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 Research has shown that people are more likely to choose a 
transport alternative that offers a shorter travel time than a 
passenger car. The simplest and most commonly used method 
for determining travel time is a survey of citizens. This method 
is prone to subjectivism, and the results obtained are imprecise. 
In Novi Sad, the travel time from the origin-destination trips was 
recorded using the global navigation satellite system for the 
following transport modes: walking, bicycle, passenger car, taxi 
and bus public transport. In this paper, a comparative analysis 
of travel time was used to assess the competitiveness of 
alternative modes of transportation with a special emphasis on 
the time that passengers spend in a state of rest.  

 

1. INTRODUCTION 

In urban areas, modern industrial society has led to a greater flow of people and 
information. One of the challenges of modern cities is to fit the daily migration of the 
population into sustainability standards, which should push the passenger car to the 
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margins of the modal distribution [1,2,3]. In order to achieve this, alternative transport 
modes must be competitive with the passenger car. The choice of transport mode is 
influenced by a number of factors such as: price, availability of transport in space 
and time, comfort, travel time, reliability, safety and others [4,5,6]. 

Findings of Horrey [7] suggest that even though households acquire at least one car, 
some are more likely to keep using public transit to commute whenever it provides 
competitive services in terms of travel time. 

One of the important factors when choosing the transport mode is, among other 
things, the travel time [8]. In order to improve alternative transport modes, it is 
necessary to analyze and improve the service quality, in the area of travel time. Two 
characteristics affect the complexity of determining and analyzing the travel time of 
citizens. 

First of all, travel time is a complex parameter and consists of a number of time 
components. The structure of travel time also depends on transport mode. If it is 
taken into account that a significant number of trips are realized in a combination of 
two or more different transport modes, the problem becomes even more complex. 

Secondly, in practice, the exact determination of the travel time of each participant 
is a problem. The simplest and most commonly used method for determining travel 
time is a citizen survey. This method is prone to subjectivism, and the results 
obtained are rather imprecise. A detailed analysis of the time components 
characteristics of the trip is almost impossible to perform based on the data from the 
citizen survey. 

For the purposes of a detailed analysis of travel time and its time components, the 
movement of citizens was recorded for different transport modes in Novi Sad. Within 
this work, a comparative analysis of the total travel time and time components for 
different transport modes (passenger car - PC, bus passenger transport  PT, taxi, 
bicycle, walking) was carried out, with the aim of determining the current situation, 
problems, as well as opportunities for increasing the competitiveness of bus PT 
(passenger transport) and bicycles in relation to PC in Novi Sad. 

 

2. METHODOLOGY 

The travel time recording from the origin to the destination was carried out in Novi 
Sad for the following transport modes: walking, bicycle, passenger car, taxi and bus 
public transport. 5 researchers participated in the research, one for each transport 
mode. The researchers are residents and permanent users of the transport mode 
assigned in the experiment. All researchers moved from a common source on the 
outskirts of the city (address: Novo naselje, Ulica Bra e Dronjak no.10) to the same 
goal in the innercity core (address: Trg slobode - monume
movement routes were not defined in advance, so that the exact length of the route 
in question differs from the transport mode and it is about 5 km. 

The survey was conducted on Wednesday, October 12 2022, between 2 and 3 p.m. 
during the time after the midday peak load. All researchers started moving from the 



 

369 | 

source at the same moment without prior preparations for the chosen transport 
mode, that is: 

 Researchers using bicycles and PC had to walk to their properly parked 
vehicles; 

 The researcher who traveled by taxi should have called and waited for the 
arrival of the taxi; 

 A researcher traveling by bus public transport should have walked to the 
nearest bus stop and waited for the bus. 

Data collection during the research was carried out with the mobile application "GPS 
Logger", which recorded the time and exact  location, i.e., latitude, 
longitude and altitude, using the Global Navigation Satellite System (GNSS). The 
researchers were trained in advance for application usage. The location parameters 
in the application are updated every second, that is, with a frequency of 1 Hz. The 
measurement error was ±7 m, which represents the standard deviation of a single-
channel GNSS system without additional corrections. 

 

3. RESULTS AND ANALYSIS 

The comparative analysis of travel time for the researched transport modes was 
performed through the presentation of research results, namely: comparative 
analysis of movement speed by time, space-time diagram, comparative analysis of 
time components of travel, as well as the share of individual time components in the 
total travel time. 

The movement route by transport mode was determined by the traffic infrastructure 
and arbitrary choice by the researcher. The shortest movement route was achieved 
by hiking and it is 4,272 m, and the longest movement route is achieved by PC and 
it is 5,239 m. 

 

Movement dynamics of research participants differ by section and by transport mode 
(as on Figure 2). The user of Taxi transport was the first to reach the finish line, after 
19.7 min. Immediately after, the cyclist and the PC driver arrived, who crossed the 
researched route in 20.8 min and 22.6 min observed respectively. So, the average 
travel speeds of bicycles, taxis and PC are close, with values of 13.1 km/h, 14.3 km/h 
and 13.9 km/h observed respectively (as on Table 1). The last to reach the 
destination was a pedestrian with a travel time of 41.4 min, with the lowest average 
speed of 6.2 km/h. 
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Figure 2. Spacetime diagram 

 

Table 1. Time components, distance and speeds 

Parameters      

 [min]  .  .  .  .  

 [min]   .  .   

* [min] .  .  .  .  .  

Dwell -  [min] .  .  .  .  .  

Dwell - [min]   .    

 [min]  .  .  .  .  

 [min] .  .  .  .  .  

ost  [min] 2.6 1.7 13.0 8.2 8.3 

[ ] .  .  .  .  .  

[ ] .  .  .  .  .  

[ ] .  .  .  .  .  

* hiking time for pedestrian 

* It also includes bicycle parking time and car parking time 

 

The greatest constancy in movement was achieved by pedestrians and cyclists (as 
on Figure 3). While the longest one-time delay, while waiting at the bus stop (dwell 
time-bus stop), was a PT-bus passenger. This delay of passengers amounted to 4.8 
min. The taxi transport user had the greatest unevenness in movement speed. In 
this transport mode, the highest speed of 65.3 km/h was recorded. 
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Figure 3. Comparative graph of speed by transport modes 

 

In the case of motorized transport modes (PC, taxi, PT-bus) there is a significant 
difference between the median and mean speed values (as on Figure 4). A 
significantly lower median value than the mean shows that users of motorized 
transport modes spend a large part of their time at rest or moving at low speeds. 
This difference is created by traffic jams and delays at intersections, as well as the 
transportation availability in time. In Novi Sad, the transport availability in time is 



 

| 372 

particularly pronounced with the PT-bus, where passengers often wait longer than 
10 minutes for the vehicle. 

 
Figure 4. Box plot of speed by transport modes 

 

The following graphic shows the structure of travel time for the researched transport 
modes. Special emphasis is placed on the time passengers spend in a state of rest, 
the so-called time losses. For this analysis, the time spent in a state of rest is 
significant because: it represents ineffective time that negatively affects travel time 
and average travel speed, mostly contributing to the unevenness of travel speed, it 
has a bad effect on the subjectivity of experienced travel time, etc. 

Walking and cycling have the smallest share of time losses in the total travel time 
structure, less than 10% (as on Figure 5). Motorized transport modes account for a 
significantly larger share of time losses in the total travel time, amounting to around 
40%. In the case of taxi and PC transport modes, the dominant time losses are 
waiting at intersections (dwell time- intersection), which amount to 6.6 minutes and 
8.3 minutes, respectively. Compared to PC, taxi users have additional time lost 
waiting for a taxi (1.7 min), while PC drivers have to park their vehicle. In this 
research, no time losses were recorded during parking, but the parking location 
affected the longer walking time to the destination (3.8 min). 

The structure of the time a PT-bus passenger spends at rest is significantly more 
complex compared to the other researched transportation modes. First of all, there 
is the time that the passenger spends waiting for the vehicle at the bus stop, which 
amounted to 4.6 minutes, or 13.96% of the total travel time. Then, while the 
passenger is in the vehicle, there are time losses, namely: dwell time at intersections 
and dwell time at bus stops to change passengers. Within the scope of this research, 
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both of these times were 4.2 min each, or 12.96% of the total travel time. So that the 
PT-bus user spent 13.0 min in idle mode, which represents 39.44% of the travel time. 

 

 
Figure 5. The structure of travel time by transport modes 

 

4. CONCLUDING CONSIDERATIONS 

Given the favorable climatic and relief characteristics of the city, the bicycle is one of 
the promising alternative transportation modes in Novi Sad. Based on the research, 
it can be concluded that if there is adequate infrastructure in Novi Sad for the chosen 
travel route, the bicycle is an alternative to the car, which in terms of travel time is 
competitive with all other transport modes. 

Considering that non-motorized modes (e.g. walking and bicycle) are alternatives 
usually restricted to short-distance trips [9], public transport can effectively competes 
with passenger car for medium to long-distance trips.  

In order to make the choice of public transport more attractive than the car, a high 
level of public transport service [10] and the high car costs are necessary [11]. 

The travel time structure of PT-bus users is significantly more complex compared to 
the other transport modes, which creates additional uncertainty in the passenger 
travel time. As a rule, passengers solve the problem of uncertainty by incorporating 
a protective time into the planned travel time and they start earlier in order to safely 
reach their destination on time. 

According to this modest research, PT-bus travel in Novi Sad takes significantly 
longer time compared to other motorized transport modes. Passenger transport can 
be characterized as the slowest transport mode in Novi Sad because of the time 
losses, that is, the time the passenger spends in a state of rest during the journey. 
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There are three basic time components that have a negative impact on the length of 
the passenger's journey, namely: waiting for the vehicle arrival, dwell time at 
intersection at intersections, and dwell time at bus stops to change passengers. 
Reducing time losses within all three components of travel time is key to solving the 
inferior position of PT-bus in relation to other transport modes in Novi Sad. 

In the following period, it is planned to repeat the research on a large number of 
routes in Novi Sad in order to obtain statistically valid results, as well as the 
development of a model for determining the dynamic elements of the lines that would 
provide a competitive service to the car. 

 

ACKNOWLEDGMENT  

modern methods and technologies in education and research in traffic and 
ineering, Faculty of 

Technical Sciences in Novi Sad, University of Novi Sad, Republic of Serbia. 

 

 
REFERENCES 

[1] D. Banister, Cities, mobility and climate change  Journal of transport 
geography. vol. 19, no 6, pp. 1538-1546, Nov. 2011. 

[2] J. Pucher, R. Buehler Walking and cycling for healthy cities  Built 
environment. vol. 36, no. 4, pp. 391-414, Dec. 2010. 

[3] World Health Organization. Integrating health in urban and territorial 
planning: a sourcebook, World Health Organization, 2020. 

[4] C. Ding, D. Wang, C. Liu, Y. Zhang, J. Yang, Exploring the influence of built 
environment on travel mode choice considering the mediating effects of car 
ownership and travel distance  Transportation Research Part A: Policy and 
Practice. vol. 100, pp. 65-80, June 2017. 

[5] L. Frank, M. Bradley, S. Kavage, J. Chapman, T.K. Lawton, Urban form, 
travel time, and cost relationships with tour complexity and mode choice  
Transportation. vol. 35, no. 1. pp. 37-54, Jan. 2008. 

[6] L. A. Ibeas, P. Cecin P, The quality of service desired by public 
transport users  Transport Policy. vol. 18, no. 1, pp. 217-227, Jan. 2011.  

[7] M. Altieri, C. Silva, S. Terabe, Give public transit a chance: A comparative 
analysis of competitive travel time in public transit modal share  Journal of 
Transport Geography. vol. 87, p. 102817, July 2020. 

[8] N. Commins, A. Nolan, The determinants of mode of transport to work in 
the Greater Dublin Area  Transport Policy. vol. 18, no. 1, pp. 259-268, Jan. 
2011. 



 

375 | 

[9] R.J. Schneider, Theory of routine mode choice decisions: An operational 
framework to increase sustainable transportation  Transport Policy. vol. 25, 
pp. 128-137, Jan. 2013  

[10] B. D. Taylor, D. Miller, H. Iseki, C. Fink, Nature and/or nurture? Analyzing 
the determinants of transit ridership across US urbanized areas  
Transportation Research Part A: Policy and Practice. vol. 43, no. 1, pp. 60-
77, Jan. 2009. 

[11] A. O. Idris, K. M. Habib, A. Shalaby, Dissecting the Role of Transit Service 
Attributes in Attracting Commuters: Lessons from a Comprehensive 
Revealed Preference Stated Preference Study on Commuting Mode-
Switching Behavior in Toronto, Ontario, Canada , Transportation Research 
Record. vol. 2415, no. 1, pp. 107-117, Jan. 2014. 


