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Abstract: 

Worldwide. In the context of increasing aging in the cities, elderlies with different 

characteristics such as sociodemographic, mental, and physical problems may face many 

barriers to their mobility. We need new mathematical models to understand and predict how 

different factors affect the subway system, which helps older adults to eliminate their obstacles 

and experience a flexible and independent trip while using the subway system. This research 

provides a comprehensive methodology for identifying the factors and calculate their impact on 

subway usage in three steps, namely survey design, model estimation, and forecasting subway 

usage by elderlies with different characteristics. To achieve this purpose, we use stated 

preference data collecting of 236 persons  gathered from elderly people in Tehran during April 

and May 2021. To estimate the model, we examine the elderly’s attitudes and features toward 

subway choice and anticipate subway usage through a hybrid discrete choice model. The 

findings from the case study indicate that improving mental satisfaction followed by facility and 

service coverage satisfaction and education will increase the probability of elderly’s subway 

usage. By contrast, physical problems, staff services and lack of facilities, aging, illness, and 

high income had adverse effects. 

1. Introduction 

Aging has become a universal phenomenon to be considered 

for establishing a suitable public transportation in 

sophisticated metropolitan and mega cities. Elderly 

population (60 years above) for Iran residents will be 

increased from 8% in 2011 to 21.7% In 2050 [1]. However, 

this figure is not just for Iran, developed countries are also 

experiencing this situation and developing countries like 

Iran are confronted with the same scenario. From studies, 

developing countries have increased in population and birth 

rate reduction occurs over less amount of time [2]. To 

illustrate the point, Sundling et al. (2014) find that 

transportation facilities must be enhanced to be able to 

handle the needs of the feeble group as ratio of the elderly in 

the world is increasing [3]. 
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Cheshmberah et al. (2014) state that the elderly in Iran 

encounter many health and social problems, including 

illiteracy, problems with daily activities, financial issues, life 

dissatisfaction, and lack of health insurance which create 

barriers to mobility [4]. It is a significant concern that 

mobility restrictions are prevalent in the elderly [5]. With 

respect to the findings of Satariano et al. (2012), lack of 

mobility will have harmful consequences for the elderly, 

such as health problems, depression, social isolation [6]. 

However, mobility, including outdoor activities and 

accessible public transport, will improve the life elderly 

population quality ([7]; [8]). For this reason, Srichuae et al. 

(2016) find that supportive environments such as 

transportation and access to public space are among the 

important needs of the elderly [9]. In addition to being able 

to walk and become mobile, these items make them able to 

be self-sufficient and don’t depend or rely on others [10]. 

Furthermore, older people often prefer to stay home, make 

fewer and shorter trips, use non-car transport modes ([11]; 

[12]).  

Also, Metz (2003) state that elderly’s travel behaviors are 

different and these differences arise from numerous factors 

as gender, age, income, education, illness, and supportive 
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environments [8]. For example, Spinney et al. (2009) notice 

that the population the aged 65 to 75, in comparison with 

those aged is 85 or over, would like to spend more than 70 

minutes a day outside of the house, and it implies that age 

can have a negatively relationship with mobility [13]. As age 

increases, traveling by public transport despite having health 

problems becomes more complex and causes all modes to be 

less frequently used ([14]; [15]). But the elderly who have 

high physical health conditions will continue their activities 

as pedestrians, car drivers, and bus passengers and the 

increase in age will not affect their choice of public transport 

method [16]. 

In many countries, elderlies are keener to use a private car, 

and the factors that lead them to these preferences are 

reliability, comfort, personal security, and flexibility. 

Among them, older men prefer to use their car as drivers 

[17]. On the other hand, older women, who are not able to 

drive a car, prefer to travel by public transportations systems 

or travel by cars as passengers [18]. But in recent decades, 

rate of women's use of personal vehicles as a driver has been 

increasing [12].   

Considering the increasing car usage by elderly, many 

concerns are posed. Risk of injury and fatality in traffic 

threatens these groups more than other age groups [19]. In 

many countries, research has shown that the tendency to use 

a car is more among people aged 65 to 84 than other modes 

of travel ([20]; [10]; [15]). Also, car usage declines as the 

users’ age increases. Generally, results show that the 

physical and mental ability of the elderly to drive decreases 

over time and therefore, their dependency on transit 

increases [21]. Hence, the government and relevant 

organizations are working to improve public transportation 

systems to minimize using private cars and solve the 

problems that elderly people may face by using public 

transportation.  

To improve this situation, urban planners need to identify 

factors influencing elder mobility while using the public 

transportation system. Srichuae et al. (2016) find three types 

of factors such as (1) individuals’ independence, (2) 

distribution of public spaces, and (3) urban systems [9]. 

Therefore, designing the urban environment by urban 

planners should be compatible with elderly mobility. 

Sundling et al. (2014) determine barriers that limit the 

elderly use of the railway transportation system, and they 

examine 16 cases of illnesses [3]. They then focus on three 

diseases selected by elderlies [3]. Also, different factors such 

as gender, age, and income are explored in previous studies 

and results show that elderlies with lower income have more 

tendency to travel using public transport systems [17]. 

Similar implications are achieved by another study and the 

data investigation show that distance from the public 

transport system and income negatively affect transit use 

[21]. 

Yuan et. al. (2019) focus on the bus transit service usage by 

older people. They use structural equation model to 

investigate the effects of 10 factors such as safety and 

security, time scheduling, driver service [22]. They find out 

that time schedule and reliability have little effect on the 

elderly’s perspective. This result seems logical because most 

of the elderly are retired and thus have more time to reach 

their destination. In contrast, some factors such as service 

and security, convenience and driver service are among the 

most important factors [22]. Shao et al. (2019) highlight the 

importance of investigation of elderly trip characteristics 

[23]. They then compare the distance, frequency and start 

time of elderly in weekday and weekend using GPS and 

buses smart card data. Results show that older people have 

less travel on weekends, but their trip frequency and trip 

distance grow. Also, findings prove that geospatial 

expansion of target group’s travel on weekend is larger than 

young people [23]. 

Fatima and Moridpour (2019) consider Melbourne, 

Australia as case study and analyze the travel pattern and 

accessibility of public transport systems for senior people 

with age 65 and above [24]. They also investigate the 

applied strategies that can improve the transport system for 

elderly. They then propose some suggestions to facilitate the 

access of the elderly to public transportation systems. They 

conclude that strategies such as shuttle bus route services 

and modifying public transport time table can motivate older 

adults to use public transportation systems [24]. DU et al 

(2020) focus on healthcare trips and study the factors 

affecting the trip mode choice of senior people using 

multinomial logistic models [25]. They divide the target 

group in two categories, namely, those line in core area and 

those live in suburb. Results show that elderly use bus and 

walking more than other modes [25]. 

Al-Rashid et al. (2021) consider older women (with age 65 

and over) as target group and study the effects of three 

psychological factors (perceived social norms, social 

support, and neighborhood social environment) on the older 

women’s social inclusion [26]. They find that if social 

planners address these factors, older women experience a 

better public transportation accessibility. Also, they use 

SPSS software and SmartPLS to analyze data gathered using 

face-to-face questionnaires [26]. Noor et al. (2022) explore 

seven studies published between 2007 and 2020 to indicate 

the association between the sustainable public transportation 

and elderly [27]. They find that the use of public 

transportation by the elderly has decreased in recent years. 

They also determine that different factors such as cost, 

safety, distance to public transportation station, and road 

traffic affect the elderly mode choice [27]. 

This survey is designed to examine the factors affecting the 

use of subway systems by the elderly in the city of Tehran. 

Three major components of this research are listed below: 
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Survey design: Our goal for survey design is to collect 

information about socioeconomic and elderly's features. 

 Modeling: We wish to catch the effect of individuals' 

attitudes and perceptions. We assume that consideration of 

the importance of health conditions and mental and service 

satisfaction significantly affect decisions. 

Application: We want to provide a model according to the 

characteristics of each elderly, and we will anticipate that the 

elderlies prefer public transport of choice, which helps us 

forecast demand and find ways to increase the use rate. 

The main objective is to improve the system's current 

conditions to increase the satisfaction of the elderly by 

providing facilities and services for those with physical and 

mental problems which affect their choices. By considering 

information gathered from the literature review, we 

acknowledge that many previous researchers have 

conductive factors affecting mobility and evaluating 

accessibility to the subway system ([28]; [9]). Srichuae et al. 

(2016) present a binary logistic regression model to 

highlight the factors that can affect elder mobility in public 

spaces and travel modes that they use to access public areas 

[9]. 

Also, Prasertsubpakij and Nitivattananon (2012) propose a 

model to contribute to the balanced integration of the multi-

faced concept of accessibility [28]. They choose women, the 

elderly and disabled as target group to explore the 

accessibility performance of metro using both empirical and 

theoretical approaches [28]. As well as, Shrestha et al. 

(2016) discuss different older people needs such as 

availability, acceptability, accessibility, and affordability 

[7]. They use the dimensional homogeneity and statistical k-

means cluster to analyze their model [7]. Also, Sundling et 

al. (2014) investigate the accessibility of railway systems for 

the elderly with and without disabilities and use a logistic 

regression for analysis [3]. 

According to studies, most scholars use the logistics model 

for estimations. In comparison, we use the hybrid choice 

model for our analysis. This model has led to evaluating 

attitudes' impact on choice by incorporating structural 

equation models (SEM) and discrete choice models (DCM). 

Therefore, this model first identifies elderlies' features, then 

we would like to probe their impact on using the urban 

subway system. We obtain a logistic regression equation that 

will result in the elderly's probability of using or avoiding 

the subway system. 

 

2. Data 

2.1. Data collection 

The present study was carried out in Tehran, with a 

population of over 8.8 million people. At the same time, 8.2 

% of this portion is associated with elderlies (aged 60 and 

older), which is gradually increasing. Random sample Data 
collecting of 236 persons (above 60 years old) From April 

to May 2021 has been carried out with two methods: paper-

based and online questionnaires. One hundred seventy-four 

data were collected via elderly in public places such as parks 

and passengers leaving subway stations in different areas of 

Tehran (using the paper-based questionnaire method). The 
City of Tehran is divided into 22 urban regions; each has its 

administrative center. Also, 20 of the 22 metropolitan areas 

are located in Tehran County's Central District, while 

districts 1 and 20 are located in "Shemiranat" and "Ray" 

counties, respectively. All information was collected from 

the 22 districts except for district number 20. Collecting the 

questionnaires with this method was a real time-consuming 

and challenging process to complete.  

From what we experienced during surveying and gathering 

information from suitable aged candidates, we identified the 

process to be challenging. This challenging procedure is due 

to various reasons associated with age, lack of tolerance, and 
health issues (for instance, hearing and vision). During 

surveying, distributors were asked to assist candidates by 

writing down instead of filling the questionnaire 

independently by candidates, which caused time restrictions 

for distributors to complete the targeted number of 

questionnaires per day. Also, aged people were more likely 

to answer questions indirectly and usually wanted to relate 

to other social and economic dilemmas. Therefore, we were 

forced to listen and record helpful information instead of 

getting a direct answer, which again caused time-related 

issues while gathering information. On the other hand, an 
online questionnaire was sent to 47 friends and 

acquaintances who were asked to send it to their 

grandparents or those over 60 years old. With this method, 

62 data were obtained. 

 

2.2. Questionnaire Design 

We use this study as expressed performance and survey 

questionnaire designed to enhance the transport system for 

elderly people having mental, and physical problems, also 

this study provides an opportunity to identify the factors 

associated with mobility patterns as well as priorities of 

elderly people. So, it is necessary to mention that this 

questionnaire is composing of following six sections: 

Travel information: including the importance of transport 

system in life, travel goals, car ownership, driver’s license, 

and train usage. 

Overall accessibility: such as access flexibility and 

availability to train stations.  

Mental satisfaction: elderly’s feeling when they are 

commuting by subway in which we have investigated these 

parameters such as relaxation, attractiveness, convenience, 

security, bewilderment, as well as safety and superiority. 

Health condition: it investigates the importance of health 

conditions affecting choosing subway consisting of having 

the ability to coordinate movements, concentration, having 

stress, and anxiety, multitasking abilities, physical power, 

lower tolerance and fatigue, chronic illnesses, and visual and 

hearing impairment. 
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Service satisfaction: this is known as the elderly’s 

satisfaction with the present subway system, including 

service, facility, appearance, ride comfort, information 

service, scheduling, etc.  

General information: gathered data of elderly 

socioeconomic features such as education, income, marital 

status, employment status, etc. 

 

2.3. Results of Questionnaire Study 

The responses regarding indicators are reported in this part. 

We explore some sections of the questionnaire introduced 

above. Meanwhile, sections including mental satisfaction, 

health condition, and services satisfaction due to having a 

large number of indicators have been discarded. 

 

2.3.1. Travel information 

Paying attention to relationships between modes, and trip 

purpose, as we can see from table 1, it is found that most of 

the trips have occurred by private car as well as by walking 

and subway, among other modes. Of 57.6% of trips are done 

for the bank and post office, 50.8% belong to grocery trips. 

Also, 53% of sports trips are carried out by walking. 

According to gathered data, 55.9% are for trips to visit 

friends and relatives, 34.4% for medical trips, and 30.9% are 

related to other shopping trips that are carried out by private 

car. For the subway, it can be considered that 22.9% 

accounts for daily community trips, 17.8% of the other 

shopping trips and 17.4% of social activities are carried out 

by the subway. 

 

2.3.2. General information 

According to table 2, it can be shown that, of all data 

collected from elderlies, 54.6% of people belong to men 

over 60. Moreover, the highest percentage of age accounts 

for 60-69 while the lowest rate accounts for more than 90. 

 

 Another aspect investigated in this table is the marital status 

of which 73.5% are related to married people, while 3.4% 

belong to divorced ones. Furthermore, another factor 

considered here is employment status, in which we see that 

men, in comparison with women, have the highest 

percentage of employment status before the retirement 

period. Also, some women considered as retired are those 

getting retirement pensions from their husbands, including 

widowed and unemployed ones. By comparison between 

men and women, we observe that men have the same level 

of satisfaction in terms of health as women. Another 

essential aspect of studying is an illness in which most 

people have no special problem. In other words, there are not 

any considerable differences between men and women in 

terms of disease. As we are investigating our data, it can be 

shown that 40.7% of elderlies’ income varies between 100 

and 200 million IRR , and among them, those having lower 

income tend to use train compared to people with higher 

income, it is evident that those elderlies have higher 

education more likely to use subway system with 47.5%. 

According to the table2, there is an item called the driver’s 

license. The conclusion can be drawn that the number of men 

having driver’s licenses are more than the number of 

women. However,41.9% of elderlies have one car in their 

household, and about 25.4% have more than two cars, but 

just about 32.6 % do not have a car, which shows most of 

the elderly have a personal vehicle. Meanwhile, the other 

item in this section is the frequency of using the train in 

which 17.4% of them had never used the train while the 

others had used it in different quantities. According to this 

table, most elderlies prefer to walk to the train station 

(42.8%). By contrast, 0.4% of them tend to go by bicycle or 

motorcycle. Final factor considered here is depending on the 

mobility of others, in which it is shown that 81.8% of 

elderlies don’t need to be supported. 

 

 

Table 1: Travels mode choice information for elderly. 

 Private 

car % 

Taxi 

% 

Bus 

% 

Subway 

% 

Walking 

% 

Bicycle 

% 

Flexible 

transport % 

N/A 

% 

Grocery shopping 28.8 0.8 5.9 3.4 50.8 0.8 0.4 8.9 

Other shopping 30.9 8.9 10.6 17.8 21.2 0 1.3 9.3 

Bank/post office 12.7 2.5 8.1 5.9 57.6 0.4 0.8 11.9 

Medical appointments 34.4 14.4 9.3 14 6.4 0.8 13.6 7.2 

Visiting friends or relatives 55.9 7.6 5.5 12.3 4.2 0.4 11 3 

Eating out 46.6 4.7 4.2 3 13.6 0.4 1.3 26.3 

Social activities 16.9 4.7 8.1 17.4 18.2 0.8 2.5 31.4 

Leisure trips 51.3 1.7 6.8 16.1 5.5 1.3 3 14.4 

Sport 10.6 1.7 4.2 6.4 53 3.4 0 20.8 

Daily commuting 16.5 5.9 8.1 22.9 14 1.3 2.5 28.8 

Pilgrimages 12.7 3.4 4.2 6.8 28 1.3 0.8 42.4 

All trips 28.9 5.1 6.8 11.4 24.8 1 3.4 18.6 

 

 

Travels purpose Travels modes 
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Table 2: Sample descriptive statistics. 

Percentage  Percentage  Percentage User's characteristics 

 Mode accessibility to train station  Health dissatisfaction  gender 

42.8 walking 14.4 Very good 56.4 male 

17.8 bus 39 Good 43.6 female 

14.4 taxi 34.3 normal 100 total 

6 car(passenger) 12.3 Not good  age 

7.2 Private car 100 total 58.1 Between 60-69 

0.4 bicycle  illness 30.9 Between 70-79 

0.4 motorcycle 32.6 Yes 10.2 Between 80-89 

11 NA 67.4 No .8 More than 90 

100 total 100 total 100 total 

 income  
Number of cars in 

household 
  

16.5 Less than 10 million IRR 32.6 None  Marital status 

40.7 Between 10 and 20 million IRR 41.9 One 72.5 Married 

22.9 Between 20 and 50 million IRR 18.2 two 6.8 Single 

6.8 More than 50 million IRR 5.1 three 17.4 widowed 

13.1 NA 2.1 More than three 3.4 divorced 

100 Total 100 total 100 total 

 Education  Having a driver's license  Employment status 

22.5 Primary education 70.3 yes 61 Retired 

27.5 Secondary education 29.7 no 21.2 Unemployed 

47.5 Higher education 100 total 9.3 Full-time employed 

2.5 NA  Frequency of using train 3.4 Part-time employed 

100 total 11.9 Every day 4.2 volunteer 

 Depending on others for mobility 30.1 1-3 trips / week 0.8 NA 

18.2 yes 23.7 1-3 trips/month 100 total 

81.8 No 16.9 Less than 1 trips/month   

100 total 17.4 never   

  100 Total   

3. Theoretical Background 

3.1. Hybrid choice model framework 

The hybrid choice model (HCM) is a new descendant of 

discrete-choice models on integrating discrete-choice and 

latent-variables models. This model has been proposed to 

consider measurable and latent variables such as people's 

perceptions and attitudes (such as a sense of satisfaction) in 

the context of identifying the choice model. HCM clarifies 

better decision-making behavior and incorporates 

socioeconomic characteristics with psychological 

characteristics ([29]; [30]). 

The method has been developed sequential and 

simultaneous for estimating models with both observed and 

latent variables. In order sequence, the latent variables are 

constructed before entering the discrete choice models and 

then entered into discrete-choice modeling as an observed 

variable (measurable). But, simultaneously, both processes 

are done in one step. Although it is assumed that the 

simultaneous method provides more precise estimates, the 

sequential method has been tried so far due to the greater 

complexity and lack of basic software for its calculations. 

Typically, discrete choice models use observed variables, 

such as the characteristics of selective options (travel time 

and travel costs) and socio-economic variables (age and 

gender) as the main variables of travel choice models [31]. 

This approach has been criticized by behavioral scientists for 

ignoring the psychological aspects of individuals (latent 

variables), because these variables can affect the people 

choice [32]. 

Hybrid choice models are composed of the two following 

models. The latent variable model consists of measurement 

models that determine the relationship between the 

indicators (indicators are usually questions used to measure 

latent or qualitative variables) and the latent variables and 

structural models that can describe latent variables using 

personal data or predict and explain them as regression 

equations. The second model is the nucleus of discrete 

models, which is based on the utility function of each option, 

the probability of choosing this option is estimated [29]. 

Archive of SID.ir

Archive of SID.ir



 

 A. Edrisi et al.                                                                                   Numerical Methods in Civil Engineering, 7-3 (2023) 78-93 

 

 

 

83 

 

 
Fig. 1: Modeling framework. 

 

Figure 1 shows the framework of modeling process. The 

measurement equations are as follows: 

I = α + λZ∗ + υ (1) 

yn = {
1       if  individual n selects subway     
0                                         otherwise

 (2) 

Latent variables are indicated by I in Equation. (1). The 

association between responses is shown by a vector of 

parameters 𝛼. Also, λ  and υ  are the vector of unknown 

parameters (for relating the latent variables to indicators) 

and the vector of independent error terms, respectively. 

Equation (2) is consist of term yn that is a binary choice 

indicator and it is one if the railway system mode is chosen 

and zero otherwise. The structural equation and utility 

function are as follows: 

Z∗ = X1b + ω  , ω~N(0,∑ω),  (3) 

U = X2β + ε , ε~iid EV1(0,1), (4) 

where Z∗, X1 and X2 are the latent variables vector, 

explanatory variables, and attributes matrices of alternatives 

and explanatory variables, respectively. Also, the effect of 

observable variables on latent variables should be described 

and 𝑏 is used to show that effect as a matrix of unknown 

parameters. Random disturbance terms and their variance 

are entered into the Equation (3) using ω and ∑ω, 

respectively. Equation (4) is consist of some variables and 

parameters. 𝑈 and 𝛽 are utilities and an unknown parameters 

vector for describing the alternatives and explanatory 

variables effect on utility and vector of an unknown 

parameter associated with latent variables present in the 

utility function, respectively. The random disturbance terms 

vector is represented by ε. 

The likelihood function that is used to indicate the common 

probability of the choice model with the latent variable and 

its indicators is formulated as: 

P(yin, I|X1. X2. δ) = 

∫P(yin|Cs. X2. β)fI(I|Z
∗. λ)fZ∗(Z

∗|X1. b)dZ
∗.   

(5) 

The choice model, latent variables measurement, and latent 

variables structural equations are embedded into Equation 

(5). Also, all coefficients are determined by a set δ.  

 

4. Model result 

This section presents the specification and estimation results 

of the hybrid choice model designed to identify the factors 

that affect the elderly in choosing the subway system. For 

this reason, we assume that the information decision-makers 

receive from the travel environment shows the effects of the 

individual's satisfaction with the system and affects these 

decision-making attitudes and ideas. We assume that 

physical problems, mental happiness, and service 

satisfaction affect their choice of the subway system. We 

Explanatory variables of 

social environment

  

Indicators

   .  

Choice indicators

  

M
IM

C

DCM

Latent variables 

(decisions maker’s 

social environment)

 ∗ 

Explanatory variables of 

decision maker

  

Utilities 

𝑈 
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aim to acquire an effective model to predict the use or 

avoidance of Tehran's subway system by elderlies. 

4.1. Preliminary analysis 

Factor analysis is applied to reveal the latent structure 

(dimensions) of a group variable, which diminishes attribute 

space from a more significant number of variables to a 

smaller number of factors [33]. Factor analysis can either be 

exploratory or confirmative. Exploratory factor analysis 

(EFA) is the most proper when the number of factors and 

their mutual associations are not revealed. While 

Confirmatory factor analysis can be allocated to test if 

measured (indicator) variables load as predicted about the 

expected number of factors [34]. An exploratory factor 

analysis is conducted in this research. In the first analysis, 

attributes are having a measurement system analysis (MSA) 

value less than 0,4 (MSA < 0,4), including access to local 

stations, sanitation of trains and stations, the physical 

condition of the train (AC, fan, seat and toilet condition, and 

audio systems), preferring not to use the train in peak hours, 

and these attributes cannot be figured out and must be 

excluded from the analysis. After the variable has been 

excluded, the next step is doing factor analysis without these 

variables. Also, a principal component analysis with 

“varimax” rotation are carried out. Eventually, with this 

analysis, we receive seven factors. These factors are our 

latent variables. We name them as follows: the importance 

of physical problems (IOPP), importance of internal side 

problems (INSP), mental satisfaction (MNTS), facilities and 

services coverage satisfaction (FSCS), lack of facility 

(LACF), ticket office services satisfaction (TICS) and staff 

services satisfaction (STAFS).  

 

4.2. Hybrid choice model 

As presented in the previous section, we choose the HCM 

framework that is consist of two main components, namely, 

a MIMIC model and a logistic regression model. We use the 

HCM framework to describe how our latent variables can 

affect subway choice for daily activity [29]. In this section, 

we first calculate latent variables through the MIMIC model. 

After calculation, we use latent variables to obtain the 

logistics regression model [31]. 

 

4.2.1. A latent variable model (LVM) 

This model incorporates determining elderlies' attitudes by 

socioeconomic characteristics. Accurately, these latent 

variables are inclusive of the importance of physical 

problems (IOPP), mental satisfaction (MNTS), facilities and 

services coverage satisfaction (FSCS), lack of facility 

(LACF), and staff services satisfaction (STAFS). The 

importance of inner side problems (INSP) and ticket office 

services satisfaction (TICS) are not included in the HCM 

because in the resultant model, they are not statistically 

significant, and we exclude them from the model.   

According to the model results, due to the existence of five 

latent variables, and to avoid repeating the contents, tables 3 

to 12 are embedded into the paper to present the description 

and analysis of the variables. The characteristics of the 

structural equation are given by two first columns of tables 

related to structural equations (Equation 3), and the third 

column describes each explanatory variable. The estimated 

parameters in the structural equations are written in the 

"Estimate" column, and the t-test presented in the tables 

shows a meaningful level. It should be noted that if the value 

of the t-test is between 1.96 and -1.96, the hypothesis is 

rejected (at a significant level of 95%). If this value is more 

significant than 1.96 or less than -1.96, the assumption is 

confirmed at a considerable level of 95%. When this value 

is more than 2.56 or less than -2.56, it can be said that the 

hypothesis is confirmed with a higher probability of 99%. 

As a result, the factor analysis measures the latent variables 

by Equation (1)

 

- Importance of physical problems (IOPP) 

Table 3: Specification table and estimation results of IOPP. 

coefficient Explanatory variable Variable description Estimate t-test P-value 

bemp−full time Xemp−full time 
1 if participant have full-time job, 0 

otherwise 
0.393 3.396 0.001 

bdep Xdep 
1 if participant Depends on others for 

mobility, 0 otherwise; 
0.299 2.322 0.020 

bcar Xcar 1 if they have car, 0 otherwise; 0.323 3.004 0.030 

bD.License XD.License 1 if they have driver’s license, 0 otherwise; - 0.416 —3.691 0.000 

𝜔IOPP  random disturbance terms N (0,1) 0.533 4.862 0.000 
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indicators of latent variables IOPP include:

𝐈𝟏 .  𝟏: Loss of ability to coordinate movements    

𝐈𝟏 .  𝟐: Physical power loss  

𝐈𝟏 .  𝟑: Increasing fatigue and lower endurance 

𝐈𝟏 .  𝟒: Chronic illnesses/ inner organs function is reduced 

Table 4: Parameters estimation of measurement equation of IOPP. 

indicators  𝝀𝑰𝑶𝑷𝑷 t-test 𝜶𝑰𝑶𝑷𝑷 t-test 𝝊𝐈𝐎𝐏𝐏 t-test 

𝐈𝟏 .  𝟏 1 - 3.435 25.232 1.620 13.968 

𝐈𝟏 .  𝟐 1.2 7.815 3.282 22.023 1.130 8.198 

𝐈𝟏 .  𝟑 1.590 8.898 2.913 16.283 0.579 5.591 

𝐈𝟏 .  𝟒 1.110 7.666 3.551 24.887 1.313 10.475 

- Mental satisfactions (MENTS) 

Table 5: Specification table and estimation results of MENTS. 

coefficient Explanatory variable Variable description Estimate t-test P-value 

bMarST−single XMarST−single 1 if participant is single, 0 otherwise -0.415 -2.237 0.025 

bMarST−widowed XMarST−widowed 1 if participant is widowed, 0 otherwise -0.290 -2.435 0.015 

billness Xillness 1 if participant is ill, 0 otherwise -0.396 -3.842 0.000 

bDep XDep 
1 if participant Depends on others for mobility, 0 

otherwise 
-0.365 -3.086 0.002 

𝜔MENTS  random disturbance terms N (0,1) 0.640 6.693 0.000 

Indicators of latent variables MENTS include: 

𝐈𝟐 .  𝟏 : I feel relaxed when travelling by train 

𝐈𝟐 .  𝟐 : I enjoy travelling by train 

𝐈𝟐 .  𝟑 : It’s convenient for me to travel by train 

𝐈𝟐 .  𝟒 : I feel quite safe when I am travelling by train 

𝐈𝟐 .  𝟓 : I never feel confused when I am in a railway station 

𝐈𝟐 .  𝟔 : I trust the train as a safe means of transport 

𝐈𝟐 .  𝟕 : I prefer to use the train rather than the bus 

𝐈𝟐 .  𝟖 : I think rail travel is easy for disabled peopl

 

Table 6:  Parameters estimation of measurement equation of MENTS. 

indicators  𝝀𝑴𝑬𝑵𝑻𝑺 t-test 𝜶𝑴𝑬𝑵𝑻𝑺 t-test 𝝊𝑴𝑬𝑵𝑻𝑺 t-test 

𝐈𝟐 .  𝟏  1 - 3.503 43.101 0.846 11.197 

𝐈𝟐 .  𝟐  1.003 17.484 3.394 41.802 0.815 12.571 

𝐈𝟐 .  𝟑  1.103 13.264 3.543 41.277 0.753 12.233 

𝐈𝟐 .  𝟒  1.099 13.250 3.622 46.318 0.589 14.003 

𝐈𝟐 .  𝟓  0.879 10.420 3.777 51.682 0.739 10.957 

𝐈𝟐 .  𝟔  1.139 12.526 3.887 53.191 0.368 8.237 

𝐈𝟐 .  𝟕  0.906 10.047 3.881 51.465 0.845 11.356 

𝐈𝟐 .  𝟖 0.653 8.851 2.345 27.973 1.116 15.072 

 

- Facility and services coverage satisfaction (FSCS) 
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Table 7: Specification table and estimation results of FSCS. 

coefficient Explanatory variable Variable description Estimate t-test P-value 

bL−family XL−family 
1 if participant is living with their family, 0 

otherwise 
0.137 2.659 0.008 

bDep XDep 
1 if participant Depends on others for 

mobility, 0 otherwise 
-0.261 -3.572 0.000 

bcar Xcar 1 if participant have a car, 0 otherwise -0.133 -3.146 0.002 

𝜔FSCS  random disturbance terms N (0,1) 0.189 3.646 0.000 

Indicators of latent variables FSCS include: 

𝐈𝟑 .  𝟏 : Connections between the subway system and other 

public transport systems 

𝐈𝟑 .  𝟐  : Punctuality of trains 

𝐈𝟑 .  𝟑 : Connections between train services 

𝐈𝟑 .  𝟒 : Seat availability 

𝐈𝟑 .  𝟓 : Safety & security equipment in the train or station 

𝐈𝟑 .  𝟔 : The gap between the train and the platform edge 

𝐈𝟑 .  𝟕 : Train frequency 

 

𝐈𝟑 .  𝟖 : The time available to get on/off the train 

𝐈𝟑 .  𝟗  : Availability of trains 

𝐈𝟑 .  𝟏𝟎: Operating hours 

𝐈𝟑 .  𝟏 𝟏: Complaint handling 

𝐈𝟑 .  𝟏𝟐 : Provision of information about train 

schedules/platforms 

𝐈𝟑 .  𝟏𝟑 : Safety information for passengers on board and in 

the station

 

Table 8:  Parameters estimation of measurement equation of FSCS. 

indicators  𝝀𝑭𝑺𝑪𝑺 t-test 𝜶𝑭𝑺𝑪𝑺 t-test 𝝊𝑭𝑺𝑪𝑺 t-test 

𝐈𝟑 .  𝟏  1 - 3.540 49.417 0.720 13.356 

𝐈𝟑 .  𝟐   1.462 7.152 3.864 47.147 0.449 13.466 

𝐈𝟑 .  𝟑  1.149 6.301 2.565 29.568 1.109 15.702 

𝐈𝟑 .  𝟒  1.146 6.585 3.692 49.777 0.622 9.687 

𝐈𝟑 .  𝟓  1.699 7.774 3.660 43.142 0.378 8.624 

𝐈𝟑 .  𝟔  1.730 7.324 3.667 40.596 0.431 8.711 

𝐈𝟑 .  𝟕  1.683 7.108 3.790 44.372 0.341 6.085 

𝐈𝟑 .  𝟖  1.832 8.008 3.764 39.912 0.334 9.898 

𝐈𝟑 .  𝟗   1.341 7.562 3.709 48.462 0.441 10.331 

𝐈𝟑 .  𝟏𝟎 1.667 7.642 3.860 45.942 0.304 10.735 

𝐈𝟑 .  𝟏 𝟏 1.197 6.898 3.112 43.466 0.431 14.378 

𝐈𝟑 .  𝟏𝟐 1.465 6.842 3.402 37.600 0.868 11.600 

𝐈𝟑 .  𝟏𝟑  1.457 6.996 3.431 38.544 0.784 14.638 

 

 

- Staff services satisfaction (STAFS)  

Table 9: Specification table and estimation results of STAFS. 
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coefficient Explanatory variable Variable description Estimate t-test P-value 

bL−family XL−family 
1 if participant is living with their family, 0 

otherwise 
0.215 2.664 0.008 

bMarST−single XMarST−single 1 if participant is single, 0 otherwise -0.325 -2.138 0.032 

𝜔STAFS  random disturbance terms N (0,1) 0.706 9.312 0.000 

indicators of latent variables STAFS include: 

𝐈𝟒 .𝟏   : Appearance of staff 

𝐈𝟒 .𝟐 :  Staff availability to help passengers 

𝐈𝟒 .𝟑   : Staff behavior 

 

Table 10: Parameters estimation of measurement equation of STAFS. 

indicators  𝝀𝑺𝑻𝑨𝑭𝑺 t-test 𝜶𝑺𝑻𝑨𝑭𝑺 t-test 𝝊𝑺𝑻𝑨𝑭𝑺 t-test 

𝐈𝟒 .𝟏  1 - 3.642 54.167 0.111 4.669 

𝐈𝟒 .𝟐  1.119 28.520 3.588 48.745 0.139 3.891 

𝐈𝟒 .𝟑  0.790 12.815 3.124 42.572 0.797 11.178 

- Lack of facility satisfaction (LACFS) 

Table 11: Specification table and estimation results of LACFS. 

coefficient 
Explanatory 

variable 
Variable description Estimate t-test P-value 

bage>80 Xage>60 1 for age more than 80, 0 otherwise 0.260 3.055 0.002 

bMarST−widowed XMarST−widowed 1 if participant is widowed, 0 otherwise -0.165 -2.386 -0.017 

bemp−full time Xemp−full time 1 if participant have full-time job, 0 otherwise 0.254 2.699 0.007 

bemp−Voluntary Xemp−Voluntary 
1 if participant have Voluntary job, 0 

otherwise 
0.404 2.155 0.031 

bincome>5 Xincome>5 
1 if participant have income more than 50 

million rials, 0 otherwise 
-0.295 -2.918 0.004 

𝜔LFAC  random disturbance terms N (0,1) 0.222 4.178 0.000 

Indicators of latent variables LFACS include: 

𝐈𝟓 .𝟏 : Availability of parking facilities 

𝐈𝟓 .𝟐 : Facilities for disabled in stations (toilet, special seat, wheelchair space) 

𝐈𝟓 .𝟑 : Facilities for disabled on board (toilet, special seat, wheelchair space) 

 

 

 

 

Table 12: Parameters estimation of measurement equations of LACFS. 

indicators  𝝀𝐋𝐅𝐀𝐂  t-test 𝜶𝐋𝐅𝐀𝐂  t-test 𝝊𝐋𝐅𝐀𝐂  t-test 
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𝐈𝟓 .𝟏  1 - 2.243 30.995 0.943 15.654 

𝐈𝟓 .𝟐  1.556 7.555 1.732 24.733 0.450 6.034 

𝐈𝟓 .𝟑  1.970 7.290 1.741 22.010 0.281 2.859 

 

Structural equations demonstrate that those elderly 

dependent on others for mobility will increase the 

importance of IOPP. We can find that the significance of this 

latent variable is greater for elderlies with a full-time job. 

Also, we find that those elderlies whose husbands have 

passed away and are widowed and those who are single or 

have illness and dependence on others for movement, in 

terms of the mental impact, will have a negative influence 

on MENTS. However, explanatory variables including car 

ownership and depending on others for mobility negatively 

impact FSCS but living with the family will increase service 

satisfaction. Meanwhile, single seniors have a negative 

impact on staff services. On the other hand, those living with 

their family positively impact it (STAFS). Also, the latent 

variable, lack of facility, can be seen in tables. Older elderly 

(age above >80) and the elderly who are employed, whether 

in a full-time or voluntary job, will increase dissatisfaction 

with this variable. On the other hand, the elderly with an 

income of more than 50 million rials have a more significant 

impact on reducing this variable, as well as widowed ones 

(LFAC).  

The measurement model is a relationship between 

exogenous and endogen variables. According to the model's 

results, with increasing the MENTS, these indicators can be 

much more affected, such as safety, security, convenience, 

and enjoying traveling. However, the attributes of lower 

endurance and loss of physical power are more affected by 

IOPP, also in FSCS. The time available to get on/off the 

train, the gaps between the train and the platform edge, 

safety and security equipment, operating hours, and train 

frequency have higher coefficients than other indicators. 

They increase the amount of STAFS and cause more staff 

available to help passengers because it has a more significant 

coefficient. Also, improving the lack of facilities will 

increase elderlies' satisfaction with attributes such as 

facilities for the disabled in stations and onboard (toilet, 

special seat, wheelchair space). 

According to the covariance matrix, table 13, the 

relationships between latent variables are significant. Most 

have a positive and negative coefficient, near zero, but the 

relationship between SFCS and LFAC, MENTS, and LFAC 

has not been significant (P-value> 0.05). The correlation 

coefficient varies between -1 and +1. If two variables have a 

complete correlation, the correlation coefficient is expressed 

by +1 or -1 concerning positive or negative impact, 

respectively. If one variable increases (decreases) the other 

variable, the effect is positive (negative). If we see no 

correlation between two variables, the correlation 

coefficient is expressed by zero. 

To negotiate the model fit of confirmatory factor analysis, as 

shown in table14, we first notice the criteria of the several 

model fit indices. If RMSEA values are good, acceptable, 

marginal, and poor, their values are less than 0.05, between 

0.05 and 0.08, between 0.08 and 0.1, and greater than 0.1, 

respectively. Our sample's RMSEA value is 0.048. 

Therefore, it indicates a good fit. Also, this sample's GFI and 

AGFI values are 0.943 and 0.927. We recall that GFI and 

AGFI are determined concerning the sample size. The 

comparative fit index value is 0.903. The results show that 

GFI, AGFI, and CFI are greater than 0.9. Consequently, they 

show a good fit. which shows a good fit. Also, the amount 

of chi-square to the degree of freedom is less than 3, which 

means that observed and expected values are close, and the 

model is a good fit. 

 

4.2.2. Logistics regressions  

This model has been proposed to consider measurable and 

latent variables such as people's perceptions and attitudes. A 

regression model is a model for a binary dependent variable 

such as disease or health, use or non-use, win or lose. Where 

it can take only two values, "0" and "1," which means a 

random event in two possible situations, the total probability 

of each one will eventually be one. Logistic regression is the 

Sub-branch of a discrete choice model. Because the logistic 

regression model integrates five latent variables, including 

IOPP, MENTS, FSCS, LACFS, and STAFS, simultaneous 

estimation of the various components of HCM is a 

computational calculation. Hence, we carry out the 

estimation using a continuous procedure. 

The choice utility can be defined as a attributes function of 

the alternatives and the latent variables (Equation 4). The 

specified utility consists of experimental characteristics such 

as age, gender, education, illness, mode accessibility, health 

satisfaction, car ownership, and the effect of the latent 

variables. We define the utility of the subway system as: 

Usubway = Xageβage + Xgenderβgender +

Xeducationβeducation + Xillnessβillness +

XHsatisβHsatis + XModACβModAC +

XCarownβCarown + CFSCSx
∗
FSCS+CLfacx

∗
Lfac +

CSTAFSx
∗
STAFS+CMNTSx

∗
MNTS+CPHYPx

∗
PHYP +

υsubway, 

(6) 
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where Xage is 4, 3, 2, 1, and zero if the participant's age is 

more than 90, between 80 and 89, between 70-79, between 

60-69, and otherwise, respectively. Xgender  is one if the 

participant is female and zero otherwise. Xeducation can take 

four different values depending on the level of education 

(higher education is equivalent to 3, secondary education is 

equivalent to 2, primary education is equivalent to 1, and 

those less than primary are equivalent to 0). Xillness is one if 

the participant is ill and zero otherwise. Depending on the 

participant’s health satisfaction (not good, normal, good, and 

very good), XHsatis varies from 4 to zero. An aged person 

can access the subway station by walk, bus, taxi, car as 

passenger, car as driver, motorcycle, bicycle, and other 

modes. With respect to the mode accessibility to the subway 

station, the range of XModAC is from seven (is the participant 

accesses the station by walk) to zero (if the participant does 

not access the station using the mention modes). If the 

participant has a car, XCarown is one. If the participant does 

not have a car, XCarown is zero. The measurement and 

structural equation were shown in the previous section, and 

Figure 2 presents the modeling framework of the case study. 

Regarding the model outputs of binary logistic regression, 

according to the table15 shows the significance of factors in 

the model. To calculate the higher choice model, including 

the combination of SEM and discrete choice model, we have 

used R software to calculate latent variables with the MIMIC 

model and binary logistic regression. The parameters 

influencing elderlies in using the subway were mentioned 

before. Overall, all estimated parameters are suitable 

because their amount is less than the determined quantity 

(0.05); it can be concluded that there is a contradictory 

relationship between age increasing and using the subway 

system, and among all parameters having a negative effect, 

lack of facility (LFAC), as well as women, illness, the 

importance of physical problems and staff services 

satisfactions have the highest negative impact on using of 

the subway.

Table 13: Covariance matrix. 

variables Covariance t-test p-value 

IOPP~MENTS -0.131 -2.603 0.009 

IOPP ~FSCS -0.057 2.320 0.020 

IOPP ~STAFS -0.079 -1.760 0.078 

MENTS~FSCS -0.198 -5.322 0.000 

MENTS~LFAC 0.035 1.433 0.149 

MENTS~STAFS 0.365 6.357 0.000 

SFCS~LFAC 0.018 1.259 0.0208 

SFCS~STAFS 0.216 4.759 0.000 

LFAC~STAFS 0.052 2.157 0.031 

 

Table 14: Fit Indexes. 

Index 
The measured values 

in the model 
Allowed amount 

Chi-square ( 2/ df) 1.49 Less than 3 

Root mean square error of approximation (RMSEA) 0.048 Less than 0.08 

Goodness-of-fit index (GFI) 0.943 More than 0.9 

Adjusted GFI (AGFI) 0.927 More than 0.9 

Comparative fit index (CFI) 0.903 More than 0.9 
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Fig. 2: Modeling framework for elderly subway choice. 

Table 15: logistics regression results, bellow 0.05 is significant. 

parameters Estimate t-test p Value 

age -3.044 -2.508 0.012 

gender -5.009 -2.009 0.044 

education 1.381 1.876 0.061 

illness -4.803 -2.197 0.028 

Health satisfaction -1.374 -1.864 0.062 

Mode accessibility to station 1.370 2.747 0.006 

Car ownership -1.838 -2.142 0.032 

MNTS 7.974 2.557 0.011 

FSCS 7.579 2.447 0.014 

LFAC -6.752 -2.590 0.010 

STAFS -3.417 -2.069 0.038 

IOPP -3.985 -2.388 0.017 

intercept 15.933 2.314 0.021 

Log-Likelihood -18.85   

McFadden R^2 0.82702   

Likelihood ratio test chisq 180.25   

p.value = < 2.22e-16   
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By increasing facilities and services allocated specially for 

disabled people as well as ill ones, it causes improved 

circumstances for people suffering from physical problems 

and illness. While other common subway services and 

facilities, education, mental satisfaction, easier and faster 

mode accessibility to the station, evoke that people can use 

the subway system more and more, and these services 

satisfaction consists of general welfare facilities such as 

safety operating hours, train frequency and so on. 

5. Discussion and Conclusion  

Our study investigates the impact of the elderly's features on 

selecting a subway system. We use SP data gathered from 

older people in the parks and passengers leaving the subway 

station in different districts of Tehran during April-May 

2021. According to the collected data, it is found that 16% 

of seniors never use the subway system. Moreover, the 

finding of this research suggests that the respondent's health 

condition, as well as some kinds of functional limitations or 

disease, create barriers during their trips. Meanwhile, most 

participants expressed that health parameters, including loss 

of physical power, lower endurance, and increasing fatigue, 

have much more impact than other barriers on choosing the 

subway for their daily activity. Also, the physical decline 

will reduce outdoor mobility ([3]; [16]). On the other hand, 

the lack of sufficient seats and facilities for the disabled 

reduces usage because many elderly people have a deficient 

ability to function due to physical problems and illnesses. 

Because of the long distance to stations, it is tough for them 

to walk and take long journeys. Another problem is that 

entrances to the stations do not have an escalator, and some 

people cannot use the station because of physical problems 

or wheelchairs. In other words, using the subway for the 

elderly who use the wheelchair is very difficult because 

there is no provision for them unless they have companions 

to help them. 

Also, age, gender, income, and education are closely related 

to elderlies’ choices. With aging, the subway is less 

frequently used, and women are more likely to travel as car 

passengers and depend on others for their mobility, but older 

men tend to travel by car as a driver. That is to say, older 

people living alone tend to travel more as car drivers and less 

as car passengers, and lower-income people tend to travel 

more by subway. In addition, educated people with good 

health conditions tend to use the subway ([13]; [21]; [17]). 

Meanwhile, several studies have demonstrated that the more 

they have a car and driver’s license availability, the less they 

use public transportation [12]. Also, we conclude that there 

is a significant negative effect between willingness to choose 

the subway system with a driver’s license and car ownership. 

As we showed in table 1, 28.9% of all trips were carried out 

by car, While 11.6% by subway. 

By examining the mental satisfaction of individuals, we find 

that the elderly in Iran have a high degree of mental 

satisfaction with this system, such as relaxation, 

attractiveness, and convenience. Also, the elderly who do 

not work or are retired have more willing to use the subway 

during off-peak hours to carry out their activities. Because 

they are more comfortable, feel relaxed, and have an 

excellent experience of using it again, but those who are 

compelled to travel during peak hours prefer to use other 

modes of transportation instead of the subway system, and 

the reasons behind this fact are being reluctant to use 

because of congestion and poor culture. On the other hand, 

some are afraid of being in tight spaces (claustrophobia) and 

underground. Consequently, they prefer the subway to be on 

the ground. In addition, according to studies, those with 

access to a travel environment are more inclined to travel 

more often, and those traveling more can overcome and be 

dominant over travel barriers such as ticket machines and 

scarce information [3]. So, we can obtain the same result by 

learning more about the environment and overcoming their 

fears, which leads to increased mental satisfaction. 

The other aspect that we understand is elderlies’ satisfaction 

of service, in which most people have been satisfied with the 

current conditions of this system, such as safety, security, 

availability, punctuality of trains, and operating hours. But 

the factors that cause dissatisfaction is lack of facilities for 

disabled people, not having parking facility, as well as 

common existing problems in ticket and staff services. In 

Iran, travel by subway is free for the elderly over 60, and 

they can make all of the trips free of charge. This issue can 

be achieved by requesting the cards called the senior card. 

So, elderlies in Iran are satisfied with the price of their trips 

by subway. Thus, this paper aims to facilitate the 

development of a subway system that would meet the 

specific demand of feeble travelers (and would-be travelers 

often ignored). 

Moreover, this exploratory research has improved our 

knowledge of elderly persons’ characteristics needed to use 

the subway system. Regarding the limitation of the study, 

the sample may not be representative of the resident of 

Tehran as we could not access older adults who have severe 

physical problems and rarely leave their homes. Therefore, 

the results of this study might not be generalizable to the 

behavior of residents in Tehran. Moreover, the SEM fit 

criteria within HCM must be calculated and reported, which 

is required for further research. Therefore, future research 

can investigate what changes to the system may help these 

potentially poor health travelers overcome essential 

obstacles or what strategies can increase mental satisfaction 

to make travel more attractive. Also, future studies can 

investigate the effects of psychiatric features on people, such 

as depression, mental impairment, and anxiety, because 

nobody has considered these parameters yet. Future research 
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can consider more diseases, including cardiovascular 

disease, diabetes, and cancer, as only functional and physical 

problems were entered into the model in this research. 
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