|

'/W/l.‘

phuse vurfyel‘

‘ : . -
RS\ & EUO@ ct 2021
A j 3 The Clinical Dz?e eConferenee

L4 't;%%th} ber

‘ffw;\:mm

o

e
/




Visualizing Knowledge Graphs

Information
Solution?

eeeee

OR
C.

Ball of
onfusion!



‘Knowledge Graphs: My Personal Timeline

Linked Data
For Pharma?

Accenture Federal Services

Knowledge Graphs: Shaping our Data Future

FDA
PHUSE 2019 (EU)

Building FAIR @

Modernizing FDA Data Strategy [Panelist]

\'7.':%?'.5”2%%5“) PHUSE 2018 (EU) Foundation ® roA-DRs ‘
PHUSE 2015 (EU) Dltu izing Li Overcoming for Pharma Knowlgdge Graphs: Changing How
ROF Data Cubes for ata PHUSE 2017(EU) Resistance to V‘eThmk about Data
Clinical Trials Data Clinical Trials Data as ~ Technology Change. A PHUSE & StarDog
o ROF @ Linked Data Knowledge Graph
PHUSE 2014 (EV) Analysis Perspec Projects at PHUSE.
Analysis Results as - Lessons Learned and
Results Semantics
RDF Data.Cubes v@el Roche @ Thoughts for the Future
T FA h
2011 2014 /l\ 2015 2016 2017 2018 g0 FA@Phama 2021
2 | | | g
—/ \_/ N4
i Pistoia Conformance
Alliance PHUSE SDE EU
Knowledge The Languages of )
Workshop Workshop Workshop Workshop Graphs for Graph
Pharma
PHUSE 2018 (US) Clinical Trials PHUSE & StarDog
Transforming Clinical Data as RDF How Knowledge Graphs will
O Conference Paper O Workshop Instructor Trials Transform the Pharmaceutical
with Linked Data SWAT4HCLS Industry
Semantic Web for 77N MedDRA as RDF
. . 1 e as
Working Group Webinar or ”;16 - N
Co-lead Online Conference Pharmaceutica 2.
Industry _/! Unique IDs for Pharma




p@e This talk is:

" A basic introduction to Graph Data and Knowledge Graphs

= Additional learning materialsin Appendix 1: Resources and References.

" About how visualization can both help and hinder understanding
" The Future for Knowledge Graphs in the pharmaceutical industry.

This talk is not:

" An overview of Knowledge Graph Visualization Tools

= Select examples presentedin the Appendix 2: Applications and Examples

" Anintroduction to Graph Databases and related concepts.



The Treachery of Semantics. What is a Graph?

recenes

Lect et o une /'U/Le enrolled in
Thisis not a pipe. Thisis not a graph
- “..it'sjust a representation [of a pipe]” - These are charts, plots, visualizations...
René Magritte - It's just a representation of data.
- Source: The Treachery of Images L .
https://en.w ikipedia.orghviki/The_Treacher This is ag?’@pﬁ.

- Discrete mathematics
- A set of vertices and edges (nodes and links)



https://en.wikipedia.org/wiki/The_Treachery_of_Images

D@e The Treachery of Semantics. What is a Graph?

“...some mathematicians might claim they own [the word graph] in reference to

) ”

connection and network graphics, - that is, ‘graph theory’..

“I'm not willing to unleash a turf war, so I'll just say that you are both right...”
- Alberto Cairo, “TheTruthful Art”

“When graph data is displayed using network and force network
graphs, use of ‘graph’ is appropriate for these visualizations that
llustrate the connected nature of graph data.”

- Tim Williams, Graph Nerd
“Interactive Visualization of Linked Data”, PHUSE 2016




D@e The Birth of Graph Theory

Leonard Euler, 1736 “Can you walk through the city and cross each bridge once, and only once?”

Euler proved mathematically:

https://en.wikipedia.org/wiki/Seven Bridges_of Kdnigsberg



https://en.wikipedia.org/wiki/Seven_Bridges_of_K%C3%B6nigsberg

p@e What is a Knowledge Graph?

" Semantic graph data that is interpretable by both machines and
humans
Free e-book

" Use an Ontologies A Data Engineer's Guide to Semantic Modelling
= Dictionary—terms and definitions -Ilaria Maresi (June 2020)

= Taxonomy—class hierarchy http://blog.the hyve.nl/news/ebook-semantic-model

® Thesaurus -relationships between terms

= Rules and Restrictions - Group membership, exclusions, types

" Use a reasoner to infer values and relationships not in the
original data


http://blog.thehyve.nl/news/ebook-semantic-model

D@e Graph Data is Elegantly Simple

Relation

Node Node
(Vertex) (Vertex)



p@e Different Types of Graphs

Resource Description Framework (RDF)

Relation ) WorksAt
Nodel Tim
o
Example: *
Stardog

Labeled Property Graph

property:value property:value firstName: Timothy founded:1928
property:value property:value lastName:Williams headquarters:Brussels
\ Relation WorksAT

Nodel Node?2

property:value
property:value

startDate:June 2008
Office: RTP

Example: @DGOAJ



p@e Which Type of Graph Should | Use?

We will not have i Property

Graph

this fight today.




p@e Graph Whiteboard Application

https://arrows.app/



p@e The (Whiteboard) Graph

The Whiteboard IS the data

__, The graph is the data,
The data is the graph.
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p@e The Graph

!

experienced

— ECEIVE( m—-

enrolledin

e

—

IS The Data

RDF Craph data in abbreviated
Terse Triple Language (TTL)

:Bob :enrolledIn :Studyl ;

:received :Drug2 ;

:experienced :RTInfection.

15



P i,

phuse Read and Display the Data

b, -
R

Program: BobStudyl.R

from

1

:Bob

relation

|

:enrolledIn :Studyl ;
:received :Drugd ;

:experienced :RTInfection .



P i
rhuse Screen Capture from R Program

‘Select by id v

RTI nfection

expenenn:ed

# receiv Ed'

enrnlledln



p@e The Graph ) IS The Data

Craph data in abbreviated

Terse Triple Language (TTL)
Bob :enrolledIn :Studyl ;

:received :DrugA ;

:experienced :RTInfection .

experienced

I IS The Graph
OO od (.-

| Agreed!
v ‘

¢

The whiteboard model is the data model

Information
Solution!




D@e When the Medium Obscures the Message

CONNECIR

1

\izE€

| am becoming
concerned...




p H U S E CO ﬂfe rence 201 6 Attendees, Presentations,

Workshops

Ball of
Confusion!



p@e Medium Subverts Message

* “Knowledge Graphs are just pretty, interactive visualizations”
» Visualization as tool for understanding complex data and the
connections within it. The plotis not the message!

* “From the plot, | see Knowledge Graphs are just connected data (I can
do that in relational systems)”

* Knowledge Graphs are much more:

* Reasoners infer new values and relationships
* Built-in: Unique identifiers, integral metadata

* Semantic Data Mesh, Virtual Graphs, Foundation for
Machine Learning, Al...

* Can be more intuitive than relational systems






p@e Additional Ventures into the Absurd

https://bit.ly/KGVisFun
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https://bit.ly/KGVisFun

D@e What happened to this?

Graph Data is Elegantly Simple

Relation
Link
(Edge)

Node Node
(Vertex) (Vertex)




p@e The Real World is Complicated , @'

“People think RDF is a pain because it is complicated. The truth is
even worse. RDF is painfully simplistic, but it allows you to work

with real-world data and problems that are horribly complicated.”

- attributed to Dan Brickley and Libby Miller
in “Validating RDF Data”




" i,
huse
Rhuse Example

“Knowledge Graphs: Changing How We
Think About Data”

Presented to:
FDA Department of Regulatory Science & Informatics (DRSI)
- August, 2020



have contributed to Pam

. . :ing_a6766s iing_2we3q4 iing_3j6g2i
What ingredient may " Tobaceo | - Honey
- A s

having COPD while Ray
does not?

ﬁ

ingredient

contains

g ookah e
smokes™

smoke
" e-Cigarette |

iing_xr7234

-

Mint_Shisha manufacture Hookah_Me_Up!

:dev_zr10q2

:dev_ul8Isd I

contains

:pro_a60e2b

ingredient

Mango_Flavor_Pod

I e-Cigarette

— smoke

— 4

smokes

1

|

contains

= manufacturer &

e-Cignature

= Z
Nicotine
iing_q77e3u ing_4fgd21

Mint_Flavor_Pod

Ray_Gillette
:dev_aql74h

:per_452h78
age
ingredient
RN e NS

Nicotine
iing_q77e3u :ing_hjk66g




iper_xp52kl :iname “xsd:stxing H
Xposure as : T

rage "3g" txsd:integer ;
IWE nZosretxsdiinteger

rsSex tF ;
ra p a a :smokes tdev_ul&lsd, :dev_zrlOg2

iper_452h78 :iname "Ray Gillette"|"xsd:string ;

a :Pexrson ;

rage "4Q03rtxsd:integer ;

H ' "1g5"**xsd:integer ;

rsSex M

:smokes tdev_agl74h, :idev_zrlOg2
idev_ulflsd skos:preflLabel "xsd:string H

a :eCigarette:;

a tDevice ;

rcontains tpro_aélelb

idev_zrlOg2 skos:preflabel “xsd:string H
a :HookahPipe
a :Device ;

View the data file at: :contains :pro_81fg21l
htt|§S. !!blt.lv/PamAndRav-l—l-L tdev_agl74h :kos:prefLabel ~xsd:string ;

r

a tDevice ;
rcontains tpro_OwgOlh

ipro_81fgZl skos:preflabel |"Mint Shisha(""xsd:string ;

a :Product ;

2 :TobaccaoMix ;

imanufacturer iman v2Z4lkz ;

ringredient iing aéT766s, :ing 2Zwe3gd, :ing 3j6g2i, :ing XrT7234

ipro_aelezb skos:prefLabelI"Hango Flawvor Pu:nd'l"‘“xsd:st:l:ing H
a :Product ;
a :FlavorPod :



https://bit.ly/PamAndRayTTL

D@B Metadata is Also Part of the Graph

P Dr.A. Krleger

enteredBy pe _336 k1

AW/ L)
Ray Gillette
| per452n78 S 1t Qi Duke U Clinic

entryDate
—»(2020-08-01

165



phuse

What does this look like as a graph?



That’s whatthe
worldis today.

Ball of
Confusion!!

This is the actual data!

BALL OF CONFUSION |

' ' Music Video segment: https://www.youtube.com/watch?v=-ALRLZQf42s&t=196s

LOVE ANDROCKETS


https://www.youtube.com/watch?v=-ALRLZQf42s&t=196s

3-D Force Graph

View the interactive
visualization at:

https://bit.ly/PamAndRay

Data error
Demographics
Device

Entity Type
Manufacturer
Person

Product

Ingredients



https://bit.ly/PamAndRay

The Graph is The Data. So Query it!

PamUniqueIngred. rq

SELECT ?ingredient

?ingred
Jman

FILTER( re

ingred2

FILTER( rege

ingred ;

man .

2ingre
?manufacturedBy .

rsoniame |,

FILTER (?ingred = ?ingred2)

FILTER(! BOUND(?in

What is Pam’s unique exposure ingredient?

Query Result

@ Runto File 1 Results, 46 ms

ingredient manufacturedBy

"Mango_Flavor® "e-Cignature®

Ray_Gillette

al er
Gamnsmnmgat
e-Cignature



p@e Visualizing Graph Data Validation
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p@e SHApes Constraint Language (SHACL)

Data is a Graph Validation is a Graph
Data has Shape Validation has Shape

“Person Shape”
(Validation Constraints)

Person Data S



p@e Validating Ray’s Demographics

i

Ray Gillette

Data Entry

oMle e__
ﬁ




p@e Demographics, Constraints, Report

B I
View the interactive visualization at:

https://bit.ly/RaySHACLResult



https://bit.ly/RaySHACLResult

p@e Validation Report — Triples to Tables

SHACL Validation
Report is Triples

~ Validation Report Summary

| * Query
|| Report /data/rdf/SHACL FileDoc Report.TTL
File Severity = Message i ? efo rm at

i L
i
< SDTMIGSPec-MH-EDGES.rq File Status is not in approved list.
SDIMSpecInstanceNcMatct

svoiscenrs QR %o evor Ateasoeanes. | © D resent us | n g
RMarkdown




D@B Strategies for Avoiding the Ball of Confusion




p@e Subsetting + Traditional Displays

Selecta Study.
» Show stalff, roles, experience

Subsetto . People Working on a Study * Click-through to staff contact
th informationon company Intranet
e
desired bk e
Study = - =t Size, shape and colour
Graph o : X - v | . of nodes for different
snom . “ @ . . types and frequency of
o entities
- Gl
& @
S L
« | &,
People Table of Values
g soins includes live links to
. John Doe . .
¥ e more information



Vi, . .
phuse Interactive Displays

Indication Experience

* ldentify staff with the most
programming experience foran
indication

* Click-through to contact information

Find Programmers with Indication Experience
* Interactive Display:
* Connection

highlighting

* Information with
mouseover,

* Click-through to

more information. o

‘/
S0
o »
CETET T
0oop
0

cooSooROORROADRERADSORADORAARDORDRBRRE
> g - -
%o -4' » . . D .
o - °

Drug Indication Study Person Study Indication Drug

Find Programmers with Indication Experience

4 John Doe
Status: Active

41



p@e Collapsible/Expandable Trees

Interactive Display: Collapsible
MedDRA Tracing from Lowest Level Term (LLT) to System Organ

Class(SOC) nodes, information with
LLT: Subset to desired term mouseover, click-through to more
Application Site Itching M information'
System Organ Class
- General disorders
Hl'Fh !.evel High Level Group and administration
Afpp.lcat]on a.nd Administration site site conditions
instillation site reactions
i m10018065
reactions hassoc .
m10003057(_) B m10001316 ()
Lowest Level Preferred BasSes
Application site Application site hasHLT
itching pruritus
System Organ Class
mmnuatm?O hasPT mmooansa(:) Injury, poisoning and
procedural
paSHI complications
m10049283(0) sty m10014982 () 2SO0 @ 10040785

System Organ Class
Skinand
subcutaneous tissue
disorders

High Level Group
Epidermal and
dermal conditions

High Level

Pruritus NEC




p@e A “Simplify” Summary

= Subset the graph to the nodes and relations of interest

Clustering

Path highlightingon selection

Consistent Colours and Legends

Use Interactivity

 Collapsing/ Expandinggroups of nodes

* Mouseoverto expose underlying information of interest
* Click-though to underlyingdata and sub-graphs

Augment with familiar displays (Tables, listing, traditional plots)

Familiardisplays, but with values as URLs that lead to a path of data discovery



” Connecting the Physical to the Web of Data

Lab / Pharma Co Physician

* Lab equipment Physician/
* Batch composition, number, Date
* Machine Calibration Date

-
Company ™ - :
e L} Patient
®

Personal KG
Solid?

(e
I I
)

.

9 https://solidproject.org/



https://solidproject.org/

Knowledge Graphs in Pharma

FAIR
Principles

Adapted from: https:// o-fair.org/fair-principles/
https://www.slideshare.net/AIanMorrison/datacentric-business-transformation-using-knom&déeWég 019 P P



@ Conclusion

Visualizing Knowledge Graphs 0 A PENGUIN BOOK

: The
" Informative Medium

isthe V)i
" Connections, pathways, similarities, clustering Massage) (=

Marshall
MclLuhan

" Follow-your-nose data exploration Quentn
" The white board (graph) is the data.

“Rap on,
brother, rap on!

The medium is
the massage

An Inventory
of Effects

1967



p@e Appendix 1 : Resources & References

I
General / Introductory

A DataEngineer’s Guide to Semantic Modeling - Maresi . Free e-book download.

 The Data Centric Revolution- McComb

Technical

* Semantic Web for the Working Ontologist (3" Ed, 2020) — Hendler, Gandon, Allemang
* Demystifying OWL for the Enterprise — Uschold, Ding, Groth

* Validating RDF Data — Gayo, Prud’hommeaux, Boneva . Comparison of SHEX and SHACL.
* LearningSPARQL - DuCharme. Learn RDF by querying the data.

» 3D-force-graph Network graph visualizations in this presentation.

Network graph visualizations in this presentation. Pam and Ray Exposure Data

« 3D-force-graph https://bit.ly/PamAndRayTTL

https://bit.ly/PamAndRay
https://bit.ly/RayDemogAndSHACL
https://bit.ly/RaySHACLResult



https://bit.ly/PamAndRayTTL
https://bit.ly/RayDemogAndSHACL
https://bit.ly/RaySHACLResult
https://github.com/vasturiano/3d-force-graph
http://blog.thehyve.nl/news/ebook-semantic-model
https://www.amazon.com/Data-Centric-Revolution-Restoring-Enterprise-Information-ebook/dp/B07WVPK839/ref=sr_1_1?crid=30PX52BJR7WOT&dchild=1&keywords=the+data+centric+revolution&qid=1597065183&s=books&sprefix=The+Data+Centric+Re,stripbooks,158&sr=1-1
https://www.amazon.com/gp/product/1450376142/ref=ppx_yo_dt_b_asin_image_o02_s00?ie=UTF8&psc=1
https://www.amazon.com/Demystifying-Enterprise-Synthesis-Lectures-Semantic/dp/1681731274/ref=sr_1_1_sspa?dchild=1&keywords=learning+SPARQL&qid=1597064960&s=books&sr=1-1-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExTkRVTlhJMEVGNUJJJmVuY3J5cHRlZElkPUEwMDI4OTEyMjRORkZSSEcwUlFTMSZlbmNyeXB0ZWRBZElkPUEwMTM2ODczMjIzV0xWQktQWlFYVyZ3aWRnZXROYW1lPXNwX2F0ZiZhY3Rpb249Y2xpY2tSZWRpcmVjdCZkb05vdExvZ0NsaWNrPXRydWU=
https://www.amazon.com/Validating-Data-Synthesis-Lectures-Semantic/dp/1681733889/ref=sr_1_1?dchild=1&keywords=Validating+RDF+Data&qid=1597065079&s=books&sr=1-1
https://www.amazon.com/Learning-SPARQL-Querying-Updating-1-1-ebook/dp/B00DR0DZCK/ref=sr_1_1?dchild=1&keywords=learning+sparql&qid=1597065624&s=books&sr=1-1
https://github.com/vasturiano/3d-force-graph

p@e Appendix 2 : Applications and Examples

Examples of graph software and visualizations presented by Ellie
Young and Paco Nathan in their talk: “The Case For Knowledge
Graphs” @ The Knowledge Graph Conference

Many more examples are available online.



p@e Election 2020 Interference

" The number of Facebook and Twitter postings with misinformation intended to influence the
election and countries from which the postings originated. Credit: Atlantic Council.



https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Ftech.us5.list-manage.com%2Ftrack%2Fclick%3Fu%3D91b44d31bcbd7826e5051df37%26id%3D6938f91951%26e%3Db370f21d14&data=04%7C01%7Ctim.williams%40ucb.com%7Cd17b1f06d1b743ec6d9008d88cc60fcd%7C237582ad3eab4d44868806ca9f2e613b%7C0%7C0%7C637414129609204184%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=nuBeA3zaEW3o8Nj4RKMmK8koHHjXWQpmZNOBKFdYTpA%3D&reserved=0

p@e Security and Incident Management

e " .- © / A« . v o " °

" Graphistry !
" Security Incident and Event Management (SIEI\/I) showing showing event progression, linkages,

scope, root cause and more. Credit: Leo Meyerovich


https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Ftech.us5.list-manage.com%2Ftrack%2Fclick%3Fu%3D91b44d31bcbd7826e5051df37%26id%3D468b7338a3%26e%3Db370f21d14&data=04%7C01%7Ctim.williams%40ucb.com%7Cd17b1f06d1b743ec6d9008d88cc60fcd%7C237582ad3eab4d44868806ca9f2e613b%7C0%7C0%7C637414129609204184%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=a%2FAwVUOodAWTn4UlW4gkw4vprqp8spFKQTA5ib0%2FmRM%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Ftech.us5.list-manage.com%2Ftrack%2Fclick%3Fu%3D91b44d31bcbd7826e5051df37%26id%3D789ce55297%26e%3Db370f21d14&data=04%7C01%7Ctim.williams%40ucb.com%7Cd17b1f06d1b743ec6d9008d88cc60fcd%7C237582ad3eab4d44868806ca9f2e613b%7C0%7C0%7C637414129609214178%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=gCQTExIpGWXHpM2r2Vj6hlodzFvShy2trLqPn%2FvkQVQ%3D&reserved=0

2%
D@e Graph Creation & Management with Grafo

® Grafo, a product that simplifies creation of knowledge graphs.
® Credit: Juan Sequeda

51


https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Ftech.us5.list-manage.com%2Ftrack%2Fclick%3Fu%3D91b44d31bcbd7826e5051df37%26id%3Da877f0ce3a%26e%3Db370f21d14&data=04%7C01%7Ctim.williams%40ucb.com%7Cd17b1f06d1b743ec6d9008d88cc60fcd%7C237582ad3eab4d44868806ca9f2e613b%7C0%7C0%7C637414129609214178%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=Ah1rWslELLyCI2skkTt3vfBRnrMkA%2FlQGtFLOMHKixI%3D&reserved=0

p@e Twitter Data with NodeXL

G1: social media pewrﬂearw views eﬁnump ameﬁthings political G3: Irainie pewinternet better digital divide telecom fre
look
5

@ kristenpurcell|

pewinterne]

T rmarkgoldberg
G2 fdebates2020 social media more | G views changed ‘ﬂ

americans democrats adults survey republicans=

desertgardens|

" Agraphin NodeXL showinga network of 42 Twitter users whose tweets over a two-week period
contained "lrainie", or who were replied to or mentioned in those tweets. Credit: Marc Smith


https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Ftech.us5.list-manage.com%2Ftrack%2Fclick%3Fu%3D91b44d31bcbd7826e5051df37%26id%3D0af18101ed%26e%3Db370f21d14&data=04%7C01%7Ctim.williams%40ucb.com%7Cd17b1f06d1b743ec6d9008d88cc60fcd%7C237582ad3eab4d44868806ca9f2e613b%7C0%7C0%7C637414129609224172%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=W6QD7vjjZYVCJMDdNeZz6T5KS6ougYl4e%2BGG67V2XDI%3D&reserved=0

P . . . .
p@e Financial Transaction Data

NODES 2288

epges 1791
B HIDE STANDALONE NODES
W siow PROPERTIES

JPMorgan

® @' o
i @0

.
bo B... Credit gyss...
° .
°

Deutsche B...
. o

Y T Vi
B sraprgey -

mufi
. .

wseEcT W' @ O ©

C‘""“
rodit Suiss...

Mlsche B..

JSC Nofwk

workeook (1

n__J

transactions_sum

EEEEEE

bank m 2284
Colors bank_country
Sizes beneficiary_amount_transactions_st

" A graph created using with Graphistry tracking Suspicious Activity Reports of transactions
between banks for purposes of anti-money laundering (AML). Credit: Leo Meyerovich


https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Ftech.us5.list-manage.com%2Ftrack%2Fclick%3Fu%3D91b44d31bcbd7826e5051df37%26id%3D3a4a61c548%26e%3Db370f21d14&data=04%7C01%7Ctim.williams%40ucb.com%7Cd17b1f06d1b743ec6d9008d88cc60fcd%7C237582ad3eab4d44868806ca9f2e613b%7C0%7C0%7C637414129609224172%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=teHf3UmFYF%2FTRVDr2FfSTbTTvhf1CvNRqfOH3hSkwtw%3D&reserved=0
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" Open source Gephicreates graphs to complement to traditional statistical analysis. This graph
shows connections between various European universities. Credit: Mathieu Bastian.
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p@e The Expanded Star Wars Universe

" Connections between the 7,563 main charactersin the Expanded Star Wars Universe. Credit:
Kirell Benzi
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® Dataveyes
" Visualizingthe organization, its skill sets and career pathways. Thisimage shows career options at
a companyand how it is possible to progress from one job into other. Credit: Caroline Goulard
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p@e Appendix 3: Image Attribution

SIMPLIFY

e iy

MAN "*‘L The Simpsons. Matt Groening , Fox Network.

& Dr. M. MacLuhan
‘ Love and Rockets (band). Daniel Ash.

Napoleon Dynamite. Fox Searchlight Pictures

The Lego Group

Okiku naru Ko (Television progam)
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