into five walking segments: (1) sidewalks to the ferry terminal from a public transport service point; (2) passenger walkways within the ferry terminal; (3) footpaths from the ferry terminal to a ferry for embarking; (4) pathways from the entrance of the ferry to its cabin; and (5) passageways in the cabin. However, this research is focused on the first three segments mentioned above, from 1 to 3.



An audit survey tool, which was composed of twenty-three detailed items, was designed with a Likert scale of 1 to 5, as shown in Table 1. This survey tool was developed by referring to the existing research literature on pedestrian walking environments and a brainstorming process by the research team [15,16,20,21,22,23,24,25]. It consisted of fifteen questions about walkways in the ferry terminal and eight questions about pathways inside the ferry. The survey tool was verified for reliability, and the measured values of Cronbach’s alpha were 0.7 or higher.



The survey was conducted at the South and North Ferry Terminals located in Mokpo city for three days on June 24th–26th in 2020, complying with the quarantine guidelines during COVID-19. Out of the 140 surveys, 138 responses were included in the study. We excluded two answer sheets as they had missing values.




3.3. Difference in Perception for the Built Environment


The purpose of this study is to analyze passenger satisfaction with the built environment of the ferry terminals. The passengers’ walkability and satisfaction were analyzed using the importance–performance (IP) maps approach which involves plotting the mean ratings for importance and performance on a two-dimensional grid to produce a four-quadrant matrix. This matrix identifies areas needing improvement as well as areas of effective performance [26,27]. In a counterclockwise direction, Quadrant I (High importance/High performance) is labeled “Keep up the good work”, and contains elements that are strengths to the organization, and calls for a maintenance posture [26]. Quadrant II (Low importance/High performance), labeled as “Possible overkill”, contains elements that are insignificant strengths to the organization. If elements positioned in Quadrant III (Low importance/Low performance) do not represent a threat to the organization [28], they may be candidates for discontinuation of resources and effort [29]. Quadrant IV (High importance/Low performance) is labeled “Concentrate here”. Elements located in this quadrant represent key challenges that require immediate corrective action and should be given top priority [26]. In this study, the analysis results were plotted by changing performance to satisfaction. Satisfaction with walking varied depending on the passenger’s age (younger or older) and the place of residence (Mokpo citizen, offshore islander, or nonresident). In this study, statistical analysis was conducted to find out the difference in passenger satisfaction by age and place of residence in walkways of the ferry terminals. We used analysis of variance (ANOVA) and t-tests to determine if there were significant differences in passenger satisfaction.





4. Results


4.1. Passenger Satisfaction in the Built Environment


The result of the analysis of descriptive statistics reflecting the characteristics of survey respondents is shown in Table 2. Questionnaire responses were received from 93 passengers from the South Ferry Terminal and 45 passengers from the North Ferry Terminal. The ratio of male respondents was 54.3% (75 persons) and that of the female was 45.7% (63 persons). Among the survey participants, 38.4% (53 persons) were Mokpo citizens, 29.7% (41 persons) offshore islanders, and 31.8% (44 persons) were visitors from other regions. Regarding the usage of the ferry, travel was the highest at 48.6% (67 persons), followed by visits to family and relatives at 32.6% (45 persons), hospital visits at 11.6%, and business trips at 7.2%. The percentage of ferry tickets purchased directly on-site was significantly high, at 81.9% (113 persons). Public transportation, such as buses or taxis, accounted for more than half (58.7%) of the transportation used to access the ferry terminal, and the number of passengers who used their car accounted for 39.1%. About the frequency of using the ferry services in Mokpo city, 50.7% of respondents used it less than three times, and 31.9% of respondents used it more than six times.



In this study, an importance–performance analysis (IPA) was applied to analyze the built environment using passengers’ walking satisfaction of two ferry terminals in Mokpo city. We conducted a satisfaction survey focused on the passengers’ walkways installed inside and outside of the terminals. IPA is a quantitative approach for measuring people’s feelings about certain characteristics of an issue or a thing [30,31]. IPA is beneficial because it generates a clear picture of how important certain elements are compared to the satisfaction they give to clients, customers, or services [32,33,34]. The IPA results of the built environment of the ferry terminals are shown in Figure 3.



First, regarding the accessibility, the North Ferry Terminal’s importance and performance were lower than that of the South Ferry Terminal. In particular, the performance of the South Ferry Terminal was high concerning the connected sidewalks, maintenance of the sidewalks, the convenience of using public transportation, the convenience of crosswalks and signaling systems, and the convenience of walking with luggage. The South Ferry Terminal is located along the main boulevard, and there are many public transport services, such as buses and taxis, whereas the North Ferry Terminal requires a certain amount of time to walk to use a public transport service, reflected in the survey results. Second, the passengers’ walkability for purchasing tickets and using the ferry terminal facilities was investigated. The satisfaction rates of the South Ferry Terminal on the walkway to the ticket office and the terminal facilities were also highly scored (4.05 and 3.97, respectively). Those of the North Ferry Terminal were 3.50 and 3.24, respectively. The South Ferry Terminal is a concrete building, and it was comfortable for passengers to walk around inside the building. However, the North Ferry Terminal is a prefabricated building, and the internal space is narrow, making the satisfaction rate low. Third, the satisfaction with the footpaths from the ticket office to a ferry ramp for embarking was also high in the South Ferry Terminal. As shown in Figure 3c, the satisfaction of the North Ferry Terminal for the passengers’ walking satisfaction was lower than the South Ferry Terminal in terms of the convenience of walking with luggage (Q3.3), the convenience of walking on the slope section of the ferry wharf (Q3.4), and the convenience of the distinction between passenger walking paths and vehicle access paths at the terminal (Q3.5). Fourth, when moving from the deck to the cabin after boarding the ferry in the South Ferry Terminal, the passenger satisfaction was low in the convenience of walking on the stair slope (Q4.1) and using the handrail (Q4.4). One of the reasons for this result is that the sea at the South Ferry Terminal is shallower than the North Ferry Terminal. Thus, small-sized ferries operate on various routes in the South Ferry Terminal. However, at the North Ferry Terminal, the sea is deeper. Thus, relatively large ferries with comfortable passenger walking paths in terms of width, surface condition, and slope operate on specific routes. Fifth, regarding passageways inside the ferry, those operating from the South Ferry Terminal showed higher satisfaction. The IPA results indicate a difference in satisfaction between the South and the North Ferry Terminals in some passenger walking segments. Additionally, a t-test was conducted to examine the quantitative differences between the passenger walking satisfaction against the built environment of the two ferry terminals, as shown in Table 3.




4.2. Difference of Perception


It was found that there were statistical differences concerning the accessibility between the South and North terminals in terms of satisfaction with the crosswalk, signal maintenance around the ferry terminal for comfortable walking (Q1.5), and the environment where people can walk conveniently with luggage (Q1.6). The South Ferry Terminal was found to be more convenient to walk. The analysis results also showed statistical differences between the passenger walkways within the South and North Ferry Terminals and the footpaths from the ticket office to the ferry’s adjustable ramp for boarding. At the North Ferry Terminal, passengers felt uncomfortable as the waiting area for boarding was located outside. Additionally, the footpaths from the ticket office to the adjustable ferry ramp were much longer than that of the South Ferry Terminal, and the low satisfaction level at the North Ferry Terminal also reflected the need to bypass or cross the vehicle waiting area. However, there was no statistical difference in the satisfaction of ferry pathways between the deck and the cabin. There were statistical differences in the built environment of ferries, such as the passageways to and from the restroom and convenience store inside of ferries.



To compare the difference in walking satisfaction by age and residential location, firstly, the passengers were divided into two groups based on their age: Group 1 (aged less than 60 years) and Group 2 (aged 60 years or over). Then, the differences in the satisfaction levels between the two groups were analyzed. The results indicated that the collected sample data followed the normality, and the variance was the same as the result of Levene’s test. The t-test results in Table 4 indicate no statistical difference between the age groups in the level of accessibility to the ferry terminal (Q1) and the satisfaction of walking within the ferry terminal (Q2). However, there was a meaningful difference between Group 1 and Group 2 in the walking satisfaction (Q3) from the ticket office to the ferry’s adjustable ramp. The significant statistical difference was judged that the conditions of the walking path such as surface condition, slope as well as the inconvenience of walking with luggage affect passengers’ walking satisfaction.



Offshore islanders use the ferry service to come to the city for reasons such as hospital treatment, shopping, or family visits. They frequently use the ferry as transportation. However, since Mokpo citizens and nonresidents of Mokpo city occasionally use the ferry terminal for travel or business trips, their satisfaction with the built environment may vary. Secondly, the residential areas of the passengers were divided into three groups—Group 1 (Mokpo citizen), Group 2 (offshore islander), and Group 3 (nonresident)—and we analyzed the statistical differences among the groups. The ANOVA test results confirmed that there was no meaningful difference in the passengers’ walking satisfaction levels about the built environment of the ferry terminal among the groups, as shown in Table 5. However, there were statistically significant differences in the surface of the footpath from the ticket office to the ferry, the slope of the ferry wharf, and the adjustable ramp of the ferry. The satisfaction of nonresidents was higher than offshore islanders and Mokpo citizens for the walkways from the ticket office to the ferry.



Regarding the purpose of the ferry service, 75.5% (40 persons) of nonresidents used it for travel to islands. The in-depth interviews indicated that the joyful feeling of going on a trip offset the decline in the footpath satisfaction of Group 3. For the offshore islanders, 48.8% (20 persons) of Group 2 used the ferry service to visit families and relatives living in Mokpo city, and 39.0% (16 persons) took the ferry for hospital appointments. The percentages of Group 2 passengers taking the ferry for travel and business were low at 7.3% and 4.9%, respectively. It was observed that the offshore islanders were known to be relatively familiar with the uncomfortable built environment of the ferry terminal due to their frequent use of ferry services for visiting hospitals or family, or for shopping.



In this study, multiple comparisons were performed to determine the differences between groups, and a post-hoc test was conducted using Scheffe, Tukey, and Duncan methods, as in Table 6. The results indicated that in the walking segment from the ferry terminal gate to the ferry (Q3.2), there was no significant difference in satisfaction between Group 1 and Group 2 as well as Group 2 and Group 3. However, there was a significant difference between Group 1 and Group 3. Regarding the pathway on the slope of the ferry wharf (Q3.4), there was no difference in satisfaction between Group 1 and Group 3. However, there was a noteworthy difference in satisfaction between Group 1 and Group 3 as well as Group 2 and Group 3. Considering the purpose of using the ferry terminal by Group 1, 24 passengers (45.3% of survey participants) were travelers, 23 persons (43.4%) were visiting family, and only 6 passengers (11.3%) were on business travel. It was found that 54.7% of passengers of Group 1 (29 persons) were not travelers. This group had prior experience of using ferries several times. Through this result, it was confirmed that the experience of using the ferry affects the passengers’ walking satisfaction. In other words, frequent ferry users showed high walking satisfaction with the built environment of the ferry terminal, while first-time ferry users showed low walking satisfaction. Hence, it was found that passengers who frequently use the ferry terminal do not perceive inconvenience even if it needs improvement.



There was no noticeable difference in satisfaction between Group 1 and Group 2 in the adjustable ferry ramp walking segment (Q3.6), although there was a difference in satisfaction between Group 1 and Group 3, and Group 2 and Group 3. It was confirmed that Group 1 and Group 2 showed the same walking satisfaction; however, Group 3 appeared to feel differently in terms of walking path satisfaction.





5. Discussion


The ferry terminal is a node that connects the city and the islands and is an important space used by islanders and travelers. Therefore, it is crucial to examine the comfortable use of, easiness, and safeness of passengers at the ferry terminal. This study targeted the Mokpo Ferry Terminal, which is visited by most passengers in Korea. The ferry terminal located in Mokpo city is divided into the South and North Ferry Terminals by ferry routes. There are markets and docks for fishing boats around the area, showing a typical complex walking environment for passengers. The friendliness of the built environment of the ferry terminal was evaluated by dividing the passengers’ walking path into five segments. An audit survey tool also was developed to measure the satisfaction of the passengers walking in the built environment of the ferry terminal. In order to prevent personal preferences, the purpose of the survey was fully explained to the respondents before the survey, and only those who wished for the survey were conducted.



Based on this evaluation tool, we analyzed the importance–performance of the built environment using the passenger’s walking path score. According to the analysis results, the overall satisfaction of the South Ferry Terminal was higher than that of the North Ferry Terminal. The t-test analysis showed meaningful differences in the satisfaction level between the built environment of two ferry terminals, such as crosswalks, sidewalks, passenger walking paths inside the ferry terminal, and the slope to board the ferry. The two terminals show fundamental differences in passenger waiting areas and accessibility. For example, in the North Ferry Terminal, it takes longer for passengers to access public transportation services, and the ticket office and the passenger waiting areas are in a prefabricated building. These points have influenced the satisfaction of the ferry terminal’s built environment. The satisfaction was also differentiated depending on the size of ferry, where the large ferries have wider indoor space and convenience than small ferries, but the walking satisfaction is lower than for small ferries because the walking distance is longer for passengers. Additionally, the difference in satisfaction of the built environment by age and residential location of the passengers was analyzed. The results indicated that satisfaction with the ferry embarking and disembarking process varied by age group.



Passengers younger than 60 showed low satisfaction with the built environment of the ferry terminal. In general, this age group has experienced the ferry as well as various transportation means, such as buses, trains, and airplanes, more frequently than other age groups. Thus, this group noticed that the built environment in terms of use of easiness, safeness, and pleasantness of the ferry terminal was relatively unsatisfactory compared to other transportations. Many of the offshore islanders are elderly, and they seem to have become accustomed to the inconvenience because they use ferry frequently. In the group from local residential locations, there were differences in the satisfaction level in the built environment, such as the path surface, slope section, and ferry’s adjustable ramp section. The island residents’ satisfaction with the built environment was considerably lower than that of other groups. Hence, the walking path with low satisfaction needs to improve for offshore islanders and older passengers.




6. Conclusions


A considerable amount of walkability research has been examining the pedestrian environment and characteristics of various spaces such as roads, residential areas, university districts, and city parks. However, no attention has been given to studying the complex of the passenger walking in a port area where people, vehicles, and cargo interact. Thus, this study focused on the built environment of a ferry terminal located in a port area. As the ferry terminal is a space used by both passengers and vehicles, it is necessary to understand passenger’s satisfaction with the built environment and allow them to use the facility safely and comfortably. From this point of view, it is meaningful to evaluate the built environment focusing on passengers’ perception using walkability while using the ferry terminal.



The main findings of this study are as follows: (1) it confirmed that the built environment of the ferry terminal, including the size and layout, and the operation method affected the passengers’ perception, such as the use of easiness, safeness, and pleasantness. The passengers’ walking satisfaction level was different depending on the length of the walking path, surface condition, and slope. (2) When embarking and disembarking the ferry, the built environment of the ferry terminal showed a difference in passengers’ satisfaction according to the age and residential location of the passenger. The passengers’ walking satisfaction was low among passengers younger than the 60s who frequently used other transportation, and most of the elders are living at the offshore island and familiarized the inconvenience of the built environment for walking. It was found that passengers’ walking satisfaction was low on long pedestrian paths, roads obscured by vehicles, sloped sections, and adjustable ramp sections of the ferry.



Despite the significant research results, the limitations of this research are as follows: the case study was conducted only in the Mokpo region due to the impact of COVID-19, and the sample survey was also conducted in a short period. In addition, further studies are needed on the generalization of passengers’ walkability in ferry terminals.



This study can be used as an evaluation standard and basic data for measuring as well as improving the built environment of the ferry terminal. In particular, the evaluation tool and analysis method proposed in this study can measure the walkability and satisfaction of various passengers, such as elderly islanders and young travelers. Hence, it will be possible to prepare a convenient built environment with high walkability for passengers by analyzing the regional and seasonal characteristics of the ferry terminal. Especially, it is helpful for ferry companies, local governments, and governments to build a ferry terminal with special emphasis on passenger safety and comfort. In addition, passenger convenience will increase through generalization and standardization of the built environment of the ferry terminal. From an economic point of view, the improvement of walkability at the ferry terminal and ferry will lead to an increase in ferry users, contributing to the economic revitalization of the island as well as the neighboring port area.
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Figure 1. Location of the North and South Ferry Terminal in Mokpo city in Korea. 
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Figure 2. Division of the walking section for the built environment analysis of the ferry terminal. 
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Figure 3. Results of the importance–performance analysis for (a) access to the terminal; (b) ferry terminal; (c) ferry terminal to ferry; (d) ferry deck to cabin; and (e) inside the ferry. 
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Table 1. Questions for evaluation of the built environment of the ferry and terminal.
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Walkability Place

	
Variable

	
Details of Questions for Measuring Walkability

	
Reliability Value

(Cronbach’s Alpha)






	
Q1. Access to the ferry terminal

	
Q1.1

	
Is there a separate sidewalk from the car road to access the ferry terminal?

	
0.762




	
Q1.2

	
A sidewalk is well maintained?




	
Q1.3

	
Is it convenient for using transportation such as a bus, taxi?




	
Q1.4

	
Is it easy to find out the signboard for guiding the location of the ferry terminal?




	
Q1.5

	
The sign of a crosswalk is good for crossing the road?




	
Q1.6

	
The sidewalk is convenient for walking with luggage?




	
Q2. Inside of ferry terminal

	
Q2.1

	
Is it convenient to buy a ticket inside the ferry terminal?

	
0.799




	
Q2.2

	
Is it convenient to move to the gate to board a ferry?




	
Q2.3

	
Are there enough chairs for the waiting ferry inside the terminal?




	
Q3. Terminal to ferry

	
Q3.1

	
The passage is good for walking from the terminal gate to the ramp of the ferry?

	
0.826




	
Q3.2

	
The surface of the passage is good for walking?




	
Q3.3

	
Is it convenient and comfortable for walking with luggage?




	
Q3.4

	
Is it convenient and comfortable for walking the slope of the ferry wharf?




	
Q3.5

	
Is it separated the passage for the person and the passage for cars or trucks?




	
Q3.6

	
Is it convenient and comfortable for walking the ramp of the ferry?




	
Q4. Deck to the cabin of the ferry

	
Q4.1

	
The slope of the stair is convenient and comfortable?

	
0.753




	
Q4.2

	
The surface of the stair is not slippery?




	
Q4.3

	
The width of the stair is convenient and comfortable?




	
Q4.4

	
The height of the handrail which installed the stair and passage is convenient and comfortable?




	
Q4.5

	
The threshold which installed cabin is convenient and comfortable?




	
Q5. Cabin, snack store, toilet

	
Q5.1

	
The surface of the cabin is convenient and comfortable to move without slippery?

	
0.825




	
Q5.2

	
Is there a comfortable passage to move the toilet?




	
Q5.3

	
Is there a directing sign snack store and toilet?
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Table 2. Result of the analysis of the descriptive statistics.
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Classification

	
Description

	
Frequency (person)

	
Rate (%)






	

	
South terminal

	
93

	
67.4




	
Terminal location

	
North terminal

	
45

	
32.6




	
Subtotal

	
138

	
100.0




	
Gender

	
Male

	
75

	
54.3




	
Female

	
63

	
45.7




	
Subtotal

	
138

	
100.0




	
Age

	
20–29

	
24

	
17.4




	
30–39

	
18

	
13.0




	
40–49

	
32

	
23.2




	
50–59

	
31

	
22.5




	
≥ 60

	
33

	
23.9




	
Subtotal

	
138

	
100.0




	
Residency

	
Mokpo

	
53

	
38.4




	
Offshore island

	
41

	
29.7




	
Other regions

	
44

	
31.8




	
Subtotal

	
138

	
100.0




	
Purpose of use for ferry

	
Visit hospital

	
16

	
11.6




	
Travel

	
67

	
48.6




	
Business

	
10

	
7.2




	
Visit family and relative

	
45

	
32.6




	
Subtotal

	
138

	
100.0




	
Ways for tickets

	
Ticket booth

	
113

	
81.9




	
Telephone

	
4

	
2.9




	
Internet

	
21

	
13.8




	
Subtotal

	
138

	
100.0




	
Transportation to ferry terminal

	
Bus

	
51

	
37.0




	
Taxi

	
30

	
21.7




	
Own car

	
54

	
39.1




	
Other (walking)

	
3

	
2.2




	
Subtotal

	
138

	
100.0




	
Usage experience of a ferry terminal in Mokpo

	
Nothing

	
18

	
13.0




	
First time

	
24

	
17.4




	
2–3 times

	
28

	
20.3




	
4–5 times

	
24

	
17.4




	
Over 6 times

	
44

	
31.9




	
Subtotal

	
138

	
100.0








Source: Author.
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Table 3. Result of the t-tests by terminal.
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Category

	
Variable

	
Group

	
N

	
Mean

	
SD

	
t

	
p-Value






	
Access to the ferry terminal

	
Q1.1

	
South terminal

	
93

	
3.56

	
0.83

	
1.693

	
0.093




	
North terminal

	
45

	
3.31

	
0.76




	
Q1.2

	
South terminal

	
93

	
3.34

	
1.02

	
0.318

	
0.751




	
North terminal

	
45

	
3.29

	
0.82




	
Q1.3

	
South terminal

	
93

	
3.29

	
0.82

	
0.928

	
0.355




	
North terminal

	
45

	
3.15

	
0.77




	
Q1.4

	
South terminal

	
93

	
3.56

	
0.97

	
0.317

	
0.752




	
North terminal

	
45

	
3.51

	
0.76




	
Q1.5

	
South terminal

	
93

	
3.48

	
0.96

	
3.058

	
0.003 **




	
North terminal

	
45

	
2.96

	
0.93




	
Q1.6

	
South terminal

	
93

	
3.39

	
0.82

	
2.734

	
0.008 **




	
North terminal

	
45

	
2.91

	
1.02




	
Inside of ferry terminal

	
Q2.1

	
South terminal

	
93

	
4.05

	
0.79

	
3.054

	
0.003 **




	
North terminal

	
45

	
3.58

	
0.89




	
Q2.2

	
South terminal

	
93

	
3.98

	
0.99

	
2.661

	
0.009 **




	
North terminal

	
45

	
3.51

	
0.92




	
Q2.3

	
South terminal

	
93

	
4.00

	
0.68

	
5.314

	
0.000 **




	
North terminal

	
45

	
3.24

	
0.83




	
Terminal to ferry

	
Q3.1

	
South terminal

	
93

	
3.73

	
0.82

	
4.673

	
0.000 **




	
North terminal

	
45

	
3.11

	
0.68




	
Q3.2

	
South terminal

	
93

	
3.55

	
0.93

	
3.194

	
0.002 **




	
North terminal

	
45

	
3.06

	
0.81




	
Q3.3

	
South terminal

	
93

	
3.23

	
0.81

	
2.914

	
0.004 **




	
North terminal

	
45

	
2.82

	
0.72




	
Q3.4

	
South terminal

	
93

	
3.35

	
0.76

	
2.747

	
0.007 **




	
North terminal

	
45

	
2.97

	
0.75




	
Q3.5

	
South terminal

	
93

	
3.25

	
0.79

	
3.150

	
0.002 **




	
North terminal

	
45

	
2.87

	
0.63




	
Q3.6

	
South terminal

	
93

	
3.38

	
0.90

	
3.368

	
0.001 **




	
North terminal

	
45

	
2.93

	
0.65




	
Deck to the cabin of the ferry

	
Q4.1

	
South terminal

	
93

	
3.34

	
0.73

	
−0.749

	
0.455




	
North terminal

	
45

	
3.44

	
0.76




	
Q4.2

	
South terminal

	
93

	
3.44

	
0.90

	
1.040

	
0.300




	
North terminal

	
45

	
3.27

	
0.96




	
Q4.3

	
South terminal

	
93

	
3.43

	
0.83

	
−0.412

	
0.681




	
North terminal

	
45

	
3.49

	
0.69




	
Q4.4

	
South terminal

	
93

	
3.38

	
0.74

	
−0.688

	
0.492




	
North terminal

	
45

	
3.47

	
0.69




	
Q4.5

	
South terminal

	
93

	
3.63

	
0.87

	
2.294

	
0.041 *




	
North terminal

	
45

	
3.33

	
0.64




	
Cabin, snack store, toilet

	
Q5.1

	
South terminal

	
93

	
3.69

	
0.93

	
2.379

	
0.019 *




	
North terminal

	
45

	
3.31

	
0.73




	
Q5.2

	
South terminal

	
93

	
3.78

	
0.81

	
2.474

	
0.015 *




	
North terminal

	
45

	
3.42

	
0.81




	
Q5.3

	
South terminal

	
93

	
3.94

	
0.86

	
2.362

	
0.020 *




	
North terminal

	
45

	
3.58

	
0.78








* p < 0.05, ** p < 0.01; SD: standard deviation.
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Table 4. Results of the t-tests for walking satisfaction per age group.
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Independent Sample t-test




	
Items

	
Group

	
N

	
Mean

	
S.D.

	
t

	
p-Value






	
Q1.1

	
Group 1: 60>

	
105

	
3.50

	
0.798

	
0.437

	
0.663




	
Group 2: 60<

	
33

	
3.42

	
0.867




	
Q1.2

	
Group 1: 60>

	
105

	
3.31

	
0.974

	
−0.259

	
0.796




	
Group 2: 60<

	
33

	
3.36

	
0.895




	
Q1.3

	
Group 1: 60>

	
105

	
3.25

	
0.806

	
0.032

	
0.974




	
Group 2: 60<

	
33

	
3.24

	
0.792




	
Q1.4

	
Group 1: 60>

	
105

	
3.54

	
0.888

	
−0.014

	
0.989




	
Group 2: 60<

	
33

	
3.55

	
0.971




	
Q1.5

	
Group 1: 60>

	
105

	
3.28

	
1.005

	
−0.756

	
0.451




	
Group 2: 60<

	
33

	
3.42

	
0.902




	
Q1.6

	
Group 1: 60>

	
105

	
3.20

	
0.881

	
−0.729

	
0.467




	
Group 2: 60<

	
33

	
3.33

	
1.021




	
Q2.1

	
Group 1: 60>

	
105

	
3.90

	
0.827

	
0.153

	
0.879




	
Group 2: 60<

	
33

	
3.88

	
0.927




	
Q2.2

	
Group 1: 60>

	
105

	
3.77

	
0.973

	
−1.160

	
0.248




	
Group 2: 60<

	
33

	
4.00

	
1.031




	
Q2.3

	
Group 1: 60>

	
105

	
3.75

	
0.794

	
−0.032

	
0.974




	
Group 2: 60<

	
33

	
3.76

	
0.867




	
Q3.1

	
Group 1: 60>

	
105

	
3.46

	
0.832

	
−1.829

	
0.070




	
Group 2: 60<

	
33

	
3.76

	
0.792




	
Q3.2

	
Group 1: 60>

	
105

	
3.28

	
0.925

	
−2.871

	
0.005 *




	
Group 2: 60<

	
33

	
3.79

	
0.781




	
Q3.3

	
Group 1: 60>

	
105

	
3.02

	
0.832

	
−2.176

	
0.031 *




	
Group 2: 60<

	
33

	
3.36

	
0.653




	
Q3.4

	
Group 1: 60>

	
105

	
3.16

	
0.774

	
−1.907

	
0.059




	
Group 2: 60<

	
33

	
3.45

	
0.754




	
Q3.5

	
Group 1: 60>

	
105

	
3.10

	
0.784

	
−0.704

	
0.482




	
Group 2: 60<

	
33

	
3.21

	
0.696




	
Q3.6

	
Group 1: 60>

	
105

	
3.18

	
0.886

	
−1.439

	
0.152




	
Group 2: 60<

	
33

	
3.42

	
0.708








* p < 0.05, ** p < 0.01.
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Table 5. Results of the ANOVA tests for walking satisfaction per residential location group.






Table 5. Results of the ANOVA tests for walking satisfaction per residential location group.





	
ANOVA Test




	
Items

	
Sum of Squares

	
Degree of Freedom

	
Mean Square

	
F-Value

	
p-Value






	
Q1.1

	
3.769

	
2

	
1.885

	
2.936

	
0.057




	
Q1.2

	
2.608

	
2

	
1.304

	
1.446

	
0.239




	
Q1.3

	
1.036

	
2

	
0.518

	
0.808

	
0.448




	
Q1.4

	
1.026

	
2

	
0.513

	
0.622

	
0.538




	
Q1.5

	
2.894

	
2

	
1.447

	
1.518

	
0.223




	
Q1.6

	
1.806

	
2

	
0.903

	
1.081

	
0.342




	
Q2.1

	
0.337

	
2

	
0.169

	
0.232

	
0.793




	
Q2.2

	
0.164

	
2

	
0.082

	
0.083

	
0.921




	
Q2.3

	
0.809

	
2

	
0.404

	
0.615

	
0.542




	
Q3.1

	
3.414

	
2

	
1.707

	
2.533

	
0.083




	
Q3.2

	
7.372

	
2

	
3.686

	
4.620

	
0.011 *




	
Q3.3

	
2.520

	
2

	
1.260

	
1.977

	
0.142




	
Q3.4

	
5.834

	
2

	
2.917

	
5.132

	
0.007 **




	
Q3.5

	
2.280

	
2

	
1.140

	
1.989

	
0.141




	
Q3.6

	
4.423

	
2

	
2.212

	
3.153

	
0.046 *








* p < 0.05, ** p < 0.01.
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Table 6. Results of the multiple range tests for walking satisfaction (Q3.2, Q3.4, Q3.6) per residential location group.
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Multiple Range Test/Post-Hoc Test (Subset for Alpha = 0.05)




	
Walking Satisfaction in Q3

	
N

	
Mean ± SD

	
F-Value

	
p-Value

	
Post-Hoc

(Duncan)






	
Q3.2

	
Group 1: Mokpo citizen A

	
53

	
3.15 ± 0.77

	
4.620

	
0.011 *

	
A = B

B = C

A ≠ C




	
Group 2: Off-shore islander B

	
41

	
3.39 ± 1.05




	
Group 3: Nonresident C

	
44

	
3.70 ± 0.88




	
Total

	
138

	
3.40 ± 0.92




	
Q3.4

	
Group 1: Mokpo citizen A

	
53

	
3.15 ± 0.66

	
5.132

	
0.007 **

	
A = B

A ≠ C

B ≠ C




	
Group 2: Off-shore islander B

	
41

	
3.02 ± 0.82




	
Group 3: Nonresident C

	
44

	
3.52 ± 0.79




	
Total

	
138

	
3.23 ± 0.78




	
Q3.6

	
Group 1: Mokpo citizen A

	
53

	
3.13 ± 0.71

	
3.153

	
0.046 *

	
A = B

A ≠ C

B ≠ C




	
Group 2: Off-shore islander B

	
41

	
3.10 ± 0.92




	
Group 3: Nonresident C

	
44

	
3.50 ± 0.90




	
Total

	
138

	
3.24 ± 0.85








* p < 0.05, ** p < 0.01; SD: standard deviation.
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