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ABSTRACT 
The increasing demand for data and smart solutions is one of the fastest growing sectors of human 
activity. In recent decades smartphones and mobile phones have become a significant and stable source 
of data. Architects and urban planners have used them in various cases to identify urban patterns. This 
paper focuses on data gathered by fitness tracker applications which collect information about the 
movement of their users. The applications record the trajectory of the movement and detect the mode 
of transport. They require some basic information about the user (age, weight, height and sex) to 
calculate their caloric consumption. The data from activity tracking smartphone applications create a 
data lake that can be transformed into a new data source for the designing of healthier and more liveable 
cities. Combining the data layers and analysing them further could reveal properties and qualities of 
life in a given location that would not be apparent without processing these data. By analysing the data, 
we can observe the current state as well as tendencies in human behaviour over longer periods of time. 
Through the observation and comparison of physical activity in different urban contexts (topography, 
size of settlement, density of population, density of infrastructure, quality of public spaces, location, 
etc.), we can develop new alternatives and better knowledge of the influence the above-mentioned 
factors have on the life in cities. This paper describes data layer combinations that bring novel insights 
into the connection of physical activity and urban contexts by using data mining technology based on 
smartphone applications. The theoretical framework can be subsequently applied to various data sets 
with certain properties. 
Keywords:  city sensing, data mining, smartphone, physical activity, fitness tracker, strategy, smart 
city, interpretation. 

1  INTRODUCTION 
The cities of today are continuously producing large amounts of data [1]. The data can be 
gained automatically by many different sensors [2], which are a part of the public space and 
its facilities, or the data can be produced by the users of the city – its inhabitants [3]. 63% of 
the population in the Czech Republic have a smartphone. Among young people in the age of 
16–24 years, the share is 95% [4]. An average user of a smartphone has 80 apps installed on 
their phone and uses almost 40 of them each month [5]. 
     The movement of people is like the blood circulating in the veins of a city – a better 
knowledge of their mobility is crucial for various branches of human activities. The habits of 
the inhabitants of a city and their connection with various influence factors could be revealed 
also by analysing data gained by smartphone applications. This paper focuses on the data 
collected and transmitted by lifestyle-monitoring or activity tracking applications.  
     Currently there is also an increasing number of applications tracking the users’ mobility 
to help in the fight against the Covid-19 pandemic [6], [7], which are based on the users’ 
voluntary consent to share their geolocation data in time. In the Czech Republic, 14.9% of 
the population share their personal time and geo-tagged data in the Mapy.cz application [8], 
[9]. This application is a part of the governmental project Smart Quarantine aimed to assess 
risky contacts with persons who have tested positively for Covid-19 [9], [10].  
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2  METHODOLOGY 
The goal of the research is the description of different methodologies to use smartphone data. 
The research comprised three main phases: 

 Specification of data sources and data categories; 
 A literature review; 
 Defining a novel use of the data obtained from fitness applications. 

     First, we identified the classes of data that users of these fitness and lifestyle applications 
provide through their smartphones. We used a data set from applications that provide 
information about the user’s caloric expenditure as a basis. Subsequently, we identified 
alternative types of applications that collect the same data classes but provide users with a 
different benefit. 
     A research of English-language scientific literature was performed primarily by searching 
Web of Science, Google Scholar and ResearchGate. The search was limited to items 
published between 1975 and June 2020 and the keywords included “smartphone”, “fitness”, 
“lifestyle”, “physical activity”, “walkability”, “mobility”, “biking”, “urban”, “city”. We 
searched the results for articles related to the topic of this study. We selected studies that 
could be repeated or conducted by using smartphone application data. 
     The bibliographies of the selected articles were examined for further relevant articles. 
Links found on websites where these articles were published were also searched for pertinent 
information.  
     Based on the literature review, thematically specific categories of data use in the urban 
sphere were created. Furthermore, the necessary input data for these individual categories 
were determined.  
     Data from fitness applications can be used also in other ways that have not yet been 
described in literature or implemented by using conventionally obtained data. A description 
of these innovative approaches to the data set, their importance and benefits is included in 
Section 4. 

3  STATE OF THE ART 

3.1  Data sources 

In applications that monitor the user’s movement patterns, the user usually has to select the 
activity manually, or the application uses the acceleration data obtained from a gyroscope 
and an accelerometer [11]. The application analyses the data gained from these sensors and 
identifies the type and mode of movement based on the shape of the acceleration curve. 
Applications with access to the location of the device can obtain more precise data by 
comparing the movement trajectory in time with the trajectories of public transport in space 
and time [12]. Geolocation data may be obtained through GPS or network-based location 
sensing technology, which drains the battery less [13].  
     Data gathered by the applications can be stored in databases. In each country, the 
collection, storage and use of such data is regulated by the respective national legislation 
[14], [15]. 

3.1.1  Fitness trackers 
Fitness tracking applications and pedometers (Google Fit, Endomondo, Moves, MiFit, etc.) 
are primarily used to obtain information about the user’s daily movement pattern, sports 
performance and calorie consumption. To find out their calorie consumption, the user has to 
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enter certain basic factors influencing their metabolism, i.e. their age, weight, height and sex 
(see Fig. 1). The application software uses the above-mentioned methods to identify the type 
of movement (see Fig. 2). It can use geolocation data as additional information. Fitness 
tracking applications installed on smartphones can be often linked with further wearable 
devices which provide additional, more precise information on the user’s activity, e.g. fitness 
bands, smartwatches, smart clothing with wearable technologies, etc. [16]. 

3.1.2  Mobility monitoring applications 
Mobility monitoring applications provide the user with feedback on their transport behaviour, 
i.e. the choice of route and mode of transport. The CO2GO application, developed by MIT, 
suggested alternative routes and modes of transport in real time to reduce the user’s carbon 
footprint while keeping a similar travel time [17]. UN Carbon Footprint Calculator, Carbon 
footprint and CO2 tracker and other applications are based on a similar principle. 
 
 

 

Figure 1:  Scheme of the data-flow. 

 

Figure 2:  Scheme of the segmentation of trajectory. 
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3.1.3  Healthcare applications 
Tracking and activity monitoring applications are also often used in healthcare, in particular 
by patients with cardiovascular diseases. In combination with up-to-date information from 
the patient’s wearable monitoring devices, such applications can be used to develop tailor-
made motivation programmes for the patient. As the devices monitor the user’s pulse and 
location as well, they can be crucial in providing the patient with quick help in case of health 
problems [18]. Movement tracking can also increase the safety of patients with neurological 
diseases (such as Alzheimer’s), especially when they become disoriented or get lost [19].  
     Smartphone apps are also used for the purposes of epidemiological measures, such as the 
above-mentioned Smart Quarantine project in the Czech Republic [10]. 

3.2  Data utilization 

3.2.1  Tracking tool for urban research 
Mobile applications are a new research tool. They can collect data more efficiently and with 
more precise temporal information than traditional questionnaires. Using a smartphone is a 
regular daily activity and thus does not disturb the users (respondents) in any way [20]. 
Smartphones collect data in a passive manner and create low-burden protocols over a long 
period of time [21]. This advantage has been used for example in a study of urban vitality 
conditions conducted in Barcelona [22], which utilized the Moves© application to aggregate 
data on the mode and trajectory of the participants’ movement [23]. The data obtained were 
used to compare the activity of pedestrians in pedestrian activity spaces and in residential 
buffers.  
     The INTERACT study monitored the physical activity of its participants in four Canadian 
cities; the data were aggregated using the Ethica© application which was developed 
specifically for the purposes of scientific research studies [24]. When designing a study, the 
researchers can select which activities and sensor-based data will be monitored. The 
participants can join the study by downloading the application and signing in through a 
registration link. The data from the participants’ application are available for analysis in real 
time [25]. The INTERACT study aims at collecting a database of 100 TB data which will be 
made available for analysis also to other research teams [24]. 

3.2.2  Evaluation of urban interventions 
The World Health Organization/Europe has released the Health Economic Assessment Tool 
(HEAT) which is designed to assess the economic impacts of urban interventions that cause 
changes in the transport behaviour of people [26]. The HEAT method calculates the 
economic value of the health effects arising from cycling and walking. It compares the 
participants’ condition before and after the project. Data from smartphone-based fitness 
trackers and mobility monitoring applications [20] can be used for assessment, if they are 
obtained from the respective area in sufficient density. However, the input data will have to 
be adjusted before use to make up for the difference between the actual numbers of persons 
cycling/walking through the respective area according to traffic surveys and the number of 
the application users passing through the area. 

3.2.3  Property value and walkability correlation 
Based on an analysis of public space and the knowledge of how it is used, locations with 
economic potential can be identified. A subsequent change in the arrangement of the public 
space and facilitation of the way it is used can have a demonstrable effect on the value of 
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properties in the given area. This qualitative aspect is then demonstrated by a different price 
in comparison with properties in other similar locations with similar conditions. 
     In 2019, TC Group examined the relation between rent rates and the intensity of walking 
movement in a number of streets in European cities [27]. Calculated on the basis of the 
respective rents, the passing of one pedestrian in front of a commercial unit in the Gran Via 
street in Madrid cost 3.93 Eurocents, the passing of one pedestrian in the Serrano street cost 
10.62 Eurocents, while the average rent was similar in both streets. In the latter case, thus, a 
shop owner has to pay twice as much for one potential customer to pass along their shop.  
     A careful choice of the location based on information about the movement in the given 
street, neighbourhood or whole town can thus optimize the operation costs of a commercial 
unit. The permeability of traffic in a street can by itself influence the rent rates of premises 
on the ground floor by 10% to 30% [28]. However, the perspective could be turned around 
and the available data could be used to point out the potential of individual areas to increase 
the value of these areas through adequate interventions in their arrangement.  
     The permeability of public space, i.e. the fluency with which the area can be passed 
through, is another factor contributing to a difference in the value of a property [29]. Local 
improvements can be achieved by increasing the number of possible crossings along the most 
natural route and by adjusting the number and setting of traffic lights to increase the inclusive 
fluency for pedestrians to the disadvantage of cars. Increasing the walking permeability by 
10% can increase the value of a property by 1–9% [30]. Already the definition of a street 
network is a crucial influence on the economic aspect in question [31]. 

4  SMART CITY: USING DATA FROM MOBILE APPLICATIONS 
Data from smartphone applications can be used as a data source for long-term monitoring of 
physical activity (PA). In relation to municipal and urban spaces, PA can be monitored and 
analysed in various contexts.  
     Every application aggregates and produces only such data that serve the purpose of the 
given application. Table 1 shows which data are usually collected by the applications listed 
in 2.1. The overview of categories and groups of collected data provided in Table 1 is 
arranged to facilitate their interpretation and thus to help understand and improve the living 
conditions in built-up areas. The proposed analyses aim at expanding our knowledge of urban 
environments and enabling studies that will serve as a solid basis for the designs created by 
urban planners and for the decision making of municipalities. 

4.1  Walkable distance research 

Walkable distance is defined as a referential value or normative value of the greatest distance 
people are willing to walk from a residential house to facilities providing essential services 
or to public transport stations [32]. This value should be adjusted in time, as it is influenced 
by the readiness of the residents to reach their destination without using any other mode of 
transport than walking. Long-term tendencies can be observed in the PA data obtained from 
smartphone applications whose users replace the role of respondents in traditional 
questionnaires.  
     In terms of walkable distance, various factors can have an influence on the user’s decisions 
about daily mobility. Potential influence factors include: 

 Total commuting time; 
 Carpooling possibilities; 
 Time loss in case of alternative means of transport (bike, walking, public transport); 
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Table 1:  Table of database and data employment. 
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Additional 
information 

Walking distance and commuting x x x x x x  

Total commuting time x x x x  

Possibility of carpooling x x x x  

Time loss x x   x x 
Public transport 

timetable 

Cost reduction x x   x x 
Cost of fuel + public 

transport 
Advantage in the field of PA x x x x  

A comparison of the spatial 
dependence of BMI 

x x x x x x  

In different age groups x x x x x  

Influence of gender x x x x x  

Overview in time x x x x x x Timeframe 
Physical activity (PA) research x x x x x x  

Dependency PA/sex and age x x x x  

Dependency PA/sex and BMI x x x x x  

Dependency PA/age and BMI x x x x x  

PA: overview in time x x x x x x Timeframe 
Research of influence of topography at 
PA 

x x x x x x  

BMI in different topographies x x x x  

Biking in different topographies x x x x Plan of bicycle paths 

Walking in different topographies x x   x x 
Plan of pedestrian 

paths 
Research influence of character of 
settlement at PA 

x x x x x x  

Influence of density/quality of 
infrastructure 

x x x x x x Plan of infrastructure 

Influence of green infrastructure  x x x x x x 
Plan of green 
infrastructure 

Influence of public transport 
infrastructure 

x x x x x x 
Plan of public 

transport 

Influence of security landscaping x x x x x x 
Plan + report of 

measures 

Research of walkability of public space 
at PA 

x x   x x 
Using Walkability 

Index influence 
factors 

Economic assessment x x   x x 
Overcount of the 

input data 
Economic assesment for cycling x x x x Using HEAT 
Economic assesment for walking x x x x Using HEAT 
Economic assesment for carbon 
emissions production 

x x   x x Level of air pollution 

Property value and walkability 
correlation 

    x x 
Cost of property 

value 
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 Cost reduction in case of alternative means of transport; 
 Increased physical activity required for alternative modes of transport. 

4.2  A comparison of the spatial dependence of body mass index (BMI) 

BMI is a measure for indicating nutritional status in adults [33]. It is defined as:  

 BMI ൌ  
௪௘௜௚௛௧ ሾ௞௚ሿ 

௛௘௜௚௛௧ మ ሾ୫ሿ
. (1) 

     Various studies have proven a connection between neighbourhood supportiveness for 
physical activity and BMI [34], [35]. There are also case studies that have examined the 
spatial dependence of BMI in certain localities [36]. We propose to use data from smartphone 
applications as source data for examining the influence of urban factors on BMI. Previous 
research has shown multiple interrelationships when examining BMI spatial dependence 
(social, individual and environmental – which are necessary to distinguish). This paper 
focuses on environmental factors because they can be influenced by changes in the 
development of public space, land use and transportation [37]. However, environmental 
factors can be also linked to gender or age groups which evince a higher rate of BMI relation 
to locality. 

4.3  Physical activity research 

The readiness to rely on one’s own physical activity (such as cycling or walking) as a means 
of transport is essential in any city. Cycling has become an integral part of the identity of 
cities such as Copenhagen and Berlin. The acceptance of physical activity is not permanent, 
it changes in time: the motion patterns of inhabitants will differ in winter and in summer as 
well as under exceptional conditions (such as the Covid-19 epidemic or restricted operation 
of public transport). Regular physical activity does not only affect the individual by 
contributing to the prevention of diseases of affluence and by supporting mental well-being 
[38], [39], it also affects the liveliness and the economy of cities. It is therefore in the interest 
of municipal administrations to regard the physical activity of the users of public spaces as a 
relevant issue and to use is as a basis when introducing new measures (pedestrianisation, 
creating a barrier-free environment and installing street furniture in public spaces, promoting 
the construction of bike paths). 
     Databases containing the data categories indicated in Table 1 can provide data to examine 
the influence of sex, age [40] and BMI on ordinary daily physical activity of the population. 

4.4   Research on the influence of topography on PA 

In connection with the introduction of measures aimed at supporting cycling as a means of 
transport in Prague, one dissenting and unsubstantiated argument was mentioned in many 
discussions: Prague’s topography (moderately undulating terrain) is not favourable for the 
development of cycling, the investment in this direction is therefore pointless [41]. However, 
with the advent of electromobility, this argument is losing ground. Moreover, there have been 
no studies in culturally comparable cities which would provide real data from different 
topographies and confirm or refute the aforementioned statement. 
     Data from smartphone applications listed in 2.1 seem to be a suitable basis to examine the 
hypothesis that hilly areas have a lower share of bicycle traffic and to establish a relation 
between cycling and local topography. When analysing such data (same as when analysing 
the influence of topography on walking), it is necessary to consider the fact that topography 
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is one of the influence factors. Further major influence factors are the density, quality and 
safety of bike paths in the given area [42], [43].  
     When assessing the influence of topography on walking and BMI, it is necessary to 
account for the social and individual aspects mentioned in 3.2. Walking is also linked to other 
environmental influence factors that are defined in many studies as the area’s walkability 
index [44], [45]. 

4.5  Research on the influence of the size and character of a settlement on PA 

Data from the mobile applications listed in 2.1 can be used to measure the influence of 
lifestyle on the physical activity in various types of settlements and to verify the results in 
time. An interesting way of using such data could be to compare the physical activity in times 
of the Covid-19 pandemic in settlements that are different in size and whose population is 
currently affected by the virus to a different extent.  
     The individual settlements can be sorted by the type and character of the buildings 
(historical vs. industrial buildings), their density, number of inhabitants as well as the quality 
and density of the services and facilities available, which also includes accessibility and 
elements of green infrastructure.  

4.6  Research on the influence of walkability of public space on PA 

The walkability index [44], [45] can be combined with the data from databases including the 
categories listed in Table 1 to assess a given locality and to examine the relation between the 
walkability index and the physical activity in the area. 
     As the data are collected over a long period of time, it is possible to observe and measure 
the relation between the walkability index and the mobility behaviour of the users of public 
spaces in the given locality before and after the locality has been adjusted. Observing the 
relation between the individual variables can be used to update or localise the formulas for 
the calculation of the walkability index.  

4.7  Economic assessment 

The HEAT methodology, developed by the World Health Organization/Europe, uses the 
input data to calculate the economic impact of the health effects caused by a change in the 
way public and other spaces are used [26]. Where data from traffic surveys are not available 
or accessible, data from the applications mentioned in 2.1 can be used when recalculated in 
an appropriate manner to determine an approximate impact of past investments.  
     The pedestrianisation of streets does not bring benefits only in the field of public health. 
It is also proven that pedestrianisation of public spaces in city centres also has a positive 
economic effect [46]. After an examination of the relation between the rent rates and the 
intensity of the use of public spaces in the given locality, it will be possible to assess the 
effects of the adjustment of the public space on the income from properties adjacent to the 
respective public spaces in the given locality. Data from smartphone applications listed in 
2.1 can be used to calculate the economic effects of investments in public space from the 
point of view of the owners of adjacent properties.  
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5  DISCUSSION 

5.1  Data properties 

Unlike data from mobile network providers (which, however, lack the precision based on 
GPS), data obtained from smartphone applications will probably not cover the whole 
population. Their density, i.e. the number of users in population, depends on how widely 
spread the given application is among smartphone users. The number of users also changes 
in time and can be influenced by marketing measures and specific features of the application. 
Moreover, GPS coverage is not fully guaranteed, as it is weaker for example inside of 
buildings. Battery draining when GPS is on remains a complication [13], which is why a part 
of the users turns off this functionality manually and by doing so decreases the precision of 
movement tracking. 

5.2  Data accuracy 

Individual applications demonstrate different levels of accuracy. For research purposes, it is 
ideal to obtain raw data, which are more flexible for use and analysis. When it is not possible 
to obtain raw data, inaccurate data should be marked or deleted from the data set completely 
[20]. 
     Smartphone application data represent only a particular segment of the population. Fitness 
and activity tracking applications are used only by persons who take an active interest in their 
health and who therefore wish to monitor their daily physical activity. Users of the 
applications listed in 2.1.2 are concerned about the ecological impact of their own mobility 
behaviour on the environment. Applications mentioned under 2.1.3 are used by individuals 
with specific health problems.  
     Such specific qualities of the users have to be taken into consideration at all times. Based 
on further research, the data can be calibrated for a specific sample of the population.  

5.3  Data utilization 

The data utilization has to be adjusted according to how many users have installed the given 
application. Some applications will probably not provide an adequate sample of the 
population for all types of research projects (e.g. due to an insufficient number of users in a 
given locality) [47].  
     The data can be approached as follows: 

 Application users are viewed as passive respondents of a survey. 
 The data can be calibrated by expanding them on the total number of inhabitants, e.g. to 

use them as a replacement for a traffic survey (which, however, can be done only if the 
density of users in the given locality is high enough). 

 Source data for further modelling – the research data set will be created as a result of a 
model (traffic modelling, agent-based models, activity-based models). In this case, the 
data can replace traffic survey logs. 

5.4  Access to data 

Mobile application databases are not a publicly available source of data. Access to such data 
can be granted by individual application users (only their own data processed by the 
application are provided) or by the publisher and operator of the given application (data 
processed by the application as well as raw data are provided).  
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     Access to databases containing private data of the users – where geolocation and health 
data definitely have to be regarded as private data – is regulated in each country by the 
respective national legislation. From an ethical point of view, the application users should 
give their consent to the purpose for which the data are provided and this purpose should be 
precisely defined by the publisher of the application. 

6  CONCLUSION 
The paper brings an overview of how data obtained from smartphone fitness applications can 
be used for urban purposes and shows how the described research methods can be easily 
repeated or revised in different places, conditions or over a defined period of time. Fitness 
and activity tracking applications installed on smartphones collect data about the users’ 
mobility and the modes of transport they choose. At the same time, they aggregate 
information on the users’ weight, height, age and gender, which is necessary for the 
calculation of their calorie consumption. Such data allow us to find answers to questions 
regarding mobility habits of a large sample of the population without the need to actively 
address respondents.  
     Datasets obtained from these applications can be used to conduct research on commuting, 
walkable distances and the factors influencing them. Moreover, they can be used to compare 
spatial dependence and BMI and to examine regular daily physical activities in individual 
groups of the population. They can also serve as a basis for researching the influence of 
topography and of the settlement characteristics on the daily activities of the inhabitants.  
     In case of sufficient density of the data, they can be calibrated and used to research the 
walkability of urban spaces as well as the interrelation of the individual variables of 
walkability indexes and the physical activity in specific localities. Such adjusted data can 
also be utilized to assess the economic impacts of regular daily physical activity in urban 
environments. Research can be conducted also on the basis of data from mobility models. 
Such models integrate data from mobile applications, which thereby replace traffic survey 
logs.  
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