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Abstract. Location sharing social services are popular among mobile users re-
sulting in a huge social dataset available for researchers to explore. In this paper
we consider location sharing social services’ APIs endpoints as “social sensors”
that provide data revealing real world interactions, although in some cases, the
number of recorded social data can be several orders of magnitude lower com-
pared to the number of real world interactions. In the presented work we focus
on check-ins at airports performing two experiments: one analyzing check-in
data collected exclusively from Foursquare and another collecting additionally
check-in data from Facebook. We compare the two popular location sharing so-
cial platforms’ check-ins and we show that for the case of Foursquare these data
can be indicative of the passengers’ traffic, while their number is hundreds of
times lower than the number of actual traffic observations.
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1 Introduction

During the last decade, the use of online social networking tools and services became
widespread, with mobile devices playing an important role as they allow users to
connect with others and share information anytime and anywhere. As social network-
ing platforms engage millions of users, there is a boom in the amount of social data
that are produced. These data are proving to be representative of real world phenome-
na and their analysis allows researchers to get the ‘big picture’ behind social interac-
tions. As an example, consider the work of Bollen, Mao and Zeng [1] who detected
public mood from public tweets and were able, under conditions, to predict stock
market behavior. Another example is the real-time detection of events, such as earth-
quakes [2] or sports events [3], based on social interactions.

Moreover, most social networking platforms allow users to geographically charac-
terize the information they share. All modern mobile devices are equipped with GPS
sensors, providing social networking applications with the user’s location context. For
example, Facebook allows users to check-in (declare one’s presence at a location) or
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geo-tag their posts, while Twitter and Flickr permit users to geo-tag their tweets and
photos respectively, and Foursquare to check-in at places, rate them and leave tips for
others. These interactions result in large exploitable datasets conveying rich semantics
and describing patterns of human interactions with their environment. However, this
kind of social data constitute only a small portion of actual social interactions. In this
paper we aim our attention especially at check-ins, i.e. the sharing of a user’s location
in location based social networks, such as Facebook and Foursquare and the geo-
annotation of information about a venue using spatial and temporal context.

More specifically, we focus on airports’ check-ins and our purpose is to examine
whether check-in data from such platforms are adequate in order to get a representa-
tive picture of the airports’ real passenger traffic. Airport venues belong to the “Trav-
el & Transport” category, which is found to be the most popular, regarding the num-
ber of per venue check-ins [4]. We consider location sharing social services APIs’
endpoints as sensors providing social data that offer useful insight about real passen-
ger traffic. In the framework of our research we performed two chronologically dis-
tinct experiments. During the first one we collected and analyzed approximately
2.000.000 foursquare check-ins from 10 airports in a period of 13 months, wanting to
explore possible correlations between these social data and real passenger traffic.
During the second experiment we collected around 360.000 foursquare check-ins,
1.155.000 Facebook check-ins and 100.000 Facebook likes from 7 airports for 6
months, while our purpose was to verify or reject our findings when including other
location sharing services.

The rest of this paper is organized as follows: in section 2, related work on this ar-
ea is covered. In section 3, we briefly present the check-in feature of Foursquare and
Facebook, while in section 4 we describe how our dataset was collected. In section 5,
we present our analysis and finally, in section 6, we discuss our conclusions and our
directions for further work.

2 Related Work

Our work is not the first on capturing and analyzing location sharing social data. Sev-
eral other researchers have already understood the value of these social interactions
and how their study may reveal real world patterns and trends. However, as far as we
know, this effort is the first that attempts to exploit check-ins at airports and examine
possible correlation with actual passenger traffic.

Several works focus on using location sharing social data to reveal city dynamics.
In [5] it was shown that even scarce check-in data are in line with datasets from other
sources (e.g. traffic data, air pollution data) and can be used to build a good model of
the city’s dynamics. Another work on utilizing social media to understand city dy-
namics is the one presented in [6]. The authors analyzed approximately 18 million
Foursquare check-ins (published as tweets) and proposed a methodology that reveals
city clusters called “Livehoods”, reflecting the dynamic areas that characterize the
city. Another effort on using location sharing data for identifying urban neighbor-
hoods and modeling the users’ activities is described in [7].



In [8], the authors used Foursquare and Instagram datasets and tried to better un-
derstand location related information as an important aspect of urban phenomena.
They analyzed these datasets to observe users’ movements and activities, popularity
of city regions and in general to capture city dynamics. Another work focusing on
analyzing urban check-ins is the one presented in [9], where a Foursquare dataset
from a German city returned clear patterns separating areas known for different ac-
tivities, such as nightlife or daily work. In [10], Foursquare check-ins are used in a
preliminary effort to sense and analyze the geo-social activity distribution of the cities
of London, Paris and New York.

Silva et al. [11] showed a different use of Foursquare check-ins useful for econom-
ic purposes and also able to support social and marketing applications. More specifi-
cally, the researchers identified cultural boundaries and similarities (such as food and
drink habits) across populations by analyzing location sharing data. In [12] check-ins
from Foursquare were used to predict the impact of Olympic Games in local busi-
nesses. Finally, in [13] the researchers investigated the impact of check-ins on identi-
fying the optimal location for retail shops.

It is apparent that the research community is highly interested in taking advantage
of data published in location sharing social networks in order to reveal hidden geo-
social patterns. Such works could be beneficial to a wide range of society aspects,
including but not limited to marketing, tourism and the financial sector. However,
until now, research mainly focuses on understanding urban dynamics, proving useful
for urban planning but disregarding potential gains for other sectors.

3 Foursquare and Facebook Check-ins

Foursquare is a popular location sharing service, with over 45 million users as of Jan-
uary 2014 [12], mainly targeting mobile users, as it is available for the most widely
adopted mobile operation systems (including Android and iPhone OS). Foursquare
users are able to share their location with their friends, in the form of a check-in at a
place (venue) from a list of nearby places. Moreover, users are able to leave “Tips”
about venues that may prove useful to other users visiting these places.

The approach Foursquare has taken regarding check-ins (allowing users to selec-
tively report their location or not) has changed location from a state (being some-
where) to an action (doing something) [14]. Foursquare users, according to [ 14], adapt
their check-ins to norms of what they perceive as worthwhile check-ins. They tend to
check-in at places they find interesting and avoid check-ins at places considered unin-
teresting. In [15], Lindqvist et al. also examined why people use Foursquare. They
categorized it as a primarily social driven application, with much of the motivation
coming from the benefit of sharing location check-ins. However, some users are mo-
tivated by keeping a record of the places they check-in. At the same study, the re-
searchers found again that users tend to avoid checking in at places that are not con-
sidered interesting or where sharing their location would make them feel embarrassed.
Cheng et al. [16] and Rost et al. [17] report that airports are among the top places that
Foursquare users check-in.



On the other hand, Facebook introduced Facebook Places on 2010, allowing users
to check-in via mobile devices and also tag their friends. Location tagging was later
expanded as a more general feature, allowing users to share their locations on status
updates, photos and wall posts [18]. Similar norms (e.g. increase of self popularity,
optimization of self image etc.) as those described earlier exist also about self-
presentation via check-ins for Facebook users [18][19].

Foursquare and Facebook offer public APIs, providing information such as the
number of check-ins at a place, the number of unique users that have checked-in, the
users that are currently present at this place (in Foursquare) etc. However, these
check-ins are anonymous and cannot be assigned to the respective users.

4 Data Collection

For our first experiment, whose purpose was to examine possible correlations be-
tween Foursquare data and real passenger traffic, we have used the Foursquare venue
API in order to collect our dataset that includes the number of check-ins and the num-
ber of new users that have checked-in at each airport. A web based script was running
every hour, querying Foursquare about the following 10 European airports: Athens
International Airport, Heathrow Airport, Paris CDG, Moscow Sheremetyevo Airport,
Madrid Barajas, Budapest International Airport, Rome Fiumicino, Frankfurt am Main,
Amsterdam Schiphol and Munich International Airport. We selected some of the
busiest European airports and we also included in our research a couple of airports
with less traffic (e.g. Athens, Budapest). Each airport’s API endpoint is seen as a
social data sensor, used to sense Foursquare users’ social interactions. Each query to
the API returns the number of check-ins at that time and the number of individual
users that have checked-in. As a result, by subtracting each number with that of the
previous hour we were able to compute the check-ins and the new users that have
checked-in within this hour and this information was saved in our database. Our re-
search took place for a period of 13 months, from May of 2013 until the end of May
2014, with the exception of Budapest Airport that was added later (gathered data for
this airport expand from July 2013 to May 2014). In total, there were 2.032.273
check-ins and the new users having checked-in during that period were 757.975.

Our analysis, presented in the next section was performed in a monthly base, as we
were able to find only monthly statistics for these airports, to compare with. More
specifically, we used the statistics published at Anna Aero', which is a website dedi-
cated to airline and airports network news and analysis.

In table 1, we summarize our findings for each airport:

Table 1. Summary of Foursquare airport data from first experiment

Airport # Check-ins # New Users # Passengers
Athens Intl 96.100 26.635 14.255.499
Heathrow 358.155 131.142 79.040.930

' http://www.anna.aero



Frankfurt am Main 188.346 75.040 63.636.892
Paris CDG 212.289 105.398 68.393.212
Amsterdam Schiphol 236.206 80.464 58.288.233
Madrid Barajas 153.329 61.948 43.569.777
Munich Intl 161.406 57.773 42.198.301
Moscow SVO 480.295 156.211 32.792.835
Rome Fiumicino 85.007 41.153 39.836.419

Budapest Intl 61.140 22.211 7.922.530
Total 2.032.273 757.975 449.934.628

For our second experiment, where we wanted to confirm our findings using other
location sharing services, we expanded our software incorporating the Facebook API
and as a result we were able to collect data from both location sharing social services.
At first, we had to identify the Facebook pages that correspond to the airport venues
from Foursquare that were included in our first experiment. In this case, our research
took place for a period of 6 months, from October of 2014 until the end of March
2015. During this period the Facebook pages for Rome Fiumicino and Paris CDG
airports that we queried the API for were merged with other existing pages, however
we failed to notice this fact. As a result, we were unable to capture check-ins from the
merged pages. Moreover, for an unknown reason, the Facebook API returned an ab-
normally low number of new check-ins for Amsterdam Schiphol airport. Consequent-
ly, we were forced to exclude these three airports from our analysis. As shown in
table 2, we were left with seven airports, recording in total 357.656 Foursquare check-
ins, 86.625 new Foursquare users having checked-in, 1.155.395 Facebook check-ins
and 97.454 Facebook likes.

Table 2. Summary of Foursquare and Facebook airport data from second experiment

Airport #4sq #4sq # FB Check- #FB # Passengers
Check-ins New ins Likes
Users
Athens Tntl 34.624 6.263 153.673 7.928 5.390.275
Heathrow 77.636 20.640 348.465 37.228 28.122.242
Frankfurt 45.447 15.073 286.256 26.958 21.832.189
am Main
Madrid 34.359 10.980 108.456 2.920 16.516.643
Barajas
Munich Intl 39.877 11.325 125.521 11.322 14.984.963
Moscow 102.961 15.130 67.130 3.543 11.283.720
SVO
Budapest 22.752 72.14 65.894 7.555 4.180.418
Intl




Total 357.656  86.625 1155395  97.454  102.310.450

We should note here that at the time of our analysis there were not actual passenger
data for all airports (with the exception of the Budapest airport) for March 2015.

5 Data analysis

In this section we present the results of our data analysis. As already mentioned, in
our first experiment our purpose was to examine whether there is a correlation be-
tween social data from Foursquare and the actual number of passengers travelled in
each airport. Figure 1 depicts for each airport a graph showing the actual number of
passengers (orange line), the number of check-ins (blue line) and the number of new
users having checked-in (grey line) on a monthly base. The left vertical axis corre-
sponds to the number of passengers (orange line), while the right vertical axis corre-
sponds to the social data gathered (blue and grey lines).

A statistical analysis of the monthly observations for all airports reveals a strong
positive correlation between the number of check-ins and the actual number of pas-
sengers, which is statistically significant (rs=0.588 p<0.01). Moreover, there is an
even stronger positive correlation between the number of new users having checked-
in and the number of passengers, which is also statistically significant (r,=0.666
p<0.01). Finally, a strong statistically significant positive correlation was also found
between the number of new users and the number of check-ins (r;=0.956 p<0.01).
These correlations confirm the similar trends that follow the graphical representations
of these variables.

When examining data from each airport separately, results are quite different. Sta-
tistically significant correlations between the number of check-ins and the number of
passengers were found for the following airports: Athens (rs=0.736 p<0.01),
Heathrow (r;=0.698 p<0.01), Frankfurt (r;=0.648 p<0.05), Paris (r;=0.725 p<0.01),
while for the airport of Amsterdam the correlation is not marginally statistically sig-
nificant (r,=0.523 p=0.066). However, statistically significant correlation is found
between the number of new users and the number of passengers when analyzing each
airport data, for all cases except for the airport of Munich: Athens (1=0.900 p<0.01),
Heathrow (r=0.883 p<0.01), Frankfurt (r=0.935 p<0.01), Paris (rs=0,841 p<0.01),
Amsterdam (r=0.605 p<0.05), Madrid (r=0.563 p<0.01), Moscow (r=0.929 p<0.01),
Rome (1=0.576 p<0.05) and Budapest (r=0.638 p<0.05). Again a positive statistically
significant correlation was found between the number of new users and the number of
check-ins for each airport, except for the international airport of Moscow.

Having found that social data from Foursquare are statistically correlated to actual
passenger traffic, we wanted to check if this is also true for other location sharing
social networking services. Working with the recorded data from the second experi-
ment we were able to statistically analyze Facebook data in relation to Foursquare
data and real-world observations. An important finding of this analysis was that there
is no statistically significant correlation between Foursquare check-ins when com-
pared to Facebook check-ins or Facebook likes.



Fig. 1. Data graph for each airport in first experiment
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Moreover, the statistical analysis of Facebook data from each airport venue does
not reveal statistically significant correlation between Facebook check-ins or likes and
real world observations, with the exception of Facebook likes for the Moscow
Sheremetyevo airport (r=0.978 p<0.05). Finally, once again we observe that new
Foursquare users having checked in at the airport venues is the best indicator for actu-
al passengers traffic, since we found strong statistically significant correlations for the
following airports: Athens (r=0.928 p<0.05), Heathrow (r=0.952 p<0.05), Madrid
(r=0.956 p<0.05), Moscow (r=0.964 p<0.01), while for Frankfurt (r=0.832 p=0.08)
and Munich (r=0.870 p=0.055) the correlations are not only marginally statistically
significant.

6 Discussion and Future Work

In this paper we considered location sharing social networks as sensors providing
geo-social data, which we analyzed to reveal correlations with real-world data. We
focused on airports, as airport traffic is an important financial factor for national
economies and is often used as a tourism indicator [20]. Moreover, as mentioned ear-
lier, venues belonging to the Tourism & Travel category such as airports are the most
popular places where location sharing social services’ users check-in and as a result
we considered them as an interesting starting point for our research. While the analy-
sis of check-ins is popular (as presented in the related work section), as far as we
know this is the first study focusing exclusively on airport venues.

When examining total observations from all sensors — airports in our first experi-
ment we found that the number of recorded Foursquare check-ins and even more the
number of new users performing a check-in are strongly correlated to the actual num-
ber of passengers that traveled to and from those airports. Thus, location sharing data
seem to be representative of real world data for the airport venue type, which is en-
couraging for the adoption of geo-social data analysis for other domains apart from
urban dynamics, which is mostly referenced in related literature. Consequently, inter-
ested parties are able to capture the traffic trend for airports before official data are
announced. In addition to this, one could argue that an idea worth to study is this of
incorporating airport check-ins into airport traffic prediction models, which is a sub-
ject that has attracted considerable attention from the research community [21].

However, a significant finding from our second experiment was that we were not
led to the same conclusion when examining Facebook data. As a result, it seems that
not all location sharing social networks generate geo-social data indicative of the real-
world situations, at least for the case of airport venues. While we report this finding
with the reservation of the small number of airports and the short duration of data
collection period for our second experiment, we believe that it is an important contri-
bution, since as far as we know it is the first research effort on comparing geo-social
data referencing the same places and originating from different social services. Such a
comparison of different users’ check-ins patterns and attitudes in different location
sharing social services is a challenge that we intend to undertake in the future in large-
scale experiments.



When analyzing data from each airport separately in our first experiment, we found
a correlation between the number of check-ins and airport traffic for 5 out of 10 air-
ports. On the other hand, the analysis showed a correlation between new users and
passengers for 9 out of 10 airports. This observation is in line with the graphs in Fig-
ure 1, where one can see that the line corresponding to new users approximates more
closely the line of airport traffic than that of check-ins. It seems, then, that the number
of new users checking-in through Foursquare is a better indicator of airport traffic.
This is quite important, in our opinion, since these numbers are hundreds of times
lower than the recorded numbers of passengers.

Moreover, another observation from both experiments is that while the extracted
Foursquare social data are representative of the general trend regarding airports’ traf-
fic, it seems that we cannot use them to directly compare traffic between airports.
This observation confirms Rost et al. [17] findings, according to which rankings of
airport venues in terms of check-ins does not keep up with rankings in terms of pas-
sengers. We confirm that apart from check-ins, this is also true for new users having
checked-in at airports. For example, one can see in table 1 that in Moscow airport
there were much more check-ins than in Heathrow, but less than half the passengers,
while another such case is the comparison between Frankfurt and Amsterdam air-
ports. A possible explanation for this remark could be based on the different location
sharing culture of the user types visiting these airports (e.g. youth vs elder or business
users). In addition to this, each airport follows a different social media marketing
campaign, which may lead to a different user engagement type [22].

In the future, we intend to extend our research to include more airports, in order to
ensure that our remarks apply for airports worldwide and are not limited to the Euro-
pean territory. Moreover, we intend to add more venue types in our analysis (e.g. train
stations, ports etc.) in order to examine if social data are also representative of pas-
senger traffic for these cases. Finally, we are also currently putting research effort to
investigate possible correlation between weather conditions and check-ins in venues
such as parks, beaches etc.
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