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ABSTRACT
In developing countries where conventional trains are still in use, passengers endure lengthy hours on board. These 
passengers could opt for air travel, which offers a much shorter duration. Therefore, environmental factors significantly 
contribute to the overall comfort of passengers and the modal share of railways. In this cross-sectional research, a 
questionnaire has been developed to quantify passenger evaluations of factors such as light, temperature, noise, and 
vibrations. An 11-hour journey between Tehran, the capital of Iran, and the second major city is selected, along with 
two trains (five-star and four-star). Passengers responded to paper questionnaires, and 382 fully completed ones were 
collected and analyzed. Satisfaction from light was highest while thermal comfort was lowest. A statistically significant 
difference was observed between the comfort levels of passengers on the two trains. The results also indicated that 
certain personal or health conditions affect passenger feelings. For example, individuals suffering from low blood 
pressure tend to feel cold, or those who wear reading glasses are not satisfied with the illumination. Furthermore, older 
individuals are more sensitive to vibrations, but those traveling with their families are less sensitive to it. The findings 
of this research can assist in better compartment allocation for passengers and enhance overall passenger satisfaction.  
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ABSTRACT 
Regarding significant number of the people affecting by factors, such as gas poisoning, microbial, and heat exhaustion 
in mineral hot spas, the present study was conducted aimed at providing a model for measuring and managing the risk 
of using hot mineral spas. In this research, a conceptual model of risk was prepared in four stages. Firstly, 16 qualitative 
parameters were extracted, their effect weight of which was obtained based on the amount of risk for users was 
determined by fuzzy analysis method. According to the amount and standard range allowed for each parameter, 
quantitative and qualitative risk categories were obtained in five ranges for each parameter based on the obtained 
weights and opinions of the health experts. Then, the final result regarding risk of using each spa was obtained by 
combining these parameters. For assessing risk of using hot mineral spas in Ardabil province by the method invented 
in this research, at first, water samples were collected from six spas in different parts of Ardabil province. Then, risk 
management of six spas was evaluated. According to the results, the Qotursuyi spa had a high level of risk, the spas 
of Shabil, Gavmishgoli, and Qinarjeh had a moderate level of risk. Under responsible risk management, natural hot 
springs present a renewable resource for sustainable tourism development on a long-term basis.  
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INTRODUCTION
Passengers, as the primary customers of the railway 
industry, play a crucial role in mode choice. (Dis)
comfort during travel is a significant barrier to choosing 
railways (Blainey et al., 2012). In long-distance travel, 
passengers spend extended hours on trains, making 
environmental factors such as noise, vibration, light, 
and temperature extremely important. Conventional 
trains with lower speeds (below 200 km/h), which 
primarily operate in developing countries, usually have 
lower standards in this regard compared to modern 
Corresponding author: Melody Khadem Sameni
E-mail: sameni@iust.ac.ir

high-speed trains. This topic appears to be understudied 
in the literature and requires more attention to prevent 
a modal shift toward cars and airplanes for sustainable 
transport. This is particularly important for developing 
countries that often face challenges in improving the 
quality of their transportation networks, and investment 
might not be easily available or feasible.
 
Literature Review
Passenger satisfaction directly influences the financial 
sustainability of transportation companies and mode 
choice (Lai and Chen, 2011). Several review papers 
have been published on related topics, including 
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human factors in railways (Wilson and Norris, 2005, 
Wilson and Norris, 2006), (Wilson, 2007), thermal 
comfort for car passengers (Walgama et al., 2006), and 
air passenger comfort (Hiemstra-van Mastrigt et al., 
2017, Ahmadpour et al., 2016). However, the literature 
lacks a recent comprehensive paper regarding railway 
passengers.

One of the early works on passenger comfort was 
conducted by Richards et al. (1978a), who categorized 
contributing factors into “motion, sensory, and seat,” 
while Kogi (1979) used “physical, mental, and 
environmental” categories. It’s not just the absolute 
levels of environmental factors that affect perceptions 
of comfort, but also the personal characteristics of 
passengers are determining factors (Richards et al., 
1978b).

Research on passenger ride comfort in railways can be 
categorized into two major groups:
1. Mechanical aspects such as noise and 
vibration, acceleration, and suspension, which are 
well-studied in the literature (Powell and Palacín, 
2015, Xu et al., 2018, Gerlici et al., 2007, Kumar et al., 
2017, Ripamonti and Chiarabaglio, 2019, Hardy and 
vibration, 2000). There are also standards such as ISO 
2631-1 to specify various aspects of it.
2. Thermal comfort (Ampofo et al., 2004, 
Konstantinov and Wagner, 2016, Ivanescu et al., 2010, 
Ye et al., 2004, Katavoutas et al., 2016, Deb et al., 
2010).

As summarized above, researchers have mainly 
focused on a single aspect of passenger comfort. 
Few studies have taken a comprehensive approach: 
Mohammadi et al. (2020) developed a model that 
quantifies overall passenger comfort by considering 
“Thermal, air quality, vibration, lighting and noise” in 
urban rail transit. Huang and Shuai (2018) and Eboli 
and Mazzulla (2011) quantified passenger comfort 
by considering both objective and subjective indices. 
Han et al. (2016) used the Likert scale to measure the 
comfort of passengers using the Seoul metro based 
on their perceptions of “thermal, air, light, acoustic” 
conditions.

However, urban rail travels are much shorter than 
long-distance intercity ones; hence passengers deal 
with these issues for much longer time. In developed 
countries, research has been done on factors that affect 
the thermal comfort of railway passengers on high-
speed trains with the aid of heat cameras and manikins 

such as the type of ventilation - whether it is done from 
the ceiling or floor (Schmeling and Volkmann, 2020), 
or displacement ventilation (Schmeling and Bosbach, 
2017). Previous studies have shown undesirable 
working conditions for train drivers in Iran (Adel et 
al., 2015), hence it would be interesting to assess the 
situation for passengers. These facilities do not exist in 
many developing countries and this study is one of its 
first kinds that considers overall comfort of passengers 
by surveying passengers regarding temperature, light 
and noise during their long-distance railway journey. 
Moreover, it considers the impact of personal and health 
conditions such as age, wearing glasses and suffering 
from blood pressure on evaluations of passengers.

METHODOLOGY
This research was conducted in Iran, which is among 
the top 10 countries according to road fatalities (World 
Health Organization, 2018). Furthermore, Iran is a vast 
country, and the speed of 4-passenger compartment 
trains does not exceed 140 km/h, making travel between 
major cities a lengthy journey. The most crowded route 
in Iran (Tehran-Mashhad) was chosen for the case study. 
This route is approximately 926 km long, and it takes 
trains about 11 hours on average to travel this distance. 
By plane, this would be just a one-hour journey. Due to 
cheap fuel prices in Iran, many even choose to travel 
this route by car. Therefore, ensuring the comfort of 
railway passengers during their journey is important 
from both the viewpoint of railway companies and the 
sustainability of transport. To conduct this research, 
the authors developed a questionnaire which was 
distributed on two of the most popular trains, Zendegi 
and Sepehr. These are respectively ranked as 5-star and 
4-star trains according to national railway regulations 
(shown in Figure 1).

The level of satisfaction and comfort regarding 
environmental factors (specifically light, noise, and 
temperature) was examined using self-designed 
questionnaires. Light meter and sound meter software 
were also utilized to accurately measure the conditions 
on the trains involved in the case study.

Along with the questionnaire, specialized devices for 
measuring light, sound, and temperature were employed. 
The questionnaire was designed after reviewing 
previous studies and research. Subsequently, using the 
opinions of railway industry experts, environmental 
factors and parameters affecting passenger comfort 
inside the train were identified, and the questionnaire 
was designed accordingly. It was edited by experts, and 
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the final version consisted of five sections:
The first section pertained to demographic questions 
such as gender, age, educational level, and job.
The second section was about the respondent’s current 
trip (final origin and destination, purpose of trip, travel 
companion, and seat location).
The third part included several 5-scale Likert questions 
on passengers’ opinions about the temperature, light, 
and vibration of the train.

The fourth section asked questions about the 
passenger’s physical condition and health. These were 
mainly focused on illnesses that may affect passengers’ 
opinions on the aforementioned environmental factors 
such as high/low blood pressure, diabetes, and allergies.
Finally, the last part consisted of open questions to seek 
suggestions for improving passenger comfort.

Temperature, light, and vibration in different sections 
of the train were measured by one of the authors to 
compare them with standard values and match them 
with passengers’ opinions.

In this study, a voluntary sampling method was 
employed. The appropriate sample size was calculated 
to be 384 using Cochran’s formula (equation 1) (Kotrlik 
and Higgins, 2001). In the formula, ‘n’ represents 
the sample size, ‘N’ is the size of the target society, 
and ‘Z’ represents the value of the normal variable 
at the confidence level of 95% (which is 1.96). The 
questionnaire was distributed among train passengers 
in September 2019. A total of 400 filled questionnaires 
were collected, but after excluding partially filled ones, 
382 questionnaires were used for statistical analyses 
using SPSS software.
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The validity of the questionnaire was verified by a 
panel of university professors from Iran University of 
Science and Technology and experts at Raja Passenger 
Trains Company. There are several methods to analyze 
the reliability of the questionnaire. In this research, 
Cronbach’s alpha method was used. The Cronbach’s 
alpha value (at a confidence level of 95%) in this 
study was 0.730, which is within an acceptable range 
according to Cortina (1993).

RESULTS
The respondents consisted of 187 males (49%) and 
195 females (51%). About 10% of respondents were 
under 18, and 16% were over 55. Approximately 14% 
of respondents belonged to the 18-25 age group, both 
the 26-35 and 36-45 age groups equally comprised 
20.9% of respondents, and 18.1% of respondents were 
in the 46-55 age group. About 71.5% of respondents 
were married. More than half of the respondents had 
a graduate degree or higher. Students made up 21.5% 
of respondents, about 47% were employed, and about 
30% were unemployed.

Regarding health conditions, about a quarter of 
respondents suffered from high blood pressure, in 
contrast to 6.8% who had low blood pressure. Seasonal 
allergies affected 21.5% of respondents, arthritis 
and movement problems affected 7.1%, and diabetes 
affected 13.4%. Also, almost 40% of respondents wore 
glasses for reading.

 

  Five-star Zendegi train Four-star Sepehr train 

  

 

 

Figure 1- Trains of the case study (Raja company, 2021) 

 

Figure 1. Trains of the case study (Raja company, 2021)
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Evaluations from passengers regarding temperature, 
light, vibration, and noise in different sections of the 
train are presented in Table 1.

The results indicate that the highest overall satisfaction 
among passengers was related to lighting, while the lowest 
was related to temperature. There was a high variation 
(SD=0.99) in passenger responses, with 23.2% finding 
the temperature hot or too hot and 35.3% finding it cold 
or too cold. Despite the questionnaires being distributed 
in September, a relatively warm month in Iran, it appears 
that the air conditioning may have been overworking. This 
assumption is later confirmed for the four-star train in Table 
6. Unfortunately, passengers on neither of these trains can 
customize the temperature of their compartments.

The T-test was used to compare people with low blood 
pressure and others, showing that those with low blood 
pressure are more susceptible to feeling cold (t=3.533, 
Sig=0.001). The T-test was also used for people who 
need to wear glasses and others, revealing that these 
individuals are not comfortable with the compartment 
lighting (t=2.088, Sig=0.037).

The ANOVA test was used to compare different age 
groups and their sensitivity to vibration. The results 
indicate a significant difference between groups, with 
elderly individuals being more sensitive than others 
(Table 2). The ANOVA test (Table 3) also showed that 
people traveling with their family are less sensitive to 
vibration (most likely paying less attention) than those 

traveling alone or with friends or colleagues.

No significant differences were observed between 
different age groups regarding their thermal comfort or 
satisfaction from compartment light. Seating positions 
did not affect thermal comfort or discomfort from 
vibration. No significant differences were observed 
between genders regarding their opinions on light, 
vibration, and compartment temperature. Table 4 
summarizes the relevant tests and their results.

 As previously mentioned, questionnaires were 
completed by passengers on two types of trains on the 
route of the case study. To identify differences between 
environmental factors of these two trains, the T-test 
was utilized. Table 5 reveals a significant difference 
in passenger viewpoints regarding temperature, light, 
noise, and vibration. Furthermore, the values of these 
factors were measured in each train and compared to 
the standard values recommended by the Iran Health 
Administration, International Union of Railways (UIC), 
WHO, and EPA (Table 6). The five-star train complies 
with all standards, while improvements in compartment 
light and temperature are necessary for the four-star train.

Major suggestions mentioned in response to open-
ended questions by passengers included the provision 
of temperature adjustment options for passengers, 
the implementation of sound-proof compartments, 
improved illumination in the W.C., and overall upgrades 
to train conditions.

Table 1- Results of passenger evaluations from environmental factors 
 
 

Temperature 
 Mean S.D Too Hot Hot Temperate Cold Too Cold 
Compartment Temperature 2.85 0.999 5.8 17.5 41.4 26.7 8.6 
Corridor Temperature 3.13 0.673 4.5 13.9 74.3 4.7 2.6 

Light 
 Mean S.D Very Good Good Moderate Bad Very Bad 
Compartment Light 4.40 0.706 51.6 38 9.7 0.5 0.3 
Corridor Light 4.42 0.716 54.5 34.8 9.4 1.3 0 
Toilet Light 4.48 0.694 58.1 32.5 8.4 1 0 

Noise and vibration 
 Mean S.D Very Good Good Moderate Bad Very Bad 
Train Vibration 3.32 1.165 17 30.6 26.2 19.4 6.8 
Passenger’s voices 3.89 0.999 30.1 40.1 21.5 5.2 3.1 
Ventilation noise 3.98 1.009 35.6 38.7 15.7 7.9 2.1 

 
  Table 2. ANOVA test for age groups and vibration 

 
 

 Sum of Squares df Mean Square F Sig. 
Between Groups 35.303 4 8.826 3.296 0.011 
Within Groups 1009.493 377 2.678   
Total 1044.796 381    

 
  

Table 1. Results of passenger evaluations from environmental factors

Table 2. ANOVA test for age groups and vibration
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CONCLUSION
In developing nations, transportation is also evolving 
and may not yet be at its ideal level. If the satisfaction 
and comfort of passengers are not adequately addressed, 

they may transition to more comfortable but potentially 
less sustainable options. Significant upgrades in the 
railway industry, such as increasing train speeds or 
improving rolling stock, may not be feasible in the 

 
Table 3-ANOVA test for number of accompanying persons and vibration 
 
 

 Sum of Squares df Mean Square F Sig. 
Between Groups 3.080 4 0.770 2.575 0.037 
Within Groups 112.713 377 0.299   
Total 115.793 381    

 
  Table 4- Major hypotheses that were rejected 
 

 
  

Hypothesis Type of test  

Difference between thermal comfort of different age groups are statistically 
significant  ANOVA F= 0.616 Sig=0.652 

Difference between  satisfaction from compartment light for different age groups 
are statistically significant  ANOVA F= 0.878 Sig= 0.477 

Difference between thermal comfort of various seat positions and thermal 
comfort are statistically significant ANOVA F= 0.557 Sig= 0.694 

Difference between satisfaction from vibration and various seat positions are 
statistically significant ANOVA F= 0.353 Sig= 0.842 

Difference between thermal comfort and groups with different travel companions 
are statistically significant  ANOVA F= 0.653 Sig= 0.625 

There is statistically significant difference between thermal comfort of both 
genders  T-test T= 0.297 Sig= 0.767 

There is statistically significant different between  satisfaction from compartment 
light of both genders  T-test T= -1.436 Sig= 0.152 

There is statistically significant different between  satisfaction from vibration of 
both genders T-test T= -0.810 Sig= 0.418 

Table 5. T-test results for difference in passenger evaluations of environmental factors at five-star and four-star train 
 
 

T-test Results Temperature Light Noise and Vibration 
t -3.659 2.477 -2.292 
Sig. 0.00 0.014 0.022 

 
  

Table 3. ANOVA test for number of accompanying persons and vibration

Table 4. Major hypotheses that were rejected

Table 5. T-test results for difference in passenger evaluations of environmental factors at five-star and four-star train

 
Table 6- Comparison of actual measurements of environmental factors and relevant standards 

 
 

Factors Wagon 
Numbers 

Measured Value Standard Result Sepehr Train Zendegi Train 

Compartment 
Light 

1 520 123 

<=400 
(Iran Health 

Administration) 

Sepehr Train 
Zendegi Train 

5 494 133 
11 471 - 

Corridor Light 
1 481 163 
5 508 160 
11 438 115 

Compartment 
Noise and 
Vibration 

1 63.6 62.9 

55-75 Decibel 
(UIC) 

Sepehr Train 
Zendegi Train 

5 63.5 59.2 
11 67.5 - 

Corridor Noise 
and Vibration 

1 68.5 62.5 
5 74.6 57.6 
11 71.9 58.5 

Compartment 
Temperature 

1 26.5 24 

20-26 
(WHO, EPA) 

Sepehr Train 
Zendegi Train 

5 27 24 
11 27 - 

Corridor 
Temperature 

1 30 26 
5 29 26 
11 32 26 

 

Table 6. Comparison of actual measurements of environmental factors and relevant standards
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short term. However, by paying more attention to 
environmental factors in long-distance trains, higher 
passenger satisfaction can be achieved at much lower 
costs.

T-test results confirm a significant difference between 
passenger evaluations of environmental factors in 
five-star and four-star trains. Therefore, higher-class 
(and inevitably more expensive) trains provide a more 
pleasant journey for passengers. This is not merely 
subjective; comparisons with existing standards confirm 
that the five-star train in the case study complies with 
them more than the other train.
Passengers expressed the highest satisfaction with 
illumination, while thermal comfort was rated the 
lowest. Health conditions can influence perceptions 
of comfort. For instance, T-test results show that 
respondents who identified as having low blood 
pressure (6.8% of respondents) felt colder than others. 
Passengers with reading glasses expressed significantly 
lower satisfaction with illumination. No evidence was 
found regarding the impact of gender on evaluations 
of environmental factors in train compartments in the 
case study.

The findings of this research can assist railway 
practitioners and policymakers in better planning and 
operation of trains. By collecting optional data from 
passengers (such as whether they wear glasses), better 
services can be provided. For example, compartments 
with better lighting conditions (higher lux) can be 
allocated to passengers who wear glasses. As this 
research showed that older individuals are more 
sensitive to noise and vibration, wagons with better 
suspension systems would be more suitable for them.
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