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Abstract

:

Mobility services facilitate various tasks related to transportation and passenger movements. Because of the Fourth Industrial Revolution, the importance of mobility services has been recognized by many countries. Thus, research is ongoing to provide more convenience to passengers and to obtain more efficient transportation systems. In the Republic of Korea, the officials of Gyeonggi Province are interested in providing an advanced mobility service to its residents; however, they still do not have any specific or detailed policies. This study aimed at deriving the key issues facing mobility services, especially in the case of Gyeonggi Province, by using a text mining technique and a clustering algorithm. First, a survey was taken by traffic and urban experts to collect reasonable plans for Gyeonggi-Province-type mobility service, and a morpheme analysis was then used for text mining. Second, the results reveal that the term frequency–inverse document frequency (TF-IDF) algorithm has better performance than frequency analysis. Third, the K-means application results in six clusters and six mobility service policy issues were determined by combining the words in each cluster. Finally, the methodology confirmed the validity and effectiveness of the proposed method by showing that the results reflect the current situation in the province.
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1. Introduction


For hundreds of years, transportation has been a major factor in establishing and maintaining social relationships. Additionally, it is a tool that facilitates the purchase of large amounts of daily necessities and lets people commute long distances to their workplaces [1]. Therefore, mobility service can be defined as a service that provides transportation to users and offers both higher convenience and shorter travel times, as it depends on advanced technology. Mobility services somehow depend on buses and subways (low-cost hub-oriented public transportation), but they mainly depend on taxis (high-cost personalized services). The two aforementioned types of mobility services revealed a critical weakness, as both price and convenience cannot simultaneously be achieved. This naturally led to the birth of mobility services in the sharing economy, such as Uber and Lyft, which have become the main keywords since 2010.



The rapid improvement in technology has contributed to the demand for personal mobility means, especially when covering short distances [2,3,4,5]. Such means have been used at relatively lower prices compared with taxis since late 2010. Additionally, several researchers have investigated Mobility as a Service (MaaS) [6,7,8] and other mobility services that depend on autonomous driving technology [9,10,11], which is one of the essential components in the artificial intelligence industry. By following the trend of the mobility-related technology development up to date, there were two possible expectations: the diversification of the types of mobility and the unification of all the mobility services using one platform. Thus, it is important to construct a mobility service system that can transport people rapidly to their destinations and to establish operational plans that satisfy the sustainability, convenience, and safety factors of mobility services. One of the related studies has shown that safety is the most considerable factor in providing future mobility services [12,13].



With the traffic situation in the Republic of Korea, both the traffic volume and travel time on public transportation tend to be proportional to the number of residents in a city or a province [14]. According to previous reports, the number of passengers in the Seoul metropolitan area in percentage was more than 71% in 2018, which led to the conclusion that the records are greater than twice that of all the other provinces and metropolitan cities [15]. Another aspect is the population movement within the Seoul metropolitan area, as there is an increase in the number of people moving from Seoul to Gyeonggi Province because of the continuous rise in the housing prices in Seoul since 2014 [16]. Therefore, the traffic volume and travel time between Gyeonggi Province and Seoul as well as in Gyeonggi Province is expected to grow based on the above statements. To deal with the potential issue concerning the increase in traffic congestion and the decrease in the convenience of the existing mobility services during rush hours, Gyeonggi Province needs to have a mobility service plan that reflects its current status to provide additional mobility services while maintaining the quality of the existing ones.



Despite the efforts of the officials of the Seoul metropolitan area and those of Gyeonggi Province, with proceeding research on providing future mobility services, traditional types of mobility services still dominate in both regions. Considering the current status of mobility services around the world, both governments need to establish policy issues to provide competitive mobility services as soon as possible. Especially in Gyeonggi Province, the goal of mobility service is to create a Gyeonggi-Province-type mobility ecosystem without traffic congestions and fine dust. It includes (1) the establishment of a systematic foundation for activating mobility, (2) the creation of an environment for the use of tangible mobility, and (3) the introduction of mobility at public buildings such as subway stations. However, detailed policies fitted to the province have still not been formulated, and it cannot achieve the goal without them.



This study aimed to derive a text-mining-based mobility service policy issues for evidence-based bottom-up policy making in a Gyeonggi-Province-type future mobility service to help the government formulate future and competitive mobility service policies. The methodology comprises text mining to extract meaningful information from experts through surveys and clustering algorithms to compare the similarities between words and create clusters with similar words. Since the words in the expert surveys are significantly relevant to the questions and have specific characteristics, detailed plans can be established to provide local customized mobility services if the methodology is applied.



The composition of this study is as follows. Section 2 introduces the existing studies in text mining, mobility service policies, and the status of Gyeonggi Province. Section 3 describes the methodology, and Section 4 verifies the application results and the validity of this research. Finally, Section 5 presents the conclusions of this study and future works.




2. Related Works


2.1. Mobility Service


The research topics on mobility services are divided into two types: mobility service platforms [7,8,17,18] and mobility [9,19,20,21,22,23,24]. As mentioned earlier, the studies conducted on mobility have contributed to the invention of various means of transportation (e.g., electric kickboards and electric bicycles), which shorten the necessary duration to arrive at a certain destination. Furthermore, many passengers now no longer have to walk for short distances.



In terms of mobility service platforms, unification is the main topic, meaning that all the means of transportation should be available in one application. Whim in Finland shows how such platforms help users. In the case of the Republic of Korea, Seoul and Gyeonggi Province, which have the most traffic, are in charge of most of the mobility research.



According to several reports written by the Seoul Metropolitan Government, a strategy has been prepared for smart mobility services (e.g., smart parking spaces), where it introduced MaaS and demand–response services in addition to a mobility market environment that can maintain the main public characteristics and build a sustainable smart mobility foundation in connection with urban redevelopment projects [25].



In November 2019, the Gyeonggi provincial government announced a strategy for promoting smart mobility, and it entailed setting up parking spaces for only smart mobility users at public facilities, new towns, and plans to expand smart parking spaces throughout the Gyeonggi Province [26]. However, there is a limitation in the lack of mobility services in the urban or provincial units, and the announced strategy merely focuses on personal mobility.



On the other hand, objects and actions need to be defined in order to create sustainable mobility policy issues. For mobility plans and policies, it is important to set and analyze objectives and actions [27]. In addition, research related to mobility policy needs to define inputs, activities, outputs, outcomes, and goals before formulating policies [28].



Therefore, components for mobility service issues will be required and described in Section 3 to clarify objectives and definitions.




2.2. Text Mining


When data analysis is in progress with unstructured data, text mining algorithms are required to extract meaningful numeric information from a corpus of words before applying machine learning algorithms [29]. These algorithms are essential for conducting natural language processing (NLP) tasks, such as machine translation, question answering, and speech recognition. In addition, text mining algorithms are applied to various fields such as medical field [30,31], education [32], transportation [33,34], politics [35,36], and smart city [34,37], etc. The following paragraphs have brief descriptions of three fundamental text mining algorithms.



One of the simplest ways for transforming text data into numerical data is to utilize the frequency of words. Bag-of-Words (BoW) model creates a list containing specific words based on a certain topic, and the frequency of each word in each document is recorded. These lists can be used to determine the importance of words. For example, words related to mathematics that are gathered into a list may be compared with words related to other subjects.



The document-term matrix (DTM) is a matrix based on the frequency of words in each document. Therefore, each column consists of the frequency of words and each row indicates the number of all words in a document. DTM is a generalized version of BoW and the importance of a word is determined by the frequency as well.



Unlike the above two methods, TF-IDF is able to solve the problem: not reflecting the true word importance. Two indicators in TF-IDF, which determine the weight of the importance of words, can be defined in various ways. DTM is also included in the process of calculating an indicator in TF-IDF, so this study selects TF-IDF for the text mining process to overcome the limitation of using frequency-based methods. Recently, several new algorithms have been proposed [38,39] to deal with the case of multiple documents in multiple objects. Since our data consist of one short document from each expert, TF-IDF, the proven and most frequently used text mining algorithm to extract numeric information, seems to be appropriate.



The further description and explanation of TF-IDF will be in the next section.




2.3. The Status and Major Issues of Mobility in Gyeonggi Province


2.3.1. Description of the Study Site


The Gyeonggi Province has an area of 10,184 km2, approximately 10% of the entire country, and it is a part of the Seoul metropolitan area as it surrounds the capital area. Its population is more than 13 million as of 2020, which is the biggest number among Korean provinces and cities. The province comprises 31 local governments, and the population in ten cities has already surpassed 500,000 or even one million, which is the basic condition of becoming a metropolitan city. Figure 1 illustrates the location and the above-mentioned information about the province. The current status and main issues of mobility in Gyeonggi Province are identified through Strengths, Weaknesses, Opportunities, Threats (SWOT) analysis in the following section.




2.3.2. SWOT Analysis on Mobility in Gyeonggi Province


Before applying our proposed methodology, a report examining the status of the mobility services in Gyeonggi Province was conducted by the Gyeonggi Autonomous Driving Center [40]. Several methods were applied to understand the background in the province in terms of planning mobility service policies. In this study, the SWOT analysis appears to be appropriate for verifying the mobility service policy issues using the proposed process. Figure 2 visualizes the results of the SWOT analysis.



	
Strengths






The Gyeonggi Province has the fifth largest area in the Republic of Korea and is one of its most populous regions. Furthermore, it has high accessibility to Seoul and builds a network environment to discover potential private resources. Additionally, many people prefer to live there because of its convenient conditions, such as housing, industry, and transportation.



	
Weaknesses






In Gyeonggi Province, the accessibility limitations due to the geographical breadth, as mentioned in the strength section, were analyzed as weaknesses. More significantly, there is a relatively heavy regional bias in the transportation services among 31 administrative districts (28 cities and 3 counties). Other mobility-related weaknesses include the inability to predict the growing demand for transportation, lack of opportunity to use resources by excessive development restriction zones, etc.



	
Opportunities






The population of Gyeonggi Province, which was only 8.98 million in 2000, has been rapidly growing every year, with 11.38 million in 2010 and 13.34 million in 2020. Because of this trend, the first and second new town developments have been successfully completed, and the third one is in progress. The major opportunity factor was determined by raising the necessity of introducing new means of transportation during the construction of the new town development. Other opportunity factors include recognizing the balanced developments in underprivileged communities and supporting the need for introducing eco-friendly transportation.



	
Threats






One of the biggest threats, which is related to the external environment in Gyeonggi Province, is the high cost of research and development caused by the continuously soaring land prices. For next-generation mobility systems, such as autonomous driving and cooperative-intelligent transport systems, to be successfully applied, advanced road infrastructure must be established. However, increasing the local government burden and management costs can increase the development costs. Other threats include decreasing the rural population, imperfect the legal systems related to smart mobility, overlapping urban functions, and repeating the implementation of the same projects.






3. Methodology


This chapter explores a research methodology for deriving Gyeonggi-Province-type mobility service policy issues. In this study, topics related to the final mobility service policy were selected through data collection, data preprocessing, and data analysis phases, as shown in Figure 3. The selected topics in conjunction with the SWOT analysis of the current status of Gyeonggi Province were verified as policy measures for the Gyeonggi Province mobility services. In short, our goal is to define customized mobility service policy issues for Gyeonggi Province. Inputs are experts’ answers, and activities include text preprocessing, text mining, and clustering algorithms. Outputs are the result from text mining, and outcomes will be the results from K-means. Each component will be described in the next section.



3.1. Data Collection


The survey data were collected by experts working in public institutions and universities to come up with a plan to establish mobility services in Gyeonggi Province. The criteria for selecting experts were as follows: those who have obtained a doctorate degree in transportation or a related field or those who have conducted research in the mobility field for at least 5 years after obtaining a master’s degree. Furthermore, their research area needed to be related to Gyeonggi Province.



The survey consisted of two parts: analytic hierarchy process (AHP) and short essay. Selected experts were required to evaluate factors in mobility service in AHP part (e.g., convenience vs. accessibility, safety vs. eco-friendliness) and write an essay of 500 characters or more about how to develop Gyeonggi-Province-type future mobility services. The survey was conducted and sent via e-mail twice in December 2019 and in February 2020 with a total of 36 experts.



The sociodemographic data of experts are summarized in Table 1. About 88.9% of the respondents were male. The age of the respondents was 41.1 years old on average, and the majority were between thirty-six and forty-five (61.6%). Most of the respondents had doctoral degrees (94.4%), and more than half of the respondents were professors.




3.2. Text Preprocessing


Text preprocessing is a stage in which the collected data are revised before detecting the numerical patterns. To derive words related to mobility service policies in this study, the answers to the questionnaire must be first separated and transformed from sentences into words. Therefore, the morpheme analysis performed in the preprocessing stage was used to distinguish the words and then correct any grammatical errors, such as removing any special characters and typographical errors to obtain accurate analysis results. The morpheme analysis is a method in NLP, and it simply divides sentences into morphemes, which are the most basic forms of words. A custom dictionary was built for the morpheme analysis to recognize the specific words in the mobility service field. Then, each expert’s opinion was divided into morphemes based on the dictionary.



Additional preprocessing work was conducted for the following classifications of morphemes: (I) Before removing the stop words, the unnecessary morphemes (e.g., conjunction and postpositional particle) were defined as stop words in each document. (II) The different morphemes that indicate the same words were unified for counting purposes. (III) The uppercase letters in the words were converted to lowercase letters for the same purpose.




3.3. Frequency Analysis


The frequency analysis is the most representative way to quantify the importance of words through their frequencies. In the field of smart cities, using text mining, a frequency analysis was performed in 116 documents to define the smart city concept, and 40 keywords were chosen to define smart cities. Various visualizations, such as the word cloud, were also conducted for further analysis [31]. In this study, the frequency analysis aimed to compare the top-ranking keywords related to mobility services using the frequency analysis and TF-IDF algorithm.




3.4. TF-IDF


TF-IDF is an algorithm that quantifies how important a word that exists in multiple documents is in each document by using several frequency types. In text mining, it is used to overcome the frequency analysis limitation: not finding out the essential keywords for representing a topic, as the importance of a word is only determined by the number of times it appears in all the documents. However, the TF-IDF penalized frequent words that existed in all the documents because it considered them not as important words in the answers of the survey but just as a part of the words related to the topic. The elements included in the TF-IDF are the term frequency (TF), document frequency (DF), inverse DF (IDF), and TF-IDF term weights. The definition and formula of each element are explained below.



3.4.1. TF


TF means the frequency of a word that exists in one document. To date, various methods of calculating the TF have been presented. Furthermore, a study has previously described other types of the TF, such as the Boolean frequency and augmented frequency [41], to prevent the divergence of weights when the length of a document is too large [42]. However, considering the 36 samples and the length of each document, in this study, the TF was defined as the number of each word in each document. If there are N documents and a function to obtain TF for a word  w  in document d is   f  (  w , d  )   , the formula for calculating the TF in this study would be as follows:


  t f  (  w , d  )  = f  (  w , d  )   



(1)








3.4.2. DF


DF refers to the number of documents in which a particular word exists, and it can also be represented by the total sum of Boolean frequencies. The DF is mainly utilized to calculate IDF in the TF-IDF. The related formulas of the DF are expressed as follows:


  d f  (  w , d  )  =  {      1 ,     i f   w   e x i s t s   i n   d       0 ,     O t h e r w i s e        



(2)






   d f  ( w )  =   ∑   d = 1  N  d f  (  w , d  )     



(3)








3.4.3. IDF


The most important feature in TF-IDF is to lower the weight by imposing penalties on the words appearing in all the documents. This role is performed using IDF, which is simply the reciprocal of the DF. In some researches, the logarithm of the IDF is applied to its equation [43,44,45] in the case of divergence of weights based on the number of documents and the possibility of not penalizing words that exist in most of documents.



For the same purpose, the natural logarithm of the IDF has a representation in this study, and one was added to the denominator to prevent the condition from being undefined before evaluating the natural logarithm of the equation [46]. The formula for determining the IDF is as follows:


  i d f  (  w , d  )  = l o g  N  1 + d f  ( w )     



(4)








3.4.4. TF-IDF Term Weights


TF-IDF term weights represent both the importance of a word in total and in each document, and it is calculated by multiplying the TF and IDF. Unlike the BoW and DTM, the TF-IDF has the advantage of not having to consider the group of all the words from all the documents, which enables the quick computation and intuitive calculation of each frequency.



In this study, the 200 highest weights of the words in the TF-IDF were selected to derive the mobility service policy issues through the sum of the TF-IDF weights in each document.


  t f − i d f  (  w , d  )  = t f  (  w , d  )  ∗ i d f  ( w )   



(5)






   t f − i d f  ( w )  =   ∑   d = 1  N  t f − i d f  (  w , d  )     



(6)









3.5. Clustering


Clustering is a technique that is widely used in the unsupervised learning of machine learning and is utilized to classify unlabeled datasets. There are three main categories in clustering algorithms: partitioning, hierarchical, and model-based. In this study, K-means in partitioning clustering methods was chosen to determine the associations of the keywords selected using the TF-IDF.



3.5.1. K-Means


K-means is the most representative clustering algorithm that creates groups based on the distance between numerical data. First, the number of groups is specified to be randomly grouped. Then, the center point of each group is randomly designated. Each group calculates the distance between the data coordinates and the centroids. Next, each data belongs to the nearest group. Subsequently, each centroid is recalculated through the average of the coordinates of all the data in each group, and these steps are repeated until the result is optimized. The detailed description of the K-means is explained below in Algorithm 1:



	
Algorithm 1: K-means




	

	
 Input:

	
  K : t h e   n u m b e r   o f   c l u s t e r s  




	

	

	
  D =  {   x 1  ,   … ,  x N   }  : D a t a s e t ,    N  : t h e   l e n g t h   o f   D a t a s e t  




	

	
 Output:

	
  C =  {   C 1  ,   … ,  C K   }  : t h e   s e t   o f   c l u s t e r s  




	

	

	
  c =  {   c 1  ,   … ,  c K   }  : t h e   s e t   o f   t h e   c e n t e r   o f   c l u s t e r s  




	
 1 

	
     Randomly   Initionalize     c 1  ,  c 2  ,   … ,    c K  ,  




	
 2 

	
    ∀   i , j   Calculate   d  (   x i  ,  c j   )  ,   w h e r e   d  (  a , b  )  i s   t h e   d i s t a n c e   b e t w e e n   a   a n d   b  




	
 3 

	
    ∀   i   Find    j *  =   argmin  j  d  (   x i  ,  c j   )   




	
 4 

	
    ∀   i   Assign    x i    t o    C   j ∗     




	
 5 

	
    ∀   k   Relocate    c k  ,  




	

	


   C k  t + 1   =  1 n     ∑   i = 1  N    x i  ,   w h e r e    x i  ∈  C k t   












	
 6 

	
     Repeat    S t e p   2    to    5 ,    until   convergence   










3.5.2. Average Silhouette Method


The assessment metrics for determining the optimal number of groups, K, to be clustered can be mainly divided into internal and external assessments. The internal assessments measure the optimal K with the intra-cluster distances. The Dunn, Davis–Bouldin, and average silhouette method are typical internal clustering evaluation metrics. In this study, the average silhouette method was selected as a better metric than the aforementioned two metrics. The formulas related to the method are as follows:


    a   ( i )    =  1   |   C i   |  − 1     ∑   i ≠ j , j ∈  C i    d  (  i , j  )    w h e r e   i ∈  C i  ,    |   C i   |    i s   t h e   n u m b e r   o f   d a t a   i n   C l u s t e r   i    



(7)






    b   ( i )    =   m i n   k ≠ i    1   |   C k   |      ∑   j ∈  C k    d  (  i , j  )     



(8)






    s   ( i )    =    b   ( i )    −  a   ( i )        m a x     (   a   ( i )    ,  b   ( i )     )       



(9)






  S =  1 N    ∑   i = 1  N   s   ( i )      



(10)







Once calculating the silhouette coefficient    s   ( i )      for each group with the above equations, the average silhouette score S is determined for each K. Considering all S in each K, the method decides the optimal K where it corresponds to the highest S.






4. Results


4.1. Frequency Analysis Result


The results of the frequency analysis of the preprocessed survey data show that the words related to the survey topic, such as service, mobility, and Gyeonggi Province, are top ranked as described in Figure 4 and Table 2. The highest frequency word was “service” (243 instances) because of the nature of the survey. It seems that “service” appeared in most of the expert answers, and its frequency was about twice the frequency of the second most frequent word. The second most frequent word was “mobility,” which seems to have been written a lot for the same reason as for “service.”



The substantial words for providing mobility services start with the ninth-ranked word, “autonomous driving,” but it was clearly observed that there were insignificant words that cannot help to develop specific policies if the list of words up to the 30th most frequent word was considered.



This indicates that the frequency analysis results have limitations in carrying out this study, as seen in the example of the need for other measures to ensure that essential and specific words for planning and providing mobility services are ranked at the top. Additionally, the frequency of the words was one digit from the top 82nd place, indicating that only certain words monopolized the overall frequency. This can be confirmed through the plot, so other algorithms should complement these characteristics.




4.2. Result of the TF-IDF


Figure 5 and Table 3 show the results of applying the TF-IDF algorithm to overcome the limitations of the aforementioned frequency analysis. The words at the top of the list in the frequency analysis generally went down. It appears that the word with the highest weight was “vehicle,” as it is the word that could represent all the mobility services. “Electricity” has the second-largest weight, and it is another representative word for moving toward smart mobility services along with the popularization of electric vehicles. If the list of words up to the 10th place was considered, specific words such as “data,” “cities,” “taxis,” “payments,” and “autonomous driving” were distributed at the top to be able to form mobility service policy measures.



Therefore, “service,” the most frequent word in the frequency analysis, was typically ranked 45th because of the weight of the IDF, whereas “mobility” was ranked in 30th and 46th place in Gyeonggi Province. Similar to the frequency analysis, the average of all weights was 6.05, which is somewhat deviant compared with the weight of the top words. The difference between the words of a similar rank was not so significant that the graph in the TF-IDF is flatter than in the frequency analysis. The standard deviation of the TF-IDF algorithm was 5.51, which is half less than the value of the frequency analysis.



One of the advantages of text mining is that various visualizations are possible other than simple graphs. The word cloud is a typical visualization method, and a very effective way to visually compare the size of words in proportion to their weight.



The result of the word cloud represents the top 200 words in terms of the weights of the conducted TF-IDF algorithm in this study, and the words are located from the center to the outside of the cloud in the order of the large weights. The library, “wordcloud2,” in R was used to create a word cloud in this paper, and Figure 6 reveals that the words around the center correspond to specific ways of building mobility services.




4.3. K-Means Application Result


To derive the policy issues, the top 200 words were clustered based on the TF-IDF weight ranking. To proceed with the K-means, the weights of the words in each document were vectorized. The range was set from 2 to 50 to determine the optimal K. After the clustering process, the average silhouette scores were calculated for all the Ks, and the highest score was recorded when K was 6, as shown in Figure 7.



Table 4 shows a list of the keywords in each cluster, and Table 5 shows the results of establishing the Gyeonggi-Province-type mobility services policy plans by combining a list of the keywords in each cluster. In Table 4, keywords in each cluster were selected based on similarity with the top-ranked word in each cluster and the Gyeonggi Province’s mobility service policy measures were mainly divided into a mobility service, a service provision, and a research area. The six mobility policy issues listed in Table 5 were a combination of the keywords in each cluster and are verified by experts so that those policy issues may reflect the mobility service status of the study site. In the areas of the mobility services, clusters 1, 2, and 3 were included. Clusters 4, 5, and 6 represent the service provision and research areas. The details of the Gyeonggi-Province-type mobility policy issues derived by combining the words contained in the clusters are explained as follows.



The words in each cluster were arranged in the order of the TF-IDF weights. In the case of Cluster 1, there were words about the mobility itself, such as taxis, railways, vehicles, and payment systems. The policy in the cluster was to build an integrated transportation service that combines taxis and public transportation. As mentioned earlier, Finland succeeded in creating Whim, which uses both taxis and public transportation.



Cluster 2 included city, autonomous driving, and public transportation, so it is reasonable to think about combining autonomous driving and mobility, which has become the most controversial issue in the era of the Fourth Industrial Revolution. For Cluster 3, the Great Train eXpress (GTX), the Seoul metropolitan area, smart mobility, and shared transportation were included, so wide-area mobility services could be configured.



Since Cluster 4 contained words such as data, information, and platform, it is possible to think of a data platform that can store big data and provide users with raw data or information generated by mobility. Cluster 5 included words such as local government, research, consultative group, and control, which can be considered as a consultative body that researches mobility services.



Finally, a combination of words in Cluster 6 can refer to a competitive mobility service market not only in Korea but also globally. Given the current semi-public transportation system in Korea, building a mobility service that can perform well in the long term is important. Therefore, it is also necessary to create a market for self-sustainable mobility services that guarantee consistent availability and high utilization rates.




4.4. Verification of the SWOT Analysis Result in Gyeonggi Province


Figure 8 shows the result of the SWOT analysis of the current status of the Gyeonggi Province and the association with the mobility service policy measures derived from each cluster.



First, the mobility policy issue to establish an integrated payment system for taxis and public transportation is suitable for situations in which it is difficult for public transportation alone to effectively cover all the areas due to the accessibility limitations. Therefore, the first policy issue may overcome the deepening regional bias and geographical breadth of transportation services, which are weaknesses held by the Gyeonggi Province. Since the infrastructure of public transportation is relatively insufficient for those who live in the underprivileged areas of the Gyeonggi Province, Gyeonggi Province will likely be able to distribute its share of residents to rural areas if it develops a mobility platform that can make passengers arrive at their destinations with taxis and/or public transportation together.



Given the current situation in which the population of Gyeonggi Province continues to rise, autonomous-driving public transportation in urban areas can satisfy both the needs of introducing new transportation with ongoing new town projects. Furthermore, an advanced public transportation system can establish various routes without expanding labor costs. If level 5 autonomous-driving public transportation becomes a reality, it can prevent the overcrowding of certain road sections in advance by providing demand–response mobility services.



The GTX-based shared transportation service in the Seoul metropolitan area can lead the era of the Fourth Industrial Revolution by attracting various industries due to the development of wide-area transportation. The Ministry of Land, Infrastructure, and Transport plans to expand the wide-area transportation networks in metropolitan areas by establishing various wide-area transportation policies, including GTX, which connects Seoul and the Gyeonggi Province [47]. Through this, it would be possible to encourage the establishment of various companies, such as manufacturing, finance, and IT companies, based on the low costs and high convenience that are associated with wide-area mobility services. Additionally, it would be possible to secure competitiveness in secondary and tertiary industries by utilizing the potential resources of the Gyeonggi Province.



Future mobility services can become a reality with the task of building data platforms for providing transportation services. Currently, the population of the Gyeonggi Province is increasing, which makes it difficult to predict the traffic volume or transit demand in certain sections. Therefore, a data collection platform for data analysis should be established to lay the foundation for conducting research on mobility services as well as forecasting the traffic demand.



The research on mobility services through institution collaborations is a measure to address the increase in the local government’s burden, the management costs of implementing the current Gyeonggi Province project, and the lack of smart-mobility-related legal and institutional systems. To reduce service costs, cooperation between the Gyeonggi Province and commercial companies is essential, and a fair system should be established to minimize the unfair cases involving damages to users to secure the safety of mobility services.



The self-sustaining mobility market is a significant policy issue for the utilization of potential private resources and networks in Gyeonggi Province and for the balanced development of each local government. According to the current status of mobility services in Gyeonggi Province, the losses incurred in the public transportation sector are covered by the provincial government. Although public institutions can bear the burden by defining the mobility services in Gyeonggi Province as a public sector for a while, securing the economic feasibility of the mobility service market is most urgent to provide equal mobility services in all the cities in Gyeonggi Province. Therefore, measures should be devised to reflect the resources and networks possessed by Gyeonggi Province in the mobility market.





5. Conclusions


5.1. Summary and Implications


In this study, an exploratory research was conducted on the development of the forthcoming mobility service policy by utilizing a text mining technique. The content was collected and analyzed through interviews with 36 experts from various fields of transportation, cities, policies, and autonomous driving while focusing on the case of Gyeonggi Province, which has the nation’s largest local government and is at the center of the regional and inter-regional traffic issues. Additionally, the search for future mobility service policies in the Seoul metropolitan area was highly useful, as various transportation policies are also centered in Seoul and Gyeonggi Province.



Here, the K-means, one of the most popular clustering methods, was borrowed to derive mobility policy measures in the Seoul metropolitan area, and key keywords for the Gyeonggi-Province-type mobility services were derived based on the TF-IDF algorithm. Ultimately, a clustering analysis was conducted to derive the Gyeonggi-do mobility service policy issue. In the paradigm of the Fourth Industrial Revolution, exploratory approaches to shared transportation, autonomous driving, and integrated transportation services were implemented.



As mentioned above, the clustering results showed the Gyeonggi-Province-type mobility policy issues, which can be concluded in six plans as follows: (1) transportation services based on the integration of public transportation, (2) the introduction of a self-driving public transportation system in rural areas, (3) GTX-based inter-regional (capital area) and shared transportation services, (4) the establishment of a data platform to provide transportation services, (5) deriving mobility services through cooperation with various institutions, and (6) the creation of a self-sustaining mobility ecosystem.



Compared with the strengths, weaknesses, opportunities, and threats of Gyeonggi Province, these policy proposals, which were created using our proposed methodology, agree with the conditions of the abundant resources and traffic locations in Gyeonggi Province, the introduction of new means of transportation due to the spread of urban planning, and the convenience enhancement in various industries and transportation processes through the expansion of wide-area transportation networks.



This study is valuable as an exploratory study. Policy issues related to future mobility have been addressed around the keywords, so the possibility of classification analyses can be investigated by extracting the major words from the experts’ answers in various fields in the future. By calculating the importance of specific words in a particular topic, the same methodology can be applied in similar fields in the future to verify their validity.



Implications of our proposed methodology can be applied to various areas. First of all, it is the first research to create customized mobility service policy issues for Gyeonggi Province using text mining and clustering algorithms. Academically, our research has revealed that not only can Seoul’s mobility policy issues be derived through the same process, but also the methodology can formulate customized policy issues related to any area with expert surveys. Second of all, results from our proposed methodology will help each local government’s officials to establish policies. It is important for them to summarize the opinions of experts. Our methodology will give them an opportunity to save time for summarization and understand key issues before making decisions on formulating policies.



Limitations also exist because of the keyword extraction analysis of the survey. Policy issues by our proposed methodology could be normative and declarative because they are not clustered based on quantitative data but on the importance of keywords. However, our proposed methodology showed that the importance of keywords, which is qualitative data, can transformed into quantitative value. Furthermore, policy issues in the near future can be derived from a group of experts who have knowledge of the past progress in mobility services, the current awareness of problems, and future mobility predictions. Since Coronavrius disease of 2019 (COVID-19) has led to changes in all areas, including politics, economy, society, culture, and science, the mobility sector should also make an active breakthrough with the exploration of new policy issues and preemptive challenges.




5.2. Limitations and Future Research


This study is one of the leading works to suggest the establishment of future mobility service policies using text mining techniques. However, the lack of sufficient experts in the field of future mobility has the following limitations. First, there were only 36 experts who majored in urban and transportation sectors because of the lack of sufficient experts in the field of future mobility who understand the current situation in Gyeonggi Province. Although research with expert groups does not consider the number of samples significantly, obtaining at least 15 samples is encouraged [48,49] and there is some research that calculated the minimum required experts [50,51]. Based on the equation in the researches, the paper needs at least 33 experts with a statistical significance level of 0.05. However, the reliability of the study can significantly increase with the increase in the number of respondents to the survey [52]. Thus, further research needs to be conducted after finding more experts in more diverse areas. Second, since the research area has been limited to Gyeonggi Province, the results of the study may include some locality issues. Although the research applications can be used in other regional mobility policies, their effectiveness may vary depending on the regional characteristics (e.g., traffic level, infrastructure, and population). Therefore, it is necessary to conduct future studies similar to this study as examples in other regions to compare and analyze the direction of inter-regional mobility policies.
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Figure 1. Gyeonggi Province description. 
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Figure 2. SWOT analysis result in Gyeonggi Province. 
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Figure 3. The framework of our proposed methodology. 
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Figure 4. Bar chart for the frequency analysis result on the mobility service survey. 
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Figure 5. Bar chart for term frequency–inverse document frequency (TF-IDF) result on mobility service survey. 
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Figure 6. Word cloud of the TF-IDF result on the mobility service survey. 
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Figure 7. Line chart of the average silhouette score for the K-means. 






Figure 7. Line chart of the average silhouette score for the K-means.



[image: Sustainability 12 10482 g007]







[image: Sustainability 12 10482 g008 550] 





Figure 8. Results of the confirmation of the association between the policy plans and the Gyeonggi Province SWOT analysis. 
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Table 1. Descriptive statistics for survey sample.
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	Sample Attributes
	Category
	Number (%)





	Sample size
	
	36



	Gender
	Male

Female
	32 (88.9)

4 (11.1)



	Age
	<36

36–45

45>
	9 (25.0)

22 (61.1)

5 (13.9)



	Degree
	Master

Doctor
	2 (5.6)

34 (94.4)



	Major
	Transportation

Urban
	28 (77.8)

8 (22.2)



	Occupation
	Professor

Researcher
	20 (55.6)

16 (44.4)
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Table 2. Result of the frequency analysis of the mobility service survey.
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	Name
	Frequency
	% in Total
	Document Frequency





	Service
	243
	4.72%
	32



	Mobility
	122
	2.37%
	28



	Gyeonggi Province
	97
	1.88%
	28



	Provision
	94
	1.82%
	26



	Public Transportation
	79
	1.53%
	24



	MaaS
	60
	1.16%
	19



	Region
	58
	1.13%
	23



	Use
	56
	1.09%
	23



	Autonomous Driving
	54
	1.05%
	19



	Integration
	53
	1.03%
	19



	Traffic
	50
	0.97%
	20



	Means of Transportation
	49
	0.95%
	18



	Construct
	45
	0.87%
	19



	Vehicle
	44
	0.85%
	14



	Affiliate
	43
	0.83%
	21



	Structure
	43
	0.83%
	20



	Bus
	38
	0.74%
	17



	System
	37
	0.72%
	20



	Development
	36
	0.70%
	17



	Share
	36
	0.70%
	17



	City
	36
	0.70%
	13



	Adopt
	36
	0.70%
	13



	Implement
	35
	0.68%
	18



	Electricity
	34
	0.66%
	11



	Management
	33
	0.64%
	19



	User
	30
	0.58%
	13



	Taxi
	30
	0.58%
	11



	Pass
	30
	0.58%
	13



	Problem
	29
	0.56%
	17



	Plan
	28
	0.54%
	12



	Research
	28
	0.54%
	13



	Local Government
	26
	0.50%
	12



	Technology
	25
	0.49%
	11



	Information
	24
	0.47%
	8



	Policy
	24
	0.47%
	15







MaaS, Mobility as a Service.
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Table 3. Result of TF-IDF of mobility service survey.
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	Name
	TF-IDF (w)
	Avg.
	Std.
	Rank in Freq.





	Vehicle
	38.52
	1.07
	2.06
	14



	Electricity
	37.35
	1.04
	1.95
	24



	Data
	36.03
	1.00
	3.07
	37



	MaaS
	35.27
	0.98
	1.78
	6



	City
	34.00
	0.94
	1.79
	21



	Introduce
	34.00
	0.94
	1.68
	22



	Information
	33.27
	0.92
	2.19
	34



	Taxi
	32.96
	0.92
	2.48
	27



	Payment
	32.75
	0.91
	2.16
	39



	Autonomous Driving
	31.74
	0.88
	1.10
	9



	Transportation
	31.31
	0.87
	1.31
	12



	Integration
	31.15
	0.87
	1.18
	10



	Link
	31.11
	0.86
	2.20
	43



	Fare
	30.50
	0.85
	1.83
	38



	Train
	29.46
	0.82
	2.07
	36



	Public Transportation
	28.81
	0.80
	0.88
	5



	Subway
	28.67
	0.80
	2.58
	49



	Transportation Service
	28.58
	0.79
	1.79
	41



	Smart
	28.56
	0.79
	3.40
	61



	Plan
	28.52
	0.79
	1.54
	30



	User
	28.33
	0.79
	1.47
	26



	Pass
	28.33
	0.79
	1.36
	28



	Technology
	27.47
	0.76
	1.44
	33



	Provision
	27.04
	0.75
	0.79
	4



	Traffic
	26.95
	0.75
	0.89
	11



	Ecosystem
	26.88
	0.75
	3.00
	51



	Local Government
	26.48
	0.74
	1.90
	32



	Construct
	26.45
	0.73
	1.03
	13



	Research
	26.44
	0.73
	1.56
	31



	Mobility
	26.38
	0.73
	0.76
	2



	Platform
	26.34
	0.73
	2.05
	44



	Bus
	26.34
	0.73
	1.02
	17



	Development
	24.95
	0.69
	1.01
	19



	Share
	24.95
	0.69
	1.03
	20



	Region
	23.52
	0.65
	0.77
	7
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Table 4. List of the keywords in the K-means on the mobility service survey.
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	Cluster 1
	Cluster 2
	Cluster 3
	Cluster 4
	Cluster 5
	Cluster 6





	Vehicle
	City
	Transportation
	Data
	Introduce
	Ecosystem



	Taxi
	Autonomous Driving
	Seoul Metropolitan Area
	Information
	Local Government
	Viable



	Payment
	Public Transportation
	Smart Mobility
	User
	Research
	Market



	Link
	Subway
	Shared Transport
	Platform
	Consultative Group
	Utilization Rate



	Train
	Pass
	Great Train eXpress
	Integrative
	Control
	



	Fare System
	
	
	Vitalization
	
	



	Integrated Transportation Service
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Table 5. List of the policy issue from K-means on mobility service survey.
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Gyeonggi-Province-Type Mobility Policy Issues






	
1.

	
Integrated Transportation Service with Taxi and Public Transportation




	
2.

	
Urban-based Autonomous Driving Public Transportation




	
3.

	
GTX-based Smart Shared Mobility in Seoul Metropolitan Area




	
4.

	
Data Platform for Providing Transportation Service




	
5.

	
Mobility Service Research through Institutional Collaboration




	
6.

	
Viable Mobility Market








GTX, Great Train eXpress.
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