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comunicacion

Drawing by CEM; copyright 1961,
The New Yorker.
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comunicacion basada en evidencias

Evidence-based evidence

Brian L. Joiner, “Living Histograms,”
International Statistical Review, 43 (1975),
139-340. But, for further developments,
see Mark F. Schilling, Ann E. Watkins,
and William Watkins, “Is Human Height
Bimodal?”” The American Statistician, 56
(August 2002), 223-229.



interaccion comunicador / receptor

Communicator/recipient interaction

Small multiples, whether tabular or pictorial, move to the heart of Redrawn from Yumi Takahashi and Ikuyo
visual reasoning - to see, distinguish, choose (even among children's Shibukawa, Color Coordination (Tokyo,
s . eon : - 1985),pp. 114-115.
shirts). Their multiplied smallness enforces local comparisons within
our eyespan, relying on an active eye to select and make contrasts rather
than on bygone memories of images scattered over pages and pages.



Principles of Graphical Excellence

Graphical excellence is the well-designed presentation of interesting
data—a matter of substance, of statistics, and of design.

Graphical excellence consists of complex ideas communicated
with clarity, precision, and efficiency.

Graphical excellence is that which gives to the viewer the greatest
number of ideas in the shortest time with the least ink in the
smallest space.

ideas firhe

o
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Graphical excellence is nearly always multivariate.

And graphical excellence requires telling the truth about the data.

optimizacion de la comunicacion

communication optimization

Tufte, E. R. (2007). The visual display of quantitative
Information. The Visual Display of Quantitative Information
(Second Edi). Cheshire, Connecticut: Graphics Press.
http://doi.org/10.1198/tech.2002.578
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estructuras

jerarquicas

arboles

HIERARCHICAL
S>IRUCTURES: TREES

In a nutshell, hierarchical systems are erdered seis whare elements
W and/or subsets are organized in a given relationship to one another,
!Mﬁ-w X both among themsalves and within the whole. Relationships vary

\\‘5,;”' | (¥, according to the fisld domain and type of system, but, in general,

(AN (f wie can describe them by the properties of slements and the laws
\‘f;,' iy that govern them (e.g.. how they are shared andfor ralated)

! Stefanie Pasavec and Greg Mclsemy, U.S:

~{Enjtanyled Word Bank,” 2008 In the seminal article “The Architecture of Complexity,” Herbert
AN A. Simon contends that complexity often takes the form of

The senes of dagrams represents changes S 3 5 e

in the six adifions of Charles Darwis Gz the hierarchy and, as such, hierarchy "is one of the central structural
Origin of Species. Chapters are dvided nito schemes that the architect of complexity uses”t Examplss of
subchapters, subchapters mio parsgraph hierarchical representations abound in the social and natural

“lesy " and, fingll 5 o3 o A X
-Soeves, o, Sy, suall e it sciences throughout time up to today. According to Chen,
leafiets” stand for santences. Each sentence

e cilorad iy bl f it Sairvies 1o the nead “Visualizing hierarchias is one of tha most mature and active
edition, and in orange if it &= deleted branches in information visualzation.

In Meirelles, I. (2013). Design for Information (Vol. 5).
http://doi.org/10.1017/CB0O9781107415324.004
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POLAR SYSTEMS

niade—ink redial layout

OTHER GEOMETRIES

dendogram

indemted lsyout

come-tree

icicle tres

redial icicle or susburst

REPRESENTATION

Looking at hierarchical structures over time, it becomas apparent
that ordered datasets are represented visuslly in two basic
graphical forms, which sometimes are also combinad: stackad
and nested schamas.

In stacked schemes, the elements are arranged in a directional
relationship to one another: vertically, horizontally, or centrally
lsupenorfinferior, centerpanpheryl. In meny instances, lines connect
the elements in the set. Lines are one-dimensional visual elements
described by their length and also prowde directionality. Differamt
geometries have been used to display stacked schemes, especially
with recent computational models such as cone trees and hyperbolic
views, for exampls?

Elements in nested schemes are positioned within containars
aszambled according to their nterdependency and subordination
The container, often & two-dimensional plane, prowides the grouping

The tzhle provides a summary of higrarchic al
sructures used in dverse felds over me.
With tha mcreasing nccessibility of deta in the
digsal =ge, =i the need to represent frees
with hoge smounts of leaves, methods are
constantly being devized o salve readshiliy
isziies of hierarchical representations in

tbe constrained spatinl computsr scresns
Mozt methods use misractivay to enhance
navigating batween macre snd micro scales
of trees with large depth and bresdih. Far
example, degree of interest rees ose “focus
+ context” strategies to intersctively npagste
|lurge trees try ollowing filtering of nodes

to display or collapse, 25 well 53 semantic
zoaming. These snd ather spprosches

tor navigating large trees with {2 one
investigated m chapier B, Textunl Smectures

VoRoroi treemap

and association of elements. Known examples are Venn diegrams
and treemaps * The latter is examined in closer detail at the end of
this chapter.

VISUAL HIERARCHIES

It might sound liks a tautology, but to effectively visualza hierarchical
aystems wi need & walkdefined hierarchical wisual encoding
system. In the art and design fields, we refer to higrarchy of visua!
elements mostly n relation to emphasis and atiention, for example,
as @ means to help the eyes follow a certain direction or purposa. it
is common to find the term confrast rather than kigrarchy in art and
design iterature. Dondis in his seminal A Primer of Visual Literacy
considers conirast as the pnme wisual technigue: "In the process

of visual articulation, contrast is a vital force in creating @ coherant
whale. In all of art, contrast is & powerful toal of expression, the
means for intensification of meaning and, therefore, of simplfication
of communication "™

Whatever the terrm—uisual higrarchy or contrast—to furthar
understand the implication of how we visuslly encode data, it is
necessary to first briefly examine how our visual perception and
cogrnitive systermns work.

SPATIAL ENCODING

Wi process spatial properties (position and size] separataly
from object properties isuch as shape, color, texture, etc) ®
Furthermore, position in space and tima has a dominant role in
parcoptual organization, as well as in memory.

It is perhaps no coincidence that the ancient "art of memory”
rolied on spatial information for augmenting long-tarm memaory.’
Although the method called mainly for the crestion of internal
represantations to enhance memaorzation and recollection, it

18 worth refarring to its basic procedures here Tha niles varied
throughout its history, but, overall, the method proposes the use
of an ordered sequence of loci as placeholders for concepts and
of "active” visual images to stand for subject matters. It 15 quite
fascinating how much these "invisible™ mnemonic devices share
with external data representations: an artificial end ordered system
mada out of visual elements, properties, and spanal ralations.

Proximity

Praximity describes the tendency fo group
visnnl elemenis thet are near toe mmother
imin & percepiual unit. For axample, we
parceive the same six elemants balow oz
forming differest groups

M =tgmap = word
I =2goups = e wands

Praximity ralstss i Incatioasl
charmcieristics and iz azsential to how
olements &re spatially sasociated, whathar
mtemtinnaily or oL Mote bow easily we
dotect groapa amd how we tend to make
sensa of the parceived patiams in the image
shove with randomly genersied sets of dots.

The dittersnce betwean the images sbove
i that one iz rotsted 90 degress. in relation
o the othar. (iharwiza, they ane idantical.
Nnte how we perceive rows in te frst
ong end columns in the secood. The specs
betwean dots makos us parceive e dotm
groaped es fineer units in the borizonial or
wartical divection.

I vizual displeys, it is crocial thet we
locate infonmaton thet is concaptuslly
ralstad spatinlly closs together. Spatial
proximity will lscilitats the detection and
search for associatod date.
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the “Phylogenstic Tree of Birds” in Bijdragan
tot de Dierkunde, tome XH1, vol. XV, edited by
J. Assezat, Amstecdam, 1688.

Tre deagram on the top shows the varbes!
nspact of the tree, whereas Plates V-VI|

{tn the right) show the horzorts! projections
far tha upper, middle, snd lower sections,
respactively.
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The County of London Plan de 1943
de Patrick Abercrombie.
Simplificacion de las comunidades.
Simplification of Communities
Fuente | Source: Wright, 2008.
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estructuras

relacionales

RELATIONAL
STRUCTURES: NETWORKS

Mark Lombardi, US: World Finsace Corporation

and Associates, c. 1970-84, Miami-Ajmas-Bogota-

Carseas (Tth version|, 1009,

Amencan sriist Mark Lombardi began s senes
of drawings m 193¢ that he calted Narrative
Stroctures, as he explains, “Ezch consists of

= network of lines 2nd notations which are
meant 1o convey a story, typically about a recent
event of interast to me, ike the codapse of 2
large internaticnal bark, trading company of
investment hoese. One of my gosls is to map

the intersction of peitical sociz! and economic
forces in comampaorary affsrs.™ The drawing
reproducad here is ong amang seversl versans
Lombardi crested to depict the scands involving
the WFC and tha central role it repatadly played in
the trafficking of Colombian drugs. Achert Hobbs
exphiing, “An important subtext of thes work and
other Lombardi pieces. . is the wide-ranging
collusion mvnived in globa! crimes.™

As the name indicates, relational structures organize data for which
relationships are key to the system being visualized. Or to put it
gnother way, there is much that can be learned by studying the
patterns of connections batween elements in the system—that

is, the network of systems. Shneiderman and colieagues provide

& good example in the context of social studies: "The focus of
social network analysis is between, not within people. Whereas
iraditional social-science research methods such as surveys focus on
individuals and their attributes le.g., gender, age, incomal, network
scientists focus cn the connections that bind individuals together,
not exclusively on their intemnal qualities or abilities. This change

in focus from attribute data to relational data dramaticaily affects
how data are collected, rapresented, and analyzed. Social network
analysis complemants methods that focus more narrowty on
individuals, adding a critical dimension that captures the connective
uissue of societias and other complex interdependencies”'



Joseph Hutchins Colton, Johnson’s New

lllustrated Family Atlas with Physical Geography
(New York, 1864), pp. 10-11.
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etwork

/ 4\ Nodes are organized linearly There sre muny slgorthms

{ fq,-.l& snd the links sre usisily arcs \ that use an Terstive process

Xk_)_ / conmecting nodes \ ' " tolocate podes accortding to by categorias. Links cross the circle
Conc it's hard 1o dantify clusters — physical forces b and zre usuzly hundled =0 &5 10
ani iz only fezsehle for small Cam: Thera sre too many rods simplfy the crossings.
datasats. acclusions and fmk crossings Com 1t's fiarrd o identify clusters.

m dense areas.
SANKEY TYPE DIAGRAMS: 3t * FORCE DIRECTED: POLAR OR RADIAL:
Nodes ure orgenized vertcsly and .\ " Force directed graphs centered .\ Nodes are orgsnized sround 5
the finks harizontally “. ansnade. ! central node, with their position
7 retated to the numbe of hops it
takes to resch it

most common layouts centered on nodes

COMMUNITY STRUCTURE:

The focus is on commurity

.+ structures
b

RADIAL COMMUNITY STRUCTURE:

= N .. \ Nodes zre organzed aroend 3
& ;r.n central commundy

CEOGRAPHY BASED: MATRIX:
Spatial locatios of s poda is Gnd of nodes with link information
prowided by its geo position. positianed within the call.

Like Galileo’s telescope (15664—-1642),
Hooke's microscope (1635-1703), or
Roentgen’s x-rays (1845-1923), new
information analysis tools are creating
visualizations of never before seen
structures. Jupiter's moon, plant cells,
and the skeletons of living creatures
were all revealed by previous technologies.
Today, new network science concepts
and analysis tools are making isolated
groups, influential participants, and
community structures visible in ways
never before possible.

Ben Shneiderman

Meirelles, 1. (2013). Design for Information (Vol. 5).
http://doi.org/10.1017/CB09781107415324.004




The human disease network ol P lromn Phionsorne

Goh K-1. Cusick ME. Valle D, Childs B. Vidal M. Barabasi A-L (2007) Proc Natl Acad Sc{ USA 104:8665-8690 P e e o o e e ot I s TR P

Cardiovascular

Conneetive tissue disorder
De\'cl:gl,mfﬁ : : . 3 2 o - - 1n 2008, the New York Times published the
Ear, Nose, Threat g A d . scientific discovery and created an interactive
Endocrine disease map to accompany the article
Gastrointestinal “Redefining Disease, Genes and AlL™

® Hematological
o
el The Human Diszase Netwark paster presents A disorder |circle) end 2 gen (rectangle] vewnw.nytimes comyintecactve/2008/0505/
@ Muscular a bipartite-graph represantation of the are if the gene is imp in scipnce/20080506_DISEASE html.
@® Neurological di It was ariginelly published in the disorder. The size of the curcle represants
@ Nutritional The Proceedings of the Netional Academy of the number of distinct genes assaciated with
: g%"‘_mm"g‘““ Sciencesin 2007 and developed by 3 group the disarder. Isolated disorders (disord . . .
o i of scientists led by Marc Vidal, 3 biclogist having no links to other disordars] are not M II I (2013) D g f l f (V I 5)
® Renal l ' ’
© Respiratory at Harvard, and Albert-Laszic Barabasi, shown. Also, only genss connecting disordars e I re e S’ * * es’ n Or n O r a tl O n O ¢ *
® Skeletal physicist st North Universi are shawn®
L J

Pieiited ' ' http://doi.org/10.1017/CB09781107415324.004
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Ecosistema Urbano. Planning for Protest
Things we could learn from #15M in Madrid



UBIQUITY bt ot 4o S i, e S e o PR o s s

tion. Spreading the movernant to other cities and back, with vary fest long-cistance

DIGITAL

-
7
#
o

£ Teeadsmagp

| .@ o

2

©

0®

R

InY e 2.4 of e eun ’mtm=mhu| mpmva;k.a- AetdanBHN 3 Evoution of Dveier sctvity Sudng dfwend ptaset of Ihe debedss 17 Gamson, 3 Exple.
nmvaunium umw;qrhw A Calbeo Wrcdament, from stcdy T ETUOss Sy L Toret a0 cltars 1) e Dislecalpna 150 research Qo of 143 - UOGC & Reacire vides shaamiegs

tecoodid wetn mictie phorea doring 150 (ot MDAl ariuset Comi s redLlIDOs sis s e0:

Ecosistema Urbano. Planning for Protest
Things we could learn from #15M in Madrid
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CROP SCIENGE

& MICROBIOLOGY

VAL ARG

CIRCULAR + LINEAR + TREEMAP +

FORCE DIRECTED

Visualizing Information Flow in Science

http://well-formed.eigenfactor.org

Ll

The visualization "well-formed.sigenfactor: V izing
information fiow in science”™ was devised by Moritz Stefaner
in collsbosation with Martin Roswvall, Jevin Wast, and Carl
Bergs at the Bergstrom Lab, University of Washington.

The project examines a subset of the citation data from
Thomson Reuters’ Joumnal Citation Reports from 1997-2005.
it depicts 400 journats and around 13,000 citation edges,
which ensures coverage of the top joumnals in each fieid.

-

AUTHORS Moritz Stefaner {visualization), Madtin Rosvall,
The Eigeniacior® project cakculates a 2 of importance Jevin West, and Cari Bergstrom {Eiganfactor scora|
for individual journals—the Eigenfactor score—while also COUNTRY  GemayendUS
measuring the citation flow and a hierarchical clustering DATE 2009
based thereon The authors explain how they approached MEDIUM Dnfing interactive sppfication
the probiem of visualizing the citation network, saying, URL hetpe/fwell formad eigenfactor o
"Our project extends the visual vocabulary in this area: DOMAIN Scientific ciation network
on the one hand, by repurposing existing techniques, sudh TASE To provida an overview of information Sow in sciance
as radial edge bundling and treemaps; on the other hand. STRUCTURE  Set of four visualizations, esch with 3 different structwre
by inventing novel approaches like magnetic pins as flow DATA TYPE AND VISUAL ENCODING
indicators and an alluvial disgram to represent change over Categoricel:  Four scientific fields: medical sciences, natwred stiencas,
time in cluster structure™ formal sciences, social sciancas
Enooding: Calor: Purple, green, bive. arange
Stefaner created a sat of four i ive visuali Quantitati Exganfactor score
and each allows one to explore emerging patterns o the Enooding: Radisl dizsgram: Langth of 2o segmert
scientific citation natwork: citation pattams, changes over Flow dagram: Thickness of iing
time, clustening. and map. All visualizations were created Treemap Area size of squared shape
in 2009 using Fiare, the ActionScript kbrary for creating Magr Araa size of rircle
visualizations that runs in the Adobe Flssh Player. Quantitstive:  |n &nd 01 citstion flows far eech journal
Encoding: Radizl diagram: Line width and apacity
Flow diagram Not encaded
Treemep "Magnatc pine” size
Maa: Arsa see of ticle
Temporal: Five years in the dataset 0
Encoding:  How diagrem: Horizonta! axs e o

64 [EREN FUR N RN 10N




%% Abarca-Alvarez, F.J., Staniscia, B. & Montanari, A. (2016)
® Cultural Heritage in the framework of European Research Projects
https://doi.org/10.13140/RG.2.2.26341.04321
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3,502 CHIZUIST PAPERS AND THE 11,699 CITATIONS BETWEEN THEM

M2 MR 1SR 1008 TURA 1RV 1900 1591 19920 1998 1904 1965 1OTG 199 196A 189V 2000 2001 3002: 2000 2004 2004 2004 2007 2004 209 2010

Justio Matajks, Tevi Grossman, and Ceorge Frzmaurice
(Autadesk Reszarch), Canada: ~Citealogy,” 2011

Citeclogy 1s 3n interactive wsualization spplicstion that poks st the
relationships between research pubBcations through their use of citatons.
In totzl, 11,600 citations were made from one article to another within e
callection of 3,502 papers published st twa series of conferences by tha
Associgtion for Computing Machinery {ACM) betwaen the years 1082 and
2012 the Canferencas an Human Factors in Compating Systems {CH} and the
Sympaosium an User Imerface Software snd Techinology (UIST) on Computer-
Human Interscton

Tima runs horzontsly and is measured in yaars, with the omisson of 193¢
and 1987, when canferences didn't ocour. Papers 2re organized vertically by
year and positioned starting st tha center of each cofumn and surted by the
freguancy of citstions. In otharwords, the papers with the [amgest number
of citations are found at the horizontal center of the visualizston. The

infial twenty-five characters of papers form the lines that represant each
accordingly. Beczuse the type is too small to read on the screen, hovering
over one of the fings provades the paper fitls. When a paper is salacted, the
progeam draws £s citation natwark, rendering in biue connections to papers
cited in tha paper {descendants] and in red papars that cited it (apcestors)
Thickness and opacity of the connecting lines encode sge, such that lines
connecting close gereratons are hicker snd opagque i comirsst to thinner
and mare transparent fines for further generations. The shortest path
between two papers can ba found by mesrs of intersctions once a psper
has heen selected snd €5 citenlogy rendered.

waw.amndeskresearch com/projects/cieciogy
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CASE STUDY

LINEAR STRUCTURE

Fineo
http://fineo.densitydesign.org

First pubfishad in 1898 to depict enargy flows and energy Bendix and Kosara devised in 2008 the Parallel Sats

bsseshésmanmm&nmm,mnsned interactive visualization for exploring categorical data ®

aiter its creator, the Irish enginesr Matthew H. F B Sankey™  The method extends the parzllel coordinatas methodology

Sankey disgrams are flow diagrams in which the widths by representing the st of categories along each axis, while

of bands are scaled to the coresponding quantities of scaling the categonies accarding to their coresponding

flowy. Commion examples are found in energy and financial frequencies. Although it is similar at first glance with

wummﬂwtmmmdusmﬂlngdﬂuﬁaw Parallel Sats, Fneodepusdammarmhmd’uulway

distribution of a phenomena.. thmmmdeperﬂemdead\dmerenqum
be reordered to facilitate companson betwean pairs of

Fineois an interactive apphcation created by DensityDesign dimensions, such that one can raad the visualization from

Research Lab in 2010. The exploratory visualization uses 3l divections {left or nght.

the structure of a Sankey diagram with the purpose of

data. Sankay diagrams have a networidike structure, with

nodes and waighted Enks. By using the continuous flows

of connections, the ool allows easy compansan batween

dimensions at both kocal (pairs] and giobal {all dimensions)

levels of the phenomena. The team explains, “Fiows n

Sankey diagrams act much more fike “rivers’ (as opposed

to threads) in which you lose mamory of the previous steps.

Thiz can be useful in thase cases in which the usér is more

interested in relating different data dimensions next to each

othsr more than centenng the visualizaton partition around

8 leading dimension™™

Interactive amelina

Thos Saw 03

VEE () wouds et e 0 el Move

Fmec has @ nedwork structure,
where nodes are indivdual
csegories grouped under o
dimension, with tha flow lines
Fepresenting coRnections.
Cannectiens are groupad st every
level, thus providing the width
between pairs of axes.

Paolo Ciuccarglli (stientific coordinatort Giergio Cavigiia, Michele Maur,
Luca Masud, Danato Ricci [researchiars), et DansityDasign Aesaarch 1s5,
Poitecnica di Milano

laaly

00

feter/ffinea. densitydasign. org

Categorical data

To rapresent relations between multidmansional categorical data
Visualization technigos of cantinuoas flow of data basad on Sarikey

Categarical-

Main categoricat groups. This example uses sample data from the
Fepublic of the Letters project snd contains sevea main groas
|hetpfEneo. densitydesign.ong/mrnfl/new)lettess].

\ertical axes represent $ia men categories, each subdvided

imto subcatagoriss:

Subcategonies

\ertically sfigned bars (nodes|, with the height definad by its
fequency of occumence

Connections between nodes

Line conracting nodes between pairs of vertical axes. Line width carresponas
o thie frequency of connacted nodes. Color codas ana cetegarical.

Years in the dataset. In this casa. fifty years.

Interactive timefing acts 2s 3 Siter in the dateset
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Campos-Sanchez, F. S., Abarca-Alvarez, F. J., Serra Coch, G. & Chastel, C. (2019).
Comparative assessment on Transit Oriented Development (TOD) level around
transport nodes of large cities: Complementary methods of decision support.
EURE Revista Larinoamericana de Estudios Urbano Regionales. 134 (45).
http://www.eure.cl/index.php/eure/article/view/2711
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Identifying Urban Spaces with a Higher Quality of Life.
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Perfiles de Seguridad Alimentaria de Poblaciones Centroamericanas

(Tiene conlanzo oo B2 nstiuvinnes Wnanocas?

Dimension
072 insegurdad alimentara
7.2 Ins=guridad alimentana.

173 Esala.de Expensncia an
Inzeguridsd Almentaris
173 Escala.cdo Expenencea en
Inseguridad Almentara
073 Escala de. Expenencia en
Insaguridad Adementara
07.3 Escala de Expesiencia =n
Insegurioad Abmentari
(7.3 Eicala de Expenenica an
Inzeguridsd. Almentars
7.3 Escala de Expenenciaan
Inseguridsd AtmenLaria
073 Edcala e Experencas en
Insaguricad Almentana
7.3 Espala d= Expenenc &n
Inspguridsd Afementana
07,3 Escala de Exparienics on

e e

B I ——

N® ds encemesadon del pertit

1206

LEhe lranguilidad par teoer walicas iy
<omaie yo 30w Samnia can dners ¥ ecny
masies?

' 21 %

10w

U2 Inseguridad slimentana i hambre

7.2 Innbg.lrldud alimeritama y hambre
07.2 Inseguridad alimentasia y hambre
U2 Inpeguridad alimentana ¥ hambira
7.2 Ins=guridad alimentaria y hambre

Perfiles de Seguridad Alimentaria de Poblaciones Centroamericanas @ @ @

Resumen de estudio de variables relevantes
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GIS4tech (2022) Herramienta para el andlisis de perfiles con
Inteligencia Artificial “DATAface”.

Perfiles de Seguridad Alimentaria de Poblaciones
Centroamericanas

“DATAface,” an Al-powered profile analysis tool.

Food Security Profiles of Central American Populations
https://dataface.gis4tech.com/GALLUP
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CASE STUDY

GEOGRAPHY BASED
GLEAMviz

GLEAMvz i & client-server software systam that can modal
the worldwide spread of epidemics for human transmissible
diseases such as influenza-like @inesses. GLEAMviz

makes use of a stochastic and discrete computational
scheme to model epidemic spread called GLEAM—Giobs|
Epidemic and Mokbikty model. The modsl is besad on a
geotefarenced metapopulation approach that considers
3,362 subpopulations in 220 countries of the veorid, as

weell as human mobility taking into account air traval fiow
connections and short-range commuting data.®

Epidemic foracasts are complex and need to consider a
series of parameters within the social context. Vlespignani
and colleagues explan, "GLEAM usas real-world data
coveding the distribution of the worldwade population, their
interactions and journeys, and the spatial structure and
volumes of national and international air traffic. By combining
these datasets with raahstic modsls of infection dyramics,
GLEAM can deliver forecasts for the spreading pattern of
infectious diseasas epidermics. We have thoroughly testad
&nd validated GLEAM against historical epidemic outbreaks
including the 2002/03 SARS epidemic. In 2009, GLEAM has
bean used to produce real-time forecasts of the unfolding of
the HIN1 pandemic."®

GLEAMyiz offers three types of visualization:
* A 2-D map dapicting the spread of the infection with
charts showing the number of new cases a1 vanous
levels of detail
A 3-D globe with 2 concise overnview of the spread.
* Geographic and concantric views by SPaTO
visual explorer depicting how the structure of the
airport network influencas the notion of distance.
The outputs remap all the transportation hubs
scoording to the time it takes for the infection to
reach them from the moment of outbrazk

GLEAMwiz. which is publicly available for download, atlows
setting up and executing simulations, and retneving and
visuslizmng the results. It was developed by an intemational
team lead by Alessandro Viespignani {team coordinator)

and Vittonia Colizza, 1t is hosted at three institutions: College
of Computer and Information Sciences and Department

of Heaith Sciences, Northeastern University, Boston, MA,
USA; Complex Networks & Systems Group, I1SI Foundation,
Turin, italy; and INSERM. Unite Mixte de Recherche 707
Pans; France.




CASE STUDY

COMMUNITY STRUCTURE
Universal Exposition, Milan, 2015

THE NETWORK e -
The first step invoived the identification of -
and the ion of i W/

e
i -
among them. For that, DensityJasign created gt l y %‘:

3 senies of network disgrams that started with \
Rand sketches and ended with the digital varsion ==
reproduced hers, \

ARer cregting the relational struchars, they grouped the

subthemes into five cstegaries:

+ Needs: The needs of humans ta five and to mest vitul
reeds, and cor needs o know;

* Aims: The satzsfactinn of our needs drives humars to
cregte prodocts 3nd to 2chisve gosis;

* Soti it Systery The p ive, social,
BCONBAN0 EMRTanmEnt;

* Phenomena: The main effects af fuman sctions that
=il humanay faces today,

* Measores: The most significant political, scientific,
technelogical, managerist, coltural, and aducatans!
=sctvties that human beings tsn devalop, with thes
capacity for innovation, to m=prove tha planet for e
sustainable future

Esch color stands for one of fve categaries structuring
the subnetworks within the main theme

- O -
gy

Meirelles, 1. (2013). Design for Information (Vol. 5).
http://doi.org/10.1017/CB09781107415324.004
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Jussi Angeslevi snd Reoss Cooper, UK
“Last Clock,” 2002

2 has three

Similar to-an anslog clock, the mter
circh a measure af
time, with the putermost ring standing for seconds
The intarface is connected 1o a video source that
feads the clock 2t esch level, so that at svery
sacond 3 new image is sdded, coinciding with
clock "hand.” The video can be any source
by the 2uthors, inciuding & recent application

for ad, which allows anyune to © 2 thair
clocks with pers foctags [httpssfitunes apple
comfes/app/isst kAd4605324237mt-<A)

estructuras

temporales

flujos y lineas de tiempo

TEMPORAL STRUCTURES:
TIMELINES AND FLOWS

Time s an abstract concept and, thus, not inherently visual.

Much of the tarminolegy we use for time is based on our concrate
expearience of space and of the physical anvironment. In the seminal
book Mataphors We Liva By, Lakoff and Johnson explain that the
exprassions we use to describe temporal experiences in most
idioms emerge from our concapts of "contaners™ and "moving
objects.” “The "time is 2 moving object” metaphor is based on the
correlation between an object moving towards us and the time it
takes to get to us. The same correlation is a basis for the 'time is

a container’ metapher {as in ‘he did it in ten minutes’), with the
bounded space traversed by the object correlated with the time the
objact takas to traverse it. Events and actions are correlated with

bounded time spans, and this makes them 'container objects”"!




Similarly, this data-rich graphic of signals from pulsars shows both Timothy H. Hankins and Bamey J.
inal distributions: Rickett, “Pulsar Signal Processing,” in
marginat cistrl ) Berni Alder, et al., eds., Methods in
Computational Physics, Volume 14: Radio
Astronomy (New York, 1975), p. 108.
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Narrowband spectra of individual subpulses. Each point of the intensity
I, (t) plotted on the right is the sum of the distribution of intensities across the
receiver bandwidth shown in the center. At the top is plotted the spectrum averaged
over the pulse. In the limit of many thousands of pulses this would show the receiver
bandpass shape,



CASSE POSTALI DI RISPARMIO ITALIANE
Numero det Libretti, Libretto medio e Deposito totale
al fine di ogn1 mese

DICEMBRF
ONONnI®

SETTEMBRE

This multivariate history of the Italian post office uses two di-
mensions in a way nearly consistent with this principle, with the

number of postal savings books issued and the average size of

deposits multiplying up to total deposits at the end of each month Antonio Gabaglio, Teoria Generale della
from 1876 to 1881. Statistica (Milan, second edition, 1888).



CASE STUDY

REPRESENTING

EVENTS OVER TIME

As we saw in the introduction to this chapter, the

most common use of tamporal structures is found in
rapresentations of historical events. Timelines might
hava a uniform and a nonuniform scale, as welt 2s be
organized horizontally or vertically. Another common
mataphor used throughaout history is the branching tras,
presentad-extensively in the first chapter on Hierarchias.
Similar to the linear vectorized structure of timelines,
trea-structuras organize time in one diraction, mostly
spacing slements nonuniformly, while emphasizing notions
of progress and causality. The examples in this section
focus on visualizatiens imparting a sense of namative 1o
the diagrammatic reprasentation of events over time.
Although the selected visualizations are static, the sense
of immersion is emphasized by the expressiva visual
vocabutary contextualizing the events depicted.

98 nesenrcs NraAnoy

Alfrad Bam, the first director of the Museum

of Modarn Art in New Yark City, drew this
“Diagram of Stylistic Evolution from 1890 until
1935" to axplain the origins of abstract art. We
see there in & sketch by artist Ward Shellay,
wha was largely infivenced by how Barr sets
forth his diagrammastic narrative.

— —
ALEHENDU T
—— u.-

Ward Shefiey created “Addendum to Alfred Barr,
ver. 27 in 2007, which extends Barr's onginal
diagram, positioning it at the center and dapicting
both past and future avents around &. The chart
starts with the Enfightenment and tha rivalry
betwesn painters Pater Peul Rubens and Nicolas
Poussin, and ends in 2000. Tha disgram keaps the
oniginal diagrammatic vocabulary of using arrows
to show direction of mfluence. The three colors
stand for ing the threa comp of the
graph end separating before and after the origina!
Barr diagram. Time is wall demarcsted onthe top
and bottom of tha work, which is reinforced by the
gray bands.

In describing this werk, Shellay writes, “1 ke to
present narratives with sprawding information-
rich panoramas. Yet thesa diagrams are radice!
reductions of written sources I'va researched.

| have had to chaose wha and what ta include,
who and what not Because the varisbles that

| have to work with ere extremely imited, the
people and events | use are reduced to symbols
that are plotted in relationship to each other

n diagrams. Even within such imitations, it is
possible to telf a compefling story. ™

In Meirelles, |. (2013). Design for Information (Vol. 5).
http://doi.org/10.1017/CB09781107415324.004




Anadlisis de perfiles de hogar del proyecto: Central America Multi-Hazard Early Warning
2 Qswmor g

Evolucion de variables principales - Metas SAN - Levantamiento 1 (Agosto 2020)
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- TGS |y Inteligencia Artificial “DATAface”.

AA]C | 3 Analisis de perfiles de hogar del proyecto
die = . “Central America Multi-Hazard Early Warning”

Analisis de perfiles de hogar del proyecto:
Central America Multi-Hazard Early Warning (CAMHEW)

“DATAface,” an Al-powered profile analysis tool.Analysis of household
profiles for the “Central America Multi-Hazard Early Warning” project
https://bi.gis4tech.com/CAMHEW




Harbert Bayer, IS “Disgrsm of the Chronslogy
of Life and Geology.” 1963

The “Diagram of the Chronology of Lite and
Geology”™ appeared in the spectacutar Word
Geo-Grsphic Atfas dezigned by well-tnown
designer Herhert Bayer and published by the
Container Corporation of Americs in 1853

It t=s the story of geology and ife on Earth
e 3 function of tme, On the right-hand side,
the spiral represents time. Time is porirayed
backward, wth the starting paint {or the end
of dats i the disgram at the top right, wher
buman life starts. cleserto the fabel “futura™

I regresses to the beginring of our planet,
milions of years back. The choice of the spiral
1s not arbitrary; rather, it enabies, on one hand,
the representztion of such & huge span of me
and, on tha other, fecus on the period whea life
pcecers. The scale of tme iz in millons of yesrs,
with numbers positioned slong the timsline.
Harizontzl fimes connact specific imes i the
spiral with the whole diagram. The fines mark
the ditferent phases of the Earth's history.

Each phase is labeled and preseots sumencs!
information about its durabon {sise in millians of
years|. Phases are grouped mto Eras, lsbeledin
red. From right to left, the diagrem displays the
chronology of geological fi jons {mountains
in black], plant life |green vertical fines), and
snimai ¥e (red vertical ines}. Each categorical
group is represented graphically |pictograms}
snd verhally. Line variations represent
guantitative mformatian sbout each species,
including thoss that went extinct
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Willizm Playfair crested the "Chan
Shewang the Value of the Qusrter of
Wheat in Shilings & in DaysWages of 8
Good Mechanic fram 1565 10 1821 wath
the purpose to compare wages against
the cost of whaat. it was published in A
Letter on Dur Agricuiturs! Distrasses, Thair
Causes snd Remedies: Accampanied with
Tabizs and Capper-piate Charts, Shewing
snd Comparing the Picas of Whest, Bread,
and Labous from 1555 to 1821,

Fubruery 23, 2006

The Ebb and Flow of Movies: Box Office Receipts 1986 — 2008

Summer blockbusters and holiday hits make up the bulk of box office revenue each year, while contenders for the Dscars tend to attract smaller audiences that
buiild over time, Here's a look at how movies have fared st the hox office, after adjusting for inflation.
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Mabuw Sucn, Lsa Byron, Shan Canar ared unanis Cae

Matthew Bloch, Lee Byroa, Shan Carter, and Amands Cox (New York Times), US -
“The Ebb and Flow of Movies: Box Oifice Receipts 1835-2008," 2008

The visusEzation depicts box office revenues
for 7,500 mavies over twenty-one yesrs.

The "Ebb and Flow of Mowies: Bax Office
Aeceipts 1985-7008" was published m
February 2008 by the New York Times both
on tha printed version and online. It wss
designed by Mathew Bloch, Lee Byrar, Shan
Cartar, and Amands Cox. The visualization
usas the Streamgrsph method devised by
Lee Byron, which arranges the tayers in

a0 organic stecked form. The mathod was
inspired by ThemeRiver, 2 method devised by
Hawa aed collesgues in 2000, 3 technique that
creates 2 smooth interpolabon from dizcrets
datz and generates s symmetrical lsyout of
the lzyers centerad sround the harizontal
s, rather then stacked i one direction®

Strazmgraph aiso borrowad technigaes from
NsmeVoysger by Wattenberg described on
the previous page

Tha graph reproduced hare depicts the
dichosomy between bax office hits and Csoar
nominations that was discussed m the ariginal
article. Time is representad honzontsily from
laft ta right. The height nf each band of film
reprasents the box office revecue par weak,
and the width @s longevity. The ares of the
shape correspands 1o the film’s tota! domestic
gross through February 21, 2008, The sama is
true of color, which has s foer-calor paletts
tfiat ranges from pete yeilow (low gross) to
saturgted orange (high grossl

Sizcked graphs in general involve trads-ofis,
becasse the heights of ndividual teyers add
up tn the overad height of the graph. With

the purposa to sputSght stacked graphs ss
an interesting object of study, Byron end
Wattanberq discuss seversl issues with the
|egitiility of stacked area graphs with & fxed
and varying baseime in the informative paper
“Stacked Graphs—Geometry & Aesthebre ™

wwwmytimes. comvinteractive/ 200802723/
movies20080723_REVENUE_GRAPHIC, ham!




MAPS

Fernanda Viégas and Martin Wattanberg, U.S.:
“Wind Map,” 2012,

Tha 2012 “Wind Map” is a personai art project by
Fernands Viégas and Martin Wattenberg davised
to visuabze the wind as & source of enargy. The
project shows wind forces over the United States
using dsta from the Nationa| Digital Forecast
Database and is ravisad haurly, The varying
weights of fines represent the velocity of the wind
flowss. The screenshot depicts a "iving portrait™
&t 2 given date. Pattams are easily distinguishad
given the orientation and thicknass of ines, which
uttimately reveal the hidden geography.

hitp/hint imiwind

SPATIAL S5TRUCTURES:

estructuras

espaciales

mapas

We encounter the term map, as well as the act of mapping

in diverse Tields of knowiedage, all, however, with the shared
characteristic of being "a diagram or coilection of data showing
the spatial distribution of something or the relative positions
of its compenents."' The oldest {c. 1527}, and perhaps the

most frequent, use of the term map refers 1o representations
of geographical data, ranging from the Earth’s surface to paris
of it:2 Maps are used in other disciplines, such as genetics, in
diagrammatic representations of the order and distance of the
genes {see page b3), and in mathematics, as correspondences
between two or more sets of elements. These are just two fields
in which maps are frequently used.

Meirelles, 1. (2013). Design for Information (Vol. 5).
http://doi.org/10.1017/CB09781107415324.004




PROJECTIONS

Robinsen and cofeaguss wam, "There is no such thing as a bed
projectivn—thara are only pood and poar choices ™ All map
projectioms resutt in distortions of one or more of the geometric
properties of angles, aress. shapas, distances, and directions. As
ilustrated on the right, som= projections preserve sreas but nat local
englas; all projections distort arge shapes. some marz than othars; all
projections distart some distances; end =0 on. Distorions should ba
‘teken imo considerstion when salecting the projertion thet bast fits the
purpasa of the map.

Tha maps nnthis page use Tissot's indicsfrix, 3 graphic dewce that
ilustrates distortion when cireles chenge into effipses. Changes in
geomatry indic ate the smount of enguler end/or sreal distortion at
emy particular location in the map. The device was devised by French
mathematicien Micolas Aogusts Tissot in 1853

The Marcator projection is conformal. Arees
and shapes vary with |atiude, especially away
from tha Equator, reeching extrems distortions
inthe palsr regions. All indicatrices ere circlas
as there are no engulsr distorton.

The equel-area cylindrical projection
presarves arse. Shapes ane distorted from
norih to sowth in middle fatiudes and from
oest o west in extrema |etitudes.

In the Molbweide projeciion, shapes decrease
i the north-south scake in the high lstitedes
and increase in the low Istitudes, with the
oppasita happening i tha esst-wast direction.

In tha Robinson projection, all points heve
same level ot shape end ares distortion. Baoth
properties are nearty right m middle

The sinmsoidsl projection prazarves ares,
such that areas on the map are proportonal to
=ame areas on the Earth. Shepses are obiigualy
distorted away from the central maridian and
near tha poles.

Meirelles, 1. (2013). Design for Information (Vol. 5).
http://doi.org/10.1017/CB09781107415324.004




1854. Dr. John Snow
Mapa de Célera de Londres.
Map of Cholera in London.

Remaking Snow's 1855 Map
Cholera Mortality per 1,000 persons
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Cholera Mortaliy per 1,00 persons for central pump catchments.
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Caras de Chernoff para evaluaciones
de los juzgados de US.

Chernoff faces for evaluations of
U.S. courts.

-I-dlﬂ.-UHlll.E Ak WAGLG Ml RPML D Rl W Adhe AMAWL W Wdd DRI LS e A AR

plotted points here are Chernoff faces, which reduce well, main-
taining legibility even with individual areas of .05 square inches

as shown.? The analyst would observe the standard X-Y scatter-
plot and then turn to the within-scatter detail, seeking clusters of

similar observations over the X-Y plane. Outlying faces and those
inconsistent with others in the neighborhood —they are, of course,
strangers—should be 1dentified by observation number or name.

R Al Riaddl MLRdNeLLUUINR, a4 ki ot UL L duiy
to Represent Points in k-Dimensional
Space Graphically,” Journal of the Amer-
ican Statistical Association 68 (June 1973),
361-368, For an application of faces lo-
cated over two dimensions, see Howard
Wainer and David Thissen, “Graphical
Data Analysis,” Annual Review of Psy-
chology, 32 (1981), 191-241.

A stranger
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MEepIcAL monitoring technologies often produce so much data that Above, Kenneth A. Kooi, Fundamentals of

sparkline-like graphics are essential to help identify and contextualize ﬁﬁiﬁ;&gﬁﬁ”ﬁgj& (E‘ij Yok, g"’” ’
- - ¥ u

clinically relevant events from a torrent of numbers. Above, in this graph mouvement dans les fonctions de L ie (Paris,

of brain waves, 8 tracks (with a scale) of an electroencephalogram begin 1868), 118.

with calm background activity and then eventually shift into polyspike
bursts. At right and below, E. J. Marey, the great French pioneer in
creating displays of visual evidence, shows high-resolution physiological
data. Depicted are multiple time-traces of empirical measurements, as

a pointer scratches data paths onto a smoked carbon plotting field.
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Secousses provoqueées par des excilalions éleclriques d’inlensité croissante : @, origine des secousses;
h, parallele a i'abscisse servant i apprécier les changements d'amplitude des secousses.



Pu0 prrsciuaes fram an " " e and - . 1 ¢
The o Nopping devee: 675 - il fingercads - Toprand doto bpger o e right L p T

Mow Callery In Moltegham n 2008,

San Francisco Emotion Map
Nold, C. (2009). Emotional Cartography.

Retrieved from http://www.emotionalcartography.net

Emotion Map

by Christian Nold
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Stockport Emotion Map

Nold, C. (2009). Emotional
Cartography. Retrieved from
http://www.emotionalcarto
graphy.net
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Figure 1 (A) Neural cap; (B) output from the Emotiv Testbench software: Emotiv EPOC records electroencephalography (EEG) signals from 14
sensor positions according to the 10-20 International System. Raw EEG signals are then ‘translated” and classified in different emotional states and
(C) output from the Emotiv Control Panel and ‘Affectiv suite’ (EEG data belong to the authors).

ey
N B & :
® .
1
3

L ) ey, 2

) detection (a) (b) (©
< N Figure 4 (A) Map of the route in central Edinburgh. (B) Emotional activity of one participant during the route, in charts (top of chart) and plot in
capture | space (bottom of chart). Red shows excitement; blue shows frustration, (C) Shows aggregate of excitement levels from the three participants, Peaks

are in red, blue and yellow, respectively, for each participant.

Aspinall, P., Mavros, P., Coyne, R., & Roe, J. (2015). The urban brain: analysing outdoor
physical activity with mobile EEG. British journal of sports medicine, 49(4), 272-276.
http://dx.doi.org/10.1136/bjsports-2012-091877
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Eric Fischer, U.5.: "Locals and Tourists,” 2010. n

Eric Fischer created this set of thematic maps "Locals and Tourists™
in 2010. The dats depict the location of photos that were gso-tagged
and upioaded to the phota server Flickr. By analyzing the frequency
of photos taken in the locations, Fischer was able to ¥

* Tourists [red dots): Tourists are defined by two criteria: those who took
pictures in this city for less than 2 month but also seam to be a local
af a differant city, provided by the number of photos there.

* Unds d (yellow dats)- Undefined stands for images for which t was

photographers into three groups according to the criteria and color
code as followes:

not pessible to determina whether or not the phatographer was a tourist,
because pictures were not taken anywhere else for over a month.

* Lacal phatographers |blus dots): Locals are those who hays taken o \ 7
picturas in this city over 3 range of a month or mora, ip i [12157624200158532 s )A
- »
3 R S 3
’ 1 o
Locals and Tourists #43 (GTWA #200): Saa Paulo Locals and Tourists % (6TWA 205 Tokya -
minesis R aiaireaieh e i

|

In Meirelles, |. (2013). Design for Information (Vol. 5).
http://doi.org/10.1017/CB09781107415324.004
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Mapping the 2010 U.S. Census Sy pcmed (81
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DOT DISTRIBUTION MAPS il

Dot distribution maps aim at ravealing the spatial distribution
of phenomana using the basic element of a point as the
visual mark. The maps can dapict two sets of discrete data:
discrete phenomenon with known geo-ocation information,
such as medical mappings. or discrete phenomena with
smooth variation, fke most maps depicting census data,

in which symbols are distributed within the comesponding
geographic area in order to portray densities (not the specific
locations of the phenomanal. \Whole numbers, rather than
denved numbers, should ba used in either case to equate

to the value of symbols. In the first case, a dot equates to
one phenomenon, and in the fatter, it corresponds to an
agagregated vaiue la.g.. one dot reprasanting 1,000 peoplel.

Given the current access to geo-tagged digital data,

we now see a profiferation of maps with 3 one-toone
correspondence between datum and symbel. In thase
maps, gots are positioned according to z pracise location
(x-, y-coordinatas) given by the phenomenon. The maps by
Eric Fischer using Flickr data ara good axampies.

This 1830 map by Frare de Montizon
depicts population in France by
sdmmistrative departments. It is the
earfiest known use of irregularly spaced
dats as an encoding. Each dot stands.
far 10,000 people. The mnovatian of dot
distribution maps went unnoticed for

& while, as Rohinson explaing, “except
far a faw rather cnude, largs-scale
eppiications, without clear unit values. -
in medical mepping, we sill see that
this basically simple, logicai idea had to
wait some thirty years to be reinvented
end much Jonger than that to became
ganerally known."™®

But, not all datasats contain geo-locational information for
individual occutrences. Hather, most data are provided by
enumeration tracts, as exemplified in the demographic map
published by the New York Timas. In these cases, threa
parametars should be taken mto account whan creating
the map: the unit value, the dot size. and the dot location.

Assigning the unit value and the unit size largely affect how
the map is perceived. For example, i the dot size is too
small, and each unit equates to farge numbers, the map
might be perceived as representing phenomens that ara
sparser than in actuality. Similarly, if a dot siza is too large,
and each unit eguatas to smafl numbars, the map might
give a wrong impression of high density. Problems gat aven
harder in datasets with large density variations, for which
some cartographers have used a combination of graduated
and distributed dot metheds. Decisions on dot placement
are also not triviaf and will affect percaption. For manually
positioning dots, it is recommended to group features
according to-a center of gravity within the statistical unit,

as well 2s cross relating with other mezningful geographic
information, such as topography and the focation of cities.
For example, in maps portraying agricultural data, it would
be maaningful not to cluster symbols in urban areas. The
smaller the statistical area, the easier and mors meaningful
the distribution of symbois will be.There are, however, 3
number of available programs for producing dot distribution
maps, because most maps are now produced digitally.
Also recommended is the nomograph developed by J. Ross
Mackay 25 2 tool to halp determing the relationship between
dot size and unit value.®

Cocae

Matthew Bloch, Shan Carter, and Alan McLean
{New York Times). U.S.: “Mapping the 2010 U.S.
Census,” 2010

The New York Times published sn online sanes
of interactive maps showing data from the 2010
cansus |Census Bureau; socialexplorar.com).
The maps depict population growth and decline,
chenges in racial and ethnic concentrations,
and patterns of housing development.

This map and the maps on the naxt page portrey
the distribation of racial and ethnic groups in the
United States. The techmgue 1s dot distribution,
where ona dot in the map stands for twenty-five
pecple. Dots are evenly distributed across each
cansus tract of county. Because the map is
intersctive, one can look at different parts of the
country and learn about their specific ethnical
configurations, including trends provided by
changes from the previous ceasus in 2000.

fittpi/projects. nytimes com/census/201i/map

In Meirelles, |. (2013). Design for Information (Vol. 5).
http://doi.org/10.1017/CB09781107415324.004
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Abarca-Alvarez, F. J., Pérez-Campania, R. & Talavera-Garcia, R
(2017). Identificacidn de patrones espaciales del borde
urbano mediante mapas auto-organizados de la centralidad
de la red viaria. Urbano, 20(35), 19-29.
http://revistas.ubiobio.cl/index.php/RU/article/view/2860
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CASE STUDY

GRADUATED SYMBOL MAPS

This 1858 map by Charles Mnard = considered the
first to have usad gradustad pie charts in maps®

it partrays the amount of butcher’s meat supplied

by =ach French degartment to the Pans market
betwaen the years 1845 and 1853 ("Carte figurative et
approximative des guantiés de visndes de bouchene
envoyes sur pied par les départaments et consommes
& Panis™). Each circle is scaled to represent the
proportiona! quantities of mest supplied by the
sdministrative departmants. The wedges of the pie
chaets refer to relative amounts of baef {in black), vesl
iin red}, and mutten (in green). The color encoding

the base map stand for departments supplying meat
(in yellow} and not supplying meat {in bistar]. The
departments lacking circles suppliad meat, but intoo
small amounts to be noted.

Graduated symbol maps use the wisual variable of size to
proportionally reprasent magnitudas of thematic discrete
data. The size is proportional to the guantities represented,
but not dependent on the gecgraphical area over which

it stands. This characteristic heips avoid problems of
confounding geographic area with data valuas, as in the
case of choropleth maps (sea page 142).

Thers are two main variables 1o considar when dasigning

3 graduated symbol map: the shape of the symbol and the
scaling. The shape of the marks can vary. and the most
common shape is the circle, although we see rectangular
bars a5 well as triangles baing used. There have been
attempts at three-dimensiona! symbols, where the scaling
is done 1o the cube rather than to the square root But, if
area percaption is zlready hard in two dimensions, and often
undarestimatad, then it gets even mofe problematic judging
relativa sizes of guantitios provided by volumes. Glyphs have
also bean usad for dapicting more than one variable. The
1858 map by Minard is the first known example, where pie
charts are used to portray different kinds of meat.

Salecting the scaling mathod is perhaps the biggest
challenge in propertional symbol maps, as welfas in
choropleth maps. Thera are two ways to scale the size
of symbols: classed, when size is range graduated, and
unclassad, when sizes follow a proportional systam.

In unciassed systems, the number of categories s equal

to the number of data values. If there are five values, then
thera will be five encodings. For representing a large number
of values, the most common strategy is the use of
percentages. This strategy is more cornmonly employed

in choropleth maps using color value graduation, rather

than for scaling symbols, becausa differentiation wouid

be zlmost impossible.

Ewcioral \ows
Preqecten Ve

Circle 823 &= proportionsl 1o
the arrount 63N county's
feadirg candidats is aheat

270 noadod fo wn

1 7 McCain
Electory Wigs

Two issues should be considered in classed systems
bacause they influence how data are reprasentad and

thus perceived: the number of classas and the method

for dividing the data. A differing number of classas
influences the pattarns revaaled in the visuatization, and it

is recommendad to experiment with the number of groups
before making a final decision. The same holds true for

the methods used for breaking down quantities {see the

box Making Meaningful Groups on page 1411. itis highly
recommendad to first analyze the data to understand certain
characteristics, such as distribution. For example, using
guantile methods—dividing quantities into groups of aqual
numbers—or reprasenting skewed data is 3 poor choice, in
that identical values will be dividad into different groups, and
differant values will be grouped togather. Color values and
color saturation might be usad to map other data attributes;
howevear, percaption is hinderad in smail marks.

In Meirelles, |. (2013). Design for Information (Vol. 5).
http://doi.org/10.1017/CB09781107415324.004

New York Times, U.S.:
“Election Results 2008, 2008.
Dunng the presidential election in 2008, the New
York Timss published a series of visuslizations
showing votes by counties and state The maps
include dats on previous elections back to 1992
For each year, the application sllows viewers to
select the wsual technique used ta represent the
data This spread focuses on the graduated dot
bolization. A comp with the choropleth
technigue is aveilable an the next page.

http://electons nytimes. com/ 2008/ results/
president/map htm|
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Abarca-Alvarez, F.J., Navarro-Ligero, M.L., Valenzuela-Montes
L.M. & Campos-Sanchez F.S. (2019). European Strategies for
Adaptation to Climate Change with the Mayors Adapt
Initiative by Self-Organizing Maps. Applied Sciences;
9(18):3859. https://doi.org/10.3390/app9183859




CASE STUDY

CHOROPLETH MAPS

Choroplath maps are perhaps the most popular tachnique
for represanting statistical data using area symbois.
Choropiath maps typically display data that have been
aggregated by administrative units {the area symbols),
and the values have been normalized fe.g., densities,
ratios, averages).

One of tha problems with choropiath maps is that the size
of the area base for the encoding—the administrative unit—
influences the perception of the quantity being reprasented.
To avoid confounding gecgraphic area with data valuas, it

is crucial that normalized data be used instead of absolute
data. Densitias, ratios, and averagas should be calculated
prior to ancoding.

The visual variables used in choropleth maps to encods
quantitative data include color value, color saturation, and
texture, or 3 combmation of them. Color hue is often used

The elements to be considerad when dasigning choropleth
maps are the size and shape of the area unit, the number of
classes, and the method usad for classifying the data,

Because visual encoding is uniformiy distributad within

tha regions of choropieth maps, the imprassion is that tha
phenomena rapresented are also uniformiy distnbuted,
which most often is not the case. The overall impression of
the phenomenz will be mare meaningful if the statistical
araas are of similar shape and small in siza. Whenever
possible, it is recommended to avoid using areas with large
variation in size and shape. The maps by the New York Times
showing political affiliation during the 2008 presidential
election provide good comparison of imprassions caused
when the data are represented by state and by countias

As already discussed in the cass of graduatad symbot
maps, the number of classas as wefl a5 the way the data

“Crimes contre les personnes”™
(Cnmas Against Peopla) was

for differentiating betwaen catagorical data in the case of are divided into the groups influence the resulting pattems. : = published in Essai sur s statistique
multivarizte maps. Color value and saturation are ordered There is extensive iiterature devoted to metheds used to PR I S ; morale de la France in 1833 The map
variablas, wheraas color hue is not. That is the reason color determine the boundarias of classes, and the box Making s et v ey b e 0 et e N ok depicts crime in France from 1875
value is usually used in chosopleth maps, which represent Mezningful Groups {page 141} offers a briaf summary of ST AR to 1830 and wes mada by Andre-
range-graded data. MacEachren wams, "A common most commaon mathods. The distnbution of the data will Michel Guerry, who is considerad
objection by cartographers to maps of quantities producad likety provide meaningful information for the number of ) ’ . to have pioneared the mapping of
by noncartographers is that these maps often ignore the classes. The methods can be used for defining classes in e Lo otz OB [ s | gy e | criminal statistics ® There are seven
importance of the linear ordar schama and employ 2 set choropleth, isarithmic, and graduated symbol maps. | — rrll [ s shades representing differant levels
of eya-catching {but randomly ordered) huas. Sometimes | s 4 e of crime, from derk brown {more
the hues are orderad, but according to wavelength of the Data ciassification will largely influanca which data featuras | il <1 pros crimes) to white (fewer cimes). Each
hue. Wavelength ordanng is not immediately recognized by are emphasized and which are supprassed. If, on one hand, i R EpaT administrative department is rankad
our visua! system, and thersfora is unliikely to prompt the having 3 large number of classes provides more detailed o iy and tha mep includes the numbers.
appropriate finear order schama on the part of the viewer™® results, then, on the other hand, there are |imits to how 13 v ey | The list at the bottom provides
many classes of color value {or texture) we ars able to o a:,‘t ow s e | the shsolote numbers of crimes
Legends should haip viewers recogniza the implicit ordar. distinguish. There are also differencas in how we parcaive o PV bty b committed in each departmeant

For example, do darker colors reprasaent higher quantitias?
The legend should provide the answer.

monochromatic versus color symbelizations. In general,

it is safe to constrain the number of classes to a maximum
of five to eight classas, bacauss tha ranga fits into 2
cognitively efficient zone {sea the box Magical Number
Saven on page 97).

In Meirelles,

Nata that Corsica, which belenged
to Frapce 2t that point in time, had
the highest crime rate

l. (2013). Design for Information (Vol. 5).
http://doi.org/10.1017/CB09781107415324.004
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Muestra completa Perfil 4
N de instancias (%) 5381 | 100.00 550 10.22%
Atributo Media | DS | Media| DS |[conf| TE

2.1_EquipSaludPor1000Hab 1.39] 6.16] 1.56] 2.45] ns
2.1_EquipEducacionPor1000Hab 1.14| 2.36) 2.16] 3.20] ***| +
2.1_EquipBienestarPor1000Hab 0.83| 1.68] 1.85| 3.77|***
2.1_EquipCulDepPor1000Hab 0.72] 1.47] 1.94] 3.07]**=
2.1_EquipamientosPor1000Hab 4.08] 831 7.51| 7.25|***| +
2.2_%NoAguaCorriente 0.91| 2.84] 3.16] 6.47| ***
2.2_%Gas 22.77| 33.76] 12.31| 28.29[ ***| -
2.2_%Telefono 86.96| 17.48| 63.45| 23.69| ***
2.5_%PocalimpiezaCalles 35.10| 19.82| 21.23| 22.00] ***
2.6_%Delincuencia 25.32| 23.67| 4.94| 10.62| ***
3.1_Poblacion 1367/ 518.00| 900.20| 410.50 ***
3.1_EdadMediaPoblacion 38.01) 4.41| 42.74| 4.02] ***
3.1_%Nacimientos 11.32| 3.21] 9.54| 2.78| ***
3.2_PersonasPorEdificio 14.46| 22.91| 2.43| 3.79| ***
3.2_%Hogares1Adulto 18.80| 7.55| 27.87| 7.37| ***
3.2_%HogaresladultoYMenor 1.83| 1.12[ 1.28] 0.92] ***| -
3.2_%Hogares2adulto 41.24| 6.75| 41.01] 5.11| ns
3.2_%Hogares3adulto 18.41| 3.36] 16.53] 3.13| *** —{g-—
3.2_%Hogaresdadulto 19.71] 6.64| 13.32] 470 *** et e (D
3.2_Hogares 449.20| 167.50| 340.20| 145.70| *** B «—n <l
3.2_HabitantesPorHogar 3.04| 0.36] 2.62| 0.31]*** *
3.2_RatioEdifViviendasPorHogar 0.74| 0.56) 1.42| 0.48] *** Lol <t
3.3_%PoblacionArraigada 80.11| 9.49| 82.19| 5.00| ***| +
3.3_%PoblacionInmigranteProvincial 3.87| 5.81) 3.83] 3.52| ns .. i1r E ) .
3.3_%PoblacioninmigranteRegional 135] 1.28] 0.97] 1.09[**] - 2 Q14 < paie . G~ e D
3.3_%PoblacioninmigranteNacional 1.58| 1.33] 1.89| 1.59[***| + plmatengie= e
3.3_%PoblacioninmigranteExtranjero 132 279 113 1.95) *
3.3_%Espafia 97.92| 4.58| 98.58| 2.68| *** o™ " “ "
3.3_%EuropaUE 0.77] 297) 082 221 ns Moo 3(x + A28 A Wode & x WMy s Mafed in = 2123 , Mo 7 v » 1AW
3.3_%EuropaNoUE 0.18| 056] 0.12| 0.38] *** & ® . [’ ®
3.3_%AmericaDelNorte 0.05| 0.18) 0.02] 0.08] *** . - Ls ne
3.3_%AmericaCentral 0.04| 0.09) 0.01] 0.05]***| -
3.3_%AmericaDelSur 0.41| 0.83] 0.20] 0.47| ***| - laa G
3.3_%Asia 0.08/ 0.34) 0.02 0.12 *¥** |
3.3_%Africa 0.54| 2.01) 0.23 1.05] *** L-os . 50 50 1m 150 200 km
3.3_%Oceania 0.00] 002 000 o0.01]*** L d
3.3_%Apatridas 0.00| 0.01f 0.00[ 0.00] *** | o2 .3 eyen a
3.4_%TrabajaEnProvincia 6.43| 548 6.81| 4.43] * i | ;
3.4_%TrabajaEnRegion 0.87| 1.00] 0.98| 0.95| ** . . ——f )
3.4_%TrabajaEnEspafia 0.47| 0.57| 1.00] 1.26]*** : " - Perf“ 1 - Pefﬁl 2 - Pefﬁl 3 - Pefﬁl 4 Peffll 5
3.4_%TrabajaOtroPais 012] 029 0.16] 053 ns | |
4.1_%Ocupados 33.19| 6.51] 27.38] 7.11| ***
4.1_%Parados 1048 5.11] 12.95] 7.53] **¢
4.1_%lnactivos 38.02| 7.24] 43.94| 7.25] ***
4.2_LocalComercialPor1000Hab 26.90| 98.90| 19.40| 20.90| ***
4.2_OficinaYServiciosPor1000Hab 10.70| 44.60] 8.10| 12.20| *** ,
4.2_Industrial1000Hab 3.07] 12.11] 3.63] 7.94] ns Ab _Al FJ & C _S h FS (2018)
4.2_LocalAgrario1000Hab 0.65] 6.71] 3.14| 19.84| ** | + a rca Va rez’ a m pos a n C eZI . .
4.2_LocallnactivoPor1000Hab 13.37| 20.22| 19.63| 29.47| ***| + . . . o . . . . . e
4.3_EstadoConstruccionesD 0.40| 0.23| 0.50[ 0.21] ***| + I t | g A t f I p I I t I g U b L S t d Ay d I D p
va 1o covamane. T B BT R nteligencia Artiricial para la inteligencia urpbana: sistema de uda a la becision para
4.4_IDH_COMBINADO+ 0.00 0.00] 0.00] 0.00] ns . . s ere .
4.4_IDH_COMBINADO 0.00[ 0.00] 0.00] 0.00] ***| + I p d d I I b I d d |
4.5_%AgriculturaGanaderia 4.16| 6.06) 7.28| 5.74| *** a re ICCIOn e a Vu nera I I a SOCIa *
4.5_%Pesca 0.14| 0.59] 0.03 0.12 *¥** . . . .7 ~ . .
X I Tl In Libro de Actas XVIII Conferencia de la Asociacion Espaiola para la Inteligencia
4.5_%Construccion 4.47 2.44| 435 2.08| ns
4.5_%Servicios 20.61| 8.12| 12.91| 4.83] *** L oLl . . . . .
Artificial (CAEPIA). Editorial Universidad de Granada. Granada 23-26 octubre 2018.
4.6_%ViviendaEnPropiedad 82.28| 13.30| 82.73| 10.10| ns

el sl sol sl https://sci2s.ugr.es/caepial8/proceedings/docs/CAEPIA2018 paper 266.pdf
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CASE STUDY

Isarithmic maps represent real or abstract thres-dimensional
surfaces by depicting continuous phenomena. There are two
kinds of lines of aqual value usad to demarcate continuous
surfaces on the map:
* isometric linas show distribution of valuas that can be
referencad to points.
* Isopleth finas show distribution of values that cannot
be referanced to points ¥

In isometric maps, the finas depict data values at spacific
points on 3 continuous distribution. In other words,

the datasat provides data points that define the lines.
Topographic maps and temperature maps are good
axamples of data that are measured at specific locations.

In isopiath maps, the linas depict data that were not
measured at 3 point, but instead are derived values that are
calculatad in refation to the area of collection, The calculatad
centroid of each area is considered the data point for the
line construction. Isopleth maps reprasenting population
density are examples. Maps reprasenting the mean monthly
tempersturas or average precipitation levels are commen
axamples in which data are derived from obsarvations,
though they are slightly diffsrant from density maps, in
which the attribute value cannot be referanced to points.

In both cases, smeoth contours are achievad by the
interpoiation of data points. Whan usad without the shading,
thay ara caliad isoline maps. A variation is provided by 3
planimetric three-dimensional graphic representation of

the surfaces.

ISOMETRIC AND ISOPLETH MAPS

Edmond Halley's 1701 map of magnetic fines is considerad
the first map to make use of lines of equal value tc encode
data (sae page 116} The first isopleth maps depicting
population densities were created by Danish cartographer
N. £ Ravn and published in 1857 Rabinson explains, “An
isopleth map of population densities amploys an invaived,
graphic, geometric symbolism for describing = three-
dimensional surface to show the structure of an imagined
“statistical surface’ formed by the variations in ratios of
people to areas. An ‘ordinary’ contour map is in reslity a very
complicated system of representation. and tha concept of
3 statistical surfaca of population densities is exceedingly
abstract. That tha twe could be combined by the 1850s,
and readily acceptad, shows how far thematic mapping had
come @ The use of isolines to raprasent population datz

Is less popular teday. The majority of isarithmic maps that
wa encounter nowadays show natural phenomena, such as
climate and geofogy.

The construction of isarithmic maps invoives thrae
elements: the location of control points, the interpolation
method to connect the location points, and the numbar
of control points.
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The Prysikalischer Atles by Heinrich Karl Withelm

Berghuus (179718848} = wnscdered 3 manemental
inth ic cartography history®

The atlas was issued over several years, and the
first edition of the bound atias consists of ninaty
maps in two volumes, dated 1845 and 1848 This
meteorologic el map is the second map in the atles.
Using a polar projection, Berghaus depicted the
mean tempersture in the Northem Hemisphere by
dravang isotherm fines at 5°C intervals.

In Meirelles, |. (2013). Design for Information (Vol. 5).
http://doi.org/10.1017/CB09781107415324.004




The publication in 1817 of this “Chart of
Isothermal Lines” by Alaxander von Humboldt

Michal Migurski, Tem Carden, end
Eric Rodenbeck [Stamen Design), U.S:

/4’1’7(4- s Legpencia i Brtdbose e
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piayed an important role in the widespread
use of curves to depict quantitative
phenomena in fhe nineteenth century, sven
though the first usa was by Halley a century
earbier. The diagram depicts %ines of aversga
temperature in relation to geographical 2ones
defined by the latituda/longifuds system.

It zlzo coins the term isothermes for the
technique ®

The map shows the distribution of the
population of the United States in 1590, It was
part of the Statistical Atlas of the United Ststes
basad upon the results of the eleventh census
by Henary Gannett, publishad in 18%. Note

the six cissses, with darker shades standing
for higher density Cities with over 8.000
inhabitants are represented by black circles
with scale proportionate to their population

v CETRBUTON O THE FORIATEN 45 THE SNTED RIRTEN

“Dakland Crimespotting,” 2008.

Oeklend Crimespatting was designed and
built by Stamen Design's Michal Migurski,
Tom Carden, and Enc Rodenbeck. itis an
mteractive map showing crimes in Oakiand,
Cafifornie. Tha motivation is statad on the
website: “Instesd of simply knowing where &
crime took place, we would Bke to investigats
guestions like: |s there mare crime this wesk
than last week? Mara this month than last? Do
robberies tend to happen close to murders?
We're interestad in everything from complex
questions of pattems and trends, to the most
locsl of concerns on 3 black-by-block basis.™

The application is a work in progress since
2008, and the screenshots shown here are not
built into the intsractive tool availabie online
On the other hand, they are worth reproducing
here, because tis an effective use of jsopleth
for visually answering some of the guestions
that motivated the wark.

http:/foakland.cimespotting org

In Meirelles, |. (2013). Design for Information (Vol. 5).
http://doi.org/10.1017/CB09781107415324.004




the water

sial plants for birds were planted

Greenwich Emotion Map
Nold, C. (2009). Emotional Cartography.
Retrieved from http://www.emotionalcartography.net




CASE STUDY

FLOW AND NETWORK MAPS

Flow and network maps portray linear phenomena that
most often involve movement and connection betwean
points: origins and destinations. Maps depicting the flow

of migrations in the worid or the network of friends on
Facebook are examples [see page 50). Most maps encode
multivariate data using the visual attributes of line width, line
quality, color hue, and spatia! propartias, the latter of which
are provided by the gec-ocation of the data

Tha first known flow maps were made by Hamass,
who pubfished threa of such maps in 1837 mostly
depicting the averaga number of passengears on the
Irish raifway system, It is unknown whether those
became available to other mapmakers, but around the
mid-1840s Alphonse Belpaira in Belgium and Charles
Joseph Minard in France also bagan making flow maps.
Minard (1721-1870) was a prolific cartographer and
produced fifty-one thematic maps mastly focusing on
economic geography, of which the majority [forty-two)
were flow maps.® According to Robinson, “Minard clearly
outdid Harness znd Baipaire in the number, variety, and
sophistication of his thematic maps of movement™@

W sea a boom in flow and natwork maps dus to the
amount of spatio-temporal data currantly available.
Robinson contends, “Like the dot map and the dasymetric
technique, their [flow maps by Minard] sophisticated
cartographic mathods would have ta ba reinvented™®

Thes 1835 map by Charles Joseph Minard depicts
the approximate amount of ceraals that circulated
by lsnd and water in France in the yesr 1853
*Carte figurative et approximative des quantités
ds céréales qui ont circuld en 1853 sur les voies
d'ean at de fer ds {Empire Frangais.” The viseal
encoding is

1. Spatial positiom: The finzs are geo-locatad
according to the given trajectories. A sense of
direction is also reprasantad with arrows.

2 Line width: The vadth is proportional to the
amount of cereals transported (the quantitative
thematic varishie). Note that the widths are
different for the transport to end from Pans,
which ara divided by a datted line. Numeric
information is alse written within the fines.

3 Color hue: Lings are colored according to the
means of trenspart, whether it was via boat
(green) of tram (red).
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Charles Jossph Minard, Tableaix Cm-
phigues et Cartes Figuratives de M, Minard,
18431869, a portfolio of his work held
by the Bibliothtque de I'Ecole Nationale
des Ponts ot Chaussées, Pans.
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Twao major chalienges of designing flow maps

are abfuscating the base map with the bands and
evoiding too many overlaps and thus visual clutter
Minard mat bath chellenges when ha creatad flow
maps in the ninsteenth century. The two series of
flow maps depict the sppraximate ameunts of cotton
imparted by Europe The map on the top, "Carte
Pgurative et approxamative des guantitiés de coton
en laine impartées en Europe en 1858 et en 1851,
was published in 1862 and portrays data for 1858
and 1861. The map et the bottom, “Carte figuratve
et spproximative des quantités de coton brut
impertses en Europe en 1858, en 1864 et en 1865,
was pablished in 1856 and depicts date for three
years: 1858, 1854, and 1985

The reason for reproducing hoth maps here is so
that we can examine haw Minard distorted the base
maps in favor of the flows of goods, which is the
objective of the maps. i we compare the twa series
of maps, we will s2e how the ane st the bottom, with
increasing flow of goods overthe yesrs; depicts

& mora distorted geagraphy, though distortion
happeas i the tormer as well. Aobinson explains
that Minard “was much more concerned with
portraying the basic structure of the distribution than
he was with maintaining strict positional accuracy
of the geographical basa—2his from an enginger!™

Another festure still in current practice and worth
stressing s how Minard bundled flows with shared
destmations sa 26 to avoid visual clutter.

In both maps, each millmeter correspends to

5.000 tons of catton. In addition to tha visual
representation provided by the width of bands,
Minard incleded the absolute numbers next to each
band. Color encodes the countries from which
cotton is imported. The notes, 8s useal, present
cammentary on findings 2nd questions. For example,
in the maps on the bottom, Minard discusses how
the American Cavil War effected tha commerce of
cofton and the countries that wers producers.

In Meirelles, |. (2013). Design for Information (Vol. 5).
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Doantam Phan, Ling Xiao, Ron Yeh, Pat Haarahan,

Terry Winegrad {Stanford University), U.S:
“How Map Layout,” 2006.
Phan and colk developed & technique to

automatically generate flow maps that uses three
lessons learned from Minard: inteffigent distortion
of spatial postions, intelligent edge routing, and
merging of edges with shared destinations.™
They explain, "0ur approach uses hierarchical
clustering to create & fow tree that connects

8 source {the root) to a set of destinations ithe
leaves). Qur algorithm sttempts to minimize edge
crossings and supparts the layering of singie-
source flow maps to craate multiple-sourca

flow maps. We do this by preserving branching
substructurs across flow maps with diffsrent
roots that share a common set of nodes.”™™

The top image shows a flow map of migration

from Cafifornia from 1995 to 2000, generated
sutomatically by their system using edge routing but
no layout adjustment. The bottom imaga shows &
map of the top ten states that migrate to Califormia
and New York, showing that New Yark attracts more
paople from the East Coast and California attracts
people from more geographic regians.

hitp://or

layout

dufpapers/flow_map




CASE STUDY

AREA AND DISTANCE CARTOGRAMS

Loa Byron, Amanda Cox, smd Matthew Ericsa
(Naw ¥ork Thmes), U5 “A Map of Dlympic
Medals,” 2012

Az npposed to tradibonal mapa, in which zpace

is used to depict space, carograms distan the
shape of gengraphic regions to ancade snother
variable into the spatizl erea. There are different
types of cartograms, and the one usad in "A Map
of Dlympic Medelz” is calted & Dorling cartogram.
The tzchnigue represents geagrephic space as
nonoverapping circles. The map wes designed by
Lez Byron, Amande Cox, and Manthew Ericsn, and
published as an interactive map st the Mew Yok
Times anline in 2092 for occezion of the London
DOlympic Games The screenshots show the resudts
for 2012. Size represents the numbar of medals
that countries won in the Dlympic Games: Coler
encodes the contiments.

fritp:fondon2012 nytimes.com/resudts

Typicalty, the spatial variables in the map are used to
depict space in the world—the confinents, courtnas,
countias; and so on. This was the casa in all map forms
examined thus far. For example, choropleth maps reprasent
thematic data within the boundaries of the given statistical
units. As examplified by the New York Timas maps, the
uncoverad political pattems are closefy associsted with

the administrative units used for the symbolization.

Strong arguments have been miada that for data involving
population, such as in social and economic datasets, 8
topological mapping of space 10 Spacs is More appropnats,

Araa cartegrams were devised with this purpose of revealing
spatial-geographic patterns. They use the spatial vanablas

in the map for depicting population data according to 2
thamatic variable. To sliow identification of the known
geographic spaces, most araa cartograms make use of
algorithms that retain as closaly as possible the gaographic
spaca in the transformed map space. The “Twitter Mood”
carogram is an example.

Distanca cartograms use the relstionships in land distance
o depict thematic data in the map. The Travel Tima Tuba
Maps by Tom Cardan are good examples {ses page 168].

There are different ways to randar carograms based on
how space is ransformed and the axtents to which shape,
area, and topalogy are preservad. "Pulse of the Nation”

is an example of a contiguous cartogram. It preserves the
topolegy of the map with the area and the shapes loosaly
retained. The New York Times Olympic medal map is an
axample of a circular noncontiguous cartogram, whare
original shapes are exchanged for circular shapes.

Alan Mislove, Sune Lehmann, Yang-Yeol Abn,
Jukhch-Pekkn Gonata, and J. Niols Rosanquist,
U5 "Pulse of the Nation,” 2011,

“Pulsa of the Nation” examines tha U.5 mond
throughowut the day inferred from more then 300
million tweets collacted between Soptember 208
and Apgost 2009, The mood of each twest was
wifarrad using ANEW word b5t ™ User locations
were mfemed uzing the Goegle Maps AP, end
mapped inte counties using PostBIE and U.5:
county maps from the LS. National Atlas. All times
are Eastern Standard Time (EST). Mood colors
wara sefectzd tsing Color Brawer™ (see hox
Selecting Codor Schemes on pages 145-147). Tha
cartograms in this work were generated wesing the
Cart {computer softwara for meking cartograms]
developad by Mark E J. Newman™ {see Newman's
cartogram of the 2002 American presidential
alection on page 141 The software praserves
geographic shepe as much = posstble. Counties”
ares sizes are scaled according to the nomber of
tweets that originats in that region. The result is

g dansity-egualizing map. Color encodes moad by
mears of 2 color soale ranging from rad (unbieppy)
1 yellow [newtral} to green (happyl

It is possihle to obsarve intere'sting trends such
as daily varistions, with earty momings and

latz evenings having the hiphast level of happy
tweetz, and geographic vanations, with the West
Coast chowing happier tweets in a pattern that i=
consistently three hours behind the East Cosst.
The visualizstion was created in 2011 by an
imerdisciplinary research team ot Northsastem
University and Harvard Unhversity: Alan Mislove,
Suna Lebmann, Yong-Yeol Ahn, Jukke-Pekka
Dnnela, and J. Nieks Rosenquist.

hitp:ffweaw.c cs.new adu/homs /emislove/
twittermood

CHAFTER & SRATIAL
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Mark Newman, U.5.: "Presidential Election
Cartogram,” 2012.

The 2012 presidential election cartogram shows
county-level election results, where the sizes
of counties are rescaled according to their
population. The map uses not just the two party
colors, red (Republican) and blue {Democrat),
but also shades of purple in between to
indicate percentages of votes. The resuitis

a country more evenly divided politically.

Mark Newman, Center for the Study of Complex
Systems at the University of Michigan, used the
diffusion method of Gastner and Newman to
make this cartogram.

Fletcher W. Hewes and Henry Gannett, U.S.
Statistical Atlas of the United States, 1883. e ¥ S =g

e ey

This map in Scribner’s Statistical Atlas of the Pyl ; | ‘ POPULAR VOTE *
United States shows the popular vote in 1880 \ |2
mapped according to the ratio of predominant
to total vote by counties.

In Meirelles, |. (2013). Design for Information (Vol. 5).
http://doi.org/10.1017/CB0O9781107415324.004




estructuras

espacio-temporales

SPATIO-TEMPORAL
STRUCTURES

Pedro Cniz, Penousal Machado, and Jodo Bicker (University of Coimbra  \\e zre surrounded by changes in all dimensions of our existence.
with MIT CityMstion), Portogal: “Trallic in Lisbon, ™ 2010 All changes require time to become something eise, to transform,
n to remaodel, to reorganize, to disappear, and so on. Several fields
el use time-varying data to understand patierns in natural and social
henomena as well as to help make predictions. Exampies range
from studies in meteocrology and eccnomics to assessment of

brain activity.

“Traffic in Lisbon™ 3 of ammations of traffi
Lisbendunng &
ject maps 1,524 vehicles during October X
roate trails and condensed inta

twenty-four-hour perio

The chapter focuses on spatio-temporal phenomena and processes
inherent to the dimensions of space and time. Data belonging to
both space and time are found in diverse domains and inciude
mobility, dispersion, proliferation, and diffusion, to mention a few.
Our lives are immersed in time and space, and we constantly reason
about both, making decisions about where and when we are, were,
or will be. From sketches we draw on napkins to give directions to
our friends, to more compiex cartographic representations of the

In Meirelles, |. (2013). Design for Information (Vol. 5).
http://doi.org/10.1017/CB0O9781107415324.004




Marey’s man in black velvet, photographed in stick-figure images,
became the time-series forerunner of Marcel Duchamp’s Nude
Descending a Staircase.
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sitxtered

Ben Fry, 1.5 "On the Origin of Species: The Preservation of
Faveured Traces,” 2008
§

The interzctive onfina visusizatan depicts changes in the six editions nf
Darwin's Gn the Oagin of Species Each adition &= coler coded, alowing
for example, st 2 glance to s8e how entire volsmes were changed over
the course of fourteen years n the scopa of Darwin's work and the
fimited spacs we have on the screen, Fry enables ona to read text by
cliciaag on the colorad blocks. The bottom image shows haw the words
=re alsn color coded, highlighting changes anid refinements in the text
over tha yaars. Fry expiains, “We often think of sceentific dess, such

25 Darwin's theory of evolution, as fxed notinas that are sceepted es
finishad. In fact, Darwin's O the Origin af Spacies evalved over the
course of severs! editions he wrote, adted. snd updated uring his
lifetme. The first English edetion was spproamately 150,000 words and
the sixth & 8 much larger 190,000 worda. In the changes are refnements
snd shifts in dess—whether incressing the weight of 3 statament.
adding details, or oven s change in the dea tself ™ Tha spplication
was budt with Proceszing, an opan source Javs-basad programming
tanguage he developed with colisborstor Casey Aeas

htpJibentry.comftraces

estructuras

textuales
TEXTUAL STRUCTURES

Racent advances in information storage and computationa

power have affected and largely facilitated the analysis of
natural-anguage data. Large amounts of histerical as well as
contemporary documents ara available in digital format, opening
up new and powerful ways of examining literary data. Furthermore,
online saocial interactions and conversations, mostly textual, are
providing new data sources that, coupled with new research
questions, are prompting understanding of social phenomena
nevear before possible.

Meathods and tools for the visualization of textual data are scarce
Examination of early books on visualization of information, including
those by Willard Brinton, Jacques Bertin, and even Edward Tufts,
reveal the lacuna. To my knowledge, the first book to dedicate a
chapter on document visualization is Using Vision to Think by Card

In Meirelles, |. (2013). Design for Information (Vol. 5).
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Gortfried Hensel published o series of maps in 1741 in Narnberg,
depicting the use of languages m geographic space. The langeage
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Paul Erdas publshed around 1,500 papers during
Fws prolific career in mathematics, including
important contributicss 1o graph theory and
random graphs. Flon Graham hand drew this
diagram in the 1970s 10 portray the colahoration
network of Erdos. The nodes are mathematicians,
snd links connect pairs who have pintly 2uthored
& paper with Erdas. As Ezsiey and Kleinberg
explain, “A mathamabician’s Erdds number & the
dsstance from him or ber to Erdds m this graph
The point iz that most mathematicians have Endas
numbers of 5t most 4 or §, and—axtending the
collaboratson graph to inclode co-nuthorship
across il the sciences—most scientigts in ather
Gealds have Endos numbars that are comparable
or only slightly farger; Albert Einstein’s is Z Enrica
Fem's is 3, Noam Chomsky's and Linus Paufing's
are each 4, Francis Cnck's and James Watsan's
are § and 6, respectively. The worid of science &
truly s smst ane in thes sense. ™
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Fig. 2.11: Rock'n'Roll history that depicis protagonists and developments in the area as curved

lines that are stacked according to the artists’ percentage of annual record sales.
Source: Image courtesy of Reebee Garofalo.

In Aigner, W., Miksch, S., Schumann, H., & Tominski, C. (2016).
Human-Computer Interaction. Encyclopedia of Database
Systems. http://doi.org/10.1007/978-0-85729-079-3
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Ecosistema Urbano. Planning for Protest
Things we could learn from #15M in Madrid



Evento

Todas

B Seleccionar todo

B Abuso Sexual

B Acoso Sexual

B Apoyo para Analisis de Laboratorio
B Apoyo para Medicinas

B Combustible

B Control Migraterio

B Covid-19

B Delincuencia y Grupos Irequlares
B Documentos Migratorios

B Gas Doméstico

Periodo

20/08/2021 26/07/2022

O

Limpiar Filtros

O

Modollin

Cali

Harbados

Monitoreo de eventos en Redes Sociales -

Aruba

Curacas

Colombia

Grenada

Informacién

<$

Mostrar Nube

Trinidad
and Tobago

de palabras
na Reqgina
rget
Guyana b
French
Gulana
Suriname
“
. e
‘: ‘v 7 ?
3 M ¢!
Evento Cantidad de Tweets A L
-
Servicio Eletrico 164.932 ”J - —
Delincuencia y Grupos Irregulares 149.285 0 0.5 1
Lluvias 136976
Suministro de Agua 94.140
Mamicidiae ARANA. v
Total 900.532 ® Mapbox © OpenStreetMap Improve this map

GIS4tech (2022) Monitoreo de eventos en Redes Sociales
Social Media Event Monitoring
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Abarca-Alvarez, F.J., Campos-Sanchez, F.S. & Mora-Esteban, R.
(2019). Survey Assessment for Decision Support Using Self-
Organizing Maps Profile Characterization with an Odds and
Cluster Heat Map: Application to Children’s Perception of
Urban School Environments. Entropy 21, 916.
https://doi.org/10.3390/21090916 ISSN 1099-4300
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Final Thoughts

map (for Richard Brook y Nick Dunn)

reflexiones finales

mapa (segun Richard Brook y Nick Dunn)

representacion que revela un espacio inedito a representation that reveals an unseen space
condiciones latentes latent conditions
narrativas en y de la ciudad narratives in and about the city
muestra interpretaciones presents interpretations
se enfoca en exponer @esencias del espacio y lugar focuses on revealing the essence of space and place
al hacerse mas compleja la realidad social y fisica as social and physical reality becomes more complex
- las herramientas de visualizacidon se hacen mas visualization ¥t@0lS become more complex

complejas



reflexiones finales

Final Thoughts

map (for Stan Allen)

acto de comprension del mundo an act of understanding the world

diferencian lo importante de lo superfluo distinguishing what is important from what is

superfluous
oportunidad de manipulacion inagotable
an inexhaustible opportunity for manipulation

los mapas modernos - mas que mostrar un orden

— | muestran procesos modern maps - rather than showing an order

- they show processes



reflexiones finales Final Thoughts

mapa (segun Kitching et al)

el mapa no representa el mundo, ni lo construye The map does not represent the world, nor does
it construct it

es una produccion constitutiva entre individuo y It is a constitutive production between the

mundo individual and the world

mapas siempre inacabados Maps are always unfinished



reflexiones finales Final Thoughts

el mapa experimenta con la realidad, establece conexiones y

permite descubrir aquello que todavia no es visible
ealea¥ reproduce configuraciones ya conocidas
el mapa mantiene relaciones analogicas con el territorio (localiza calles, edificios, usos, recorridos, topografia, ...)

+

aproximacion abstracta basada en decisiones multiples (encuadre, escala, orientaciéon, preoyeccion, inclusion, etc.)

The map experiments with reality, establishes connections, and
allows us to discover what is not yet visible

Fraeing reproduces already known configurations
Maps maintains analogical relationships with the territory (it locates streets, buildings, land uses, topography, etc)

+
an abstract approximation based on multiple decisions (framing, scale, orientation, projection, inclusion, etc.)



reflexiones finales Final Thoughts

Cartografiar @s proyectar Mapping is a form of representation
No solo elementos fisicos, puede incluir: It encompasses not only physical elements, may also include:
e Procesos * Processes
« Acontecimientos, actividades econémicas o de otro tipo * Events, economic activities, or other types of activities
* Intereses politicos * Political interests
* Actores sociales * Social actors
« Usos, practicas, conflictos, o expectativas * Uses, practices, conflicts, or expectations
Cartografia - busca fuerzas latentes Cartography - seeks out latent strengths

- descubre relaciones - Discover Relationships

"3 = prepara condiciones VS - set the stage

plan - tiende a fijar un estado futuro plan - tends to establish a future state

= ordena desde una vision general = order from an Overall View



Final Thoughts

map (for James Corner)
Modalidades o practicas emergentes

« Deriva (drift) cartografia la experiencia corporal, contingente y subjetiva del recorrido.

reflexiones finales

« Superposicion (layering). Representa separadamente diferentes sistemas y estudia sus interferencias.
- Tablero de juego (game-board). Soporte para actores, conflictos, negociaciones y escenarios.

 Rizoma (rhizome). Construye redes abiertas, no jerarquicas y con multiples entradas y conexiones.

Emerging Modalities or Practices

« Drift: Maps the bodily, contingent, and subjective experience of the journey.

« Layering: Represents different systems separately and studies their interactions.
« Game board: A framework for actors, conflicts, negotiations, and scenarios.

 Rhizome: It constructs open, non-hierarchical networks with multiple entry points and connections.
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