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Abstract

:

Indoor navigation systems are basic services for shopping malls. However, the design and implementation of such systems are seldom studied, with most current indoor navigation systems showing the static route for the shortest distance, which causes confusion or even danger for users. Therefore, this paper analyzes the general demand for indoor navigation systems for shopping malls based on 498 questionnaires and the Kano model. The results of the study unveil three important functions, as outlined by “Congestion/emergency section avoidance”, “Vertical elevator first”, and “Passing by a particular type of store”. The relationship between users’ characteristics and shopping behavior is also discovered. Comparing this with the existing literature in terms of user demands research for indoor navigation, the general demand analysis method based on the Kano model of this paper is able to reveal the user accreditation degree towards different functions of indoor navigation systems in shopping malls. The findings of this paper provide insight into users’ behaviors and preferences, which will benefit further studies on indoor navigation systems for shopping malls.






Keywords:


general demand analysis; Kano model; indoor navigation; system design












1. Introduction


Indoor navigation systems realize the output of navigation paths in buildings through road network construction [1], indoor positioning [2], and path planning [3]. It is necessary and important to develop an indoor navigation system that reflects the general demands of users in shopping malls. Recently, many scholars have carried out independent research on the three important content factors of an indoor navigation system. In road network construction, IFC is a commonly used road network extraction method, combined with the BIM model [4,5]. In indoor positioning, Liu et al. [6] fused magnetic and visual sensors to study indoor localization without infrastructure, while Farahsari et al. [7] studied Internet of Things (IoT)-based indoor localization. In path planning, Deng et al. [8] studied path planning under fire evacuation scenarios, while Lee and Medioni [9] used an improved D* algorithm to plan paths. However, at present, there is no mature indoor navigation system [10,11,12] that combines the three independent parts, and in particular, the existing indoor navigation systems do not really understand the users’ demand, and there is no indoor navigation system that combines the users’ general demand and dynamic environmental changes. At present, the visual navigation service only uses the fixed point where the LED display screen is located as the navigation starting point, and the user cannot navigate in real time on their mobile phone. The navigation service only provides the resulting output of the shortest path, and only a few shopping malls provide a personalized choice of priority vertical elevators or priority horizontal escalators, without considering environmental changes (such as congestion and emergencies) and their impact on user navigation experience and satisfaction. This leads to user dissatisfaction with indoor navigation deficiency. Users often find that the positioning of the navigation is inaccurate, the planned shortest route is congested, the traffic time is wasted, and navigation in the vertical direction is not clear. The reason for these existing affairs and problems is that the indoor navigation system has not undergone an adequate demand functional analysis. As a functional service system for space management and operation and maintenance management, the indoor navigation system is used by “people” with independent will. Therefore, it is not enough for designers to only satisfy the planning of the shortest path between the start point and the end point. Only by conducting sufficient user research and demand analysis can the indoor navigation system achieve the greatest practical role and meet the individual needs of users.



In general, existing indoor navigation systems of shopping malls have problems such as ignoring the general demand of users and ignoring the dynamic changes of the scene. The lack of a complete survey for demand analysis of indoor navigation in shopping malls is, thus, the key issue to be resolved. General demand analysis has been proven to be the key starting point of system design, with successful examples such as industrial energy demand models [13], cooling demand models to design cooling systems for large office buildings [14], and hotel room demand analysis, which changed the direction of the hospitality industry [15]. However, there is a gap in the effective analysis of the general demand for indoor navigation systems.



There are several mainstream models for demand analysis, including Maslow’s hierarchy of needs [16], SWOT analysis [17], the Boston matrix [18], and PEST analysis [19]. Among them, Maslow’s Hierarchy of Needs method divides people’s needs into five levels, physiology, safety, emotional belonging, respect, and self-realization, which is suitable for determining the macro function of products, such as designing internet products with the function of making friends out of emotional belonging. SWOT analysis divides events into four dimensions, strengths, weaknesses, opportunities, and threats, and constructs a matrix to facilitate the design of product positioning and competitive strategies. The Boston Matrix divides products into four categories, star category, thin dog category, problem category, and golden bull category, which is helpful for sales strategy adjustment. The PEST analysis method obtains the macro-environmental analysis of the product through the analysis of the political environment, economic environment, social environment, and technical environment. Compared with these methods, the Kano model is another important model that better suits the purpose of the study. The Kano model is a theory invented and proposed by Professor N. Kano in 1984. With its essence of reflecting the nonlinear relationship between satisfaction and performance [20], the model can classify and rank the demand of users. The Kano model helps to increase the value of a system or product, and will focus on the service design, development and verification phases, and functional design by real customers in the development design phase [21]. Integrating the Kano model into existing design methods can improve users’ satisfaction with product design [22]. At present, the Kano model has been fully applied and studied in various aspects such as product development and the healthcare industry. Asian et al. [20] used this model to study the effective variables of third-party logistics providers in the automobile manufacturing industry. Hashim and Dawal [23] improved ergonomic design with the help of the Kano model. Li et al. [3] studied the user needs of an eco-city based on the Kano model. Materla et al. [24] summarized the application of the Kano model in the healthcare industry. However, no report on the application of the Kano model in the building operation and maintenance management stage has been found, especially in the design of indoor navigation products in shopping malls.



In order to fill the gap in which there is a lack of effective general demand analysis for indoor navigation, which causes deviation between the functions of the indoor navigation system and the user’s general demand, this paper uses the Kano model with 498 questionnaires to determine the priority of different general demands in the functional design for indoor navigation in shopping malls. The design of a shopping mall indoor navigation system based on users’ general demand and dynamic environmental changes is also proposed to inspire future designers for related products. The main contribution of this paper is to apply the Kano model, for the first time, to determine the general demand and functions of indoor navigation in shopping malls. Existing research (Table 1) on user demand analysis of indoor navigation systems has mostly focused on the navigation needs of special populations [25,26], and mobility needs in the navigation process [27,28]. Compared to the existing literature in terms of user demand research for indoor navigation, the general demand analysis method based on the Kano model in this paper is able to reveal the user accreditation degree of the different functions of indoor navigation systems in shopping malls and meet the general demand of most people. Furthermore, the findings of this paper provide insight into users’ behaviors and preferences from questionnaire research, which will benefit further studies on indoor navigation systems for shopping malls.



The following is a summary of the framework of this paper. Section 2 describes the Kano model and the related evaluation indicators. Section 3 presents the results of the questionnaire survey, including the analysis of the basic information of the questionnaire, the correlation analysis, and the related indicators of the Kano model. Section 4 is a practical implementation of the general demand for an indoor navigation system in shopping malls, which is based on the results of Section 3.




2. Materials and Methods


The method used in this paper is shown in Figure 1, which mainly includes literature research, offline interviews, and questionnaire research. Through literature research and offline interviews, several major functions of general demand can be initially considered in the indoor navigation of shopping malls, as well as related qualitative indicators. Except for a few customers who are particularly familiar with shopping malls, most customers have high indoor navigation demands. Zhou et al. [29] considered path complexity, congestion, and blocking events when planning indoor paths. Basu et al. [30] believe that the Pedestrian Route Choice (PRC) needs to consider the relationship between perceptual factors and objective factors. The qualitative indicators mentioned here are mainly crowd-density indicators and traffic-speed indicators. Based on the above discussion, this paper identifies five general demands (2.1 Identify 5 general demands), namely “Avoid crowded/emergency roads”, “Passing by specific types of shops”, “Bypass specific types of shops”, “Vertical elevator first”, and “Escalator first”. Next, we outline the questionnaire design based on these five general demands. The questionnaire is divided into three parts, including the basic personal information of users, objective data of users related to the indoor navigation of shopping malls, and subjective data of users. Due to the COVID-19 pandemic, this questionnaire was collected online. After obtaining the results of the questionnaire research, the analysis work was carried out. The reliability, validity, and correlation were tested, and the Kano model and related evaluation indicators were introduced. The types of general demands and the priority of consideration were determined through Kano model classification, mixed class, and coefficient analysis. A design of the indoor navigation system of a shopping mall incorporating general demands identified from the results is presented to show how the conclusions drawn by the Kano model can be applied to the system design.



2.1. The Kano Model


The Kano model divides demand attributes into 5 types, as shown in Table 2 and Figure 2 [31,32]. The X-axis represents the level of quality performance (from insufficient to sufficient) and the Y-axis represents the level of user satisfaction (from dissatisfaction to satisfaction), which can be divided into five categories. The must-be quality (M) means that when this factor is applied or improved, the user’s satisfaction with the product will not be improved. If this factor is not considered or is weakened, the user’s satisfaction with the product will drop significantly. This factor must be considered in product design. The indifferent quality (I) means that regardless of whether this factor is applied or not, the user’s satisfaction with the product does not fluctuate, and this factor does not need to be considered in product design. The one-dimensional quality (O) means that when the factor is applied or improved, the user’s satisfaction with the product is greatly improved. If the factor is not considered or is weakened, the user’s satisfaction with the product will decrease accordingly. This factor is a competitive attribute and is an important factor in product design. The considered part is different from other conventional products and reflects unique, special, and high-quality characteristics. The attractive quality (A) means that when the factor is applied or improved, the user’s satisfaction with the product is greatly improved. If the factor is not considered or is weakened, the user’s satisfaction with the product does not change, and the factor can be developed within the scope of the cost. The reversal quality (R) means that when the factor is applied or improved, the user’s satisfaction with the product does not rise but falls, and the user has no demand for the factor, which should be eliminated in the design.
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Figure 2. Relationship between quality performance and user satisfaction of Kano types [31,32]. 






Figure 2. Relationship between quality performance and user satisfaction of Kano types [31,32].
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2.2. Questionnaire Design Based on Kano Model


The premise of the Kano model is questionnaire research. Functional questions and dysfunctional questions were set in the questionnaire. Functional questions aim to ask whether the user is satisfied if this demand is considered in the product design. The purpose of the dysfunctional question is to ask if the user would be satisfied if the product design left this demand out. Therefore, in the questionnaire design, a maximum of five demand/function questions should be set in the same questionnaire, and the keywords of the functional question and dysfunctional question should be bolded in different colors to prevent the questionnaire results from being affected by unclear questions. In addition, multiple-choice questions were utilized when setting the question type, avoiding using an array of questions and preventing the respondents from answering questions in confusion due to the small degree of distinction.



Therefore, the questionnaire developed in this study adopted the form of “Single choice + Multiple choice”, combined with the interviews of pedestrians in shopping malls, to obtain three elements, including user’s basic information, objective data, and subjective data about users related to indoor navigation in shopping malls. The questionnaire included the following three main parts, and the specific item settings are shown in Figure 3.



Part1: User’s personal basic information, including gender, age, and occupation.



Part2: Objective data of users related to the indoor navigation of shopping malls, including the frequency of visiting shopping malls, the purpose of visiting shopping malls, the types of shopping malls visited, whether users are familiar with shopping mall maps, the types of shops they often visit, whether they can accurately find the shortest path, etc.



Part3: Subjective data of users related to the indoor navigation of shopping malls, including opinions and demands on indoor navigation in shopping malls, and satisfaction with existing indoor navigation signs/systems. Among them, the functional and dysfunctional questions for indoor navigation in shopping malls were combined with 5 general demands, including “Avoid crowded/emergency roads”, “Passing by specific types of shops”, “Bypass specific types of shops”, “Vertical elevator first”, and “Escalator first”. The sources references of the 5 general demands are shown in Table 3, which prove that the investigated functions cover most shopping mall users. The setting of functional and dysfunctional questions is shown in Table 4. The questionnaire respondents are allowed to fill in personalized needs in addition to the 5 general demands. Among them, because “Avoid congestion/emergency roads” involves quantitative analysis, the choice of indicators for the congestion environment was added to the questionnaire. We adopted results from Zhou et al. [29], which divided the congestion index into the traffic density index and the traffic speed index. The traffic density index (person/m2) was divided into four grades ([0, 0.75], (0.75, 2.00), (2.00, 3.50), and (3.5, +∞]). The traffic speed index (m/s) was divided into four levels ((1.40, +∞], (1.08, 1.40], (0.30, 1.08], and [0, 0.30]). Based on this, the questionnaire for this study was divided into multiple levels, and the traffic density index was divided into six grades (0.25 people/m2, 0.5 people/m2, 0.75 people/m2, 1.25 people/m2, 2 people/m2, and ≥2 people/m2). The traffic speed index was divided into four grades (1.5 m/s, 0.75 m/s, 0.3 m/s, and ≤ 0.3 m/s). In order to improve people’s engagement with the questionnaire, pictures of the scene under different traffic densities were simulated (shown in Figure 4), which is analogous to the normal walking speed.
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Table 3. Source of 5 general demands.






Table 3. Source of 5 general demands.





	
Items

	
Corresponding Source

	
References






	
Avoiding crowded/emergency roads

	
Literature research

	
Zhou et al. [29]




	
Passing by specific types of shops

	
Offline interviews

	
Randomly interviewed 5 male customers and 5 female customers, the age of the customers involved “old”, “middle” and “youth” generations




	
Bypassing specific types of shops




	
Vertical elevators first

	
Shopping mall field research

	
Hankyu Ningbo




	
Escalator first
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Figure 4. Pictures with the scene under different crowd densities. 






Figure 4. Pictures with the scene under different crowd densities.
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2.3. Determination of Kano Model by Berger


There were five options for functional and dysfunctional questions, including “Like”, “Must-be”, “Neutral”, “Live with”, and “Dislike”. According to the choices of the people investigated, the Kano type of this general demand was obtained, as shown in Table 5. Among them, the Kano types obtained according to the dysfunctional and functional questions correspond to the Kano type in Table 2. Then, the principle of relative majority was adopted to summarize all Kano types of each demand item and determine the final Kano type of each demand item. Berger [33] proposed an improved Kano category, which is defined as follows:



If f (O+A+M) > f (I+R+Q), the Kano type is the highest frequency type among O, A, and M;



If f (O+A+M) < f (I+R+Q), the Kano type is the highest frequency type among I, R, and Q;



If f(O+A+M) = f (I+R+Q), the Kano type is the highest frequency type among O, A, M, and I;



where f (X) is the frequency of the demand type.




2.4. Determination of TS and CS of the Kano Model


The second part is mixed class analysis, proposed by Newcomb [35], which includes two indicators (as shown in Equations (1) and (2)), TS (Total Strength) and CS (Category Strength). If the TS value ≥ 0.6 and the CS value ≤ 0.06, it indicates that the demand belongs to the mixed class H, and the two mixed types, namely the two types with the highest frequency, should be explained.


TS = f(O + A + M)/f(O + A + M + I + R + Q)



(1)






  CS =   max  {  f  ( O )  ,    f   ( A )  ,    f   ( M )  ,    f   ( I )  ,    f   ( R )  ,    f   ( Q )   }  −  second   max   {  f  ( O )  ,    f   ( A )  ,    f   ( M )  ,    f   ( I )  ,    f   ( R )  ,    f   ( Q )   }    f  (  O + A + M + I + R + Q  )     



(2)








2.5. Determination of Better-Worse Coefficient of Kano Model


The third part is the analysis of the Better–Worse coefficient, which is calculated by the percentage of each demand to the classification. The Better–Worse coefficient is used to indicate the influence degree of whether the demand is satisfied or not for the respondents. The better coefficient is an “increased satisfaction coefficient”, indicating that when the demand/function is satisfied, the user’s satisfaction will be improved. The closer the coefficient is to 1, the more obvious the improvement in satisfaction will be. The Worse coefficient is “dissatisfaction coefficient after elimination”, indicating that when the demand/function is eliminated, the user’s satisfaction will decrease. The closer the coefficient is to −1, the more obvious the decrease in satisfaction will be. The Better coefficient and Worse coefficient are calculated as follows (Equations (3) and (4)):


  Better   coefficient =   f  ( O )  + f  ( A )    f  (  O + A + M + I  )     



(3)






  Worse   coefficient   t = −   f  ( O )  + f  ( M )    f  (  O + A + M + I  )     



(4)







The evaluation of the Average Satisfaction Coefficient (ASC) based on the Better–Worse coefficient was proposed by Park [36], which is strongly correlated with the Better and Worse coefficients and can reflect the priority degree in functional design. The higher the ASC value (as shown in Equation (5)), the higher priority the change demand/function should be.


  ASC =    |  Better  |  +  |  Worse  |   2   



(5)







If we plot a four-quadrant graph based on the Better–Worse coefficients of the demand factors, the “Better” coefficient is along the X-axis and the absolute value of the “Worse” coefficient is along the Y-axis. The origin is the average value of the absolute value of the “Better” coefficient and the “Worse” coefficient at each point.





3. Findings from the General Demand Analysis


As shown in Figure 5, 78.51% of respondents indicated that they needed software/systems to guide them to specific shops. As shown in Figure 6, 47.19% of respondents indicated that they were not satisfied with the current indoor navigation signage/system.



3.1. Reliability and Validity Analysis


In this survey, 502 questionnaires were issued in total, of which 498 were effective, accounting for 99.20%. SPSS 22.0 software (IBM SPSS Statistics, Norman H. Nie & C. Hadlai (Tex) Hull & Dale H. Bent Chicago, IL, USA) was used for reliability and validity statistics. The gender, age, and occupation of the respondents are shown in Table 6 and Figure 7, Figure 8 and Figure 9. The gender, age, and occupation of the respondents in the questionnaire conform to the actual access situation of the shopping mall, and also conform to the conclusion of Wu [37] on customers of different ages in user surveys of a shopping mall. Due to economic ability and desire, users are mainly concentrated between 18 and 49 years old. Professional office workers with stable economic incomes accounted for the largest proportion. Therefore, the questionnaire is in line with the actual situation and the general results of previous studies.



Finding 1:

The user profile of the indoor navigation system of the shopping mall is 18–49-year-old non-retired users with a certain economic ability and frequent access to different shopping malls.





As a basic index of a questionnaire survey, reliability and validity are divided into two levels. Reliability is used to test the internal stability and consistency of the evaluation results, while validity is used to judge whether the results obtained from the questionnaire can accurately represent the evaluated functional requirements. The reliability measurement indexes include Cronbach’s Alpha value, the halved coefficient, retest reliability, etc. The validity measurement is factor analysis, and the KMO value and Bartlett sphericity test value are used in this paper. As shown in Table 7, Cronbach’s Alpha of the functional questions is between 0.7 and 0.8 with good reliability, the KMO value is between 0.7 and 0.8, and Bartlett’s sphericity test corresponds to a p value < 0.05, indicating that the results of functional questions in this questionnaire are suitable for factor analysis. Cronbach’s Alpha of dysfunctional questions was between 0.7 and 0.8, with good reliability, the KMO value was between 0.7 and 0.8, and Bartlett’s sphericity test corresponded to a p value < 0.05, indicating that the results of dysfunctional questions in this questionnaire were suitable for factor analysis.




3.2. Correlation Analysis


Correlation analysis can determine the degree of correlation between variables and judge the degree of correlation between basic personal information and objective data and subjective data in the questionnaire, using the Pearson correlation coefficient and significance SIG value. The correlation analysis framework of this questionnaire is shown in Figure 10.



3.2.1. Correlation Analysis from Objective Data


As shown in Table 8, there is a certain correlation between respondents’ basic information and objective data. There is a significant difference between “shopping mall frequency” and “age” at 0.05 (double tail), and an extremely significant difference between “occupation” at 0.01 (double tail). The correlation between “familiar with indoor map of shopping mall”, “age”, and “occupation” is significantly different at 0.05 (double tail). The correlation between “whether can find the shortest path”, “gender”, and “age” is significant at 0.01 (double tail), and the correlation between “occupations” is significant at 0.05 (double tail). In addition to the correlation between characteristics (personal basic information) and state variables (objective data) in Table 7, there is also a correlation between status variables (objective data). The r value of “frequency of shopping mall” and “familiarity with indoor map of shopping mall” is 0.377, with a SIG value of 0.000, and the correlation is very significant at 0.01 (double tail). The r value and SIG value of “are you familiar with the indoor map of the shopping mall” and “can you find the shortest path to the destination” are 0.297 and 0.000, showing a very significant difference in the correlation at 0.01 (double tail).



Figure 11 shows the basic information of “gender” and the frequency of the personal data contrast, according to the Pearson correlation coefficient and the significant SIG value of “gender” and “if you can find the shortest path”. Males’ perceptions of finding the shortest path were evenly balanced, while more than half of females felt they were unsure whether they would find the shortest path.



Finding 2:

Males feel that they have a clearer grasp of pathfinding, while females are not sure.





Figure 12 shows the comparison between the frequency of “age” and personal data. According to the Pearson correlation coefficient and significance SIG value, it can be seen that “age” is correlated with personal data related to shopping behavior. Although the proportion of respondents aged 30–49 is 1.23 times higher than that of respondents aged 18–29, their frequency of going to the mall more than once a week is 1.97 times higher than that of respondents aged 18–29, indicating that respondents aged 30–49 visit shopping malls more frequently. The frequency of respondents aged 18 to 29 years old visiting shopping malls mainly ranges from once a week (8.83%) to once every two weeks (9.03%) to less than once a month (10.04%), which is related to different work and rest schedules for different age groups. Young users need to consider academic and economic pressures, while middle-aged users have more disposable time and consumption demands. Secondly, in terms of familiarity with the indoor map of the shopping mall, all age groups are concentrated in “not very familiar”, and the proportion of “very familiar” with the indoor map is less than 2%. This again highlights the need for a properly designed indoor navigation system. Similar to “whether familiar with store indoor map”, the 18-to-29-year-old group of respondents’ answers to “if you can find the shortest path” focus on “no” (15.66%) and “uncertainty” (14.26%). Respondents in the 30–49 age group, however, concentrated on “yes” (15.26%) and “not sure” (19.48%), which were related to lifestyle fixation and familiarity with frequent mall visits. Respondents generally reflected that they could not find the shortest route in a new shopping mall. In addition, 55.18% of the respondents aged over 50 answered “yes”, indicating that the elderly tend to go to a fixed shopping mall. They often go to the nearest shopping mall to buy daily necessities and are quite familiar with the route.



Finding 3:

Users of different age groups go to shopping malls with different frequencies, which is closely related to the lifestyle, economic strength, and work schedule of different age groups.





Finding 4:

Users that frequently go to particular malls think they are familiar with the indoor map of the shopping mall, but still need a navigation system when they go to a new mall.





Finding 5:

Users over the age of 50 tend to go to particular shopping malls due to habits and physical limitations, etc., and they do not use new navigation systems. Therefore, they are not the target users of indoor navigation systems in shopping malls.





Figure 13 shows the frequency comparison between “occupation” and personal data related to shopping behavior. According to the Pearson correlation coefficient and significance SIG value, it can be seen that “occupation” is correlated with personal data related to shopping behavior. The frequency of students visiting shopping malls is concentrated at least once every two weeks, which is similar to the related results of “age”. The frequency of visiting shopping malls of the self-employed and retired respondents was relatively balanced. Office workers accounted for the largest proportion of respondents, with a frequency of mainly once a week. Secondly, in terms of whether they are familiar with the indoor map of shopping malls, students and office workers answered “not very familiar”; in contrast, 26% of office workers chose “relatively familiar”, which also matched the middle-aged survey respondents’ “regular life” and “regular shopping malls” mentioned above. In the part concerning “whether the shortest path can be found”, 64.23% of the students believe that they cannot find it or are not sure, while 75.28% of the office workers focus on “yes” and “not sure”, which also matches the previous conclusion.



Finding 6:

Similar results of “occupation” and the personal data related to shopping behavior can be corroborated with “age”.






3.2.2. Correlation Analysis from Subjective Data


As shown in Table 9, there is a certain correlation between people’s basic information and data related to shopping behavior. The correlation between “need navigation software/system” and “occupation” is significant at 0.05 (two tails). In addition to the correlation between characteristics (personal basic information) and demand variables (subjective data) in Table 8, there is also a correlation between demand variables (subjective data). The r value of “whether you need navigation software/system” and “Yes or no you are satisfied with the current navigation system” is −0.156, the SIG value is 0.000, and the correlation is significant at 0.01 (double tail).



Figure 14 shows the frequency comparison of “gender”, a person’s basic information, and the personal data related to shopping behavior, while Figure 15 shows the frequency comparison of “age”, a person’s basic information, and personal data related to shopping behavior. According to the Pearson correlation coefficient and significance sig value, it can be seen that “gender” and “age” are not correlated with them.



Finding 7:

“Gender” and “Age” are not correlated with personal data related to shopping behavior.





Figure 16 shows the basic information of “professional” respondents and the frequency of personal data related to shopping behavior contrast, according to the Pearson correlation coefficient and the significant sig value of “professional” and “whether need navigation software/system”. Except for the retired group, the respondents of other occupational types are not satisfied with the current indoor navigation signage or system, especially students (10.84%) and office workers (22.69%).



Finding 8:

Satisfaction with indoor navigation systems is low among students and office workers, while retirement groups do not care. This also verifies that the retired group is not the target user of the indoor navigation system.





Students and office workers are selected as the main users. Young people, limited by their academic and economic abilities, tend to choose uncertain shopping malls, and they are more willing to try different shopping malls, having a greater demand for indoor navigation. Middle-aged people have a more fixed life trajectory and are very familiar with the indoor map of a specific shopping mall, but they also have a greater demand for indoor navigation when going to a shopping mall they have never been to.



Finding 9:

There is a certain correlation between the characteristics of users and their behavior in shopping malls.







3.3. Kano Model Classification


As shown in Table 10, the Kano type of the five demands is consistent with the modified Kano types of Berger.




3.4. Mixed Classification


As shown in Table 11, combined with the Kano model classification and mixed classification, the five demands of this questionnaire are all non-mixed types, which are consistent with the Kano model classification. “Vertical elevator first” belongs to the Attractive quality (A), while “Escalator first” belongs to the Indifferent quality (I). Both vertical elevators and horizontal escalators are important means of vertical transportation in shopping malls. Users prefer to take the vertical elevator because they think the vertical elevator is faster and more convenient while consuming less energy. Some users stated that they are afraid of the height of the horizontal escalator.



Finding 10:

Although vertical elevators are more difficult to find than horizontal escalators, users prefer to use vertical elevators, which may be related to the user’s belief that the vertical elevator is faster.





“Passing by a particular type of store” belongs to the Attractive quality (A), while “Bypass specific types of shops” belongs to the Indifferent quality (I). This shows that users do not accept unnecessary detours, but only detours due to congestion.



Finding 11:

The users prefer that the navigation system passes the desired space when reaching a certain destination, but users who are not interested will tend to avoid certain spaces.






3.5. Better–Worse Coefficient Analysis


Table 12 shows the Better–Worse coefficient and ASC values of indoor navigation demand factors in shopping malls. According to AEC values, the priority of the five demands can be obtained: “Avoid crowded/emergency sections” > “Vertical elevator first” > “passing by specific types of shops” > “Escalator first” > “Bypass specific types of shops”.



The four-quadrant diagram is drawn according to the Better–Worse coefficient of the demand factors for indoor navigation in shopping malls, as shown in Figure 17. “Avoid crowded/emergency roads” is located in the first quadrant, which is an expected requirement and should be given first priority in functional design. “Passing by specific types of shops” and “Vertical elevator first” are in the second quadrant, which should also be given priority. “Bypass specific types of shops” and “Escalator first” are located in the third quadrant, which are undifferentiated requirements and can be ignored in functional design.



In terms of functional design, it can be concluded that users prefer vertical elevators for vertical transportation. In addition, it is generally recognized as necessary to avoid congested road sections or emergencies. In terms of going to a certain destination and passing the rest of the space, the users tend to think that it is necessary to pass a certain type of store that they want to pass through, but it is not necessary to make a detour to avoid passing through a certain type of store.



Finding 12:

The three indoor navigation system functions identified in this paper are “Avoid crowded/emergency roads”, “Vertical elevator first”, and “Passing by a particular type of store”.







4. Practical Implementations of Findings from the Survey


Based on literature research and the questionnaire analysis of the Kano model, it can be concluded that “Avoid crowded/emergency roads” is an important demand, while “Vertical elevator first” and “Passing by specific types of shops” are expected general demands when designing the indoor navigation system of shopping malls. “Bypass specific types of shops” and “Escalator first” are undifferentiated requirements and may not be considered. Table 13 shows answers to “When planning the path of indoor navigation system, you want it to consider: ______” in the questionnaire. The survey results are similar to those of the Kano model. “Avoiding crowded/emergency sections”, “Vertical elevator first”, and “Passing by specific types of shops” account for the largest proportion, while “Bypassing specific types of shops” and “Escalator first” account for less than 40%.



In addition to the analysis of the five general demands, the questionnaire also set the following question: “What are your requirements for indoor navigation in shopping malls/what do you think the most convenient and effective indoor navigation system should have: _____”. A total of 141 valid answers were collected. The users’ expectation of the system is being clear and easy to use, having detailed precision, and real-time accuracy. In terms of specific needs, some users mentioned the demand to identify shopping mall activities, indicate the location of toilets, and provide a variety of options and non-graphic designs by floor.



This paper determines demand functions of three levels, as shown in Table 14, including the function level, use level, and effect level. The function level is to realize three exciting needs and expectation needs and can choose whether to implement specific functions through a personalized interface. The interface should be simple and clear, with navigation made easy enough even for people with a weak sense of direction. At the effect level, new demands are put forward for the specific environment of shopping malls. For example, the path congestion index needs to change in real time, and even predict future congestion based on past long-term data. It is necessary to solve the three-dimensional navigation results of the shopping mall from the two aspects of positioning and navigation, rather than a two-dimensional plane. More consideration should be given to special spaces such as toilets, vertical elevators, and horizontal escalators. Multiple paths can be provided if the user desires.



Based on the determined system functions, the shopping mall indoor navigation system as shown in Figure 18 was designed. The dotted box in Figure 16 is the preparatory work for the indoor navigation system of the shopping mall. First, based on the BIM model, the 3D road network is obtained through IFC and stored in the form of a matrix. Meanwhile, a database of indoor images of shopping malls is established, and 200 photos were selected for each of the four different types of scenes of elevators, atriums, gates, and ordinary indoor space. Subsequently, computer vision was used to determine whether a location in the mall is a congested route. Then, the multi-source heterogeneous information such as the congestion situation, shops on the intended route, three-dimensional coordinates, and vertical elevators are integrated into the shortest path routing algorithm. The parameters are continuously adjusted to obtain the most suitable route evaluation algorithm. Among them, the login page of the indoor navigation system of the shopping mall is shown in Figure 19, which provides the basic information of the user. In addition, the functional page design of the shopping mall indoor navigation system is shown in Figure 20. The user scans the QR code of the nearest store through the mobile phone, and their three-dimensional coordinates can be obtained in the background. On the mobile phone terminal, the user enters the destination, the shops they intend to pass through, whether to avoid crowded road sections, and whether vertical elevators are preferred, and then the optimal path calculated by the path planning algorithm can be obtained. The mobile terminal of the mobile phone presents the visual effect of the path, and displays the important store nodes of the path to improve readability and understandability.




5. Conclusions


This paper provides a detailed analysis of users’ general demand for indoor navigation systems for shopping malls. Three important functions that need to be considered in the design of shopping mall indoor navigation system are obtained. According to the questionnaire, this paper also drew some interesting conclusions, which will benefit further studies on indoor navigation systems for shopping malls: (1) Both vertical elevators and horizontal escalators are important means of vertical transportation in shopping malls. Although vertical elevators are more difficult to find than horizontal escalators, users prefer to use vertical elevators, which may be related to users’ beliefs that the vertical elevator is faster. (2) Users prefer that the navigation system can indicate the passage to the desired space when reaching a certain destination, such as buying milk tea and other beverages along the way when going to the cinema, but users who are not as interested will avoid certain spaces. (3) This paper finds the correlation between “gender”, “age”, “occupation”, and users’ behaviors in shopping malls. For example, due to the singularity of moving lines, retired groups do not care about the indoor navigation signs of shopping malls. (4) Retirees over the age of 50 are not the target users of indoor navigation systems in shopping malls.



There are still some deficiencies in this paper. The functions formulated in the questionnaire survey are still insufficient, and the multi-source heterogeneous data fusion and application in the design of shopping mall indoor navigation systems are not fully explored. In future work, more in-depth research will be carried out on these two aspects.
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Figure 1. Method of this paper. 
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Figure 3. Main parts and specific items of questionnaire. 
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Figure 5. “Do you need indoor navigation?” fan chart. 
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Figure 6. “Satisfaction with existing indoor navigation” fan chart. 
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Figure 7. Gender frequency. 
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Figure 8. Age frequency. 
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Figure 9. Occupation frequency. 
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Figure 10. Framework for correlation analysis. 
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Figure 11. Frequency comparison between “Gender” and three objective data. (a) Shopping mall frequency; (b) Be familiar with the indoor map of shopping mall; (c) Whether the shortest path can be found. 
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Figure 12. Frequency comparison between “Age” and personal data related to shopping behavior. (a) Shopping mall frequency; (b) Be familiar with the indoor map of shopping mall; (c) Whether the shortest path can be found. 
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Figure 13. Frequency comparison between “Occupation” and personal data related to shopping behavior. (a) Shopping mall frequency; (b) Be familiar with the indoor map of shopping mall; (c) Whether the shortest path can be found. 
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Figure 14. Frequency comparison between “Gender” and personal data related to shopping behavior. (a) Do you need a software system to guide you to the destination store? (b) Are you satisfied with the current signage/system for indoor navigation? 
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Figure 15. Frequency comparison between “Age” and personal data related to shopping behavior. (a) Do you need a software system to guide you to the des-tination store; (b) Are you satisfied with the current signage/system for indoor navigation. 
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Figure 16. Frequency comparison of “Occupation” and personal data related to shopping behavior. (a) Do you need a software system to guide you to the destination store? (b) Are you satisfied with the current signage/system for indoor navigation? 






Figure 16. Frequency comparison of “Occupation” and personal data related to shopping behavior. (a) Do you need a software system to guide you to the destination store? (b) Are you satisfied with the current signage/system for indoor navigation?



[image: Buildings 12 01574 g016]







[image: Buildings 12 01574 g017 550] 





Figure 17. Better–Worse coefficient quadrant diagram. 
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Figure 18. Shopping mall indoor navigation system. 
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Figure 19. Shopping mall indoor navigation system login page. 
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Figure 20. Shopping mall indoor navigation system function page. 
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Table 1. Comparison between the method in this paper and the existing research.
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Research Content

	
Advantages

	
Limitations

	
Author

	
References






	
An indoor navigation system for the blind and visually impaired (PERCEPT)

	
Focused on the subjective needs of special populations

	
The study only focused on the blind population

	
Ganz et al.

	
[25]




	
A speech-based, infrastructure-free indoor navigation system (MagNav)

	
The study only focused on validating the importance of voice navigation

	
Giudice et al.

	
[26]




	
Navigation aid based on mobile projector

	
Demonstrates the advantages of mobile screen navigation

	
Developed only for navigation pages/apps

	
Li et al.

	
[27]




	
Using smartphones and WiFi-based indoor navigation system (SWiN)

	
Consider the mobility and dynamic properties of the navigation system

	
Only focused on the use process

	
Zhang et al.

	
[28]
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Table 2. Definitions of Kano types.
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	Kano Type
	Definition





	Must-be quality (M)
	When this factor is applied or improved, the user’s satisfaction of the product will not be improved.



	Indifferent quality (I)
	No matter whether this factor is applied or not, the user’s satisfaction of the product does not fluctuate.



	One-dimensional quality (O)
	when the factor is applied or improved, the user’s satisfaction of the product is greatly improved.



	Attractive quality (A)
	When the factor is applied or improved, the user’s satisfaction of the product is greatly improved.



	Reversal quality (R)
	When the factor is applied or improved, the user’s satisfaction of the product does not rise but falls.
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Table 4. Sample functional and dysfunctional questions of Kano questionnaire.






Table 4. Sample functional and dysfunctional questions of Kano questionnaire.













	
	Like
	Must-Be
	Neutral
	Live with
	Dislike





	Do you accept avoiding crowded/emergency roads on the way to your destination (Functional question)
	
	√
	
	
	



	Do you accept not avoiding crowded/emergency sections on the way to your destination (Dysfunctional question)
	
	
	
	
	√
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Table 5. Dysfunctional and functional questions [33,34].
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Scale

	
Dysfunctional Question Evaluation




	
Like

	
Must-Be

	
Neutral

	
Live with

	
Dislike






	
Functional question evaluation

	
Like

	
Q 1

	
A

	
A

	
A

	
O




	
Must-be

	
R

	
I

	
I

	
I

	
M




	
Neutral

	
R

	
I

	
I

	
I

	
M




	
Live with

	
R

	
I

	
I

	
I

	
M




	
Dislike

	
R

	
R

	
R

	
R

	
Q 1








1 Note: Q is a suspicious result due to incorrectly set question or misunderstanding of respondent.
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Table 6. Sex and age cross-comparison table.
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Distribution of Options

	
Male

	
Female




	
Number

	
Proportion

	
Number

	
Proportion






	
<18

	
0

	
0.00%

	
5

	
2.01%




	
18~29

	
95

	
38.15%

	
87

	
34.94%




	
30~39

	
61

	
24.50%

	
70

	
28.11%




	
40~49

	
43

	
17.27%

	
50

	
20.08%




	
50~59

	
40

	
16.06%

	
31

	
12.45%




	
≥60

	
10

	
4.02%

	
6

	
2.41%




	
Total

	
249

	
100.00%

	
249

	
100.00%
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Table 7. Reliability and validity analysis of forward and reverse problems of Kano model.
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	Type of Test
	Cronbach’s Alpha
	KMO Value
	Bartlett’s Sphericity Test Sig Value





	Functional question
	0.710
	0.767
	0.000



	Dysfunctional question
	0.707
	0.739
	0.000
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Table 8. Correlation analysis between characteristics (personal basic information) and status variables (objective data) 1.
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Gender

	
Age

	
Occupation




	
r

	
p

	
r

	
p

	
r

	
p






	
Shopping mall frequency

	
−0.012

	
0.787

	
−0.095

	
0.034

	
−0.115

	
0.010




	
Be familiar with the indoor map of shopping mall

	
−0.075

	
0.093

	
−0.103

	
0.022

	
−0.099

	
0.028




	
Whether the shortest path can be found

	
0.189

	
0.000

	
−0.151

	
0.001

	
−0.109

	
0.015








1 r is Pearson correlation coefficient. p is significance sig value. Blue indicates significant difference. Red indicates very significant difference.
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Table 9. Correlation analysis between characteristics (personal basic information) and demand variables (subjective data) 1.






Table 9. Correlation analysis between characteristics (personal basic information) and demand variables (subjective data) 1.





	

	
Gender

	
Age

	
Occupation




	
r

	
p

	
r

	
p

	
r

	
p






	
Do you need a software system to guide you to the destination store?

	
0.028

	
0.538

	
0.057

	
0.205

	
0.105

	
0.019




	
Are you satisfied with the current signage/system for indoor navigation?

	
0.010

	
0.832

	
−0.075

	
0.097

	
0.039

	
0.383








1 r is Pearson correlation coefficient. p is significance sig value. Blue is significant difference.
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Table 10. Frequency statistics and classification of indoor navigation demand factors in shopping malls.
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Demand Item

	
Demand Type Frequency f(X)

	
Kano Category

	
Berger Improved the Kano Category




	
O

	
A

	
M

	
I

	
R

	
Q






	
Avoid crowded/emergency roads

	
226

	
58

	
27

	
151

	
18

	
18

	
O

	
O




	
Passing by specific types of shops

	
40

	
263

	
3

	
142

	
23

	
27

	
A

	
A




	
Bypass specific types of shops

	
11

	
111

	
3

	
306

	
31

	
36

	
I

	
I




	
Vertical elevator first

	
50

	
260

	
8

	
148

	
10

	
22

	
A

	
A




	
Escalator first

	
48

	
89

	
14

	
311

	
11

	
25

	
I

	
I











[image: Table] 





Table 11. Mixed analysis of indoor navigation demand factors in shopping malls.
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	Demand Item
	TS Value
	CS Value
	Mixed Type





	Avoid crowded/emergency roads
	0.624498
	0.150602
	O



	Passing by specific types of shops
	0.614458
	0.242972
	A



	Bypass specific types of shops
	0.251004
	0.391566
	I



	Vertical elevator first
	0.638554
	0.224900
	A



	Escalator first
	0.303213
	0.445783
	I
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Table 12. Analysis of Better–Worse coefficient and ASC value of indoor navigation demand factors in shopping malls.
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	Demand Item
	Better Coefficient
	Worse Coefficient
	ASC Value
	Importance Ranking





	Avoid crowded/emergency roads
	0.614719
	−0.547619
	0.581169
	1



	Passing by specific types of shops
	0.676339
	−0.095982
	0.386161
	3



	Bypass specific types of shops
	0.283063
	−0.032483
	0.157773
	5



	Vertical elevator first
	0.665236
	−0.124464
	0.394850
	2



	Escalator first
	0.296537
	−0.134199
	0.215368
	4
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Table 13. Percentage of indoor navigation considerations (multiple choice) in the questionnaire.
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	Demand Item
	Number
	Percentage
	Percentage of the Observed Value





	Avoid crowded/emergency roads
	274
	24.3%
	55.0%



	Passing by specific types of shops
	338
	29.9%
	67.9%



	Bypass specific types of shops
	114
	10.1%
	22.9%



	Vertical elevator first
	231
	20.5%
	46.4%



	Escalator first
	159
	14.1%
	31.9%



	Else
	13
	1.2%
	2.6%
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Table 14. Classification and design of shopping mall interior navigation requirements.
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Level

	
Specific Requirements






	
Function

	
Avoid crowded/emergency roads




	
Vertical elevator first




	
Passing by specific types of shops




	
Use

	
Convenient, portable use




	
Simple and clear




	
Effect

	
Updates environment data in real time and prompts for specific activities




	
Positioning and navigation are three-dimensional and accurate




	
Multiple paths are available




	
Special calibration for toilet, vertical elevator, horizontal escalator and other shopping mall special space
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