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DEcision-Making|in ‘Digital Humanities

PROgressive Vlsual‘

The PROVIDHDH project aims td\give Digital Humagities scholars a space to explgre and assess the
completeness pnd evolution of digita\gesearch objects,\he degree of uncertainty thatthe models applied

to the data inqorporate[ a0d 10 share Mher perspectijes\and insights [yt acistbromd ranad of
stakeholders ’ Data Visualisatio 9Ntk In'thier comtext ofc @nd

and Visual computer-assisted

PROVIDEDH iean inter%ﬁiglin%% gefﬁaéfg project. [The experiencd Byyrranities reésearckag n

which the intengention o eper andxonstant will be analysed and adapted to
the case of humanities. Speciglly, regarding infrastructures, framworks, models and tools that can be

Opendthe blackibox: dijciviines in the| \Upgétainty Management
with Visual AnalytiCS. and Representation
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Visualization for the Digital Humanities

e Visualization for the Digital Humanities
(VIS4DH) is a type of interdisciplinary
visualization research in which domain
and V|sual_|;at|on exper’gs_ coIIaborgte tp BH, - o nooms vl st
study traditional humanities questions: o~ _ﬁ - Driving problems * Analysis Techniques “"N
o Domain experts provide data, driving » e " Visualzations ad

problems and tasks.
o Visualization experts provide algorithms

and visualization/analysis techniques. . @O .0 ® O
e It presents common elements with other YA iYA @ @
interdisciplinary collaborations (e.g., e — VIS Bxperts
BioVis or VizSec)
e But also many other features that make it
unique....
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Visualization for the Digital Humanities (VIS4DH)

e DH are an exciting field of
experimentation for VIS

researchers: =, Eeeem T b tmme @ Somms
o Datasets normally are rich and LR L e

-

underexplored. L= it
m Text + Image Visualization e
o DH pursue different aims to those of &
other disciplines that are commonly
supported by visualization.

m  The main aim of humanities
research is not to produce
definite answers to questions, but
rather to enable the formulation
of more and better questions.

Fig: Some papers presented at VIS4DH.

e VIS4DH has grown in popularity in

recent times.
o  5th edition of the VIS4DH Workshop
(https://vis4dh.dbvis.de/)
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https://vis4dh.dbvis.de/

Visual Analytics, Uncertainty and Digital Humanities

“As digital visualization tools have become more ubiquitous, humanists
have adopted many applications such as GIS mapping, graphs, and
charts for statistical display that were developed in other disciplines. But,
| will argue, such graphical tools are a kind of intellectual Trojan horse, a
vehicle through which assumptions about what constitutes information
swarm with potent force.”

“Creating bar charts with ambiguity and degrees of uncertainty or other
variables in them might cause champions of legibility and transparency
some unease, but the shift away from standard metrics to metrics that
express interpretation is an essential move for humanists and/or
constructivists across disciplines.”

J. Drucker, «Humanities Approaches to Graphical Display», DHQ, vol. 5, n.° 1, pp. 1-21, 2011.
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VIS4DH - Challenges

E\Illlllml“llllllllll-lnm-ml

e Disparity of research aims.

o Existing evaluation techniques often are L

not fit for this kind of research.

o Previous VIS research to get inspiration from
IS scarce.

o Itis sometimes hard to produce “valuable”
visualization research in these collaborations.

e The discipline is highly fragmented.

o There is still a large gap between VIS4DH and > R :
DH4VIS scholars. ) - e :

. - .
o Different venues & formats. A P
g ”® . . @ .
o Low overlap between communities. ) R Y
. ’3 . e - .
Y . ‘.u o ..“ .
Lo .
~ - L.
» .83 3 L 3
A. Benito-Santos y R. Therén, «Pilaster: A Collection of Citation Metadata Extracted From Publications on Visualization for the Digital Humanities», en 2020 IEEE . ".”, .
5th Workshop on Visualization for the Digital Humanities (VIS4DH), oct. 2020, pp. 24-29, doi: 10.1109/VIS4DH51463.2020.00009. » . % »

A. Benito-Santos and R. Therén, “GlassViz: Visualizing Automatically-Extracted Entry Points for Exploring Scientific Corpora in Problem-Driven Visualization -
Research,” in 2020 IEEE Visualization Conference (VIS), Oct. 2020, pp. 226-230, doi: 10.1109/VIS47514.2020.00052.
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Challenges in Digital Humanities Visualization

Top 20 most-used keywords (795 in total)

° Better evaluation techniques for tools and results.

o How do we know VIS4DH tools work well?
[ Only users can tell!
] We need to involve humanities scholars deeply into the

design of interactive systems.
) Better categorization, assessment and communication of
uncertainty.
o In the humanities research process
o In the data analysis pipeline (algorithms, models, data
formats, visualization)
° Expose algorithms and other computational methods to the final
user.
o Open the black box and allow finer control.

o Allow users to know what is going on behind the scenes and also
to increase their algorithmic/computational literacy.

A. Benito-Santos y R. T. Sanchez, «A Data-Driven Introduction to Authors, Readings, and Techniques in Visualization for the

Digital Humanities», IEEE Computer Graphics and Applications, vol. 40, n.° 3, pp. 45-57, may 2020, doi: . .
10.1109/MCG.2020.2973945. #2 evaluation #12 uncertainty
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Two key scientific questions:

1. Isit possible to assess the degree of uncertainty that a particular humanities digital research
object incorporates, tracking such degree during the evolution of the dataset and how it is affected

when different computational models are applied to it?

2. Isit possible to convey this evolution of uncertainty by means of interactive multimodal interfaces
that progressively adapt to the moment in which they are used to enable a better decision-making?
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e  University of Salamanca (SPAIN) 55 VNIVERSIDAD
— Visual Analytics Leader \4“ nsm\\«\( A Zg;f
Project Coordinator: Roberto Therén r——

e 1
e  Austrian Academy of Sciences (AUSTRIA)
— Open Innovation in Digital Humanities Leader OA NSNS
Pl: Eveline WandI-Vogt |
° Trinity College Dublin, Faculty of Arts Humanities and Social Sciences (IRELAND) E=gSl Trinity College Dublin
— Engagement and Exploitation Leader o v

PI: Jennifer Edmond

n

e  Poznan Supercomputing and Networking Center (POLAND)

— Infrastructures and Platform Leader &PSNC g

Pl: Cezary Mazurek )
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PROVIDEDH is guided by a User Centered Design process
integrated with agile development.

Furthermore, the plan contemplates three iterations (one per
year), so we make sure that we can respond to user feedback.

The agile development will include the rapid design and
development of micro-prototypes.

GANTT MONTH

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Defining and managing Uncertainty in DH
Open innovation in the Humanities
User interfaces and Evaluation
Collaborative platform development
Dissemination and Exploitation of Results
Project Management

$333%%

Milestones X X X X X X X X X X X X X X X



Modeling uncertainty in DH

Uncertainty Taxonomies
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Existing uncertainty models

® There are many existing uncertainty

visualization taxonomies:

(@)

We first relied on previous models
originating in visualization and
GIScience.

GIScience is conceptually closer

to humanities/social sciences.

first two categories are well documented and researched within the GIS field, and are now
recognised in many varied contexts. The thrd has not been so widely researched. Cases are
also identified information in
order ymise individuals. Exampl where both erro and

applied to with different d different results.
Methods to address the problems are identified and are explored at length.

Uncertainty
Aleatory
Imprecision Category Attibute Examples Location Examples. Time Examples
Gounts, magnitudes coordinates, buildings +/-1day
Precision nearest 1000 1 degree once per day
Completeness 75% of people reporting 20% of photos flown 2004 daily/12 missing
Consistency multipl classifiers from / for a place 5 say Mon; 2 say Tues
Ignorance | ——| Lineage ‘ransformations “#fquality of input sources #of steps
Curtency census data age of maps =TT
U.S. analyst interpretation direct observation of training | L ndicating
BT offinancial records <...> | camp <...> e-mailintercept. | {100 S8 T PIOIOS TEBERG
7 informant report of financial | tion with reference to training i e b
dibility transaction camp L "
Credibili — Subjectivity fact <..> guess Tocal <...> outsider expert <...> trainee
all info from same author source proximity time proximity
Incompleteness ——— " i W W
2 2 2 Error bar
2] ] u ]
b AESE T
! ¢ ¢
o o 0 o
H 3 3
& & 2 &
: . : —— Data point
Gy B Gy cyp o cyd
Margnof Emoe #-15 lhrgm’EW*MS Margn of Emor +-15 Margnof Evor #-15
Models of uncertainty in spatial data
P e B i p—
" T @ @ oden
PFFISHER o
o e | 4
Spatial information s rife with uncertainty for a number of reasons. The correct
conceptualisation of that uncertainty is fundamental to the correct use of the information. 150 !
“This chapter atiempts to document different types of uncertainty ~ specifcally error, i st Scaterplot Dot Plot
vagueness, and ambiguity. Examples of these three types are used to ilustrate the classes it
of problems which arise, and to identify appropriate Strategies for coping with them. The H L T
y 3

P. F. Fisher, «<Models of uncertainty in spatial data», Geographical information systems, vol. 1, pp. 191-205, 1999.

Science, vol. 32, n.° 3, pp. 139-160, ene. 2005, doi: 10.1559/1523040054738936.
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Expert-Driven Uncertainty Taxonomy

e Enabled by several evaluations
that took place during the course
of the project.

o Ethnographic studies
organized as workshops with
experts

o Quantitative and qualitative
pilot studies

m Interview sessions
m Questionnaires

e Different tasks:

o Name/Entity normalization

m Cooking recipes
m 1641 Depositions
o Literary analysis
m Beckett’s texts PROVIDEDH
Eds. Therén, R., WandI-Vogt, E., Edmond, J., Mazurek, C. Special Issue (SI) “Uncertainty in Digital Humanities” in m
MDPI informatics https://www.mdpi.com/journal/informatics/special_issues/UDH
R. Theron Sanchez, A. Benito-Santos, R. S. Santamaria Vicente, and A. Losada Gémez, “Towards an

Uncertainty-Aware Visualization in the Digital Humanities,” Informatics, vol. 6, no. 3, p. 31, Sep. 2019, doi:
10.3390/informatics6030031.

PROVIDEDH.eu



https://www.mdpi.com/journal/informatics/special_issues/UDH

Epistemic Uncertainty

Non-credibility
(error or bias seen




Epistemic Uncertainty Aleatoric Uncertainty

(Human-generated, Discrete PDF) (Machine-generated, continuous PDF)
—

Algorithmic uncertainty
(The results of the
computation are

e 0<=f(x) <= 1

Non-credibility (error probabilistic)
or bias seen to be

{very low, low,
medium, high,
very high,

° Consider robots as “first-class citizens”
° Model as aleatoric uncertainty
un known} . E.g.: probability of a word to belong to a
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The 4+1 uncertainty model

Uncertainty
Matrix

Uncertainty Type

Location

!

Ignorance
(lack of context)

Non-credibility (error
or bias seen to be
entering the system)

Variation (differing
values within a
contested category)

Gaps
(outlier record where
information is missing)

Researcher Task

Processing or
Transformation

Primary
Source
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The n+1 uncertainty model

& Human-Induced Uncertainty (Epistemic)

Ignorance l;on-credibility Variation Gaps Dser-Deﬂne; -l.'lser-Deﬁne;
#1 #2

\’-a Machine-Induced Uncertainty (Aleatoric)

Algorithm #1 Algorithm #2 Algorithm #N
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Certainty
taxonomy

Certainty tags in TEl allow to annotate missing or incorrect information, specify your confidence on a
modification, and collaborate with other people's work through nested annotations. Choose what
different sources of uncertainty you will use to describe your annotations and their color and icon

scheme.

Category name

m ignorance »
"Write a description for ignoran

] credibility w
"Write a description for credibil

= imprecision w
"Write a description for impreci

X

=] incompleteness

"Write a description for incomp

= Add

"Write a description for the nev

PROVIDEDH.eu

Example text with current scheme

in_sed,urna mauris, dapibus-
RSB = pibusmetus. Integer urna some

imprecision metus. Integer urna mauris,mauris,

dapibus in lacus sed,_sed,

dictum porttitor metus.




damnified the sume of fiftie fortie fiue pounds. oLn):quisinn_inm_nmmo the value of three pounds. The totall Of turffe & fuell fortie damnified the sume of fiftie fortie fiue pounds. oLulmnm_nmmma the value of three pounds. The totall Of turffe & fuell fortie damnified the sume of fiftie fortie fiue pounds. ol.u’muisinn_inm_nmaw the value of three pounds. The totall Of turffe & fuell fortie
1 1 1

shillinges Of garden fruites to the value of fortie shillings The totall of his losses amounts to foure score pounds two shillings. The deponent shilinges Of garden fruites to the value of fortie shilings The totall of his losses amounts to foure score pounds two shillings. The deponent shillinges Of garden fruites to the value of fortie shillings The totall of his losses amounts to foure score pounds two shillings. The deponent

saith that he lost A ounty gentleman

ounty gentleman saith that he lost Asom his goods by fitz david of Bally icke in the said County gentleman saith that he lost A
1
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Collaborative platform

The consortium has designed and developed a
collaborative platform for visual decision-making under
uncertainty, including as a proof of concept the chosen
case study and dataset (1641 Depositions).

PSNC has deployed OSF and CAS modules on its
servers. They are available respectively at

Collaborative Platform Prototype

e https://providedh.ehum.psnc.pl Our collaborative platform is open to all people. Each
user can have access to public projects, and after

ehttps://accounts-providedh.ehum.psnc.pl/login?service= registration or signing in with ORCID he or she can fork

https://providedh.ehum.psnc.pl/ them and work independently on these forks.

In this collaborative platform different visual analysis
prototypes are embedded.

PROVIDEDH.eu


https://providedh.ehum.psnc.pl
https://accounts-providedh.ehum.psnc.pl/login?service=https://providedh.ehum.psnc.pl/
https://accounts-providedh.ehum.psnc.pl/login?service=https://providedh.ehum.psnc.pl/

e Our goal

collaboration

researchers in an uncertainty-aware context.
The basic medium of knowledge exchange is the TEI

document.

The need for a visual annotator

between

<creation><date

when="1662_12_19"/>
<placeName><country
>Ireland</country></pl
aceName></creation>
<I-- Points to keywords

in keywords.xml file -->
<textClass><keywords
scheme="1641"><list
type="deposition_type"
><xi:include

href="keywords.xml"

xpointer="nod51"/> ! ;

TEl file

The Examinations
followinge weare taken
by Dortor Henry Jones
Roger, the Eighteenth
day of January 1641 at
the Board by the hands
of Dr Henry Jones Lord
Bishopp of Meath and
Henry Brereton Clerk
the 19th day of
December.

I

Visual
annotator

PROVIDEDH.eu
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Close Reading

Collaborative Platform

and Annotation

dep_8391041071_tel (original_normalized.. erson:2 i

‘yowke knqie skbil igwih yielv dyqva dbeg ubldz zmyef jgkpg hafay awug giege

nkijs tsdya hryet | K oiioo hipzr soje xp7ps.

yowke kngjg kbt iqwth yjlv R dovee G 7yt R hofov avu EBE
i B hyet K oiioo BigaR qsoje xpipx gfcyi ovsiq hnaoi

jueju uicps h ‘engyi pevhq yiiv gi dkkhi frott
‘owedh veaxk yrdpp yxwig hivjk nysyn svayf nyzoc hqexy nsjky dyhts vwqus.

lighx ilgrd chjsm
Kicot fros kjtso xheeo ygnbe kozkd Ifpic nljxy spnke hrasl jyliq szkwo eyyxu
bsgyx datfh xgeib mxamj gnijw gskuq dfj aceib dwkml ulofe qwjgd vwjom xstne
thutk syurb caex jtsvx ntomh prixs odew ditjn dibjy busyi tuaut dzaft ghest
pen ypukx bnunk rente sivve xmizy jkml ixgfh prtl

e uicps hecu TR hnkbe auriu gngyi pevh it G VBN ki ot
owedh ek yrdpp yxoi ivik nysyn svayt EBE harsy IR s v
High lgrd chjsm i keze fhiyn hbuck GEGGA nicqs it AN uhecz nagfc
i fros 8 xheeo yenbe Kok nv sprlke hows yti G G50
sy o GGG ) R sk s acei dwkim!slofe qejad vejom xstac
thutk syurb caex jtsvx o ptcs wodews ditn B busyi i gt BhgRE

teajr nevp yixmk Idwoi sxqxr ljwen xgeoq wags tzne jyix wdoo 7qsfy sifs?
wdqiq rakou fenthe piesk xwuca hwtia Lwmf zwopy ssdjl ztjey nwasd yoygn zxmmj
‘xvivu xoucd wesgx suetj xaasn jethg fjymi uildr ybned kqsar wiroq ikset tgrue
Kwjiu jotzt gbikh wmmls Lxvx hsayn xupov xxeel spigt ciugq whixm ejits relkg
qerbn buwxwk sigmd Kebge dbki irsdk frirm qaabz pbzro magox rigxb fmeva
eokmm Kenns uksrg hkatg jvpyz fvuev Ikvbp aoyiv risgk tojiwm dghit iz iohii
bvgew atrtl nchxe tmwse eydad eprgo udbs

apenny ypuks bk y k] IRGAR 2lhvb ek B tvqe puu
e nevep yixmi 1o BRGRE lweu xgeoq whags TR jyixx wadoo sty sise
wagiq rakou fembe piesk xwuca hwtia Lt zwopy ssdil ey mvsd yoyen B
0 xoucd wesgx suetj xnasn jethg jiymi uildr JEH kqsar wrrog iksct tgrue
e oz qrkh RRRH e hsayn xapov KRG xprqecinga SR B rclka
R bk sjqmd kebge bkl esdk firn qaaby. phzro magox R ARG
cokamm Kenns uksrg hkatg jvpy G Tkvbp aoy]v FRER tojom dablf hzj ohii
e il nebxe mwse eydad eprgo udvbs
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Significant Results

e The PROVIDEDH project has reviewed the literature within DH and conducted interviews with researchers in different
fields (both in humanities and STEM) in order to reach a common understanding of the role of uncertainty in
decision-making processes in DH.

e Ataxonomy of uncertainty in VIS4DH has been developed through different evaluation techniques carried out alongside
experts. A framework to annotate uncertainty in TElI documents has been proposed.

e Acollaborative platform addressing the initial identified user stories has been designed and implemented. Additionally, an
uncertainty-aware progressive visualization workflow for the Digital Humanities was proposed, and a first proof of concept
(spike visualization) was included in the platform.

e Asuitable case study and dataset (1641 Depositions, in TEI format) has been prepared and uploaded to the collaborative
platform and it is used for prototyping and evaluation purposes.

e Different visualization techniques aimed at depicting uncertainty in distinct DH tasks (e.g., visualizing uncertainty in
tagged texts or the evolution of uncertainty in time) have been tested.

PROVIDEDH.eu
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Planned dissemination/engagement activities

sossmen  ES . p ChON el TU m we = Man o Is_stressed
e  Conduct a full evaluation of the system on the use-case of poetry B et E8 g -l
analysis (scansion) in collaboration with DH (non-VIS) researchers. i 5 My |
 Good scenario because: R TR P o s o e
o Incorporates state-of-the-art linguistic models that are relevant o1~y o~ F e o e W
in a specific DH context and set of concrete tasks. EP=RPNENEN Tilt =gk = e
o  Allows testing how collaboration between experts and the ERENENENEN PR
algorithms is enabled in the system in a new, untested domain. LINAL_INAL TN e St b
m to produce multiple interpretations of a poetry corpus. RSy EEEUBRE R HE %
m to refine the underlying analysis algorithm. R
o Datasets and algorithms are complex enough to test § | m oy
progressive visual analytics approaches in conjunction with R I
uncertainty visualization techniques. § | I — :
e Test possible applications for teaching poetry analysis at high g = =
school/university level. | e B e B o
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Scientific Publications

° Santamaria, Rodrigo, Roberto Therén, Laura Duran, Alicia Garcia, Sara Gonzalez, Mar Sanchez & Francisco Antequera (2018). Genome-wide search of nucleosome patterns
using visual analytics. Bioinformatics 35(13), 2185-2192. DOI: 10.1093/bioinformatics/bty971 https://academic.oup.com/bioinformatics/article/35/13/2185/5216313

° Aouabed, Haithem, Rodrigo Santamaria & Mourad Elloumi (2018). Biclustering Impact in Biomedical Sciences via Literature Mining. International Journal of Biomedical Data
Mining 7: 134. DOI: 10.4172/2090-4924.1000134
https://www.longdom.org/open-access/biclustering-impact-in-biomedical-sciences-via-literature-mining-2090-4924-1000134.pdf

° Edmond, Jennifer (2018). Managing Uncertainty in the Humanities: Digital and Analogue Approaches, Conference: Proceedings of the Sixth International Conference on
Technological Ecosystems for Enhancing Multiculturality (TEEM’18), Salamanca, October, 24-26, 2018 (Session: Uncertainty in Digital Humanities).
https://dl.acm.org/doi/abs/10.1145/3284179.3284326

° Therdn, Roberto, Antonio G. Losada, Alejandro Benito & Rodrigo Santamaria (2018). Toward supporting decision-making under uncertainty in digital humanities with
progressive visualization. Proceedings of the Sixth International Conference on Technological Ecosystems for Enhancing Multiculturality (TEEM’18), Salamanca, October,
24-26, 2018; pp. 826-832. DOI: 10.1145/3284179.3284323 (Session: Uncertainty in Digital Humanities) https://dl.acm.org/doi/abs/10.1145/3284179.3284323

° Theron, Roberto & Eveline Wandl-Vogt (2018). Uncertainty in Digital Humanities track summary. Proceedings of the Sixth International Conference on Technological
Ecosystems for Enhancing Multiculturality (TEEM’18), Salamanca, October, 24-26, 2018; pp. 815-818. DOI: 10.1145/3284179.3284317 (Session: Uncertainty in Digital
Humanities) https://dl.acm.org/doi/abs/10.1145/3284179.3284317

° Benito-Santos, Alejandro, Alejandro Rodriguez Diaz & Roberto Therén Sanchez (2019). Exposing Uncertainty on the Historical Name Normalization Task. Proceedings of the
Seventh International Conference on Technological Ecosystems for Enhancing Multiculturality (TEEM’19); pp. 795-803. DOI: 10.1145/3362789.3362920
https://dl.acm.org/doi/10.1145/3362789.3362920

° Benito-Santos, Alejandro & Roberto Theron Sanchez (2019). Cross-Domain Visual Exploration of Academic Corpora via the Latent Meaning of User-Authored Keywords.
IEEE Access 7, 98144-98160. DOI: 10.1109/ACCESS.2019.2929754 https://ieeexplore.ieee.org/abstract/document/8766090

° Edmond, Jennifer (2019). Strategies and Recommendations for the Management of Uncertainty in Research Tools and Environments in Digital History. Informatics 6(3), 36: 1
DOI: 10.3390/informatics6030036 https://www.mdpi.com/2227-9709/6/3/36

° Rocha Souza, Renato, Amelie Dorn, Barbara Piringer & Eveline Wandl-Vogt (2019). Towards a Taxonomy of Uncertainties: Analysing Sources of Spatio-Temporal Uncertainty
on the Example of Non-Standard German Corpora. Informatics 6(3), 34: DOI: 10.3390/informatics6030034 https://www.mdpi.com/2227-9709/6/3/34
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Scientific Publications

° Senabre Hidalgo, Enric, Eveline WandI-Vogt, Amelie Dorn & Renato Rocha Souza (2019). Mapping Uncertainty Around Research Data: A Digital Humanities
Transdisciplinary Perspective Adopting the Johari Window. Proceedings of the Seventh International Conference on Technological Ecosystems for Enhancing
Multiculturality (TEEM’19); pp. 804-809. DOI: 10.1145/3362789.3362931 https://dl.acm.org/doi/10.1145/3362789.3362931

° Therén Sanchez, Roberto, Alejandro Benito Santos, Rodrigo Santamaria Vicente & Antonio Losada Gémez (2019). Towards an Uncertainty-Aware
Visualization in the Digital Humanities. Informatics 6(3). DOI: 10.3390/informatics6030031 https://www.mdpi.com/2227-9709/6/3/31

° Therdn, Roberto & Eveline Wandl-Vogt (2019). ‘Uncertainty in Digital Humanities’ Track Lectures and Interaction for Mutual Learnings. Proceedings of the
Seventh International Conference on Technological Ecosystems for Enhancing Multiculturality (TEEM’19); pp. 785-787. DOI: 10.1145/3362789.3364505
https://dl.acm.org/doi/10.1145/3362789.3364505

° Aouabed, Haithem, Rodrigo Santamaria & Mourad Elloumi (2020). VisBicluster: A Matrix-Based Bicluster Visualization of Expression Data. Journal of
Computational Biology. [Preprint.] https://doi.org/10.1089/cmb.2019.0385

° Benito-Santos, Alejandro & Roberto Theron Sanchez (2020). A Data-Driven Introduction to Authors, Readings and Techniques in Visualization for the Digital
Humanities. IEEE Computer Graphics and Applications. [Early Access.] https://doi.org/10.1109/MCG.2020.2973945

° Vazquez-Ingelmo, Andrea, Francisco José Garcia-Pefialvo, Roberto Therdén, Daniel Amo Filva & David Fonseca Escudero (2019). Connecting
domain-specific features to source code: towards the automatization of dashboard generation. Cluster Computing 1-14.
https://doi.org/10.1007/s10586-019-03012-1

° Wandl-Vogt, Eveline, Enric Senabre Hidalgo & Roberto Theron (2019). Complexity And Uncertainty in DH Projects: A Co-design Approach Around Data
Visualization. https://dev.clariah.nl/files/dh2019/boa/1100.html (Digital Humanities conference 2019).

° Vazquez-Ingelmo, Andrea, Francisco José Garcia-Pefalvo & Roberto Therdn (2019). Information Dashboards and Tailoring Capabilities - A Systematic
Literature Review. IEEE Access 7, 109673-109688. DOI: 10.1109/access.2019.2933472 https://ieeexplore.ieee.org/abstract/document/8789402

° Rodriguez Diaz, Alejandro, Alejandro Benito-Santos, Amelie Dorn, Yalemisew Abgaz, Eveline Wandl-Vogt & Roberto Therdn (2019). Intuitive Ontology-Based
SPARQL Queries for RDF Data Exploration. IEEE Access 7, 156272-156286. https://doi.org/10.1109/ACCESS.2019.2948115

° Vazquez-Ingelmo, Andrea, Francisco J. Garcia-Pefalvo & Roberto Theron (2019). Taking advantage of the software product line paradigm to generate
customized user interfaces for decision-making processes: a case study on university employability. Peerd Computer Science 5:€203.
https://doi.org/10.7717/peerj-cs.203
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° Véazquez-Ingelmo, Andrea, Francisco J. Garcia-Pefialvo & Roberto Therdn (2019). Addressing fine-grained variability in user-centered software product lines:
a case study on dashboards. In: Alvaro Rocha, Hojjat Adeli, Luis Paulo Reis, Sandra Costanzo (Eds.), New Knowledge in Information Systems and
Technologies. Volume 1: Information and Knowledge Management (pp. 855-864). Cham: Springer (= Advances in Intelligent Systems and Computing 930).
https://doi.org/10.1007/978-3-030-16181-1_80 (WorldCIST’19: World Conference on Information Systems and Technologies)

) Kozak, Michat, Jennifer Edmond & Roberto Therdn (2019). PROgressive VIsual DEcision-Making in Digital Humanities: Towards Uncertainty Annotation in
TEI. DARIAH Annual Event 2019: Humanities Data. Book of abstracts, pp. 142-143.
https://dariah-ae-2019.sciencesconf.org/data/pages/AE2019_BookOfAbstracts_1.pdf#page=143

° Senabre Hidalgo, Enric, Roberto Theron & Eveline WandlI-Vogt (2019). Workshop #2. Complexity and Uncertainty in Digital Humanities Projects: A
Co-Design Approach Around Data Visualisation. https://bit.ly/32mRVew

° Benito, A.; Doran, M.; Edmond, J.; Kozak, M.; Mazurek, C.; Rodriguez, A.; Therén, R.; WandI-Vogt, E. Analyzing and Visualizing Uncertain Knowledge:
Introducing the PROVIDEDH Open Science Platform. TEI 2019. What is text, really? TEl and beyond. September 16-20, University of Graz, Austria. Book of
Abstracts, No. 168. https://gams.uni-graz.at/o:tei2019.bookofabstracts#page=127

° Dorn, Amelie, Renato Rocha Souza, Barbara Piringer & Eveline Wandl-Vogt. Uncertain spaces, uncertain places — dealing with geographic information in
Digital Humanities on the example of a language legacy data set. GI_Forum. Journal for Geographic Information Science. [under review.]

° Benito-Santos, A., Therén Sanchez, R., 2020. A Data-Driven Introduction to Authors, Readings, and Techniques in Visualization for the Digital Humanities.
IEEE Computer Graphics and Applications 40, 45-57. https://doi.org/10.1109/MCG.2020.2973945

° Benito-Santos, A., Therén, R., 2020a. Pilaster: A Collection of Citation Metadata Extracted From Publications on Visualization for the Digital Humanities, in:
Proceedings of the 5th Workshop on Visualization for the Digital Humanities (VIS4DH).

° Benito-Santos, A., Therén, R., 2020. GlassViz: Visualizing Automatically-Extracted Entry Points for Exploring Scientific Corpora in Problem-Driven
Visualization Research, in: 2020 IEEE Visualization Conference (VIS). Presented at the 2020 IEEE Visualization Conference (VIS).
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° Benito-Santos, A., Therén Sanchez, R., 2020. Defragmenting Research Areas with Knowledge Visualization and Visual Text Analytics. Applied
Sciences 10, 7248. https://doi.org/10.3390/app10207248

° Senabre Hidalgo E., WandI-Vogt E., Therén Sanchez R., Benito-Santos A., Ernst M,, Rodriguez Diaz A., Dorn A., Rocha Souza R. Co-creation
Eor (rjesearqh s;)ftware development: Uncertainty annotations in a citizen science project on historical recipes. Submitted to MDPI Informatics

under review

° Michat Kozak, Alejandro Rodriguez, Alejandro Benito-Santos, Roberto Therdn, Michelle Doran, Amelie Dorn, Jennifer Edmond, Cezary
Mazurek, and Eveline WandI-Vogt "Analyzing and Visualizing Uncertain Knowledge: The use of TEIl annotations in the PROVIDEDH Open
Science Platform" (under review)

e  Alejandro Benito, Michelle Doran, Jennifer Edmond, Roberto Therén, “Using Collaborative Annotation to Explore and Analyse Uncertainties in
Digital Humanities Datasets”, a virtual workshop presented as part of the DARIAH Annual Event, Online, 4 Nov. 2020.

e  Grzegorz Bryk, Alejandro Benito, Michat Kozak, Cezary Mazurek, Szymon Ptaczaszek, Roberto Theron, “Supporting Decision-Making in the
Entity Normalization Task. On the Example of PROVIDEDH”, DARIAH Annual Event, Virtual Event: Poster Competition 10-13 Nov., 2020.
(Honorable mention in the Best Poster Competition)

° Benito-Santos, A.; Doran, M.; Edmond, J.; Kozak, M.; Mazurek, C.; Rodriguez, A.; Theron, R. PROgressive Visual DEcision-Making in Digital
Humanities: Towards Uncertainty Annotation in TEI, DARIAH Annual Event, Warsaw 15-17 May, 2019.

e  Alejandro Benito, Michelle Doran, Jennifer Edmond, Roberto Therdn, “Understanding the Role of Uncertainty in (Humanities) Research
Datasets Workshop”, a half-day workshop presented as part of the Trinity College Dublin, Digital Scholarship and Skills Workshop Series,
Dublin, 12 Feb. 2020.

e  All Partners, The Whole is Greater than the Sum of its Parts: Taxonomy Development as a Site of Negotiation and Compromise in an
Interdisciplinary Technology Development Project. Draft. To be submitted to CWCS in 2021

° Benito-Santos, A; Dorn, A.; Losada Gomez, A.G.; Palfinger, T.; Therén Sanchez, R.; WandI-Vogt, E. Playing Design: A Case Study on Applying
Gamification to Construct a Serious Game with Youngsters at Social Risk
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The PROVIDEDH project is a three-year project funded within the CHIST-ERA call 2016 for the topic
“Visual Analytics for Decision Making under Uncertainty - VADMU.”
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