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Sense-Making of Big Data

The project examined the data
visualization literacy of over 900 youth
and adult visitors across five US science
museums. The New York Hall of Science
and Science Museum of Minnesota are
both involved as partner institutions,
providing financial support, facilities, and
collaborative research. Data collection
took place at the New York Hall of
Science, the Marian Koshland Science
Museum, COSI in Columbus Ohio, and
Wonderlab Museum in Bloomington, IN.

Pathways: Sense-Making of Big Data. NSF ISE
DRL-1223698 Award (Katy Borner, Adam V.
Maltese, Joe E. Heimlich, Stephen Miles Uzzo,
Paul Martin, and Sasha Palmquist, $250,000)
2012.07.01 - 2015.06.30.

Participants from the November 2013 Pathways Workshop
at the Science Museum of Minnesota

Jax and the Big Data Beanstalk, a Science Museum of Minnesota theater piece

funded by the NSF, introduces museum visitors to big data visualizations and
science maps




CNS Macroscopes are used by hundreds
of thousands around the globe

Our mission is to advance datasets, tools, and services for the study of biomedical, social
and behavioral science, physics, and other networks. A specific focus is research on the
structure and evolution of science and technology (S&T) and the communication of results
via static and interactive maps of science. Learn more at cns.iu.edu.

Cyberinfrastructure for
Network Science Center
cns.iu.edu
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Places & Spaces Exhibit

This exhibit aims to demonstrate the power of
maps to navigate and make sense of physical places
and abstract topic spaces.
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Phase 2, which is just getting underway, is designed
to bring “Macroscope Tools” to public places to help
exhibit visitors not only learn how to read science
maps but how to make them.
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See all the maps and more at the new scimaps.org.
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Places & Spaces Hands-On Elements
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Places & Spaces On Display




Meet the international advisory board that helps
select the maps that make up the exhibit
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Deborah Lev Eric André Moritz Stephen Caroline Benjamin
MacPherson Manovich Rodenbeck Skupin Stefaner Uzzo Wagner Wiederkehr

The process of selecting the exhibit’s pieces begins each year with a call for maps
corresponding to a particular theme or addressing the needs of a particular audience.
Once the submissions have been gathered, a team of international reviewers and exhibit
advisors select the ten most articulate and innovative maps for entry into Places & Spaces.



The Places & Spaces Exhibit Ambassadors

These men and women from around the globe work selflessly to make the exhibit a success.
Their intellectual guidance and commitment to promoting science mapping are what has
made Places & Spaces the vital exhibit it is today.



AcademyScope, an interactive visualization of National Academies Press publications created by
the CNS Center in partnership with the National Academy of Sciences.



IVMOOC

Information Visualization MOOC

The Information Visualization MOOC provides
an overview about the state of the artin
information visualization, teaching the process
of producing effective visualizations that take
the needs of users into account.

The inaugural IVMOOC, which launched in
January 2013, attracted participants from

more than 100 countries. It is one of the first
MOOCs offered by IU and the first to offer an
opportunity for students to work in teams with
real clients. All registrants gain free access to
the Scholarly Database and the Sci2 Tool.

The course can be taken for three Indiana
University credits as part of the Online Data
Science Program offered by the School of
Informatics and Computing.

The course will return in January 2016.
Learn more at ivmooc.cns.iu.edu.

Cyberinfrastructure for
Network Science Center
cns.iu.edu
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VISUAL
INSIGHTS

A Practical Guide to Making Sense of Data

This IVMOOC companion textbook offers a
gentle introduction to the design of insightful
visualizations. It seamlessly blends theory and
practice, giving readers both the theoretical
foundation and the practical skills necessary

to render data into insights.



Enjoy the first two

Atlas of Science
Visualizing What We Know

Katy Bar

scimaps.org/atlas1

Atlas of Science, featuring more than thirty
full-page science maps, fifty data charts, a
timeline of science-mapping milestones, and
500 color images, serves as a sumptuous
visual index to the evolution of modern
science and as an introduction to “the
science of science”"—charting the trajectory
from scientific concept to published results.

o facebook.com/cnscenter

books in Katy Borner's 3-Part Atlas series

Atlas of Knowledge

Anyone Can Map

Katy Bémer

scimaps.org/atlas2 -

The Atlas of Knowledge introduces a theoretical
visualization framework meant to empower
anyone to systematically render data into
insights. It aims to teach “timeless” knowledge
that holds true over a lifetime while referring
to an extensive set of references for “timely”
advice on what tool and workflow is currently
the best for answering a specific question.

Q @cnscenter



What is Big Data?

More than two-thirds of visitors interviewed said that they
had not previously heard the phrase “Big Data.”

—Sense Making of Big Data, Heimlich, Tranby, Wojton 2014

“Important information. Something everybody relates to,
but doesn’t understand.”

—Project participant

“[It] gives me anxiety. | don't know and | don't like it.”

—Project participant
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Ph.D. Thesis Map, by Keith V. Nesbitt




Could you convey the collective “mood” of Twitter users with just text? Maybe—Dbut it
would take pages and pages to convey the same insights this map does in seconds.

06:00

Pulse of the Nation: U.S. Mood Variations Inferred From Twitter w

22:00 Moad Variations

A rumber of interesting trends can be cbserved in the data
First. overall daily varistions can be seen (first graoh). with
the earky moming and Late evening having the highest bevel
of happiness. Second, goofraphic variations can be chserved
{second graph), with a significantly happier west coast that
s consistently ihree hours behind the east coast

Weckly Variations i \/
¥
Weekly trends can be observed g ®
a3 well, with weckends much i Sl ,,/'\/‘\\,._/"'\—’\,_ﬁ

happier than weekdoys

21:00

i

20:00 Absut the Data and Visualization

The plots were cakiulated using over 300 million tweets (Sep 2006 ~ Aug 2000) collecied by MPISWS researchers, represented i density preserving cartograms. The mood of each tweet was
inferred using ANEW word st (Bradiey, MM. & Lang. P Affective norms for English words (ANEW). Stimuli, instruction manual and affective ratings. T. Technical report C-1, The Canter for Research
in Peychopinysiology, University of Flonda). County area data was taken from the US. Census Bureau at httpJ/iactfmder consus gov, and the base US. map was taken from Wikamedsa Commons. User
locations wert inferred using the Google Mags APL and mapped into counties using PostitS and ULS. county mags from the U.S. National Atlas. Mood colors wire selected using Color Brewer 2.

i

About Cartograms

19:00 A cariegram is a map in which the mapping variable (in this case, the
rumber of tweets) is substituted for the trus laad ares. Thus. the
geometry of the actissl map is altered 50 that the shape of each region
i3 maintained a3 much a3 possible, but the area is scaled in order to
be proportional to the number of tweets that originate in that region
The resull is o density-eoudlizing mag. The cartodrams in this work
were generated using the Cart software by Mark £ J. Newman
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18:00 Northeastern University HARVARD UNIVERSITY®
College of Computer and Information Science!
Center for Complex Network Research

Bitp:/fwwe cos mew eduomel amisiovetwitermood 1© 2000 Alan Mislove'. Sune Lehmann'. Yong ool Ahn', Jukka-Pekiua Onnela’, J. Hiels Rosenguist®
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Pulse of the Nation, by Alan Mislove, Sune Lehmann, Yong-Yeol Ahn, Jukka-Pekka Onnela, and James Niels Rosenquist
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How we analyze and use data matters.

THEN
USE THE
SIBS
DATA—-
BASE.

USE THE
CRS DATA— THAT
BASE TO DATA IS
S1Zt THE WRONG.
MARKET.

THAT
DATA 15
ALSO
WRONG.

CAN YOU
AVERAGE SURE. I CAN
THEM? MULTIPLY
THEM TOO.

5708 ©2008Scott Adams, Inc./Dist. by UFS, Inc.
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http://dilbert.com/strip/2008-05-07



“We need to be able to make sense of data to improve
personal and collective daily decision making.”

—Katy Borner, Atlas of Knowledge

TM NOT YOUR BUT YOO SPEND TWICE AS MucH | YOUR MATH 1S
BoYFRIEND! TIME WITH ME AS WITH ANYONE | IRREFUTABLE.

CAN MY BOYFRIEND ELSE. IM ACLEAR OUTLER. ( EACE IT—I'M

SIGNIFICANT OTHER.

\ f DATING A NUMBER

http://xkcd.com/539
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HEWLETT FOUNDATION FUNDING

We've made

7,778

grants

YEARS AMOUNT
viewing viewing

(2000-2013) ($1K-$1B)

Central & South
America
186 grants

Africa Asia
268 grants 108 grants

-
=

$1K

Grant Count: 0

FILTERS
viewing
(ALL)

North America
5,821 grants

2 grants of $6,000,000
In 2003
click to explore

for a total of

$4.01B

during 2000-2013

Global

1,358 grants

Year =1 Column

The Hewlett Foundation Grant Visualizer, by Dino Citraro, Kim Rees, Jacob O’Brien, Brett Johnson,
Andrew Winterman, and Andrew Witherspoon
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Data Visualization Literacy: Can 273 Science Museum
Visitors Read 20 Information Visualizations?

Borner, Katy, Joe E. Heimlich, Russell Balliet, and Adam V. Maltese. (Submitted). “Investigating Aspects of Data
Visualization Literacy Using 20 Information Visualizations and 273 Science Museum Visitors”. Information Visualization.



Research Questions

How do visitors to museums and science centers
react to conceptual science maps?

How do people engage with and understand
reference systems?



Visualization Recognition &
Meaning Making

Anzelma

B et
Boulatruelle
revet

ujon
Champmathieu
Champtercies
Chenildieu
Child1

Fa

Magnon
Marguerite
Mari

Simplice
henardier
halomyes

T
T




|.I'.1[ L

5 H1L'
= steps Rotation
o) “‘EEdEd Smtm USES similarity hierarchies

Node coverage a [1-'.1111 Still g
U artogram Re erenceaurhorb ol
Charts e Saturation 1 . q}rmhcu]% * Mot .__‘__‘_,1}\5 att utes = Fr.rnm'rmr'-c _;,_g

= E

" .
Svisualization® Data s« rare
ca orlcal DEPEUE ® decrease  ® argue g P |ch e Cat |
& for node sprig e S gt
._I in G gra uatr:ﬁ%}bﬂsize name

semantic

tudy éﬂfn‘éﬁé’i‘%eaamp 2 visually S Vi

interpret 3
Intensi ‘P Q_| Pathways

g SO .1, CommentsBarner color & v
sedreferences:ss

-2 overlays LE ﬂHabE-'-l“: Lt]t‘f T networks €9
e b | eI = |._. 51:'3-5-
Timelines\/ ¢ arlableoverlays titlecH 1 *
SO L istoric &
¢ S‘:?sl:ems prml:edma § .,-U S 1d

€I

=
ful
..i'
-uJ

syst

h1

visualizations
Cﬂ
I_
ra
5"",_.

w & le
gumalugms
reorde

pu ssibly
Texture

2 glements 8 g00d

_? General Ef_ plc:-ts 'E

.—|

5ea



Competitive Eating Records

kg/
min B Rate of Ingestion (kg/min) I Total Weight Ingested (kg) kg
2.0 5 % 10.0

Food

Eater, Time (min:sec)
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Phylogenetic Tree of Life

m H
& i
g &
L]
PEPT I LITE I I
£, . Ex) W o M _ o 2
W.#m& Wﬂm ' 5558 3 _m.w g
% IR "m.n.n.wmm afge? B oERYTE @ 5
AL RN BREBRAR LT ZEgEERT Y g8,
% @w@@@@w@ .wm«.w_w Ww.ammﬁm.memmw_mmm. Y »%
g W% et uRL A BELY CEEE pEEESea s Ef s,
0t B AR R N ppafEEE pAf RS § &
A e SRRy
&wé&e km..&wm.w_@ Y CW#M%.%% %%x &
e e
7, Ak o
s T SEPESES o
o ; CRIGE AT LTS
%, S Y omD + o
Sl pgpnens T BT P RE RAy
LT Tl i o oalf O g o Ahrﬂrtbnvb% Lk
H._._h.waa.&,f @____Mu&. &c&a@&q o 0 & . %m%u b oy & FPp }O@ #F ﬁA. %.eeo.w. %wﬁavﬁn.uz
ety %_.@e &.wu. s R & o o o 5, o o%o% 9%03 o n....._a s mm.,.uaﬁ.%@
Y o Wy o e oo aif®
oy W anS&_,_. a8 o o/ PR ﬁma g &
M TN o' ° & PR o a5 o
M B e WYy mﬁ_ fw@ m%u -y o5 ﬂ% m%%wa%%ﬁ%%s .
Mg O ' o ] Pl i
8.____n_un m.___u_._my__m__u_._w.._m,.m. 2. oo o n_"_u 2] 4&.0&2@ ..a%_u&ﬂsﬂu LA
24 43y 0 By 13 & & 27 8% e d&,ﬁw%ﬁa b
[ ___3 By \ 8 oo _m%a%,ga. p——_ i
o w3 g ° ko q e 1
S B JtE e
OUN G5 Wl b e o o dortei
2] pur .
ENPEN wzo_wowhuu o & 8 Y — mﬁﬂﬁzau igwa_a_.,.ﬁ__gm_ﬂ
e B et R
yroaoocs i o gifi arium
PyroGoeeUS .._oa_rOmmn__ % o © ° _uo_.a.q_mamn,macﬂ glutamicum 1203
athnnaeasys Eg.gw_m%n,_.“w o oo @ o ¢ o ) mwh.ﬁﬁﬂ&:ﬂ glulamicum
ga%&%a%ﬁwﬁ ey 5 o \ & & o u.:..,.u__ﬁw_ﬂ ﬂﬁy;ﬂ!aﬁ
gt wr‘.o:ao._._._nc_._.. m.o s oL d i E::eﬁ%.m._.owa!_.n_ou
pactetu™ et L o o 14 So (3600 man
ppsanitt 8,33@ e o ] Adpp ANy
T el o - &€ g $5oina UAlis) e
§m3§$ PrELL o ] © Sag, ) W0 1501 o3
.o&&_a._ﬂ L o % g o sonaggy )00 Ak
e v%q_m%%@w, o oo a.h__up_gfm“hm_ma s ;m.__ M
m.,aa.%,umw% L Fo, © o o - __wmchm._umnu mm”uhsn__n.m._m;nmnno A
P amm% @ o, o F g om0k, -
Ow,n_.%nm.ﬂ% ,v..a.omww [+ a o nmv o4 iy, ...5.___&8 ! ._m._uwﬁ_ g
et m?aﬂ; Eu ) o o i oy o Oy .u__.\_.__um 2oy, o
r_mw) %W&anwv&,ﬁwo a; ] o a8 o o O mm&.c___.__._\wk @e...__cqm_.ﬁ”_,_eu._@q&ﬂ.
o a o o 5 Py oo,
Ow%, o oﬁ«.@,ﬂm a% o ow b oo o - m.uo D, P . Ly e%..m.v.aﬁ.@aa k_ae__..wmsu.ﬁ_
o - ooomnvv o a o/% o Sk o o i, ey By Mgy, iy T
LA o oo © onﬂ% oo o, g m\&wo LN g Wi,
e .um%.& o6 bo o g iy Oy
e o o'wo © it onw\.f_ b iz, mﬁﬁ@bq o Mo
QLY Sy e ton
& S @ a0
WP 50 o S o e
LYy B E e f@#@&%‘mﬂy@%@f 50 ",
Ly % ED
o L Be, T Sy, o
&, W&W& o ,%n SEARERE o ygets e ﬁﬁw,ﬁaﬁ@%wgﬁ e e,
g 5O &3 EFEL E>E932%1 et % wﬁwf
o CEE $EFI0s e TS EFERY XY @a%w@n.&
&4 %.MJ %émmmm pEEsuaiiont S b%y0 4, 5% % F
G FEFEEES 3 me w Wm w®00 F e % % e
g zpaL= EEZ wipE WR D o %
%e@ §8 Fsagity BEE0aens 8504552
FEETRIIT IR IER LY REREERY SRt
BEad wm B G 3 ATt g
FiTlaadiiatin "W
[
B 5 Fg m veButaE  ®
w ]
i



2008

U.S. Unemployment,




Visualization Recognition &
Meaning Making
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Design

Does this type of data presentation look at all familiar?
How do you think you read this type of data presentation?
What would you call this type of data presentation?

What types of data do you think would makes sense for this
type of presentation?

In addition, each individual/group was asked to rank the five
visualizations based on “ease of readability”.



Findings

e Participants were unable to accurately describe
the meanings of many of the reference systems

e Participants’ tended to prefer those visuals that
had a familiarity in terms of the reference

system.



Findings
e Topics do matter in terms of which visuals people
prefer

e Color and visual appeal are important and for

some people these factors drive preference.



Construction
and
Deconstruction
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Participating Museums:

COSI, Koshland, New York Hall of
Science, and Wonder Lab






Circle size equals number of flights per day.




Links represent flight connections.




Airports reachable from Chicago O’Hare International Airport
in 2008
Circle size equals number of flights per day.




O’Hare Flight Map

Familiar graphic

e common reference
system

e Simple graphics
e Labels
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Competitive Eating Records

Compatiive Eaing Recors e Associated with food

W Nale o mgeiton (g

 Incomplete
understanding unless
they were aware of

\ competitive eating
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Gapmmder World 2012

e XY axis was familiar

 Majority understood, although it may have taken
some time






o Tarnabuoni
o Bischeri o Acdaiuoli

o o Ridolfi
Guadagni O
o Medici Salviati

O Strozzi o Albizzi
O O Pazzi
o Peruzzi O
Lamberteschi Ginori

O O Barbadori O Pucci
Castellani

Label: Family Name



O Tornabuoni
O Bischeri o Accaiuoli
O O Ridolfi
Guadagni

o Strozzi O Albizzi
O
O K O Ginar

o Medici Salviat

o Lamberteschi
o o Barbadori o Pucci
Castellani

Label: Family Name



o Tarnabuoni

O D Acciaiuoli
Bischeri O
Ridolfi

0 Salviati
O Albizzi : Medici

O Strozzi O Pazzi
O Peruzzi Gineri
Lamberteschi ahl)
& Pucci
O Castellani O Barbadori

Circle size: Family's net wealth (in thousands of lira) in year 1427.

O Guadagni



O Tornabuoni

O @ sccisivai
Bischeri .
Ridolfi

O savia
. Albizzi . WMedici

. Strozzi O Pazzi
O Peruzzi Gineri
Lamberteschi ool
e Pucci
O Castellani O Barbadori

Circle color: Number of seats on the civic council held 1282-1344.

(0] Guadagni




. Tarnabuoni

. @ ccizivai
. Ridalf

. Albizzi
Strozzi .

. EETE!”EI'Ii I Eﬂrhﬂdﬂri

Link color: Business ties, e.g., loans, credits, and joint partnerships.

W Guadagni
Salviati

. Pazzi

& Pucci



Acciaiuoli

& Pucci

Link color: Marriage alliances.



Padgett's Florentine Families

Acciaiuoli

& Pucci

Barbadori

Link color: Marriage alliances.



Padgett’s Florentine Families

Most challenging
graphic to understand

Unfamiliar format
Unfamiliar content.

Children were likely to
make pictures from the
dots and lines.




Visitors engaged in constructing the
graphics were more likely to use
cumulative reasoning; making
deeper meaning as they viewed the
graphic one layer at a time.




Data visualizations exist on a
continuum from simple to complex.




Guests’ knowledge of and familiarity
with data visualizations exist on a
continuum from unfamiliar to familiar.

Sources of Nitrogen to the Bay

Agriculture- Agricultural
Manure Atmospheric
(17%) Deposition
(6%)

Agriculture- -
Chemical Fertilizer Atmospheric
(15%) Deposition-
Mobile, Utilities
and Industries
(199%)

Septic Systems _
(4%) Atmospheric

N Deposition-
Developed Natural
Lands- Chemical (1%)
FE;‘hLL_zer Municipal and Atmospheric |
— — Industrial Deposition to

Wastewater €
e | T

Mote: Does not include loads from the ocean or tidal shoreline erasion. Wastewater loads are basad on measured discharges; other bads are based on an average-hydrology
year using the Chesapaake Bay Program Watershed Model Phase 4.3 (Chesapeake Bay Program Office, 2009). Values do not add up to 1004 due to rounding.




Implications for the Field



What do visitors

think when they

hear the words
Big Data



Implications for the Field



Big Data Insight Needs Sort

Tofu Peaches

Pasta Vienna Sausage

Sauce

Lasagna Carrots Ham sandwich



Two Main Sorting Methods

Method 1. (Most Popular)
Sort cards into emergent categories

Method 2.
Examine all cards, decide on categories, and sort cards



Dissonance in the data



Recoding and Outliers



Implications for Project Stakeholders

Researchers

Formal Museum
Educators Professionals




Researchers



* Emergent study design taught us what we
needed to know

e Pulling back to what people actually know vs.
assumptions of what they “should” know

* Insight into thinking of content experts led us
to ask better questions



Museum Staff



e Different audiences at different sites provided
greater understanding of typical visitor
responses to this topic

* Exhibit designers used knowledge gained
through literature reviews and evaluation in
thinking about a macroscope and proposal
that grew out of it

* Program developers used data to create a
theater program




Formal Education



e One of (if not THE) most common responses
was that participants interface with these
visualizations as part of their formal education

* Both parents and youth had challenges, so
can’t count on support at home to “get it
right” when interpreting visualization as part
of homework or studying






Contact Information

Mary Ann Wojton
Lisel Record
Sasha Palmquist


mailto:mwojton@cosi.org
mailto:recorde@indiana.edu
mailto:s.palmquist@gmail.com
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