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Abstract

:

We have been studying a sightseeing support application using Bluetooth Low Energy (BLE) beacons and mobile phones since 2014 to support sightseeing in Nikko, one of Japan’s World Heritage sites. Travelers can receive information relating to their position by using this application. We tried to use some psychological effects to increase travelers’ satisfaction when they receive such information. Moreover, we tried to emphasize travel memories of the place (scenery, culture, food, etc.) to encourage them to revisit or inspire their friends to visit it. Our tests prove the usefulness of our sightseeing support application for enhancing the travel experience. However, we had not yet developed a function to provide information that met the travelers’ intentions or needs. Moreover, it is hazardous to use a smartphone during walking, especially in an unfamiliar place. If a traveler uses a smartphone during walking, they might miss the beautiful scenery, historic buildings, and exotic atmosphere. We tried to adapt our sightseeing support application for use with a wearable device (smartwatch) to avoid using a smartphone during walking and introduced a prospect theory to evaluate information according to personal interest and behavior. Our experiments proved that our application provided the most appropriate sightseeing information to travelers and prevented danger during walking.
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1. Introduction


In the “Tourism Vision for Tomorrow’s Japan” [1], the government mentions a policy to develop “an environment where all travelers can enjoy tourism comfortably without stress” by utilizing Information Communications Technology (ICT) to promote inbound tourism and expand demand. In the “White Paper on Information and Communications 2016” [2] by the Ministry of Internal Affairs and Communications (MIC), personal blogs, travel portal sites, and HP of accommodation facilities are listed at the top as useful for foreign tourists to collect information before traveling. Furthermore, such information is becoming more multilingual and its utilization is progressing. However, to what extent can sightseeing be promoted by being “stress-free and comfortable”? Is it okay to deal with business tourists in the same way as tourists who visit Japan for leisure and fun? There is research showing that the essential feature of sightseeing is novelty [3], but what does the convenience of extending daily life bring to sightseeing? If the real pleasure of sightseeing is to stay in an unknown place away from the extension of daily life, ICT support for sightseeing does not necessarily lead to enjoying a stress-free time. However, sightseeing information is overflowing on the Internet. In particular, sightseeing sites based on social networking services (SNS), such as Qunar.Com and Trip Advisor, contain countless information generated by tourists themselves. Such information not only conveys the charm of the tourist spot to other tourists along with photographs, but also creates the satisfaction of the person who went to the tourist spot. This contributes to making tourism attractive. On the other hand, such a sightseeing support method has some problems. Usually, ordinary visits involve rushing to famous places in the area. However, local habits and unique sights that only local people know will not appear in such information sites except in rare cases. Even when they do, it is in the corner of guidebooks and websites and easy to miss. Therefore, if we could provide various types and levels of information according to tourists’ needs, we could expect an improvement in their satisfaction. In the past, human guides develop interactions between a guide and tourists [4]. They have played roles such as increasing the value of travel, especially at historical areas [5,6]. Moreover, “local tour guides are key players in mediating tensions between concurrent processes of localization and globalization” [7]. However, with the diversification of travel, this is becoming more difficult. For example, if a traveler visited a city before sightseeing, he/she would like to see a different town area. However, for a traveler who has not visited there, he/she would like to see the most popular sightseeing point. In another case, if it is too cold and raining, travelers would like to visit a museum rather than climbing a hill. Therefore, each traveler needs different information during a trip. How can we use ICT to increase tourists’ satisfaction and provide them with detailed information? We have been performing research to support tourism in Nikko, a World Heritage area in Japan, since 2014. Recently, the number of visitors to Nikko has decreased, so we aim to promote the Nikko area by supporting travelers using ICT.



This paper outlines our research history to develop a sightseeing support application by applying Bluetooth Low Energy (BLE) beacons and various psychological effects, especially for inbound travelers, and outlines the application based on behavioral economics developed last year to enable the optimum distribution of information.



The structure of this paper is as follows. Section 2 mentions related works. Section 3 introduces the enhancement of CogInfoCom model to meet our new sightseeing support application. In Section 4, we explain the history of studies on sightseeing support applications including psychological effects. Then, details of the behavior of the information delivery method based on behavioral economics are described in Section 5. Section 6 reports on the results of the experiments. Finally, a summary of our studies is given in Section 7.




2. Related Works


2.1. Tourism and Psychology


Some psychological studies exist as the basis of studies on tourism and psychology. A study about motivation is discussed in [8] using “Dynamic correlation model”. Moreover, the authors of [9] explained long-term change of motivation using “Cross-lagged panel correlational model” and “Maslow’s hierarchy of needs” [10]. In these studies, motivation is explained as the difference between positive impression and negative impression. To explain behavior prediction, the authors of [11] explain the case with multiple choices and the authors of [12] explain the importance of bland. Furthermore, some studies of motivation of trip have been performed based on these researches such as in [13].



Another direction is based on the mental model relating to a trip. A paper by Tae-Hee Lee and Crompton, J. [3] introduced the concept of “Tourism Novelty Scale”. This idea is based on the idea that people want to travel to be something they cannot experience in their daily lives. In Japan, the authors of [14] analyzed the travel and introduced ideas similar to the “Tourism Novelty Scale”. The peculiarities of tourism synchronization are discussed in [15], which introduces five motivations for sightseeing, i.e., to relieve tension (the pursuit of tension), to have fun (the pursuit of entertainment), to deepen relationships (or, strengthen relationships), to enrich knowledge (promotion of knowledge), and for self-growth (self-expansion). Although not necessarily in the same in terms, such work provides the basis for pursuing novelty in this research and establishing an evaluation axis. As an example of the use of psychological effects for sightseeing, the work in [16] introduced the idea of using the Zeigarnik effect [17] to increase repeaters. Some researchers used behavioral economics in travel planning to select transportation and optimize time [18,19]. However, there is no example of applying it to select information during the trip.




2.2. Tourist Support by ICT


2.2.1. Smart Tourism


There are many studies for the management of tourism using ICT.



“Smart tourism” is a word to describe a foundation of ICT-based tourism. Its definition is described as “to describe the increasing reliance of tourism destinations, their industries and their tourists on emerging forms of ICT that allow for massive amounts of data to be transformed into value propositions” in [20]. A similar word is “Smart Tourism Ecosystem (STE)” [21], which is a “digital ecosystems and smart business networks as conceptual building blocks”. Furthermore, “Smart Tourism Destination (STD)” is a scenario for destination management as described in [22]. The importance to provide “personalized experiences” is mentioned in [23]. How the use of technology “before, during, and after” the visit influences the tourist experience is described in [24]. The new idea called “Ambient Intelligence (AmI) Tourism” is described in [25] to rebuild the ecosystem of tourism. The “Smart Tourism Technology (STT)” is an idea to support to decide the destination. The work in [26] described which information is useful to increase the satisfaction of the.



These researches provide a good idea of frameworks of tourism support by ICT; however, these researches do not mention evaluating the tourism support applications.




2.2.2. Mobile Phone Applications


The number of existing smartphone applications for sightseeing is huge [27]. They work as an electric version of guidebooks and usually provide information on restaurants, souvenirs, weather forecasts, MAP, etc. In Japan, there were 666 mobile applications for sightseeing as of March 2015 [28]; 96% of them are free. However, they are not used; 69% of them were downloaded less than 1000, and 9.1% were downloaded less than 10,000. The average number of downloads of the pied application was less than 500.



Some examples of sightseeing support applications are as follows.



A personalized sightseeing information application is explained in [29]. An application for cultural heritage recommendation is introduces in [30]. Moreover, a platform of sightseeing application for cultural heritage is discusses in [31].




2.2.3. BLE Beacon


IoT is now becoming popular, and there are researches using IoT for sightseeing. One of the most popular technologies of IoT is a beacon using Bluetooth Low Energy (BLE) [32]. BLE has a function to send an “advertising message” to notice a BLE device’s existence. The outline of the behavior of BLE advertising is described in Figure 1. BLE has 40 channels, and a beacon uses three of them (channel 37, 38, and 39) to send an advertising message in the prefixed interval. An advertising message can reach about 100 m on the street and 20 m in a forest in summer [33].



In an advertising message there are two pieces of crucial information: one is UUID that is a unique id of a BLE device (16 octets), and the other is Major/Minor flags (2 octets each). Such information is used to indicate the location of a beacon. There are many types of research to use BLE beacon for indoor navigation such as [34,35]. However, there are not so many studies using BLE beacon outdoor to provide sightseeing information.



In addition, the work in [36] discusses on ubiquitous indoor navigation without a smartphone. In Europe, there are some projects to use IoT for sightseeing. One example was TAG CLOUD (Technologies lead to Adaptability and lifelong enGagement with culture throughout the CLOUD) [37]. This is an information providing service that combines a smartphone with a QR code or IC tag at famous places in Europe (Alhambra in Spain, Trendaim in Norway, The Barber Institute of Fine Arts in the UK, etc.). However, the TAG CLOUD requires access to the cloud, and its usability is limited in suburbs and buildings where such access is difficult.






3. CogInfoCom


In this section, we discuss the relationship between the cognitive model of our application and the CogInfoCom model in [38,39]. The CogInfoCom model includes “intra-cognitive infocommunications” and “inter-cognitive infocommunications” (p. 77 in [38]). “Inter-cognitive infocommunications” describe the relationship between a human and sensors or other autonomous cognitive systems. However, in the case of a cognitive model of sightseeing, we have to consider our memory, in other words, the inside of our brain. Figure 2 presents an idea to extend “inter-cognitive infocommunications” to describe the cognitive model of sightseeing and our application that works with BLE beacons. In [40], we extended the original model outlined in [38]. Figure 2a shows the original model of “inter-cognitive infocommunications”, and Figure 2b is the extension of it to describe the cognitive model for sightseeing. The difference between Figure 2a and Figure 2b is the position of “cognitive informatics”. In our sightseeing support system, BLE beacons are used only for providing location and not an active sensor. A smartphone receives a signal from the beacon, and a user reacts inspired by the information provided by the beacon. The activity causes the good or bad memory of the location and of the activity itself. This process is an example of cognitive informatics between the human activity and the memory in a brain. What is established between the location (beacon) and the cognitive model in a brain is instead an example of “inter-cognitive infocommunications”. In this paper, we extend the model again as shown in Figure 2c. This figure introduces intra-cognitive informatics to explain the information delivery path between a smartphone and a tourist. Usually, a tourist uses a smartphone for navigation. However, using a smartphone during sightseeing, especially while walking, is dangerous. Moreover, a tourist may miss noticing the beautiful scenery and historic buildings while he/she looks at the small screen. Therefore, we think it is essential for a tourist to use a wearable device instead of a mobile phone. Figure 2c explains that information from a smartphone is selected and prioritized based on his/her interest and behavior during sightseeing. A wearable device changes media of communication using vibration or audio. We defined this process as “intra-cognitive information”. We think selection and prioritization are essential for a tourist in this model. One of the problems in retrieving the information about a traveling area is the presence of excessive information on the Internet. If a tourist can use a smartphone, he/she can select the most appropriate information from the content listed on the screen. However, if a tourist does not use a smartphone, he/she can receive a small amount of information. Therefore, the quality and value of information should be high and minimized after the filtering. In this paper, we would like to explain how we designed the “intra-cognitive information” function in our sightseeing support application and discuss the results of our experiments.




4. History of the Development of a Sightseeing Support Application for Nikko


As explained in the previous section, we have been developing a sightseeing support application for inbound travelers since 2014 in the Nikko area. We first investigated what is the most attractive aspect of travel in Nikko [41]. Then, we tried to increase the expectation and satisfaction of travel. Nikko is one of the world heritage sites in Japan. There is the Toshogu Shrine [42] that is a gorgeous grave of Ieyasu Tokugawa, the first Shogun of the Tokugawa Era. However, now, Nikko is not so famous for foreigners. Research by travel agency displayed that Nikko is not listed in the top 30 locations where foreigners would like to visit [43].



In the Nikko area, tourists who walk from the Nikko Station to the Toshogu Shrine are mainly inbound tourists. They require support from smartphone applications since they are not familiar with the Nikko area. We used BLE beacons instead of GPS as GPS has a high battery consumption and is thus not suitable for sightseeing [44]. The outline of the information delivery using BLE beacons and a smartphone is described in Figure 3.



Figure 4 shows the photos of BLE beacon used in Nikko along the road from Nikko Station to Toshogu Shrine. Our research is separated into three parts, as described in Figure 5. In the following subsections, we explain the outline of each phase.



4.1. Phase1: Increase Repeaters


We performed research to develop sightseeing support information to increase tourists’ satisfaction from 2014 to 2016 [44,45,46]. A survey of tourists’ images of Nikko and verification of the effectiveness of using the app revealed that a large amount of information does not become effective to increase the number of tourists [47]. Therefore, we focused on the Zeigarnik Effect as a way to evidence the charm of travel and constructed a cognitive model of travel (Figure 6). According to the research studies on the psychology of sightseeing, travel is divided into three stages, i.e., before the trip, during the trip, and after the trip [15].



We extended this model based on the memory of a trip. A trip starts with expectations before the trip. If there is an element which has been “forgotten” or left a feeling of “unsatisfaction” in the awareness during the trip and in the memories after the trip, it will be kept long in the memory and trigger a revisit. Following this idea, our model of sightseeing has an “unknown” part. We used the Zeigarnik Effect to produce something “forgotten” or related with “unsatisfaction”. The Zeigarnik Effect is a psychological effect. If a person received incomplete information, he/she retains an interest in that aspect. It is possible to increase satisfaction and expectation if the information is partially hidden. We used a quiz-rally application to evaluate the effectiveness of the Zeigarnik Effect. Some quizzes were presented near a sightseeing spot, and a tourist was able to check the answer at that point. If the quiz was difficult and unfinished, the related feeling of dissatisfaction promoted interest and memory. We checked the memory of the testers about the Nikko area four times just before the trial, just after the trial, one month after, and two months after.



In 2016, from September to December, we had several trials. A total of 18 students cooperated to evaluate our cognitive model’s effectiveness to increase the impression of Nikko. They walked from Nikko Station to Toshogu Shrine following our navigation application “Nikko Kamen Navi” by answering quizzes. Just after they finish sightseeing, we asked two questions.



	
Q1: the impression about the application (5 levels Liker scale)



	
Q2: the impression of Nikko (5 levels Liker scale)






Two months after, we asked them about the impression of Nikko by using the same questioner. We got 3 clusters by analysis of Q1 as follows.



	
Cluster 1 (n = 7) : appreciated sound, color, and expression



	
Cluster 2 (n = 7) : appreciated overall impression and UX



	
Cluster 3 (n = 4) : appreciated quiz contents and visibility of the map






Table 1 shows the impression of Nikko on each cluster, the left side is just after the walking, and the right side is two months after. The bold font in the table means that the point was increased +0.5 or more two months after. The impression was emphasized in Cluster 3, who appreciated quiz contents. We can conclude that this is one of the pieces of evidence to prove the effectiveness of our cognitive model for sightseeing and the Zeigarnic Effect. We introduced the idea of the Zeigarnic Effect and our cognitive model to add an “unknown part” in the contents. A more detailed discussion is described in [45].




4.2. Phase 2: Classification of Sightseeing Information According to the Priority and UI Design


What kind of information is required when traveling for sightseeing purposes? The mental model of sightseeing does not answer this question. The information required for sightseeing was diverse, and in our analysis, it covered ten categories and 50 items, as explained in Figure 7. We used Maslow’s hierarchy of needs [10,48] to design the UI of the sightseeing application. Next, we mapped the information into Maslow’s hierarchy of needs, as shown in Table 2. We did not use the 7th layer, “Self-actualization needs”, as this need is not directly related to sightseeing.



Then, we designed a UI based on the mapping among sightseeing information elements and Maslow’s hierarchy of needs. The UI contains several buttons, such as “Weather”, “Information”, “Timetable of a bus”, “Map (current position, restroom, visitor center, rest house)”, “Information on the area (nature guide, shops)”, “Photos of seasons”, “Guidebook of birds, flowers and mountains”, “Stamp Rally”, “Pop-up information according to the received beacon signal”, “SNS”, and “Setting”. We tested two patterns: in the first pattern, levels 1 and 2 had higher priority (Layout-1), while in the second one level 5 and 6 had higher priority (Layout-2).



The two UI designs are shown In Figure 8. Moreover, we introduced buttons to access photos of four seasons and photo books of nature (mountain, flower, and bird) on the home screen. We tried to tempt a user to visit Oku-Nikko at the different seasons to introduce the Zeigarnic Effect in this application.



The outline of the experiment is described in Figure 9.



We performed an experiment to compare these applications.



The experiment was held from 19 February 2018 to 21 February 2018. Twenty students, eighteen male and two female, joined the experiment. After using the application, we asked them about the impression of the application by using the questioner. Some of the questions are listed below.



	
What was the useful information (multiple selections are possible)



	
What was the impressive information (multiple selections are possible)



	
The following ten items are evaluated on a scale of 1 (not good) to 5 (very good).



1. Easy to operate



2. The characters are easy to read



3. The amount of information is appropriate



4. Good design



5. Easy to read map



6. Ease of use of bus timetable



7. The button layout is correct



8. The pop-up is easy to see



9. The pop-up information is appropriate



	
Impression of the app (multiple selections allowed)



	
Impressions using the app (free description)






The impression of information is summarized in Figure 10.



As a result, when Layout-1 was used, the information on surrounding areas and on the time required to reach bus stops and major sightseeing spots included in restroom information and pop-ups using beacons was highly evaluated. When Layout-2 was used, the guidebook of birds, flowers, and mountains was highly evaluated. We think that the UI design based on the mapping among sightseeing information elements and Maslow’s hierarchy of needs is valuable.



The detailed discussion is described in [49,50].




4.3. Phase3: Optimization of Delivered Information


As explained in Section 3, one critical issue in using a smartphone for sightseeing is that there is too much information. Too much information not only makes selection difficult but also denies or complicates access to the information. This is a phenomenon called overload of clue [51]. In the information delivery using the BLE beacon that we are developing, one beacon provides one information. However, it is necessary to link various information to the beacon for practical use. For example, around a BLE beacon, there are not only shrines and temples but also souvenir shops and restaurants. However, of all that information, what is the most relevant for tourists? For example, it is conceivable to obtain the user’s profile and send the most appropriate information in consideration of triggers such as position and time. However, it is difficult to formulate a strategy for providing information that also assumes the user’s psychological and physical conditions. As a result, it is expected that similar information will be provided to tourists in the same pattern. It is essential to select and provide the most appropriate and in-demand information from the uncountable bits of information to increase tourists’ satisfaction. As shown in Figure 11, sightseeing information is to be provided following the change of user requirements. To implement a function to realize such a procedure, we first consider the value of information for each tourist and situation. Moreover, this function represents the “intra-cognitive informatics” as described in Figure 2.



Prospect Theory [52,53] is one of the important theories in behavioral economics. The theory has the following three features.



	
Reference Point is used for evaluation



	
Diminishing Sensitivity



	
Loss Aversion






Figure 12 shows a graph to explain the Prospect Theory [54]. This graph explains that the loss gives larger mental damage rather than gain. We tried to apply this idea to our sightseeing support application. It means deciding the information to be delivered based on the psychological value. According to Figure 12, if the value of the information is left as the reference point (the origin of the graph), the psychological value should be considered lower. The reference point is also changed by many reasons such as the knowledge and experiences, history of the daily behavior of a day of a tourist. If we can follow the change of the reference point, in other words, the mental state of a tourist, we think that it is possible to provide sightseeing information to increase travel expectation of the travel and satisfaction of the tourist.





5. Providing Information Based on Prospect Theory


5.1. Outline of the Technology for Providing Sightseeing Information


In this section, we explain our idea to provide appropriate information to a tourist. Original Prospect Theory is used to describe the value or impression according to an input such as earned money. However, in our sightseeing support system, the value of information varies according to the situation. For example, the information regarding the restaurant is valuable if it is provided when a tourist is hungry; whereas, the information is not valuable just after lunch. Therefore, it is important to change the value of the information in real-time, which can be carried out in two ways: The first way is to change the value of the information itself, and the other is to change the baseline of the evaluation. In the application, according to the limited calculation and storage resources, it is difficult to calculate the value while considering additional surrounding information. Therefore, we explained value as the difference between the predefined information value and the baseline of the evaluation. If a tourist is satisfied with the provided information, the baseline is up, and if they receive the information again, the value is slightly lower than the original value. According to the psychological state, if the information is not useful for a tourist, the value becomes poor, and the dissatisfaction level and mental damage increase. We tried to reflect the difference between positive and negative mental reaction in the information value evaluation algorithm that is based on the Prospect Theory.




5.2. Calculation of the Initial Value of Information


To calculate the value of information based on Prospect Theory, we classified information for sightseeing into four categories based on Maslow’s hierarchy of needs as described in Table 3.



As the basis of the classification of sightseeing information, we used levels 1, 3, 5, and 6 of Maslow’s hierarchy of needs. The reasons why we did not use levels 2, 4, and 7 are as follows. Level 2 is a “safety” need. Between the Nikko Station and Toshogu Shrine, that area is Nikko’s central part and a very safe place. Therefore, it is no need to provide safety information to a tourist. Level 4 is “esteem” needs, such as posting information to SNS so that such information is not needed to be provided by sightseeing application. Level 7 is “self-actualization” needs, and there is no need to provide such information.



We set some value factors that should affect the value of sightseeing information, which are based on the characteristics of the categories. Table 4 shows an example of the value factors of sightseeing information. The value factor index (I) was set in five stages, which ranged from 1 (lowest) to 5 (highest).



For example, based on a restaurant’s information included in Maslow’s biological and physiological needs, three information, i.e., “interest”, “rareness”, “environment”, and “location” are set. At the start of the application, the “interest” is the information provided in the questionnaire. The “rareness”, “environment”, and “location” are obtained when the information is added in the application’s database. For example, “JR Nikko Station” has the following information, as described in Table 5.



	
Maslow’s hierarchy of needs: Aesthetic needs



	
Category of information: Landmark



	
Value factors: Rarity:3, Attraction:2







5.3. Modification of Prospect Theory


In this subsection, we explain the formula for evaluating the value of information based on the modified Prospect Theory.


   U =  ∑  i = 1  n   W i  · V  ( Δ  I i  )    



(1)
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Formula (1) is used to calculate the value of information based on the Prospect Theory. The meaning of each parameter is as follows.



	
U : Utility (=overall value)



	
   W i    : Probability weighting function



	
   I i    : Value factor



	
   V ( Δ  I i  )    : Value function






Value function    V ( Δ  I i  )    is defined as Formula (2), where   α   =   β   = 0.88,    λ = 2.25    as described in [53].    Δ  I i     in (1) and (2) is a value between the current value and the value of the reference point. Using this parameter, we tried to control the change of value according to the situation.



There are several ways to calculate the probability weighting function    W i   . We used the Analytic Hierarchy Process (AHP) to calculate value factors [55] because it is possible to use the structure of the information value. AHP can be used to determine the importance between the whole and items from a paired comparison using the ratio of importance of each evaluation item. This is shown in Formula (4), where W is the importance of information and    i , j    are the numbers relating to value factors. Paired comparison matrix A =    [  a  i j   ]    is shown in Formula (5), n is the eigenvalue of matrix A. By finding the eigenvector for the maximum eigenvalue, the probability of each value factor    W i    can be calculated, and the value U of sightseeing information can be calculated.



A reference point is set to each category that is classified by using Maslow’s hierarchy of needs. As explained in Figure 13, after the proposed information is evaluated by a tourist, the value of the relating reference point is recalculated. The rule of changing reference point is described in Table 6. Sometimes the value of the reference point increases or decreases monotonously. To prevent the difficulty of calculating the value, we set the range of the reference point from 1 to N (odd number) and the initial value is     N 2    . If the value of the reference point reaches 1 or N, the value returns to     N 2    .




5.4. Example of Calculation of the Value of Information


5.4.1. Calculation of the Original Value of Information


We assume that the value factor    I 1    = 5, value factor    I 2    = 4, and value factor    I 3    = 3 are set and the reference points range from 1 to 5. By using the Formula (3), the original information value is    Δ  I i  =  I i     because     I 0  = 0   . From the Formula (2),    V  ( Δ  I 1  )  = Δ    I 1   α  =  5  0.88     ,    V  ( Δ  I 2  )  = Δ    I 2   α  =  4  0.88     ,    V  ( Δ  I 3  )  = Δ    I 3   α  =  3  0.88     . Then, the probability weighting function    W i    is calculated by using Formulas (4) and (5), and the decision matrix is shown in Table 7. The result is shown in Table 8.



As a result,     W 1  = 0.4167   ,     W 2  = 0.333   , and     W 3  = 0.2500   . Then, from the Formula (1),    U =  ∑  i = 1  n   W i  · V  ( Δ  I i  )    , the original information value is calculated as    U =  5  0.88   ∗ 0.4167 +  4  0.88   ∗ 0.3333 +  3  0.88   ∗ 0.25 = 3.5038   .




5.4.2. Calculation of Value Factor    I 0    Relating to a Reference Point


First, we assume     I 1  =  I 2  = ⋯ =  I n    . The probability weighting function    W i    is calculated by applying AHP, as explained in Formulas (4) and (5). The initial value of the decision matrix is described in Table 9. The result is shown in Table 10.



As the result,     W 1  =  W 2  =  W 3  = 0.3333    are obtained. If the value of a reference point is 3,    U =  W 1  ∗ V  ( Δ  I 1  )  +  W 2  ∗ V  ( Δ  I 2  )  +  W 3  ∗ V  ( Δ  I 3  )  = 3    are obtained. Then,    V  ( Δ  I i  )  = Δ    I i   α    ,    Δ  I i  = 3.484   , and     I 1  =  I 2  =  I 3  = 3.484    are obtained.




5.4.3. Calculation of Information Value U


Finally, we can calculate information value U when the case of the value of a reference point is three. By using the value factor     I 0  = 3.484    and the Formula (3),    Δ  I 1  = 1.516 , Δ  I 2  = 0.516 , Δ  I 3  = − 0.484    are obtained. Then, using (1) and (2);    Δ  I 1  = 1.516 , Δ  I 2  = 0.516 , Δ  I 3  = − 0.484   ; and     W 1  = 0.4167   ,     W 2  = 0.3333 ,  W 3  = 0.25   , the result of information value    U = 0.49   .





5.5. Outline of the Behavior of the Application


Figure 14 shows the outline of the behavior of the application.



A beacon sends a beacon ID to a smartphone. The information value is calculated in the smartphone, and the list of information based on the information value is generated in descending order. Then, the list is sent to a wearable device such as a smartphone. The information with the highest priority is displayed on the wearable device, and the audio information is provided. A tourist can add “Good” or “Not Good” to the presented information. A tourist also can see other information on a list and can do it the same way. If the “Good” or “Not Good” is provided, a reference point of information is updated based on a tourist’s action. A reference point is also calculated for each category classified by Maslow’s hierarchy of needs in a location near a BLE beacon.




5.6. Simulation of Calculation of the Information Value


In this subsection, we explain a simulation result of changing information value. We assume that the location of the BLE beacon is “Hatsuishi”, which is a round rock where “Shodo-Shonin”, the founder of Nikko, performed Buddhism training. The rock is located close to the main road, and a few people visit there regularly. We set four critical pieces of sightseeing information near “Hatsuishi”, as described in Table 11. The original value and modified value, according to the value of reference points. In this case, the value of the reference points, i.e., 2, 3, and 4, are shown in Table 12. Table 13 shows the log of information value during the experiment. At this location, we did not set information in the category of “Love and belongingness needs”. The maximum information value is different for each tester (indicated by * in the table). Each tester received different information based on their interest, desire, and behavior.





6. Experiment of Application Using Prospect Theory


6.1. Outline of the Experiment


The experiment aimed to conform to the effectiveness to provide appropriate sightseeing information to meet the traveler’s situation. We performed two experiments to evaluate the sightseeing application. The outline is described in Figure 15.



The first experiment was carried out on 9 and 10 December 2019. Fifteen students from Utsunomiya University participated in this experiment. Nine examinees used smartwatches (Apple Watch), and six examinees did not use them. The second experiment was carried out on 18 March 2020. Four students from Utsunomiya University joined this experiment, and all of them wore smartwatches (Apple Watch). Because of COVID-19, the large-scale experiment was not allowed by the university and government, so we experimented to confirm the parameters’ effect to calculate the information value using the Prospect Theory.



We evaluated the application by the following points.



	
Awareness of BLE beacon



	
Change of value of the reference point



	
Distribution of information value



	
Evaluation of the delivered information



	
Change of image of Nikko






Figure 16 shows the route of experiments from Nikko Station to Toshogu Shrine. There were 13 BLE beacons on the route, and the distance between two beacons was about 100 m.




6.2. Awareness of BLE Beacon


Figure 17 shows the number of noticed BLE beacons by the smartwatch users in the trials. In experiment 1, the average number of noticed BLE beacons was 10.3 (79.2%), and 11.9 (91.5%) in experiment 2. We think the number of noticed BLE beacon was not bad. The BLE beacon was installed every 100 m so that if a traveler missed receiving a signal from a BLE beacon, he/she could recover to get sightseeing information.




6.3. Change of Value of the Reference Point


The reference point was changed according to the rule.



Figure 18 and Figure 19 shows the history of changing the value of reference points by the responses of the testers in experiment 1 and 2, respectively. Each tester shows a different trend. The calculated information value differs according to based on the reaction of the presented information. This result displays that each tester received personalized and optimal sightseeing information according to their needs.



However, the shape of the graph is a little bit different. In experiment 1, the graphs become flat because we used parameter different from Table 6 as described in Table 14. After modifying the parameter, the value of the reference point followed the tester’s responses.




6.4. Distribution of Information Value


Figure 20 shows the average of each category’s information value. If the size is large, the largest circle category has a higher value in this area.



In experiment 1, just after starting from Nikko station, love and belongingness needs were dominant, then biological and physiological needs were dominant. However, near the Kannonji Temple and Shinkyo Bridge, the value of information relating to cognitive needs and aesthetic needs became dominant.



In experiment 2, the result shows that the average information value is higher between the JR Nikko Station and Fire Station. On the other hand, the average information value decreased between the Fire Station and Toshogu Shrine. This experiment’s weather condition was cold and windy, so the testers required information on the “biological and physiological needs” and not “aesthetic needs”.



Therefore, we think this application can provide appropriate information by following the intention of a user.




6.5. Evaluation of the Delivered Information


Figure 21 shows the result of evaluation of the delivered information. In experiment 1, 90 sets of information were received from the testers. Out of those, 48 pressed “Like” (53%), 19 pressed “Not Good” (21%), and 23 with no action. Also, 58 information, they pressed “Like”. In total, they pressed “Like” 106 times. If they pressed “Not Good”, it worked to change the value of the reference point actively.



In experiment 2, 48 sets of information were received from the testers. Out of those, 32 pressed “Like” (67%), 13 pressed “Not Good” (27%), and three with no action. Moreover, in 55 sets of information they pressed “Like”. In total, they pressed “Like” 87 times.



After changing the parameter to change the reference point’s value, the information value was better, and the testers would like to respond to the delivered information.




6.6. Change of Image of Nikko


We asked the testers to answer the questionnaire about the image of Nikko before and after the experiment. The questionnaire is shown in Figure 22. Each tester makes a check on the line between two words. Figure 23 shows the result of the questionnaire. A dotted square represents positive feelings, and a solid square represents negative feelings.



In experiment 1, after using this application, they answered positively to the positive items and negatively to the negative items, except “silent” whether they used a smartwatch or not. We think the reason they felt not silent was that the application proposed information not only on the screen but also as audio because of being unable see the screen to avoid “walking with smartphone”. In experiment 2, the response was similar. The difference was “global”. We intended to design this application to provide information to inbound travelers. After refining the parameters, the application could provide a variety of information that reflects Nikko’s tradition.





7. Conclusions


In this paper, we described the result of our research on a sightseeing support application that applies psychological effects to realize the optimal provision of sightseeing information. First, we explain the history of this project and previous results about the effectiveness of introducing the Zeigarnik effect and Maslow’s hierarchy of needs. However, the previous studies could not provide the appropriate sightseeing information to a traveler during a trip. We started a study to solve that problem by using the Prospect Theory and Maslow’s hierarchy of needs. We designed and evaluated an application that provides sightseeing information according to the changes in desires during the trip. By the experiments, we proved that the information value could be changed according to a traveler’s behavior and provide appropriate information to a traveler. Moreover, we confirmed that the user of this application could have a good image of the destination. We showed that by combining the psychological effects and location information provided by BLE beacons, we could deliver optimal information according to different needs, encourage people to look around, and as a result, increase satisfaction levels. By further improving the accuracy of the information provided, we would like to develop a technology that allows tourists to enjoy scenery and cultural properties by providing an experience of walking with a support guide without looking at a smartphone. Moreover, we found that wearable devices such as smartwatches are useful to provide sightseeing information to a traveler during a trip. In tourist spots, we sometimes follow the screen of smartphones or smartwatches without acknowledging the beautiful scenery, historic buildings, townscapes, etc. The screens of mobile devices distract tourists during a sightseeing trip.



We also displayed the effectiveness of using a smartwatch for information delivery. We think that the usefulness of the CogInfoCom model’s extension with “intra-cognitive informatics” is explained in Section 3.



As future work, we would like to perform the next experiment using the latest version of our application as currently we cannot complete the experiment because of COVID-19.
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Figure 1. Advertising channels of Bluetooth Low Energy (BLE). 
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Figure 2. The relation between a cognitive model of our application and original CogInfoCom model//Extension to introduce intra-cognitive infocommunications. 
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Figure 3. Delivering sightseeing information by BLE beacon. 
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Figure 4. BLE beacons on the street in Nikko (in a white dotted circle). 
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Figure 5. Project flow. 
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Figure 6. Cognitive model for sightseeing. 
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Figure 7. Categories of information of sightseeing. 
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Figure 8. Two different designs of UI: the left one was designed based on layer 1 and 2, and the right one was designed based on layer 5 and 6. 
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Figure 9. Two different designs of UI: the left one was designed based on layers 1 and 2, and the right one was designed based on layers 5 and 6. 
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Figure 10. Two different designs of UI: the left one was designed based on layers 1 and 2, and the right one was designed based on layers 5 and 6. 
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Figure 11. A model to provide information. 
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Figure 12. Prospect theory. 
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Figure 13. Evaluation of information and update of the reference point. 
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Figure 14. Outline of the behavior of the application. 
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Figure 15. Outline of the experiment. 
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Figure 16. Experiment route. 
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Figure 17. The number of noticed BLE beacons. 
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Figure 18. History of changing the value of the reference points: Experiment 1. 
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Figure 19. History of changing the value of the reference points: Experiment 2. 
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Figure 20. Bubble chart of the information value. 
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Figure 21. The result of evaluation of the delivered information. 
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Figure 22. Questionnaire about the image of Nikko. 
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Figure 23. Change of image of Nikko. 
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Table 1. The difference of impression of Nikko results after two months.
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Just after Visit

	
2 Months after






	
Questions

	
Cluster 1

	
Cluster 2

	
Cluster 3

	
Questions

	
Cluster 1

	
Cluster 2

	
Cluster 3




	
Nature

	
4.57

	
4.86

	
4.00

	
Nature

	
4.43

	
4.83

	
4.50




	
History/Culture

	
4.29

	
5.00

	
3.50

	
History/Culture

	
4.43

	
4.80

	
4.75




	
City Scape

	
4.14

	
3.86

	
4.00

	
City Scape

	
4.00

	
3.83

	
4.00




	
Hot Spring

	
4.00

	
3.71

	
3.50

	
Hot Spring

	
3.57

	
3.50

	
3.25




	
Traditional culture

	
3.43

	
3.86

	
3.00

	
Traditional culture

	
3.71

	
3.83

	
4.00




	
Foods

	
3.86

	
4.00

	
3.50

	
Foods

	
3.71

	
3.83

	
4.75




	
Activity

	
3.00

	
3.43

	
2.25

	
Activity

	
3.00

	
2.83

	
3.75




	
Shopping

	
3.00

	
3.29

	
2.75

	
Shopping

	
3.00

	
3.17

	
3.75




	
Night Spots

	
2.86

	
2.71

	
3.50

	
Night Spots

	
3.00

	
2.67

	
3.00




	
Interaction with local people

	
3.00

	
3.43

	
2.25

	
Interaction with local people

	
3.71

	
3.33

	
3.00




	
Reservation of Accommodation

	
3.14

	
3.29

	
3.50

	
Reservation of Accommodation

	
3.00

	
3.17

	
3.00




	
Price/quality of Accommodation

	
3.43

	
3.71

	
3.25

	
Price/quality of Accommodation

	
3.00

	
3.17

	
3.50




	
Convenience of Access

	
3.86

	
4.43

	
2.75

	
Convenience of Access

	
3.29

	
3.50

	
1.75




	
Price

	
3.14

	
3.43

	
2.25

	
Price

	
3.00

	
3.83

	
3.25
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Table 2. Mapping among elements of sightseeing information and Maslow’s hierarchy of needs.






Table 2. Mapping among elements of sightseeing information and Maslow’s hierarchy of needs.





	Level
	Needs
	Element of Sightseeing Information





	1
	Biological and physiological needs (such as hungry, thirsty)
	Food and drink, Restroom



	2
	Safety needs (such as protection, security)
	Transportation, Access, Accommodation, Wi-Fi, Price, Weather, Crowd, Disaster prevention, Dangerous animal, Map, Multilingual



	3
	Love and belongingness needs (such as connecting friend)
	SNS, Word of mouth, Letter, Postcard



	4
	Esteem needs (Get evaluation and certification)
	Response on SNS such as press the like button



	5
	Cognitive needs (such as know, understand)
	Famous sightseeing spots, Model courses, Events



	6
	Aesthetic needs (such as harmony, order, beauty)
	Explanation of history, Photos of scenery, animals and plants
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Table 3. Classification of information based on the idea of Maslow’s hierarchy of needs.






Table 3. Classification of information based on the idea of Maslow’s hierarchy of needs.









	Level of Needs
	Contents





	(1) Biological and physiological needs
	Sweets



	
	Restaurant



	(3) Love and belongingness needs
	Post office



	
	Souvenier



	(5) Cognitive needs
	Musium



	
	Information center



	
	Event/Attraction



	(6) Aesthetic needs
	Nature/Scenery



	
	History/Culture



	
	Landmark
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Table 4. Category and value factors.






Table 4. Category and value factors.





	Category
	Value Factors





	(1) Biological and physiological needs
	Interest, Rarity, Environment, Location



	(3) Love and belongingness needs
	Interest, Rarity, Location



	(5) Cognitive needs
	Interest, Complexity, Rarity



	(6) Aesthetic needs
	Interest, Rarity, Attraction
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Table 5. Details of sightseeing information.






Table 5. Details of sightseeing information.





	
Name of Information

	
Explanation

	
Maslow’s Hierarchy of Needs

	
Category of Information

	
Value Factors




	

	

	

	

	
Rarity

	
Attraction

	
Interest






	
JR Nikko Station

	
History

	
Aesthetic

	
Landmark

	
3

	
2

	
Set by user
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Table 6. Change of reference point.






Table 6. Change of reference point.





	
Change of Reference Point

	

	
Information




	

	
Responded

	
Not Responded






	
Evaluation

	
Good

	
   0.5   

	
1




	

	
Not Good

	
   − 2   

	
   − 1   
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Table 7. Decision matrix of    I 0   .






Table 7. Decision matrix of    I 0   .











	
	Value Factor     I 1    
	Value Factor     I 2    
	Value Factor     I 3    





	Value factor    I 1   
	1
	1.25
	1.67



	Value factor    I 2   
	0.8
	1
	1.33



	Value factor    I 3   
	0.6
	0.75
	1
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Table 8. The result of calculation of    W 1    from    I 0   .






Table 8. The result of calculation of    W 1    from    I 0   .





	Item
	Eigenvector
	Weight





	Value factor    I 1   
	1.25
	0.4167



	Value factor    I 2   
	1
	0.3333



	Value factor    I 3   
	0.75
	0.2500
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Table 9. Decision matrix of    I 0    relating to a reference point.
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	Value Factor     I 1    
	Value Factor     I 2    
	Value Factor     I 3    





	Value factor    I 1   
	1
	1
	1



	Value factor    I 2   
	1
	1
	1



	Value factor    I 3   
	1
	1
	1
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Table 10. Calculation of    W i    from    I 0   .






Table 10. Calculation of    W i    from    I 0   .





	Item
	Eigenvector
	Weight





	Value factor    I 1   
	1
	0.3333



	Value factor    I 2   
	1
	0.3333



	Value factor    I 3   
	1
	0.3333
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Table 11. Parameters of simulation.






Table 11. Parameters of simulation.





	Level of Needs
	Contents





	(1) Biological and physiological needs
	Yoshida-ya “yokan” sweets shop, Natural food restaurant “Kai”



	(3) Love and belongingness needs
	Kimono rental shop “Utakata”



	(6) Aesthetic needs
	Hatsuishi
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Table 12. Information value at reference points 2, 3, and 4.
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	Level of Needs
	Information
	Original Information Value
	Reference Point 2
	Reference Point 3
	Reference Point 4





	1
	Yoshida-ya “yokan” sweets shop
	2.75
	0.881
	−0.94
	−3.492



	1
	Natural food restaurant “Kai”
	3.062
	1.312
	−0.191
	−2.736



	3
	Kimono rental shop “Utakata”
	3.218
	−0.274
	−0.274
	−0.274



	6
	Hatsuishi
	2.432
	−1.689
	−1.689
	−1.689
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Table 13. Some personalized information values (some of them). * means the highest value.






Table 13. Some personalized information values (some of them). * means the highest value.













	Tester ID
	
	Yoshida-Ya “Yokan” Sweets Shop
	Natural Food Restaurant “Kai”
	Kimono Rental Shop “Utakata”
	Hatsuishi





	A
	Reference point
	2
	2
	4
	4



	
	Value
	0.881
	1.312 *
	−2.171
	−3.378



	B
	Reference point
	3
	3
	3
	3



	
	Value
	−0.422
	0.208
	0.279 *
	−0.857



	C
	Reference point
	5
	5
	3
	3



	
	Value
	−2.376
	−1.901
	−0.274 *
	−1.689



	D
	Reference point
	3
	3
	3
	3



	
	Value
	−0.036
	0.506 *
	−0.522
	−0.857



	E
	Reference point
	5
	5
	3
	3



	
	Value
	−3.25
	−2.628
	−0.615
	−0.274 *
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Table 14. Old parameters to change the value of reference point.






Table 14. Old parameters to change the value of reference point.





	
Change of Reference Point

	

	
Information




	

	
Responded

	
Not Responded






	
Evaluation

	
Good

	
0

	
1




	
Not Good

	
   − 1   

	
0
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