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Abstract

Analysis of the collections of geographically referenced posts published in
social media, such as Twitter, Flickr, and YouTube, can bring new knowledge
about places, geographical objects, and events interesting to people, and about
people’s mobility behaviours. Gaining knowledge from large data collections
requires combining computational analysis with human interpretation, judge-
ment, and reasoning, which, in turn, require appropriate visual representa-
tions of the data and analysis results. Visual analytics integrates computational
analysis techniques with interactive visual interfaces to support collaborative
human—computer analytical activities. We give a brief overview of visual ana-
lytics approaches to extracting various kinds of information and knowledge
from georeferenced social media data.
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Introduction

Microblogging services, such as Twitter, and services for sharing photo and
video, such as Flickr and YouTube, allow the users to supply their posts with
geographic coordinates. The high popularity of these services in conjunction
with the widespread proliferation of devices capable of providing location
information has led to great and constantly increasing volumes of location- and
time-referenced data produced by myriads of users. By analysing these data,
it is possible to extract interesting new information about various places and
events as well as about people’s interests, mobility behaviours, and life styles.

Analysis of social media data is currently a popular topic in visual analytics, a
research discipline that aims to support synergistic human—computer analyti-
cal workflows by combining computational analysis techniques with interac-
tive visual interfaces supporting human interpretation, judgement, and reason-
ing (Keim et al. 2010). We give a brief overview of the published literature that
describes visual analytics approaches to extracting different kinds of informa-
tion from georeferenced social media data. Most of the works do not focus on
extracting a single type of information but deal with several types.

Analysis of georeferenced photo data

The photos published at Flickr, Panoramio, and other photo sharing services
are supplied with metadata, which include the dates and times of the shots
and may also include titles and/or text tags indicating the contents of the pho-
tos. For many photos, the metadata include the coordinates of the locations
where the photos had been taken. Collections of metadata records including
geographic coordinates were analysed in multiple ways according to the pos-
sible analysis foci (space and place or people) and respective tasks (Andrienko
et al. 2009). The photo data were considered from two distinct perspectives:
as spatial events (independent points in space and time) and as trajectories of
people (i.e. of the photo authors).

Analysing photo taking events

In analysing the data as spatial events, spatial density-based clustering was
used for identifying popular places attracting much attention of the photo
authors. Visualisation of the times when the photos had been taken in these
places revealed different seasonal patterns of the place visits. To study the
spatial distribution of the photos over a territory and compare the temporal
patterns of visiting different parts of it, the territory is divided into compart-
ments, e.g. by a regular (Andrienko et al. 2009) or irregular (Jankowski et al.
2010; Andrienko et al. 2012) grid, and the photo taking events are aggregated



Gaining Knowledge from Georeferenced Social Media Data with Visual Analytics 159

by these compartments and time intervals. The resulting time series of the
event counts are visualised on a map (Andrienko et al 2009) or on a time graph
(Jankowski et al. 2010; Andrienko et al. 2012), which is linked to a map display
through interactive techniques, including synchronous highlighting, selection,
and filtering of corresponding visual objects. By analysing the time series using
either mostly interactive (Jankowski et al. 2010) or computationally supported
(Andrienko et al. 2012) techniques, the researchers detected places with inter-
esting temporal patterns of visits, such as periodic peaks at particular times
of the year, very high irregularly occurring peaks, and significant increase of
place popularity starting from a particular time. To understand the reasons for
these patterns, the researchers extracted frequently occurring words and word
combinations from the titles of the photos that had been taken in the places
and times of the peaks or sudden increases of attendance. In most cases, the
extracted words referred to various public events (festivals, open-air shows and
concerts, etc.), but also to interesting natural phenomena, such as cherry tree
blossoming or abundant snowfalls. A different approach to identifying public
events and other happenings attracting people’s attention is by using spatio-
temporal clustering of the photo taking events (section 6.2.3 of Andrienko et al.
2013a) which finds occurrences of multiple photos taken closely in space and
time, i.e. spatio-temporal clusters. For the clusters, frequently occurring words
and word combinations are extracted and investigated using a text cloud dis-
play linked to a map (Figure 1).

Sections 7.2.1-7.2.5 of the book Andrienko et al. (2013a) present an example
of an in-depth analysis of time series of the presence of distinct photographers
by regions of Switzerland. The analysis includes, among other techniques, visu-
ally supported clustering of the time series and interactive generation of models
for predicting the number of photographers that can be expected to visit the
regions in the future at different times of a year. The time series can also be
viewed from a different perspective: as a sequence of spatial distributions of the
photographers’ presence in different time intervals. To study the temporal pat-
terns of the occurrence of similar and dissimilar spatial distribution patterns, the
distributions are clustered by similarity, summarized by the resulting clusters,
and compared using multiple map displays and special interactive operations
supporting comparisons (section 8.1.1 of Anrienko et al. 2013a). The tempo-
ral distribution of the clusters is visually represented on temporal displays. The
provided example demonstrates how the analysis reveals an interaction between
temporal periodicity and temporal trends in the sequence of the spatial distribu-
tions of the presence of Flickr photographers over the territory of Switzerland.

Analysing trajectories of photo authors

Trajectories of people can be constructed from georeferenced photo data by
arranging the records of each individual photographer in a chronological
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Figure 1: Top: the frequent occurrences of words and combinations in the
photo titles within spatio-temporal clusters of Flickr photos are represented
on a map by point symbols coloured according to the spatial positions of the
clusters. Bottom: the words and combinations are represented in a text cloud
display, the font sizes being proportional to the frequencies and the colours
corresponding to the spatial locations, as in the map. One of the word com-
binations (‘Interlaken red bull air race’) is selected in the text cloud view by
mouse-pointing; the corresponding point is highlighted on the map (marked
with an arrow). Source: Andrienko et al. 2013a.

sequence (the same idea applies to any kind of georeferenced data that include
identifiers of individuals, in particular, to data from YouTube, Twitter, and
other social media). Trajectories of individuals can be aggregated into flows
between compartments of a territory division and visualised on flow maps
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to enable studying of mass movement patterns (Andrienko et al. 2009). The
aggregation of trajectories into flows can be done by time intervals for study-
ing seasonal differences between the mass movement patterns (Jankowski et
al. 2010). A set of trajectories can also be analysed for discovering frequent
sequences of place visits (section 7.3.4 of Andrienko etal. 2013a). The extracted
frequent sequences can be explored using a text cloud display combined with
an interactive map and a space-time cube. By analysing people’s trajectories,
one can also detect meetings of two or more individuals, including repeated
meetings of the same pairs or groups of individuals, and joint trips of two
or more photographers (Andrienko et al. 2009); however, performing such
analyses may be unethical, as they may compromise the personal privacy of
the individuals.

This overview gives an idea about the diversity of the possible approaches to
analysing georeferenced photo data and the kinds of information and knowl-
edge that can be extracted from such data. The same range of approaches is
also applicable to georeferenced microblogging data, such as data from Twit-
ter. The types of information that can be extracted from the two different
sources of data are the same but the interpretation may be different. Thus,
people mostly take photos when they encounter interesting places, objects, or
events; besides, not all taken photos but only the best or the most interesting
ones may be published. It should also be taken into account that photos are
rarely taken in low light conditions, and that there are situations and places in
which taking photos is prohibited. Therefore, the photo data cannot be con-
sidered representative of people’s presence and movements over a territory
and of people’s everyday activities. Figure 1 shows that photo data may reflect
people’s leisure activities and touristic travels. However, it would be wrong
to assume that this is always the case. The possible relation of the published
photos to the author’s leisure time, travels, or professional activities can be
judged from the temporal frequency and regularity of the photos and from
their spatial distribution.

Analysis of georeferenced microblog data

Posting microblog messages from mobile devices may occur more frequently
and spontaneously and in a wider range of places and situations than tak-
ing and publishing photos. Besides, there is no time gap between producing
and publishing a message, while photo authors may not publish their photos
immediately after taking but may do this after some (often quite long) time.
Therefore, unlike photos, microblog data are suitable for real time analysis,
which may discover information about currently happening events, in par-
ticular, abnormal and disastrous events, such as earthquakes or storms (Chae
et al. 2012; Andrienko et al. 2014). This requires processing of the message
texts. One of the approaches is pre-filtering of the messages for selecting
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only those that contain analysis-relevant keywords, such as terms denot-
ing extreme weather conditions (Andrienko et al. 2014). Another approach
is extracting significant terms, i.e. such words that do not occur frequently
in microblog messages in general or in the times (seasons) or places where
they have occurred (Chae et al. 2012; Bosch et al. 2013). Each occurrence
of a significant term is treated as a separate spatial event. A spatio-temporal
concentration (cluster) of events with the same term may indicate that some-
thing is happening in this place and time, and the term gives an idea of what
may be happening. The significant terms from such spatio-temporal clusters
are shown on a map display using the text cloud technique, with the font size
being proportional to the number of the term occurrences. The map is con-
stantly updated in real time as new messages appear. By means of an interac-
tive tool called Content Lens, the user can select a particular area and explore
in more detail the term occurrences in this area. To increase the relevance of
the information that is shown to the user, various user-constructed filters can
be applied to the data (Bosch et al. 2013). In the other approach (Anrienko
et al. 2014), the message texts are only used for the selection of potentially
relevant messages and not used in the further analysis. The work focuses on
real time detection of spatio-temporal clusters of relevant events, taking into
account only the event locations and times but not the texts, and on tracing
the cluster evolution (growing, shrinking, moving, merging, and splitting)
over time (Figure 2). The individual events making the clusters and their mes-
sage texts can be accessed on demand.

An example of an offline investigation of microblog posts related to a dis-
astrous event (an epidemic) is presented in section 6.3.2 of Andrienko et al.
(2013a). Although it uses data generated synthetically (based on real data), it
shows the principal possibility of using microblog data for identifying the ori-
gin and possible cause of an epidemic, the ways of disease propagation, the
spatial spread, and the evolution over time.

However, detecting and investigating disastrous or abnormal happenings is
not the only possible use case for microblog data. Georeferenced microblog
posts, at least those from active bloggers, may to some extent be considered
as representative of the people’s daily lives and used for studying people’s
behaviours. Thus, an analysis of a collection of Tweets posted by residents of
the Seattle area (USA) revealed interesting patterns of collective and individual
behaviours (Andrienko et al. 2013b). For this analysis, the Tweets were classi-
fied according to their topics, such as family, work, education, food, sports, etc.
based on the occurrences of topic-specific keywords (for example, the topic
‘family’ is associated with the terms denoting family members: mother, mom,
father, daddy, and so on). The researchers explored how much the Tweet topics
are related to the locations from which the Tweets were posted and to the times
when this happened. For this purpose, they aggregated the Tweets by the topics,
areas in space, and time intervals and visually explored the results using maps
and time histograms. It was found that there are areas where particular topics
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prevail, which may be related to the kinds of objects or facilities located in the
areas (e.g. a university or a stadium) or to the characteristics of the population
(e.g. an international district; see Figure 3, left). The researchers also looked at
the spatial distributions of the different topics and found that some of them are
correlated with the distribution of certain kinds of objects or facilities. Thus, the
topic ‘transportation’ occurs along the main transportation corridors (Figure 3,
right). Regarding the temporal distributions of the Tweet topics, the research-
ers found several very interesting patterns of when certain topics occupy the
peoples’ minds. Thus, food” occurs more frequently during lunch and dinner
times, ‘coffee’ during/after breakfast and over the forenoon, ‘transportation’
during working day rush hours, and ‘sports’ and ‘alcohol’ in the evenings and
over the weekend.

Although the study shows that the contents of some microblog posts are
related to the places the authors visit and/or the activities they perform, these
data in general contain a large proportion of noise, which includes texts with
unidentifiable topics and texts with topics that are not relevant to the places of
message posting (thus, a person may Tweet about work while being at home
or about food while travelling in public transport). In fact, the proportion of
noise outweighs the proportion of potentially relevant data. Therefore, it makes
sense to analyse the topic distribution in space and time at the level of a large
population of microbloggers, to have a sufficiently large amount of potentially
relevant data and to be able to use valid statistical summaries. At the level of
individuals, the message texts can hardly be indicative of the individuals” activi-
ties or purposes for visiting different places.

In analysing mobility behaviours of individuals, it is reasonable to look not
at the message texts but at the temporal patterns of visiting different places
(Andrienko et al. 2015). Significant (repeatedly visited) personal places are
extracted from the collection of posts of each individual by spatial clustering
of the post locations. Place semantics (i.e. the meanings, purposes for visiting,
or activities performed in the places) can be determined based on the times
over the weekly cycle when the individuals were present in the places. Thus,
a place where a person is present in the evenings and nights of all days can
be identified as the person’s home place. However, separate consideration of
the data of each individual is unfeasible and harmful for the personal privacy.
The paper of Andrienko et al. (2015) proposes a privacy-respecting approach,
in which data of a large number of Twitter users are analysed all together
using a combination of computational techniques and visualisations present-
ing the data and analysis result in aggregated form. After extracting personal
places and identifying their meanings in this manner, the original georefer-
enced data are transformed to trajectories in an abstract semantic space. The
semantically abstracted data can be further analysed without the risk of re-
identifying people based on the specific places they attend. The paper presents
an example of analysing mobility behaviours of Twitter users in the area of
San Diego (USA).
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Conclusion

To summarise, georeferenced data from social media can be analysed as
spatial events (i.e. independent points in space and time) and as trajecto-
ries of people. To analyse such data, visual analytics proposes a number of
approaches combining computational techniques (clustering, aggregation,
statistical summarisation, pattern detection, etc.) with interactive visualisa-
tions. With these approaches, it is possible to extract interesting information
and gain new knowledge about places, events, and people’s interests, behav-
iours, and habits. Metadata of the photos published through photo sharing
services can reveal people’s interests to tourist attractions, public events and
other happenings, or natural phenomena and patterns of touristic behaviour.
Georeferenced microblog posts can be analysed in real time for early detec-
tion of abnormal or disastrous events. It may also be useful to analyse the
evolution of such events by looking at the spatio-temporal distribution of the
event-related posts. Besides the information concerning unusual happenings,
microblog data may be a source of knowledge about everyday mobility and
activities of people. As both the popularity of the social media and the interest
to analysing social media data are growing, we can expect the appearance of
new analysis methods and new use cases for information that can be extracted
by these methods.
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