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Abstract: Studying Active Transport (walking or cycling) is widespread in America and Europe's research and
studies which include Latent variables (LV) are growing to identify exact results of finding what to do
increasing the utility of active transport (AT). LVs help us have more accurate research. LVs are defined as
psychological factors like feeling safe while you ride at night and thus they are not subjective and hard to
understand, but very important to increase the utility of using AT modes. Most of the previous studies on
cycling were reviewed. Different variables, including subjective and LVs, are conducted to maximize using the
bicycle utility and introduced to have better sight for future researchers to deal with modeling AT mode choice.
This study uses the latent class analysis to a sample of 345 survey respondents in Tehran, Capital city of Iran,
exploring the variables affecting cycling behavior and a confirmatory factor analysis and a structural equation
modeling (SEM) was developed. Results show the importance of having 'will' for using a bicycle, especially in
difficult situations and cultural barriers that affect the cycling of women.

Keywords: cycling behaviour, structural equation modelling (SEM), latent variable, individuals travel survey,
cyclists behavioural analysis, active transport

1. Introduction

Cycling is a healthy exercise that provides the physical activity to individuals. Riding to school
or work is one of the most time-wisely ways to integrate daily routine life with exercising. On the
other hand, fuel consumption in the year 2021 was around 85 million liters per day in Iran, which
makes Tehran, the most polluted city in the world for 2 days in 2022 and mostly, has faced unhealthy
days during winter. These are reasons for policymakers to think of a solution. Countries like the
Netherlands have learned to reduce these problems by investigating active transport (walking or
cycling [1]). Active transport (AT) helps provide substantial health benefits to societies [2,3], Reduces
the need for new parking lots and roadways, and congestion.

Much research was studied on how to increase using AT. For this purpose, lots of variables were
recognized and different categories constructed, but some of them are more complete [4,5] including
individual characteristics (variables like; age, gender,..[6]) , household characteristics, trip
characteristics, built environment (variables like; density, bus stops,...[7]), season and weather
characteristics, and work conditions. Most research has divided variables that affect using AT into
objective and subjective variables [8]. In the last decades, many studies have led to study on latent
variables (LV) to be more precise in the results of findings, but, they have not all led to consistent
results because of varied LVs data sources and methodologies. A latent variable is a variable that is
not directly measured [9]. Field of AT has recently become one of the attractive fields of study but
still needs to be examined. Earlier studies show that the cycling behavior of regular riders (private
bicycle riders) is influenced by environmental factors, including population density, land use mix,
green space, cycling facilities, and safety [10]. Besides, the Tehran transport master plan in 2008 was
nearly the first governmental study with a section on active transportation. After that, some studies
were held on AT and sustainability. The Tehran Municipality's most recent research on green
transportation has a solid vision for active transportation. According to the study's findings, reducing
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traffic is the key to boosting cycling rates. They went on to say that the municipality should act
quickly to provide infrastructure for utilizing e-bikes and e-scooters.

This study, therefore, aims to (1) identify the LVs with the most effects on cycling behavior to
understand different ways of increasing cycling rate mostly, those which is not identified in previous
studies and (2) policy implication and suggestions for transportation planners. The number of
working women in Iran has increased from 10% of all workers in 2011 to 16% in 2021, which indicates
an increase in women's home-based trips. For this reason, in this article, (3) we made an investigation
into the practical hidden factors of "limitations from the family" and "concern about dignity" for the
rate of cycling. For this purpose, we adopt a 5-scale Likert analysis for different LVs by a survey and
estimate parameters and validate them using confirmatory factor analysis (CFA) and create a
structural equation model (SEM).

However, no previous study tried to determine latent variables that relate to family limitations or
get the unpleasant feeling of cycling from other people that we have evaluated. This study aims to answer
such questions. In the following, some of the important issues reported by the literature are reviewed.

This paper is organized as follows. Section 2, describes the previous studies in variables affecting
cycling and section 3, describes the methodologies used. Section 4, analyzes the data and section 5,
represents the empirical results. Section 6, make a discussion about the results and compare them
with previous studies results. Section 7, concludes the paper and identifies future research directions.

2. Literature Review

2.1. Socio-economic characteristics

Age and gender are some of the most associated variables with bicycling. Age and bicycle travel
have been the subject of several studies, with varying results. Although some research has identified
a negative relationship between youth and cycling [11], most investigations have shown that youth
enhances the chance of cycling [12-15]. Individuals under the age of 18 do not use private cars, which
is one of the important reasons for increasing the use of bicycles to reach their destination.
Furthermore, young individuals usually use a bicycle for recreational purposes. Bicycling rates are
also affected by gender. Many studies found that males are more likely to use bicycles than females
[11-19] but, some studies don't confirm this finding [20,21]. This issue cannot be just because of
gender. For example, one of the most important reasons why women do not use bicycles is the
possibility of bathing at the destination, which is not very important for men [22] . Some studies
found that cyclists to work are male in most cases [23,24]. Some studies point the income as a positive
factor to increase the rate of cycling where the higher income, the more the cycling rate [25,26] but
another study points out that a higher level of study would cause more salary and people with higher
income are less likely to bike [27] while other studies think opposite in which individuals with a
higher level of education cycle more [24,28].

Emond and Handy [29], found that male students are much more likely to a bicycle than female
students. The other factor that prevents us from cycling is obesity which prevents individuals to cycle.

2.2. Trip characteristics

Many studies found a negative effect of long travel time on the likelihood of cycling [30-34].
These studies concluded that long travel time and distance, cause cycling to lose its competitiveness
in front of other modes of transportation. Zahran et al. ranked the top 25 counties in the united states
by the percentage of workers that bicycle to work as their primary means of transportation. The
predicted number of bike commuters declined by 5.8% for every extra minute of the average route
time, according to the study's findings [31].Another study found that reducing the travel time of
bicycling by increasing the provision of rout facilities, causes more likelihood of bicycling [35].
According to previous research, another important factor in the probability of choosing AT is trip
distance. Most studies found that the increase in travel distance reduces the likelihood of bicycling
[4,13,18,23,33,34,36,37]. Besides, the research found that short distances will be an advantage of using
a bicycle and will reduce the total vehicle/kilometer in Belgium [27]. Some other studies acclaimed
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that the recreational and social purpose of bicycling has a great effect on the likelihood of bicycling
[13,38] but other studies may not see this way [21]. Few studies found the effect of low-cost transport
in increasing the cycling rate [33,39].

2.3. Built/natural environment

Some studies found positive signs of the effect of high population density on the likelihood of
cycling [37,40-42]. Some studies represent the employment accessibility-density that has a positive
effect on cycling in business districts[28,43] but some other studies disagree with these results [23].
Proximity to services/recreational areas could be beneficial that makes cycling more attractive [28].
Traffic lights are another reason to prevent the individuals from bike [39]. Some other studies noticed
low bicycle usage in areas having high slopes [44,45].

According to the findings, rainy and windy weather has a great negative effect on cycling
[35,46]. In contrast, sunny days, especially in summer, attract individuals to bike [33,37]. There are
many studies representing the positive effect of cycling infrastructure on increasing the cycling rate
[30,47,48].

2.4. Work conditions

Some studies find that employment status is one of the major issues which affects the likelihood
of using a bicycle and implies that students and the unemployed would use bicycles more for their
trips [6,47,49,50]. Another variable is hours of work, which would decrease the use of a bicycle as the
work hours raise [48,51]. Another study reveals that informal workers cycle more frequently[26].

2.5. Latent variables

There are many other subjective variables called latent variables (LV) that were not studied and
we identify and analyze them. LVs cannot be directly measured and need an indicator to estimate
them. Many studies especially in the last decade worked on these variables [52]. Another research
introduced bicycle security and cost importance as new LVs affect the utility of bicycle use [22].
Another study talks about the positive effect of convenience [53,54]. Social norms [55] and cycling
ability [12,56] are other variables in bicycling. Some researches talk about perceptions of safety and
comfort in which cyclists may face with different situations that puts stress on them and decrease the
likelihood of cycling [57,58]. There are few studies about family relationships and psychological
problems. For instance, we could only find one paper about the positive effect of the family
relationship on cycling [20]. This paper finds and analyzes other psychological factors affecting the
cycling rate.

3. Methodology

3.1. Area of study

Currently, in Iran, cycling as a means of urban transportation has a relatively low social image.
In Iran, apparently, non-recreational use of this vehicle has decreased. Unlike in the recent past, the
attendance of employees at their workplace by bicycle is less observed, which indicates a negative
change in its use. In recent years, a 24-kilometer dedicated cycling route was built, and Tehran
Municipality, as the trustee of non-motorized transportation infrastructure development, is
developing it, although the share of cycling among other modes of transportation in Tehran is less
than 1%.

The study area is Tehran, the capital of Iran, which is one of the most populated cities in the
Middle East. The industrial growth of this city caused that, based on the official meteorological data,
there were only 26 days of clean air last year. Another big problem of this city is its heavy traffic,
which despite the creation of BRT lines and new metro stations, its traffic problem has not been solved

yet.
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As mentioned, the study area is in the city of Tehran, although a smaller area in the center of the
city is considered for face-to-face interviews with the interviewees, which can be seen as the red spot
in Figure 1. The reason for choosing this range is that it includes different levels of society, including
employees and students. On the other hand, this range includes a complete sample of public
transportation systems in the country, which makes the statistical sample more accurate.

Figure 1. The path of development of Tehran and the place investigated in the research (source:

Google earth).

Methodological steps of the study can be seen in Figure 2.

Area of study ]—)[ Defining variables ]—)[ Survey design ]—)[ Data entry ]
Cycling

behavior CFA
analysis

Recieve results Examining fitindices Model design Corrglanon of
variables

Figure 2. Data Flow Chart of methodological steps.

3.2. The survey

Peer reviewers with expertise in active transportation systems and one psychologist conducted
the survey. Approximately six more latent variables were left out of further research due to their
repetition and difficulty in establishing indicators. The survey contains different sections; individual
characteristics, objective and subjective variables, and latent variables. Considering a confidence
interval of 5 and a confidence level of 95 percent sample size for the city of Iran with about 8 million
populations is 384 individuals that after collecting the answered surveys and removing incomplete
questionnaires, 345 questionnaires could be used for the analysis, which is close to this sample size.
Moreover, this amount of sample size is near the suggested Cochran’s formula, which is a good way
of choosing sample size [59]. The questionnaire was created through an online questionnaire site and
published in Persian and English languages. The link to this questionnaire was sent to 2,128
individuals via text messages and phone calls, that were made via an advertising company to people
who had the most traffic (no matter which mode of transport) in the study area in the last month, or
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their workplaces or homes were in that area. The people's mobile phone service provider (MTN and
IRANCELL company), which supplied the location data, sent this information to the individuals. on
the other hand, 221 individuals were asked to fill the survey face-to-face in the CBD (central business
district) as mentioned in the previous section in two days and with the form of 4 questioning teams
on April 28 and 29, 2021 between 8-11 am and 15-18 was done. Questionnaires to respondents were
provided to the interviewees online and through tablets and mobile phones.

4. Analysis

The purpose of data analysis and statistical processes is to answer research questions,
hypotheses, or objectives. In this section, the obtained data are described and analyzed concerning
each question, objective, or hypothesis. The work of analysis is to convert vast, complex, and even
incomprehensible data sets into understandable units, patterns, and indicators in research problems.
The collected data is presented and analyzed as a table or graph.

The statistical results are presented in this section, and two descriptive and inferential sections.
In the descriptive part, demographic and main variables were described using the frequency and
frequency percentage, mean and standard deviation, and in the inferential part, the validity and
reliability of the questionnaire were checked with confirmatory factor analysis, the relationships
among the variables with the Pearson correlation test and the research model. It was tested using the
structural equation modeling technique. Data analysis was done using SPSS and Amos software. The
maximum level of alpha error for hypothesis testing was determined as 0.05 (p < 0.05).

4.1. Individual characteristics (objective variables)

Table 1 lists many individual characteristics that were provided. According to the results, 45.2%
of respondents were men and 54.8% were women. This finding is consistent with Tehran municipal
data from 2018, which showed that 50% of the population is made up of men and 50% of women.
This finding confirms that the sample used to represent the population is a good one because it closely
matches the statistics from the municipal data.

Table 1. Demographics of obtained data.

Number | Percent (%)
Male 189 45.2
Gender

Female 156 54.8

Single 176 51

Marital status
Married 169 49
Employed 149 43.2
Student 74 21.4
Employment status Workin
oy & 79 229
student

Unemployed 43 12.5
Under-diploma 39 11.3
Diploma 68 19.7
Education Bachelor 98 28.5
Master 114 33

PhD 26 7.5

No income 15 4.3
Income less than 75 $ 53 15.4
75-200 $ 128 37.1




Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 January 2023 d0i:10.20944/preprints202301.0284.v1

6
200-300% 112 325
More than 300 $ 37 10.7
Do not have 116 33.6
Having 1 car 72 20.9
Car ownership

Having 2 car 98 28.4

3 cars or more 59 17.1
work 70 20.3

Education 63 18.3

Purpose of trip Leisure 59 17.1
socializing 78 22.6
Shopping and weekend 75 21.7

Less than 20 28 8.1

20-25 126 36.5

BMI

25-30 124 359

more than 30 67 19.5

NA: not available.

4.2. Latent variables (subjective variables)

According to Table 2, main variables were described using mean and standard deviation
statistics. The average range of all variables is from a minimum of 1 (strongly agree) to a maximum
of 5 (strongly disagree) according to the 5-Likert scale of answers.

Table 2. Defining main variables.

Main factor Standard deviation | Average
cycling 2.55 0.79
Cost 2.19 0.81
Built/Natural environment 3.52 0.98
Will 3.59 0.88
Dignity 3.4 0.87
Limit by family 3.53 1.10
Unpleasant feeling 2.45 1.11
Safety night 2.37 0.92

Moreover, the lowest average was the cost factor with a value of 2.19 and the highest average
was the will factor with an average of 3.59.

Skewness and kurtosis values were used to determine the state of data distribution (normality).
The results are reported in Table 3. In the case of skewness and kurtosis, if the values of these statistics
are between -2 and +2, it indicates the normality of the univariate distribution[60].

Table 3. Skewness and kurtosis values to evaluate the normality of the main variables.

Main factor Skewness | kurtosis
Cycling 0.085 -0.227
Cost 0.595 -0.037
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Built/Natural environment | -0.813 0.134
Will -0.65 0.456
Dignity -0.518 0.061
Limit by family -0.605 -0.409
Unpleasant feeling 0.667 -0.137
Safety night 0.488 -0.438

The results of Kolmogorov-Smirnov test show that all research variables have a normal
distribution. Examining the values of skewness and kurtosis shows that according to the fact that the
values of kurtosis and also the values of kurtosis of all variables were obtained in the range from +2
to -2, it can be concluded that all the variables have a normal or close to a normal distribution and it
can be tested used parametric methods (Pearson's correlation and structural equation modeling with
Amos software or covariance-based methods).

5. Result

Using the confirmatory factor analysis test, Pearson correlation test, and structural equation
modeling, the validity, and reliability of the questionnaire and the test of relationships among the
variables, and the test of hypotheses were studied.

5.1. Confirmatory factor analysis

The validity of the survey was studied using factor load indices, t-value, combined reliability,
and mean-variance extracted, and the results are shown in Table 4. Factor load values and other
indicators are taken from Figure 3 or the research model test. Factor loadings are computing by
calculating the correlation value of the indicators of a structure with that structure. If this value is
equal to or greater than 0.40, it indicates that the variance between the structure and its indicators is
greater than the variance of the measurement error of that structure. and the validity of that
measurement model is acceptable. The important point is that if the researcher encounters values less
than 0.40 after calculating the factor loadings between the structure and its indicators, he should
modify those indicators (questionnaire questions) or remove them from his research model. The
minimum value of factor load was considered to be 0.40.
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Figure 3. Experimental research model in the case of standard path coefficients.
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Table 4. The results of confirmatory factor analysis: checking the validity and reliability of
questionnaire variables.
) A Cronb
Main F. C
Item \% ach’s
factor L R
E a
Travel time by bicycl tri ;
ravel time icycle per tri
Cyclin ypieyeep P 53|03 | 0.
0.61
& . 0.| 4 |7
The distance you cycle o
The cost of cycling (buying a personal bike) is one of my | 0.
main reasons for not using a bike. 66 | 0.5 | 0.
Cost - - —— 0.68
The cost of cycling (the cost of using a shared bike) is 0.1 2 |73
one of my main reasons for not using a bike 78
0.
, In secluded places, I am more interested in cycling
Built/N 81
atural | I also use a bicycle on days when the weather is 0. 051 0. 077
enviro | polluted 78| 3 | 79 '
nment | I also use a bicycle in places where there is a lot of noise | 0.
pollution 58
0.
If there is something I don't like, I will still deal with it 5
Wil If I want to understand something, I will definitely try 0. 04| 0. 068
i .
to understand it 78| 4 | 72
0.
If I start something, I will definitely finish it e
. . 0.
I always appear outside the house in formal clothes .
I never leave the house in sports clothes, even to 0.
exercise 79
o . o 0.]04|o0.
Dignity | I think cycling is for those who don't have a car al 7 | s 0.80
I think that cycling is reserved for the wealthy classes of | 0.
society with lower job stress 43
I think cycling is for those who are in their teens or 0.
younger 44
0.
My family does not pay me to buy a bicycle %
Limit
o ' 0. 07| o.
by I feel that my family is upset about my cycling e | 7 | o 0.91
family 0
I feel that my family will not allow me to ride a bicycle 8%
Other people pay more attention to me when I ride a 0.]08|0. 0.9
bike (in a bad way) 85| 4 |95 '
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0.
While cycling, other people make fun of my clothing o
Unplea 0
sant When cycling, other people object to my clothing 9%
feeling - -
While cycling, other people make fun of me because of | 0.
my gender 93
0.
Accidents are more likely to occur while cycling at night %
There is a higher chance of harassment while cycling at | 0.
night 96
Safi 0. | 06 | 0.
E,i ety There are few police at night in the city 0/89
night 9B 1 |92
0.
More thefts occur from cyclists at night 5
0.
I have more anxiety while cycling at night. i

C.R= Composite reliability, AVE: average variance extracted, FL: factor loading.

Cronbach's alpha and composite reliability were used to measure reliability. Since Cronbach's
alpha criterion is a traditional criterion to determine construct reliability, the partial least squares
method uses a more modern criterion than alpha called composite reliability. The superiority of
composite reliability over Cronbach's alpha is that it calculates the reliability of the constructs not in
an absolute way but according to the correlation of their constructs with each other. If the composite
reliability value is greater than 0.7, it indicates the appropriate internal stability for the measurement
models [61].

Average Variance Extracted Index (AVE) was used to check the convergent validity. This index
measures the amount of variance that a latent variable obtains from its indicators. Indicators of a
certain construct should converge or share a significant fraction of the shared variance, according to
the concept of convergent validity. Higher values of this index reflect the convergence validity of the
intended structure. The extracted mean-variance index has a value between 0 and 1.

According to the number of factor loadings obtained for all questions, which is more than 0.40
and at a significance level of less than 0.05 (p<0.05) (all t values are greater than 1.96 done), we
conclude that the validity of all questions in the questionnaire is confirmed. All questions have a
factor load greater than 0.40, which is significant (p>0.05), and consequently, the validity of all
questions is confirmed. It should be noted that questions No. 4,5 and 6 of the built/Natural
environment variable were removed from the survey and analysis due to the factor loading of less
than 0.40 and weak validity.

The survey's dependability is statistically supported by the composite reliability value of more
than 0.70, which is the adequate and acceptable value. Cycling is the primary component with the
lowest combined reliability of 0.71, while the unpleasant feeling variable is the one with the greatest
combined reliability of 0.95. Furthermore, the value of Cronbach's alpha is from a minimum of 0.61
for the variable of using a bicycle to a maximum of 0.96 for the variable of unpleasant feeling, which is
a suitable value and shows that the reliability test using the internal correlation method (Cronbach's
alpha) confirms the reliability of the questionnaire. Three variables of cyclin, the cost factor and the
will factor have Cronbach's alpha value less than 0.70, but because the number of questions of these
three variables was small and included only two or three questions (the value of Cronbach's alpha
coefficient is affected by the number questions are a variable) and because the questionnaire was
made by the researcher, the reliability of these three variables was also confirmed.
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The average variance extracted, which measures the convergent validity of the variables, was
obtained from a minimum of 0.34 for the cycling variable to a maximum of 0.84 for the unpleasant
feeling factor. The results show that the convergent validity values of the three variables of cycling,
the will factor, and the dignity factor is of moderate value, and the convergent validity of other
variables is a high value. In general, the results show the validity and reliability of the research
survey.

5.2. Correlation of variables

Using Pearson's correlation test, the correlation among research variables was investigated.
Pearson's correlation test showed that the dependent variable of the research, i.e. cycling, has a
significant relationship with all the independent variables in Table 5 (p<0.05). The findings showed
that the direction of the relationship between the factor of will and cycling is positive and it shows
that by strengthening and improving willpower, the amount of use of cycling increases. With the
exception of will, the cycling has a negative correlation with all other factors. Examining the strength
of correlations revealed that cycling had the largest relationships with the factors of will (0.57),
built/natural environment (0.49), and will (-0.49). Examining the intensity of the correlation among
independent variables showed that the correlation between independent variables is moderate or
weak and there is no correlation greater than 0.60 between independent variables. Consequently, it
can be concluded that there is no problem of multiple collinearities among independent variables
and it can be used multivariate methods such as structural equation modeling.

Table 5. Pearson correlation matrix between main variables and divergent validity.

Built/Natu Limit Safet
Cyclin | Cos ral Dignit | b Unpleasa
Variables y . Will & y, P y
g t | environme y famil | feelingnt | nigh
nt y t
Cycling 0.58
Cost -0/34** | 0/72
Built/Natu
ral | 217
. -0/49 0/73
environme 0
nt
3 ko /23** ok
Will 0/57 0 -0/31 0/66
. . ok ok /18**
Dignity -0/45 0.06 0/27 0 0/68
Limit by . | 1337 . /30* .
X -0/39 0/45 0/31 0/88
family 0 -0
Unpl /24™
i eésan -0/19™ 0.05 0.08 | 0/33"™ | 0/48" 0/92
t feeling 0
Saf
a_ ety -0/25" | 0.07 0/25™ 0.07 0/24™ 0/37* 0/16™ 0/78
night

<05/0=p *,<01/0=p "

5.3. Examining fit indices
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The fit indices of the model are reviewed in Table 6. After estimating the parameters of the
model, the question that arises is to what extent the model is compatible with the relevant data. The
answer to this question is only possible by examining the fit of the model. Therefore, in the analysis
of structural equations, the researcher must ensure the appropriateness of the model after estimating
the parameters and before interpreting them. An important point that should be considered in
interpreting of fit indices is that the fit of the model should be evaluated via different methods and
criteria to check its fit from different dimensions.

Table 6. The fit indices of the research model.

Interpretation | Result | range Acceptable Indicator
) >0.90 GFI
Acceptable fit | 0.91 i .
( Greater than 0.90 ) (index goodness-of-fit)
RMSEA
<0.80
Acceptable fit | 0.072 (Root mean square error of
(smaller than 0.80) o
approximation)
i >0.90 CFI
Acceptable fit | 0.93 o )
( Greater than 0.90 ) (fit index comparative)
>0.90 NFI
Acceptable fit | 0.92 .
( Greater than 0.90 ) (fit index Normed)
>0.90 IFI
Acceptable fit | 0.89 o
( Greater than 0.90 ) (fit index Incremental)
>0.50 AGFI
Acceptable fit | 0.71 . .
( Greater than 0.50 ) (goodness-of-fit index Adjusted)
>0.50 PGFI
Acceptable fit | 0.56 o . .
( Greater than 0.50 ) (goodness-of-fit index Parsimonious)
chi-square/DF
5> Indicator >1
Acceptable fit | 2.56 (Chi-square ratio on the degree of
(between 1-5)
freedom)

In general, by evaluating all fit indices in Table 6, it can be concluded that the obtained fit indices
show an acceptable and appropriate fit of the data with the model, and the model can be fitted
according to The obtained fit indices considered acceptable.

6. Discussion

Results shown in table 7. Represents that the will factor has a great influence on the cycling rate
(Beta=0.71). This seems logical because in some hard situations like rainy/snowy weather will factor
plays a significant role in using a bicycle besides all other modes of transport like private cars with
higher comfortability. Moreover, the cycling rate among obese individuals is lower [62] which might
have a lower will for not being able to lose weight. Will is the only direct factor that positively affects
cycling. Another issue that may affect the cycling will is dependents to car and it is not easy to distance
yourself to the comfortability of private car[63].
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Table 7. SEM test results (table of coefficients).
Standardized Un- standard T P
Type of relationship beta standardized error | Value | value
beta
Cycling € Built/Natural -0.53 -0.31 0.045 6.82 | <0.001
environment
Cycling € Cost -0.25 -0.2 0.066 298 | 0.003
Cycling €« Will 0.71 0.49 0.067 7.33 | <0.001
cycling €« Dignity -0.23 -0.21 0.063 3.41 | <0.001
Cycling €« Limit by -0.34 -0.18 0.034 5.35 | <0.001
family
cycling € Unpleasant -0.19 -0.1 0.029 3.35 | <0.001
feeling
Cycling €« Safety night -0.26 -0.29 0.073 3.93 | <0.001

The model estimates illustrate that feeling safe while driving at nigh is a significant factor for
increasing the cycling rate. This factor shows that fear of accident or incidents as one the most
significant issues for individuals to cycle at night which is in line with the finding in some previous
studies[64,65]. Previous research has stated that cycling alone at night, can be unsafe and suggests
that group cycling can help increase the desire to cycle[66]. The results showed that the lack of police
and the fear of theft at night deter people from cycling, and group cycling can be one of the solutions.

The built/Natural environment factor has the most negative effect on cycling. This means that
air/noise pollution and crowded areas cause a lower cycling rate, which is in line with results of
previous studies[67,68]. Although, cycling is a strategy for emission and road traffic reduction.

Other estimated variables like unpleasant feeling and dignity still need to be study more in futures.

7. Conclusions

We studied the factors affecting the amount of cycling. In past articles, variables such as age and
gender were discussed and little hidden variables have been investigated. In addition to variables
such as gender, income, and education, we tried to address variables that are less known but have a
high impact on the amount of bicycle use, especially in countries such as Iran with specific cultures.

The results showed that having will directly have a positive effect on the cycling rate. This
variable has 3 indicators, the most effective of which shows people's effort to learn (If I want to
understand something, I will definitely try to understand it). On the other hand, the cost factor is one
of the inhibiting factors that indicate cycling both for people who intend to buy a bicycle and for
people who use a shared bike.

Concern for the dignity of those who believe that riding is inappropriate for them given their
social level is another aspect. Wearing formal clothing outside the home, which is thought to
discourage cycling, is one of its signs. Having the idea that cycling is only for people who have less
financial ability or do not have a personal car is another factor, although few people also think that
cycling is for people with high incomes who are less busy.

Limitations from the family are another thing that we examined. One of the important indicators
is that the family does not spend money to buy bicycles for their children, which is mostly mentioned
by teenagers.

Another indicator is that the family does not allow their children to ride bicycles, some families
indirectly (I feel that my family is upset about my cycling/ I feel that my family will not allow me to
ride a bicycle) and some directly (My family does not pay me to buy a bicycle) prevent their children
(in any age) from riding bicycles. This case was raised more among women, both in the teenage years
who live with their parents and in the older ages who live with their husbands.
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The factor of safety at night also reduces the desire to ride a bicycle, the fear of theft, the lack of
sufficient police in the city, and the possibility of more accidents at night are deterrent indicators of
this variable.

We tried to examine different variables, of which the cost variable was one of the most important.
If we want to look at the research done from an economic point of view, the cost of the household for
using the bicycle mode of transportation was examined and it showed that one of the factors that
increase the attractiveness is the reduction of cost. On the other hand, by implementing the following
policy proposals, we can expect to increase the attractiveness of cycling. The cost of health issues,
infrastructure, repair and maintenance of non-motorized transportation is far less than other modes
of transportation[69]. By reducing travel time and travel distance, it helps to reduce household
expenses.

Variables such as safety night and built/natural environment by reducing the stress of current
cyclists and increasing attractiveness for other individual, help to choose this mode of transportation
to improve the mental health of the community and experience a higher level of social well-being.
The limit by family variable was also investigated, which is one of the problems in the area of this
study that even women facing such limitations.

According to the issues mentioned above, we tried to take a step towards the sustainability of
the city's transportation cycling is considered as one of the sustainable modes of transportation[70].

Among the most important policies based on the results obtained to increase the attractiveness
of cycling, the following can be mentioned:

1- Increasing the safety of cycling routes, especially in areas where the demand for cycling by
women is higher. This gradually creates a positive mentality among the people of the society,
which ultimately increases the attractiveness of this mode of transportation. On the other hand,
it is possible that the banning of cycling by the family is in terms of the lack of understanding of
security in society, and increasing security/safety can make the family satisfied with the cycling
of its children or spouse. The main responsible for the development of cycling infrastructure is
the deputy transportation department of Tehran Municipality. Its main beneficiary is the only
company providing shared bicycles (BDOOD company) that can help Tehran Municipality in
investing for developing the infrastructure.

2-  Allocation of government subsidies to buy or apply discounts to the users of shared bicycles by
benefits from reducing traffic and air pollution. Responsible for this issue is the transportation
deputy of Tehran municipality.

3- Developing behavior and acculturalization of bicycle use in society via advertisements and the
use of it by the senior transport managers of the countries. All decisions that are made in the
field of transportation of Tehran city are made by the deputy transportation department of
Tehran municipality. which also cooperates with the Deputy of Social and Cultural Affairs of
Tehran Municipality in the field of cultural and behavioral development.

We had some limitations during this study as follow:

1-  The information received from the variables in Table 1. is for comparison with 2018 census data
to estimate the representativeness of the data collected by the surveys[71,72]. Except for the
gender of the individuals, the correct data of other variables from this census were not available.
The age of respondents to the questionnaire was not correctly answered in online survey, which
was deleted due to incomplete information. However, the obtained data can be used in other
researches.

2-  We had limitations of face-to-face questionnaire because of spread of covid-19 pandemic and
that’s why we had online survey as well.

3-  There was no accurate data about income, car ownership and other variables (except gender) in
tablel about the individuals.

This article does not discuss other significant topics, such as the development of non-
motorized transport infrastructure or other subjective factors, although there may be more
latent variables that may be examined in further studies.
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