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Abstract

Modern cities, against global plans promoting sustainability, are still being designed and built
with a primary focus on the needs of drivers. Planning concepts, such as a 15-minute city,
aim to minimise car usage by assuring quick access to vital urban functions within walking
distance. However, their application needs information about achievability and viability. This
work presents a model that combines qualitative and quantitative studies on travel duration from
home to school and work. The survey data are a base for a model that calculates connections
between the actual locations visited by the respondents and calculates travel parameters. The
study performed among parents from three primary schools showed that over 56% of travel to
schools can be covered by public transport in less than 15 minutes and that the benefits of using
a car on longer travel to work are limited.
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1. Introduction
In Europe, the European Green Deal action plan has been created as an answer for the Global
North countries issues such as excess cars [24], congestion [1], noise [2], and climate change
with environmental degradation [23] with a primary focus on the needs of car drivers. Traffic
and vehicles on city streets increase [19]. The idea of travelling in one’s car is being passed on
to the next generation. Therefore, the proportion of children being driven in cars increases [13],
and the number of child-related car journeys contribute significantly to road congestion [20].

Cities introduce strategies for car usage limitations. That includes policies such as charges
for cars and price reductions for public transport, access restrictions, car sharing, or travel plan-
ning support [14]. Among these solutions is a 15-minute city concept.

The 15-minute city is a planning concept that aims to minimise car usage by assuring access
to critical urban functions within walking distance of 15 minutes. The fulfilment of the concept
assumptions requires the coexistence of several factors, such as diverse urban spaces nearby,
routes enabling short commuting, and room for creating walkways or bicycle lanes. However,
introducing the planning concept into existing urban tissue is challenging and costly. Without
knowing the current state of development, achievability, and the possibility of reaching benefits,
such a transformation should not be started, especially without consultation with citizens.

Therefore, it is necessary to model the naturalistic citizen behaviours and analyse transport,
sociological, and economic factors of their mobility choices. It can be done by combining social
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research to understand better stakeholders and computer science to collect objective data, which
can be further analysed using methodology from both disciplines.

Our work aims to check how mobility choices affect daily travel in the context of a 15-
minute city. The simulations based on survey data collected among parents of primary school
pupils estimates how the 15-minute city concept is already present in the citizens’ behaviour.
Travels from the declared home address to the workplace and children’s school are planned
using a spatial data analysis platform supported with OpenStreetMap data and public transport
timetables. The results allow us to compare the differences in travel between two destinations,
school and work. A workplace can be distant when a school is mainly localised near home.

The rest of this paper is structured as follows. Section 2 summarises related works. Section 3
presents transformation from surveys into trips and their processing. Section 4 describes the
used data and obtained results. Section 5 presents conclusions and possible further research.

2. Related works

2.1. Transport habits

Social research on transport habits has mainly used quantitative methods, focusing infrastruc-
tural data and rational behaviour [6],[8]. However, qualitative research, i.e. [4],[10],[11], con-
ducted on smaller samples and focused on explaining the causes of observed and not always
rational behaviour, and triangulation research [17], in which both methodologies are combined,
are also emerging in this area [4],[8],[10]. Triangulation research was applied in our work. We
assumed that the citizens are selective in choosing the given type’s destination and may prefer
destinations that are not rational in the aspect of minimalisation of travel duration or distance.

2.2. 15-minute city

Changes in the behaviour of inhabitants of urban areas, reflected in interactions with the sur-
rounding environment and infrastructure are noticed frequently as the solution to social, eco-
nomic, and environmental issues. Positive changes, i.e. reduction of vehicular emissions, may
be supported by creating possibilities for acting differently. Dumbaugh et al. [7] proposed a re-
sponse to the changing nature of urban transportation’s social and financial context, encouraging
cities to focus increasingly on two urban development objectives: value capture and livability.

The 15-minute city is a planning concept based on the idea that 15 minutes of walking
proximity of key functional areas constitutes a complete human neighbourhood and minimises
the necessity to travel further [16]. The key functions include residential, work, commerce,
healthcare, education and entertainment, and the closeness of the functions in walking, cycling
or by transit (public transport in any form including buses, trams, subway and local trains) reach
can be regarded as motivation to abandon a car transport [7].

Although the concept strictly referred to the time of 15 minutes of walking, Ferrer et al. [9]
emphasised that the trend of chrono-urbanism is expanding without strict periods or means of
transportation. In our work, we discussed the approach to study 15-minute accessibility to two
essential functions, work and education, based on actual data, where the place of residence, work
and education, and travel between them are known. This allows us to assess actual travelling
needs and evaluate whether functional areas nearby translate into real travelling choices.

2.3. Urban data processing

The 15-minute city concept can be examined by exploitation of transportation patterns due to
survey data. Rasca et al. [18] proved that travelling time and distance influence commuters’
transportation preferences. Bautista-Hernandez [3] showed that transportation mode choice re-
lates to spatial, social, and economic aspects. Yang et al. [25] utilised survey data and simula-
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tions to model transport habits and to investigate features’ impact on travel behaviour changes.
Spadon et al. [21] proposed a distance-based toolset and related algorithms to track inconsis-

tencies in access to places like police stations, hospitals, and public schools. The analysed graph
of the city infrastructure was taken from OpenStreetMap, which was also used in our solution.

Our work discusses car and transit travel (buses, trams, suburban trains, and metro). Zhuge
et al. [27] simulated travel, refuelling and parking behaviour, the associated vehicular energy
consumption, and emissions based on multi-agent simulation. Curado et al. [5] – based on car
mobility data (Rome) – represented mobility data coupled with urban public transport networks,
augmenting the network nodes with data on commercial, economic, service and tourist activity
in the city. Su et al. [22] proposed a passenger model to measure the effect of different public
transport vehicle layouts on the required time for boarding and alighting.

3. Methods

3.1. Social surveys

An empirical social survey was designed to investigate the perspectives of parents of school
children on their transport choices and preferences, particularly regarding travelling to school.

First, a qualitative methodology was used, and eight focus group interviews were conducted
with parents of children attending primary schools. The qualitative interview covered the fol-
lowing issues: What do parents consider children’s safety on the road? How do the place of
residence and weather conditions affect the willingness to use specific means of transport? How
do respondents estimate the costs of owning and using a car? What is their need for a car and
their attitude towards alternative means of transport?

Understanding the complexity of travel behaviour requires a deep knowledge of people’s
perceptions, attitudes, and behaviours. In particular, it shows how emotional feelings, some-
times even rather than rational and economic calculations, influence the final transport decisions
of the city’s inhabitants. Qualitative methods are a powerful tool for exploring this complexity,
allowing us to capture people’s explanations of their behaviour and attitudes [26]. Combining
this with an accurate and precise mathematical model will give us a broader and more detailed
picture of the issue.

Supported by the previous results, a quantitative questionnaire was created and addressed to
parents of children studying in Warsaw primary school. The questionnaire was made available
to the respondents using the Computer Assisted Web Interview method [12]. Each respondent
selected data from a cafeteria of answers displayed on a computer screen. These were single
and multiple-choice questions. The questionnaire was accompanied by a travel diary, filled with
declarations of specific transport behaviours from one of the last days preceding the survey. Only
the middle days of a working week – from Tuesday to Thursday – were considered.

3.2. Routing trips from home

Let us assume that survey S consist of two parts. The first part Pi describes ith respondent. The
second part Ti is a set of respondents’ trips. Thus, the entire survey is given by pair (Pi,Ti).
Each t ∈ Ti describes the trip’s origin O(t), destination D(t), and starting time. O(t) and D(t)
are TripPoints consisting of coordinates and a type. The type belongs to one of the values from
the closed list containing such values as HOME, WORK, SHOP , SCHOOL, and others.

Pi contains information about the respondent’s home H(Pi) and a declared starting point.
The starting point, denoted as S(Pi), usually is the respondent’s home S(Pi) = H(Pi). There-
fore, its type is mostly HOME, but it can be set as WORK or another type in rare cases.

All collected trips are transferred to simulate trips from home to other TripPoints. The
starting point is set as the origin of the first trip. Each next trip tj has its origin O(tj) in
destination of previous one D(tj−1). The algorithm checks the O(tj) and D(tj) to fix them to
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the trip-from-home schema. If the respondent is already travelling from home, the trip is added
to H. If the trip ends at home, it is reversed, and O(t) is switched with D(t) (their coordinates
and types are replaced) and added to H. If the trip is not attached to the HOME POI at an end,
a new trip is routed with origin O(t) set as home address H(P ). The new trip is routed from the
home address to the destination of the original trip and added to H.

Set H is cleared from any duplicates, and duration and distances are calculated for each trip
covered by various transport choices, including transit (public transport) and individual transport
(car). At this moment, the calculated duration does not consider traffic congestion.

3.3. Calculating duration and distance

The survey data with modified trips are processed using the Use4IoT platform [15]. A calcula-
tion of trip parameters is possible using a multimodal trip planning module OpenTripPlanner1

(OTP) supported by OpenStreetMap2 (OSM). OSM provides information on street networks
and public transport stop positions.

OTP calculates a door-to-door trip for a private car without considering parking issues and
the walking time necessary to reach the destination from a parking lot. While the module takes
into account traffic regulations and road obstacles, it does not consider traffic congestion, which
results in a biased estimation of car travel duration. Real travelling time should also include
parking time and any delays caused by traffic density. At this moment, this issue has been noted
but not solved.

The transit routes are calculated using schedules in the General Transit Feed Specification
(GFTS) format. The current schedules are taken from local authorities’ public transport re-
sources. GTFS files are generated from regular schedules or emulated from run frequency. The
prepared GTFS files are stored in the Apache Hadoop Cluster for batch analysis.

Routes are calculated between public transport stops. The total travel duration is extended
by waiting and walking times. The calculated distance includes walking distance from and to
the stops and the distance covered during transfers in multimodal trips.

The OTP calculates a single route for a private car but can find several connections for
transit. That depends on the available courses in a 15-minute time window [t− 5, t+10] where
t is the declared starting travel time. It is an open issue how to aggregate transit results. We
discuss the average and the minimal distance and duration, excluding the maximal values as
they are unlikely to be chosen by a traveller when alternatives exist.

Finally, information about travel duration and distance is integrated with survey data for
further data analysis.

4. Results

4.1. Data

The created questionnaire was presented to 1454 parents of children attending three primary
schools. Among them, 523 (parents of 683 children) finished the survey, which gives a response
rate of 36%. The collected declarations consist of 1861 reported travels between 2022-03-15
and 2022-04-28. Among the travels, 453 were travels to school, 383 were travels to work, and
631 travels ended at home. Although travel using public transport and private cars was simulated
for all respondents, they were also asked about the actual mode of transport. Among 1861 cases,
900 were taken by car (64 as a passenger), 381 by various forms of public transport, and 479 by
foot.

The surveys were conducted with parents of pupils studying in three Warsaw primary schools

1https://www.opentripplanner.org/
2https://www.openstreetmap.org/

https://www.opentripplanner.org/
https://www.openstreetmap.org/
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(a) education destination (b) work destination

Fig. 1. Car routes to work and education destination function with duration distribution

selected according to their location. It was considered that due to the qualitatively different lo-
cations, the transport habits and attitudes of both children and their parents, evident in their daily
movement around the city, would also differ.

The first primary school (no. 34) is located in the central yet green and relatively prestigious
district of Warsaw, Powiśle. The location is close to all service points. However, finding a free
parking space is difficult, as a paid parking zone covers the district. Therefore, residents use
means of transport other than their car when doing their daily errands, also in the city centre.
In this location, 16% of respondents (compared to 7% in school no. 377 and 4% in school no.
218) indicated that they did not own a car at all, and the average was 0.3 cars per household.

Parents of children enrolled on the second school (no. 377) – near the centre of Warsaw –
are further away but still seem connected to it. They often work there, run errands and use the
downtown infrastructure. On the one hand, the construction of the metro station (Trocka station)
has greatly improved communication with the centre (it takes about 15 minutes to get there by
metro). On the other hand, it has caused many people to treat the area as a transfer point and to
come to the area by car and park their cars on the estate, blocking the pavements and perceptibly
increasing traffic (at the time of the survey it was the last station of the second metro line).

In contrast, parents of children attending school no. 218 (’suburban’) declared rarely need to
commute daily to the city centre. They can do most of their daily business in the neighbourhood
and try to do so, and if they are unsuccessful (if only with their place of work), they try to go
and come back. They declare that living on the outskirts (some consider it already out of town)
makes it unnecessary for them to visit the centre frequently, even though the distance is not great
(about 10 km.) Their children, especially the younger ones, do not come to the centre alone,
while the older ones (still studying in the nearby primary school) go there occasionally. This
school has the highest ratio of children commuting by car.

4.2. Transit vs individual transport

To compare transit and private car usage, routes from HOME to other points were drawn based
on a car itinerary. The trips were then grouped according to the possibility of covering them
in 15 minutes by public transport or car. The obtained results were categorized according to
the functions of the visited points. Due to the scope of this work, the analysis focuses on two
groups: Education and Work.

Car routes to work and education destinations are presented in Fig. 1. Fig. 1a presents travels
from HOME to educational institutions, primarily to schools (439), but also to universities (4).
The concentration of travel around three centres, as determined by the schools, is visible. The
travels are mostly short. Over 56% of them – 244 cases – can be covered in less than 15 minutes
using transit or walking in case of closer distances. Other 37% educational destinations – 163
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Fig. 2. Cumulative distribution plot of travel time for transit and car

cases – can be reached in up to 15 minutes by car. Only 7% of travels (32 cases) were longer
than 15 minutes, even using a car. Travelling to the universities is not statistically meaningful,
but it is worth mentioning that only one can be made in less than 15 minutes by transit.

Fig. 1b presents travels from HOME to work. The total number of these travels is 358. The
travel network covers nearly the entire city without visible concentration points. The distribution
of travel duration differs from travels to educational destinations. The travels are dominated by
long trips that cannot be covered in 15 minutes, even by car. Their total number is 269, which
accounts for 75% of the cases. The next position – 13% of all travels (48 cases) – takes travels
that can be made in 15 minutes but only by car. Only 41 travels (11%) to work can be made in
15 minutes using transit.

Notably, the distribution of short travels varies among schools that respondents’ children
attend. For school no. 218, in suburbia, only 6 such travels are observed, while for well-
communicated school no. 377, near a metro station, 21 such travels were noticed. For school
no. 34, which is placed in the centre, 14 short travels were registered.

Fig. 2 presents a cumulative distribution function (CDF) for duration calculated among the
travels by car and transit. For transit, the minimal and average duration were considered. Fig. 2a
presents CDF for the duration of travels from home to educational destinations. Fig. 2b shows
CDF for the duration of travels from home to work.

In some aspects, the results for both types of destinations are similar. Car usage guarantees
shorter travel than transit, even assuming the best connection. The difference between the min-
imal and average transit duration is smaller for shorter than longer travel. It is caused by a lack
of alternative connections to short distances rather than by the development of public transport.

However, there are also crucial differences. As shown previously, work travel duration is
statistically longer than travel to an educational institution. Interestingly, a characteristic of the
CDF plot for car travel duration is more similar to other plots in the case of travels to work.
Replacing a car with public transport is statistically less costly in this case.

5. Conclusions
We presented a behaviour mobility model based on survey-described naturalistic citizen be-
haviours and a simulated transport environment using public transport schedules and road net-
works for the City of Warsaw.

The results, which benefited from accurate localisation of travel destinations, showed that
in 56% of cases, a school could be reached in less than 15 minutes using public transport or on
foot. That supports public transport as a real alternative to private cars. Regarding its educational
amenities, the 15-minute city concept can be introduced on a large scale if parents are convinced
to enrol their children in local schools. This can be achieved by increasing and levelling primary
education quality. However, in most cases, the second discussed amenity, work, falls behind the
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15-minute criterion. In this case, reducing the number of long travels is challenging. A potential
solution lies in technological progress and the possibility of remote work.

The presented analysis provides several arguments for replacing cars with public transport.
Travels to educational institutions are mostly short, and schools can often be reached within 15
minutes using transit. On the other hand, the benefits of using a car during much longer travel
to work are relatively small, at least in the discussed aspect of the travel duration.

The possible future works are drafted based on the limitations of the actual work. The
analysis is limited in time and to three schools. Also, the 15-minute city amenities are limited to
two aspects. Extending the analysis, temporarily and spatially, to more respondents with a wider
perspective of the destination would allow us to draw more general conclusions. Additionally,
the system can bring more realistic results considering the walking distance and congestion in a
simulation of individual transport. This can be obtained using a transportation model published
by the City of Warsaw.
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