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Abstract - The main objective that motivates the paper
concerns the study on user-generated data (UGD) for exploring
new methodologies that could support and improve the
understanding of spatial patterns for urban planning and design
of open spaces in urban areas. This paper aims at taking a step
forward from current literature, providing on the one hand a
method for social science analysis and, on the other hand,
expecting to motivate the possible outcomes of user-generated
data coming from two ICT platforms into policy driving
strategies in order to improve quality of life. In order to do so,
this paper examines UGD coming from social network platforms
and apps to provide a visual and scientific exploration of the
resulting spatial pattern, specifically of locals, visitors and
tourists which have used two urban open spaces (UOS) in
Barcelona, Enric Granados Street and Forum. In addition, for
the purpose of analysis, the spatial patterns have been
discriminated by language to study the further insides of how
diverse groups of population construct different spatial patterns
given by their preferencesin visiting a city.
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results which made huge advancements in Geogrdphica

Thought. In 2016, the massive generation of geczafed
data and abundance implementation of Geographidatdols
brought a new paradigm in the study and analysispatial
patterns in Human Geography. Problems nowadays sebm
more related to find appropriate models and metlogiles to
draw a good statistical sample from the populatiom,
depurate the data, to discriminate the data sidet@mnalyze
consistently the results to cope with substangalits for the
postulated research objectives.

The goal of this paper is to deepen the study ar-us
generated data (UGD) for exploring new methodoledfeat
could support and improve the understanding of i@bat
patterns for urban planning and design of openespacurban
areas. This paper aims at taking a step forwamh fonrrent
literature, providing on the one hand a method dSocial
science analysis and, on the other hand, expetdingptivate
the possible outcomes of user-generated data canaimgtwo
ICT platforms into policy driving strategies in @md to
improve quality of life. In order to do so, thisgsa examines
a visual and scientific exploration of the spafuttern of
UGD, specifically of locals, visitors and touristgich have

Recent development in Information and Communicatiorused two urban open spaces (UOS) in Barcelonadditian,

Technologies (ICT) brought important changes in dadly
life of people. The possibility to communicate vdwide

for the purpose of analysis, the spatial patteragehbeen
discriminated by language to study the furtherdesiof how

through common smartphones opened new perspediives diverse groups of population construct differenttera given

individuals, who very quickly responded with a miasaise of
social network platforms and applications. Sincadphones
include Global Positioning System (GPS), if actbeht data
outgoing from each device can be geo-referenceds,Tthe
large amount of data coming from smartphone camdm
located with a time reference. The consequendeeisdnstant
production of “Big Data” [1, 2] which can be ovadaon

maps and analyzed not only by mathematical or stman

techniques, but also by means of spatial analygthods.

Substantial works on the nature of geography ared it

methodology have discussed the spatial pattern edrioy
many purposes of analysis, since the classical svark
Hartshorne [3], Harvey [4], Friedman and Alonso, [Berry
[6], and Haggett [7] among many important other ti
nowadays. Their relevant research on the organizadind
placement of people and activities in the humanldydhe
regularity of distribution brought significant andiorthy

by their preferences in visiting a city.

To understand different group behaviors in choosing
visiting urban spaces, this study analyzes UGDisitors to
two charismatic and opposed urban open spacesriaeBaa,
the street named Enric Granados (Carrer Enric @s)aand
the Forum (Forum de les Cultures). The formerrssidential
lively, dense street with services and amenitiesatied
centrally in the Barcelona’s Cerda Enlargement {B¢ latter
is mainly a reunion of buildings and cement plalagt for
the 2004 Forum of Cultures exhibition. For the mpatt,
locals and neighbors use Enric Granados Streetlewnhi
Forum’s facilities are used for large meetings,v&mions and
festivals, while other times it is an empty spaBeth spaces
are marginally used for tourist or visitors.

Tourist and visitors use touristic guides in dewidio visit
a city. When they arrive to a place there is a adsipe intent



to watch what has been prepared to see in thewdtigh is a
fabricated product to be consumed by a stratifiedhahd.
Different groups of people prefer very specifiadraries to
visit. Tastes are very much diverse depending tiomelities,
cultures, and backgrounds. Tourist attractionsysjpart hubs,

knowledge of computer scientists or mathematiciamsy;
architects know how to handle this intangible mater
However, relevant academic work is coming out ad ag
public and private bodies have begun to use big ftattheir
own development. A concise overview on the statéhefart

monuments and shopping malls are mostly where peopbn the use of geolocated user-generated contenspatial

concentrate. Higher the density of people, higherthe
possibility that people makes use of a communicatiml, as
web social networks, for sharing its activity, dpim or
position. The study raises a number of differenesgions
from which we try to focus on two of them: Could wee
these spatial insights to learn more about demaddkanning
of the city? Do different groups of population dralfferent
spatial patterns in the city? And can we use idésign a
better sustainable city?

Methodologically,
platforms has been used for this paper. The filstfgrm is
Twitter, the web social network currently used B¢ 2nillion
of monthly active users [9]. Twitter provides lam@ounts of
data georeferenced. Although only a part of thérentrban
population use the Twitter application, Twitter @latan be
used to understand where people in the city arendrydthere
might be some activity/clustering in given
Furthermore, information can be obtained also frtme

UGD obtained from two different

planning is meant to show analysis, applicatiorts iges.

A. Seeking Spatial Patterns on Smart Cities

Cities have the pressure of millions of inhabitatds
increase their quality of life. Through the intration of ICT
to urban spaces in everyday life, cities try to ecopith
population needs with strategies based on an tiegr
framework, including management, technology, gozece,
policy; a reunion of factors which some call snty [13].
The concept of “smart city” has not a clear conasrand nor
a consistent understanding among academia andtjoraets,
but in this paper this concept will be used to ratea city
with massive implications of ICT affecting citizeresnd
processes. What is clear about most of today cifethat
based on sensors, tools and applications for ditpalata,
city information is obtained on the use of the céagpd most of

places.its policy relies on the diffuse use of devices qoantifying

movements, environment quality and healthiness, earedgy

content of messages sent. The second platform isY WAconsumption. But private enterprises, such as tiggelst

Cyberparks, a recent application developed by bdwesth
Mobility within the COST Action TU1306 — CYBERPARKS
[10, 11, 12]. This GPS-based platform focuses enube of
ICT for understanding and collecting data on the ourban
open spaces in order to improve the quality of U@l
include them in a sustainable-chain-developmennrpiay
goals.

technological companies like IBM, Cisco or Siemans very
interested on data collection and analysis for rthmivn
objectives and strategies.

Local institutional organizations such as local ggovnents
or urban planners use big data to organize poxaibitions
with different goals. Some are under the idea
crowdsourcing; in which citizens’ digital footprirguch as

of

To analyze this UGD, an experimental study has beekweets or use of online municipal services helg pianners

organized in different steps that coincide withsthpaper
sections. Section 2 analyzes the state of theegdrding uses
and applications of “User-Generated Content” (UG@hin
spatial studies and how it is used by differentituions and
policy makers. Section 3 describes the methodolagyile
Section 4 is about its testing to the two case istudn
Barcelona. The final step,
conclusions derived from the direct experiment.afyn the
paper offers some insides of expected future dewedmts for
the integration of new methodologies within spafiEnning
processes.

Il. BACKGROUND AND RELATED WORK

The availability of big and open data is nowadaffering
new opportunities for re-thinking the human behavémd
impact on Earth. Since these data is often gesaeéed, their
overlaying on maps provides information on paracul
organization and structure of spatial systems. &beg, many
disciplines can benefit from their use such as mulanning,
urban design, transport planning, social scienaesiuman

geography.
Although a large number of applications and expernits

constellates the landscape of research, the acadesgarch
has barely yet found a specific own identity wittiiese huge

opportunities. Meanwhile, geographers do not hake t

in Section 5 providece th

improve city’'s design and functionality. For insten the
Chicago Architecture Foundation (CAF) partneringhwBM
[14, 15, 16] launched “Chicago: City of Big Datatjth the
goal to open up a dialogue on the connection betwépdata
and human lives and to show how spatial systems
impacted by this information, and also how relevaath
individual was to the design of their environmefthe
exhibition’s dashboards were built with IBM’'s Cigorward
platform, a free web-based “civic resource thatdaegmpeople
to visualize and interact with city data” [17].The
methodological basis selected data sources usiagctiteria:

the data’s availability at a large enough scaled dts
capability to communicate valuable insights abdwt tity's
needs and flows. Then, they used complex geographic
information systems (GIS) and web-based tools tmmkz

and visualize the data in effective ways. Data cesir
consisted of over 18 million Twitter data pointstajawith
only timestamp and location attributes, which tarniato
dynamic and “interactive models of city’'s humaniatt.”

[17]. On the broad objective of “explor(ing) the emgence of

the database as a framework for cultural and palithinking

and the effects of datafication of the world.”, tBey Bang
Data exhibition (organized by Centre de Cultura
Contemporania de Barcelona, CCCCB and Fundacién
Telefénica) [18] took under consideration differetaipics
about city’s shape on the basis of different kifidata.

are



Academic literature on spatial analysis based oiittémw
use patterns has developed at different scales. splagial
pattern of social networks and the threshold oir thetivities
have been analyzed at urban scale, where large-dedd is
analyzed across three cities in order to produceten-urban
analysis. For instance, Bawa-Cavia [19] suggestgtpegate
the activity on the network onto a grid of dots gfhirepresent
the ‘walkable’ cells, each one 400x400 meters ze,sivhere a
resolution of 400m is chosen based on researchthnéshold
walking distances in urban areas [20]. The areaamh dot
corresponds to the level of activity in that célt.wide scale,
human flows are gathered, extracted and analyzed
geolocated social media data through differentrimsénts.
An example is FlowSampler, an interactive interforevisual
analysis of urban flows in geolocated social medtaa. It
adopts a graph-based approach to infer movemehtvpgs
from spatial point type data and expresses theltiegu
information through multiple linked multiple visizations to
support data exploration [21]. It uses the time &hd
coordinates of subsequent tweets from the same(aisgroup
of users) to trace the route whose arcs are plattechaps. A
second step is about text base computation whitdws
characterizing places in base the “density” of aces and
the distribution of keywords within the local grauj22].

Big data also helps to study prescription plannidgge
amount of geotagged tweets were obtained in sewdiabk

around the world and map them to plan where buses a
subways should be, if they conformed to the waypfeo

actually move and live [23].

Through the spatial analysis of user generated dagtudy
found that some cities are far more active earlythe
morning, while others showed higher activity athtigr on
weekends [24]. The Center for Advanced Spatial ¥sialat
University College London (CASA, UCL) monitored seal
cities' Twitter-use over a one week period to deiee
patterns in temporal activities and learn aboutvodts within
the cities. Another research analyzes user-gentdgta and
publicly available data from social networks - Tieft
Facebook, Flickr and Instagram - to capture infaramaabout
citizens’ feelings, how citizens use their city, evh they feel
comfortable and what conditions can evolve intobpgmatic
situations. Funded by the German Research Foumgédtie
universities of Heidelberg and Kaiserslautern téiseése
sources to validate their results by checking wéetthe
emotions measured correlate with the subjectivessssents
in the social media. In search for the approprtatdset, the

“People as Sensors” concept measures emotions teesk s

levels. According to “Urban Emotions” project, modecity
dwellers face a number of stressors, such as “anbidfe
paths, traffic jam stress, frightening underpass¢23].
Therefore, measurements of citizens’ emotional gases to
their environment were made with sensors, similar at
wristwatch “that allows us to measure skin conductga body
temperature and variations in heart rate that oharigr
instance, when someone is startled” [26].

Differently, but tracing emotions, the exploratiof how
people express excitement online show a regulaenpatn
which as much higher levels of excitement and niotense

the flurry of messages in the collective, the sfrorhessages

become [27, 28]. Striking mathematical regularibpws the

experiment, in which emotional bursts become faaber more
impulsive online than events offline. Many assaamiat
guestions and outcomes become unanswered, suctras:
people doing this independently, or in responsseting other
short messages? Are we following the herd? Coulduse
these insights to learn more about financial bubblyy

measuring more impulsive, less rational responges? can

we design better communication services?” [28].

B. Cautions and considerations on the use of Big Data

N There are many positive aspects on big data asallyst
many fears can arise too. The obvious one is ttrasion on
private lives. Also, putting data culture at thentee of
decision-making and on the way of interpreting therld

opens up many possibilities and involves numeraksr The
main danger of data-centrism is that it encourdigesdea that
whatever the problem, the answer lays in data. ePvigy

values such as subjectivity and ambiguity is esgci
important for decision-makers at a time when ite&sy to
believe that all solutions are computable, and thay are
hosted on a server and stored in a Data Centreer@te
cities that rush into the "Geek City" [29] categaigk to

define just their targets and not to define thehoétby which
achieving their goals.

The proliferation of the use of big data as suppmdpatial
planning and other social issues bring new disoansson the
table, about claims that big data will necessaglyswer
important or relevant research or policy questichighough
broadband and Internet-connected smartphones hlased
the prominence of the "digital divide," sophisteadtanalysis
is not on the everyone space; and "Data divide"ldcou
represent a new source of world inequalities [39]good
practice to be seen in designing experiments ipumsue
experiment-control using standard and big data ousthto
compare and complement the results. To understanélli
phone traces are sufficient to intuit travel bebayit might be
controlled through surveys or interviews to val@athe
results. To understand if postings to social nekingy
websites provide insights are not specially bias@tishield
survey and in-depth interview could help to val@ahe
previous results. Comparison between crowdsoure¢a ahd
"known" sources could explain the variations an@dsbs
discovered [31].

The use of Twitter data is very interesting to makalysis

of how people use urban open spaces and what is the

geographical pattern of their communications. Nenhedess, a
number of issues have to be carefully consideragsing this
data. First of all, Twitter users are a small pzrthe entire
population, while geo-referenced data are a podiahe total
amount of useful Twitter messages. This outlineg tinly a
small part of the entire demographics is represehte the
Twitter data. Secondly, Twitter messages contergsahout
everything, then, in order to be used, they nedzktbiltered.

Thirdly, it is particularly important to considérat Twitter
users are not conscious that their messages areettaor
more simply, they are not interested on the wair thata will
be used. Finally, the location of a tweet should be



approximated considering that a tweet takes some to be
written and sent, and beside this, the user canenuwing
sending a tweet. Thus, according to the mode ofilibghin
the meantime the user may have traveled a sulstapttial
distance.

launched.

of the message, the date and hour in which the ageswas
sent, the latitude and longitude from where theetweas

Furthermore, it is possible to obtain information dingle

Twitter user. Particularly, characteristics suctussr’s screen
name, users full name,

I1l. METHODOLOGY AND DATA

his/her location, user'df-se
description, the number of his/her followers, tlagedin which

Different agents use UGC for different purposesthe user first joined Twitter, the user's time zoneain
Academically UGC has been widely discussed by wario language, current status with date, the user’s rainib, the

disciplines. Generally, “User Generated Content eorfiom
regular people who voluntarily contribute datapmfation, or
media that then appears before others in a useful c
entertaining way, usually on the Web —for exampstaurant
ratings, wikis, and videos.” [32].

In this paper, UGC is analyzed to understand hovoutd User

improve the design of public spaces, based on 'user:
suggestions, complains, and movement patterns.different
sets of data coming from Twitter and from CYBERPARK
App helped to build two different purpose setsadftents.

A. Twitter Data and Spatial Pattern in Urban Open Sgain
Barcelona

Twitter, the web social network platform which césin
hundreds millions of users worldwide, is used bly @8% of
total population in the U.S.A. The particularity this kind of
data is that it is open for freely use and can pl@very large
amount of records and information, including atités on
time and location of each single tweet. The messagat by
the use of this platform are public and, accordingusers’
settting, geo-referenced. Thus, each message can &etFaollow
downloaded and stored on a personal database thriveg
API available on the Web (Table 1).

uselDs

TABLE . DATA RECORDS ABOUT THE SINGLETWEET.

ID | Message fLrlera; Utsgzr Date Lat Lon own production.
=% @ SiTlI (Higher
Outside - Wed Jan 07

1 |cCalvin Harris i‘LbO%SS""” fidh |08:55:20 |41.47267|2.27114
http://t.co/14 +0000 2015
0G7mPxwE
Nos
2\/'€e;rslturamos zaid_asp Wed Jan 07

2 rebajas hyxiate 08:55:18 41.52691|2.229489
" +0000 2015
Tengo miedo|
xD
#cyberparks Fri Jan 09
3 #TU1306 e_frola 10:29:08 41.50982 | 2.229217
+0000 2015
L P T E T P E e e
N e e e e s

For each tweet is possible to freely obtain diffiere
information: the text of the message, the nick-naifride user
who sends the message, the eventual name of theegséver

User
Name
Location
Info
Following
Created
TimeZone
Language
StatusMsg
StatusDate
UserID
FollowerID

ProfilePic

ID of the user’s followers, and his/her profile fpies (Fig. 1).

The users screen name
The users full name

The users location

The users self-description

The number of users followers

When the user first joined
Twitter

The users time zone

The users main language
The users current status
The date of current status
The users numeral ID

The ID of this users followers

The users profile pictures

Fig. 1. Collectible data about the single Twitter user. gmaource: Authors’

Institute on Territorial Systems for

Innovation) collected Twitter data in Barcelona idgr the
period January 7-19, 2015, both included, for thire area of
Barcelona. The total amount of records was 126P88ets,

of which 103,404 (81.88 %) were georeferenced. Agnon
these, only 4,781 (3.79 %) records were from usens
passed across one or both of the two case studg.are

B. CYBERPARKS App — WAY and UGC for UOS Planning
Purposes in Barcelona

The CYBERPARKS App - WAY (WAY), developed by
DeustoTech Mobility(Developed by with the support of the
Spanish Ministry and executed during the COST Actio
TU1306) [33] is a GPS-based platform that, diffélsefrom
Twitter data, registers the users’ movements twaicgecond.
The result is a point database which allows bugdup a
timeline with the full path travelled by users, lwitontinuity
and precision (Fig. 2).



» To elaborate Twitter data in Excel.

_ X e To import Twitter data in ESRI Arc Map.
! / z‘a% Pl %’q » To use information about time and coordinates & da
SR LGS f&*.@fﬁw from Cyberparks App to trace plausible paths ofjlein
vy %X '%‘,j/?&,%%’;’{ﬁ users (or group of users).
%

* To use information about time and coordinates of
tweets to trace plausible paths of single usergi(@up
of users) within specific areas.

(Ve

3 G S s
S AL 'o
‘z‘&?‘q‘"; @3%&&

. " & b
’ / 5 ’(’\~/‘

e To use information about time and coordinates of

tweets to trace plausible paths of single userg(@up

Fig. 2. Data collected by the CYBERPARKS App - WAY. Imagausce: of users) who pass through Speciﬁc areas.
Authors’ own production.

» To use tweets information about languages, presefnce

The app is conceived as a Volunteered Geographic tweets for large periods (to differentiate locaknss
Information (VGI) platform where users collaborafer from tourists or visitors), keywords, to identify
producing information. In particular, it collectatd for better different kinds of densities within specific areas.

understanding the use of public open spaces inrotale
improve their production and their relevance totaunsble
urban development. To achieve this task, it cadledso data ] V. CASESTUDIES )

on the user such as age, sex, education, job,istende from For analysis purposes, we had chosen a very diverse
home and from working place, and the reason ofgh@ina morphological and spmal UOS in Barcelona Enric rados
public space, such as walking, running, readinds kir pets  Street and Forum (Fig. 4).

(Fig.3).

- 7y b
Area 2: Forum de Les Cultures

g
Following

Suggestion Box (11)

Alarms.

Get the App

=
Time: 11/27/2014 3:30:00 PM 5

6 8 10KM|

Fig. 3. Visualization of data gathered in one case stuéy af Barcelona Fig. 4. Location of the two case study areas in Barceldmage source:
through the CYBERPARKS App - WAY. Source image: Bteu Tech Authors’ own production.
Mobility, 2014.

This data collected has some specific consideratibata A- Enric Granados Street

gathered during the pilot test organized in Novendye 2014, Enric Granados Street is within the consolidatedohical

with a selected group of users moving in and betmibe two  city, which connects Diagonal Avenue with a founotzdl

case study areas in Barcelona. Nevertheless, thelimit of  building of the University of Barcelona on the Gidia de les
WAY data is given by the fact that who generates dlata, Corts Catalanes. Differently from Rambla de Catgéuand
namely the user, is conscious that he/she is piogulata for Passeig de Gracia, which are parallel to it, E@m@nados
some specific analyst task. Therefore, it is newgsdo  Street is not highly touristic, but hosts sevee#ure activities
consider that this awareness can alter the veratitye data. mostly for neighbors and local people (Fig. 5 ahd 6

C. Building Methodology for Twitter and WAY's Data

Once data was obtained, the geovisualization cfetliata ‘ - - - - - " -
provided users’ movements and other elements far th :
understanding and  designing of  public spaces. - - - . - .. -
Methodologically, data analysis needed subsequieptssas

follows: Ao e

p 1.

(=
=
=
3
a
=4

obely,

 To import data from Cyberparks App - WAY in [
Arcmap: converting the *.json file into a file rese
from ESRI ArcMap.

Fig. 5. Scheme resuming the design of Enric Granados Street



Fig. 6. Enric Granados Street. Map source: Google Inc. émagurce:
Autors’ own production.

Enric Granados is part of the regular
subdivision of the city pattern as designed byftide Cerda
in the XIX century, and its width is slightly motbdan 20
meters [8]. The urban transformations that acconepiathe
Olympic Games in 1992 changed the role of thisestire the
urban hierarchy. From a traditional car-orientedadro it
became a pedestrian-oriented public space. Thispassible
by modifying the car mobility of the street. In fathe first

and last part of the street is only for pedesttiae, as well as

a large side street area in front of the buildingseredehors
and seating are populating the urban space.

Enric Granados has also a large open space, like

Mediterranean square, in correspondence of thesicigsvith
Arago Street, where one playground for kids and fonghe

The area is pointed by a number of new architestuwih
building, skyscrapers and open spaces designed dry v
famous architects, providing a new character to dhea.
Actually, the area could become more attractiveiboéeds a
renovation design. The Museu Blau, which is thecBlma
Natural Science Museum, is surely a starting pdihen, once
the seafront will be completed, its accessibilibyld generate
more curiosity and willingness to walk until thedeof the
area. Nevertheless, the connections between these
interventions are lacking. The large paved esplamadvides
a sense of incompleteness. No seats, nor treesshaaiows,
are shaping this open space, which appears not wth m
attractive for tourists, but neither for local pégpwho are
mostly skaters and bikers. In fact, the size of plece and
buildings, together with a general lack of faod#i and
attractions, make this area outsized for pedestrian

orthogonal

V. RESULTS AND DISCUSSIONMAPS AND VISUALIZATIONS

The data from the CYBERPARKS app that have beed use
during this STSM provided a number of informatiohieh
can be very interesting for analyzing the smalliglescale.
Nevertheless, users were currently very limited ahd
outcomes were not reliable for a direct application

Thus, the STSM focused on the use of Twitter data f
identifying possible applications on the design piblic
spaces. The scale comprehends the whole city for
understanding how the two case study areas raatteet rest
St the urban space.

To start the analysis, the first step concerned the

petanquegame cover the most of the area. Art galleriesca identification of available data on the two ardaata coming

and bakeries connect the buildings with the pegassing
along the street, offering a quiet relaxing plagatrasting to
the noising crowd of people and cars on the neanast axes.

B. Forum

The area surrounding the Forum rises on the oldsimil
pole of Poblenou, an urban district that has besrewed
during the end of the XX century and got readyHosting in
2004 the Universal Forum of Cultures (Fig. 7) [3Bhis area
is a key-point of the city layout; in fact, it ishare the
Diagonal Avenue meets the Mediterranean sea.

- N =
Y & v (Y '\

Fig. 7. Forum de Les Cultures. Map source: Google Inc.gkenaource:
Autors’ own production.

from the CYBERPARKS App and from the collecting of
Twitter messages were overlaid on a map providiffgrént
elements to consider (Fig. 8).

CYBERPARKS App J

Carrer d’Enric Granados Forum de Les Cultures

Fig. 8. Maps of data available for the two areas: GPS daten the
CYBERPARKS App (on the top) and from Twitter messaépn the bottom).
Image source: Authors’ own production.



First, data from the CYBERPARKS App are very deasd
provide continuity, so that users’ paths can beilyeas
identified, while Tweets are diffuse in both spa®d time

dimensions. Second, CYBERPARKS App data are mostly

located in the two areas, whereas Tweets covewlitde city

/ region /country / continent /globe. As a conseupae while
the GPS app provides very detailed information @aae and
on single users movements, Tweets can provide gemeral
information on how a place can be hierarchizedhenbasis of
different spatial and non-spatial elements. Thirg
CYBERPARKS users are aware that their data willused
for spatial analysis, while Twitter users’ do nagngrally
consider this possibility.

A. Tweets Density
The first map generated by tweets data shows thsitge

w1 —
354 &b doxu] *

of messages sent per walkable cell (a 400m x 408in as

defined by O'Sullivan and Morral [20]). The map nesents

the total amount of geo-referenced messages sethinwi
Barcelona (Fig. 9) during the period January 7208,5.

Fig. 9. The density of Tweets sent per walkable cell (400400m). Image
source: Autors’ own production.

This kind of map can be very useful in highlightitige
presence of particular place, such as touristicactibns,
transport mode exchange hubs, or public spaces sasch
universities or shopping malls. Looking at the ellith
highest densities, it appears evident the high eatnation of
tweets in the area of Placa de Catalunya, whictheskey-
point for the public transport within, towards amatwards the
city of Barcelona. Otherwise, it can also be usetighlight
low density places, such as rural areas, naturategl or
abandoned areas within cities.

Although only a small part of demographics use Tewjt
their number is so high to obtain an effective ppton on the
use of the city, providing spatial clusters whiemde further
analyzed, especially in their inter-relations.

B. Users’ movements

Fig. 10.Links between each subsequent tweets for eachowserthe whole
metropolitan area of Barcelona, January 7-19, 20h&ge source: Authors’
own production.

Although lines are not paths, it is evident thetadity of
the city center and the direction of main axesidatshe city.
The same visualization has been realized conswlenity the
users who tweeted from almost one of the two casly/sreas
(Fig. 11).

= User who passed across both Area 1 and Area 2
User who passed only across Area 1

= User who passed only across Area 2
User who not passed across Area 1 nor 2

0124 6 umml

Fig. 11.Links between each subsequent tweets for each wisertweeted
from one or both of the two case study areas irpgreod January 7-19, 2015.
Image source: Authors’ own production.

C. Road congestion according to Tweets

One interesting map can be generated using theguest
Tweets location overlaid on the road network. Usthg
shortest-path algorithm, the lines connecting syibset
Tweets is superimposed to the actual road systdrosevmap
has been downloaded from the Open Street Map (Qfal
[35]. The higher the density of Tweets on the rahd,larger

The map below connects the tweets sent by eaclesingyj be the width of road line.

user according to the temporal sequence. This no&g dot
show the actual paths of users, but it connectshallplaces
where each user has been (Fig. 10).

Similar to the example on Eric Fisher's maps [28¢ map
show the importance of some axis in the urban layQd
course, this map will not be useful for planningransport
system, neither on mobility because railways armntray



tracks were not considered, but it can provide rothe
information on social behavior. For example, it risally
interesting the high density of tweets on the rtasards the
university campus in Bellaterra (the red circletioe map, Fig.
12).

Fig. 12.Twitter Axis Congestion. The red circle is the Usnisitat Autbnoma
of Barcelona in Bellaterra. Image source: Authomgh production.

D. Week days visualization

This set of maps has been realized considering thah
spatial and temporal information of subsequent tsvee

Splitting the Tweets according to the day of theekyet is
possible to see if there are some sensible vangiio the use
of the space. Subsequent tweets are connected i+ se
circular arches, whose radius is proportional te #patial
distance which separates each couple of tweets.

Thus, it is possible to see that displacementsnduri
Wednesday 14 have been shorter than other dayshabr
during Sunday 18, the activity around Placa de IGaya is
significantly decreased in comparison to the résh® week.

Using 3D arches instead of line laying on mapsvaldo
connect distant points without providing suggestion users’

Mon, January 12, 2015

Tue, January 13, 2015

Wed, January 14, 2015

Thu] January 15, 2015

Fri, January 16, 2015

Sat, January 17, 2015

Sun, January 18, 2015

paths and preventing wrong information.

The visualizations consider only the Twitter usernso
have been tweeting from one of the two case stuelsa

Fig. 13.Tweets sent day by day during the week January912Q415. Image
source: Authors’ own production

E. Daily hours visualization

Splitting the Tweets on the time steps which caher 24
daily hours, it is possible to better understarel ¢hy life. In
fact, the number of tweets increases during theniage
reaching a peak at 9.00-10.00 pm, as resumed byattial
diagram in the center of Figure 14.



To generate these views, all the geo-referencedef®ye

between 7-19 January have been used, for a totali@nof
103,404 Tweets.

h. 21.00-00:00

4

%"h.12.00-15.00 L %" h.09.00-12.00

e

Fig. 14.Number and location of Tweets during the day. Imaperce:
Authors’ own production

It is particularly interesting to see how the aignter and
some specific axes remain active also during tightniime,
while other areas are practically abandoned.

Other possible visualizations concerning the daiburs
have been realized using a three-dimensional viatan
similar to that about the week days. However, déifely from
that one, the following visualization is dynamiggFL5).

Hour range: 24H

{ Hour range: 12:00om - 15:00om Hour range- 09:-000m - 00-00am

Fig. 15.Dynamic visualization of tweets during the day. ¢reasource:
Authors’ own production

In fact, a sliding cursor allows the viewer to exgl data
and choose the range of hours to visualize or &w\ihe
sequence of tweets hour by hour.

This visualization has been realized using onlyTeets
of users who passed across almost one of the te® stady
areas. Such kind of visualizations can be veryctffe for the
analysis of land use and, in general, for decisinod policy
making processes. In particular, it can quickly resp the
concentration and sprawling of people over the mrheea.
The clusters of tweets can help identifying densftactivities
within the city.

F. Languages maps

The first log-in in Twitter makes users to choose
language. This setting can be known through Twitess API.
Therefore, maps concerning the language of usensbea
generated (Fig. 16).

Spanish, Catalan
and Galician

English and
European
languages

Japanese and
Korean

Fig. 16.Use of urban space according to Twitter users’ ehosnguage.
Image source: Authors’ own production.



Using only the Tweets of users who passed by almost of tweets can be processed on the base of keywelated to
of the two case study areas, these maps have leewmaged public spaces (i.e. parks, architecture, fountdirty, clean,
differentiating users by the chosen language df iezounts. tree ...); this can provides information on the sfiegilaces,
The result is very particular, because it highligtite use of but it can also provide suggestions in looking é&fficient
tourists from local people, outlining also someitadies of  keywords and/or opinions from users.

tourists: higher is the distance they come fromaltlam and
more oriented towards famous arts and architectizeabe
area they visit.
(1]
VI. CONCLUSIONS AND FUTURE DEVELOPMENTS

The brief overview on the state of the art showsvho [2]
spatial planning is facing a transition to a newdefied
status. The recent trend led by the “smart cityhaapt has
opened the spatial planning to a logic of numbers data. (3]
City-sensors as well as UGC systems constantlyigeovuge
amounts of data which can be used to supply taetit’
demands.

In this context, two main branches are developifige
first branch is a data-oriented and technologyedrigpproach,
which makes use of quantities for assessing antifyjng
decisions. Eye-catching visualizations are the negtlent [5]
outputs of such an approach, where analysts artibtist
prevail on the human experience of professionadsexperts. [6]

The second branch uses these new technologiegptovm
the human abilities and it is mostly used to suppgbe [7]
decision and policy-making processes. Particuléorisf are
spent in understanding how data can support and be
complementary to the traditional approach, progdimew  [8]
insights on spatial issues. The debate on the b @ata is
nowadays shifting from a technology-driven visiowards a (9]
more human dimension, introducing the concepts exfpfe
friendliness and a human-to-human approach [36]. [10]

To achieve this social vision, the collaboratiortwesen
different experts such as urban planners and detlysis and
designers appears essential in order to guide ttoevards [11]
relevant questions and policy issues [31]. Thene th
communication at different levels becomes one ef iost
important elements in structuring the planning psses. [12]
Simple visualizations can help in achieving thiskt{eoffering
opportunity for both horizontal and vertical comriaation.

From a technical point of view, some consideratians  [13]
necessary for improving future map production. tFok all,
paths created using subsequent tweets are jusbleossutes
and probably not the real ones covered by usemsethod for
dealing with this issue is necessary. Secondly,diwesity of
tweets on the two areas is very few. This impltes the use [15]
of Twitter data is most suitable for larger sc&lart the micro-
urban areas. However, the continuity along spaak arer
time can be useful for understanding the contexthefse
urban areas, providing important element for coeraid) their  [16]
hierarchy position within the whole metropolitamgfienal
area.

[14]

Until now, the analysis has not considered the emnt [17]
included in the twitter messages. However, a metfmd
obtaining the most used words, tags and receiver begen
determined. In fact, a computational analysis @ ti#xt can
provide further data on public space. For exantpke filtering
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