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B THe PrACTICE OF representing data in physi-
cal form has existed for thousands of years, yet
it has only become an area of investigation and
exploration for scientists, designers, and artists
much more recently.> Advances in areas such
as digital fabrication, actuated tangible interfa-
ces, and shape-changing displays have spurred
an emerging area of research now called Data
Physicalization.! This Special Issue of IEEE Com-
puter Graphics and Applications presents four
articles spanning a wide breadth of current
data physicalization research, from theory to
practice.

Today we are surrounded by data representa-
tions in our work, home, and social lives, yet the
way we experience these remains almost exclu-
sively through our eyes. Imagine for a moment,
instead of viewing or reading a graph (data visual-
ization) we are presented with a representation
of data that we can touch, feel, or hold (data
physicalization). Now imagine how the experi-
ence and understanding of the data may change
for you as you interrogate it through a different
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sensory modality. This is data physicalization. Or
more specifically, Data Physicalization is a physi-
cal artifact whose geometry or material properties
encode data.! Data physicalization has gained in
popularity over the last few years, and it has
grown outwards to include a broad spectrum
of fields, including computer scientists, artists,
designers, psychologists, and practitioners in
human-computer interaction and information
visualization. A demonstration of the breadth of
the data physicalization field can be seen in the
series of workshops that have been held over the
last six years at conferences such as IEEE VIS,
ACM CHI, ACM TEI, DRS, and at Dagstuhl (for
more information on these see Dataphys WikiZ).
Such diversity has had a positive impact on the
field, through rich collaborations and cross-
domain exposure of concepts, approaches, and
methodologies.

A fundamental question that is often posed
about the value of data physicalization is why
we should go through the often complex pro-
cess of making data physical. While we would
argue that there are many perceived benefits,
arguably the main one is that physical data
representations allow us to study research
questions difficult to approach with purely
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digital/virtual representations. The physicality
of such representations supports direct inter-
action with data in tangible ways, which in
turn opens up opportunities for potential cog-
nitive benefits that are not accessible with a
digital counterpart. This is not a new notion.
For many years scientists used physical props
to help explain difficult to grasp concepts.
Take for example the many props used to
explain thermodynamics, and those used to
introduce and explain the double helix of the
gene and the structure of haemoglobin. All of
these concepts and discoveries were made
easier to understand through the use of physi-
cal models. Other fields also use similar strat-
egies, including the use of scale models in
architecture and teaching aids such as an aba-
cus in math education (see also dataphys gal-
lery for more examples®).

The community has explored the perceived
benefits of data physicalization in the recent
past and through this the popularity of the field
has grown. We therefore believe it is timely to
draw together some of the most current research
on data physicalization in this Special Issue. In
doing so, we aim to bring further attention to
this field as it matures and, hopefully, it will
inspire new researchers to join the community
and attempt to answer the many open questions
and challenges.

IN THIS ISSUE

In this issue, you will find four research
articles. First, “What We Talk About When We
Talk About Data Physicality” critically reflects on
the notion of “data” in the context of data physic-
alization. The author introduces a conceptual
framework (design space) that can help to charac-
terize the different ways in which data physicali-
zations relate to data (“epistemological” versus
“ontological” and “representational”
“relational”). The dimensions of this design space
are discussed and illustrated with existing exam-
ple physicalizations.

Second, in “Thinking With Things: Land-
scapes, Connections and Performances as Modes
of Building Shared Understanding,” the authors
describe the use of physicalizations to support
the elicitation of how designers and academics

versus

imagine and understand interdisciplinary sys-
tems. The article describes three workshop
modes, “deploying elements of landscape,
emphasizing connective tissue, and exploring
dynamic performance,” and focuses on the quali-
tative aspects of the experiences from the per-
spective of how people think through material
manipulation.

Next, “Data Badges: Making an Academic Pro-
file Through a DIY Wearable Physicalization”
describes the design process and results of the
data physicalizations “data badges”—personal
wearable visualizations to facilitate networking
and social interactions during professional
events such as academic conferences. These
data badges were used as part of the Dagstuhl
Seminar on Data Physicalization, which was held
in October 2018.*

Finally, “Move&Find: The Value of Kinesthetic
Experience in a Casual Data Representation”
presents a study where participants pedaled on
a bicycle to exert the energy required to power a
search on Google’s servers. The authors explore
how the bodily experience of that data, the
power required, may affect how the “viewer”
experiences and reflects on the data.

FUTURE DIRECTIONS

The last decades have brought many advan-
ces in digital fabrication, actuated tangible inter-
faces, and shape-changing displays, yet many
technical challenges remain to implement and
support data physicalizations which can com-
pete in meaningful ways with the automation
capabilities offered by digital visualizations.
However, instead of focusing on current limita-
tions, we believe it is important to develop tech-
niques that combine the best of both worlds
(physicalization and visualization). The large
space of combining bits and atoms to represent
data remains largely unexplored, and designing
and evaluating techniques for such mixed repre-
sentations will be paramount to shape future
interaction with data.

While there are powerful tools to create a
diverse range of visualizations, there are currently
no similar tools available for physicalizations.
Some examples exist to create rather specific
types of physicalization both to for the creation of
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actuated physicalizations (Zooids,> ShapeClips®)
as well as free-form toolkits for manual assembly
and manipulation (Constructive Vis"), but there
are currently no comparable tools to what D3.js or
Tableau offer the visualization world.

Beyond physicalization construction, it is
often postulated that data physicalizations may
increase the accessibility of data representations
for people with visual impairments. What can we
learn about designing data representations for
this group? Or, should we go one step further and
explore whether data physicalizations may be an
approach to achieve universal, inclusive data
representation regardless of viewer ability?

The vibrant activity in the physicalization
community opens future directions, including
concrete research questions to pursue, potential
applications to explore, and technical challenges
to solve.

B REFERENCES

1. Y. Jansen et al., “Opportunities and challenges for
data physicalization,” in Proc. 33rd Annu. ACM
Conf. Human Factors Comput. Syst., 2015,
pp. 3227-3236.

2. P.Dragicevic and Y. Jansen, “List of workshops,”
Dataphys Wiki, 2014. [Online]. Available. http://
dataphys.org/wiki/Workshops

3. P.Dragicevic and Y. Jansen, “List of physical
visualizations,” 2012. [Online]. Available: http://www.
dataphys.org/list/gallery

4. J. Alexander, P. Isenberg, Y. Jansen, B. E. Rogowitz,
and A. Vande Moere, “Data physicalization (Dagstuhl
seminar 18441),” Dagstuhl Rep., vol. 8, no. 10,
pp. 127-147.2019.

5. M. Le Goc, C. Perin, S. Follmer, J. Fekete, and
P. Dragicevic, “Dynamic composite data
physicalization using wheeled micro-robots,” IEEE
Trans. Vis. Comput. Graph., vol. 25, no. 1, pp. 737-747,
Jan. 2019.

6. J. Hardy, C. Weichel, F. Taher, J. Vidler and J.
Alexander, “ShapeClip: Towards rapid prototyping
with shape-changing displays for designers,” in Proc.
33rd Annu. ACM Conf. Human Factors Comput. Syst.,
2015, pp. 19-28.

November/December 2020

7. S.Huron, S. Carpendale, A. Thudt, A. Tang, and
M. Mauerer, “Constructive visualization,” in Proc. Conf.
Des. Interactive Syst., 2014, pp. 433-442.

Trevor Hogan is currently a Lecturer in design with
the Munster Technical University (formally known as
CIT), Ireland, where he also leads the Human-Data
Interaction Group. He received the Ph.D. degree from
the Bauhaus-Universitat Weimar, Weimar, Germany,
in 2016. His current research is concerned with
describing and better understanding how embodi-
ment influences and augments people’s experience
of data representations. His work is strongly interdis-
ciplinary and may be situated in the field of interactive
design, at the intersection of tangible computing,
human-computer interaction, data physicalization,
and psychology. He is the corresponding author of
this Special Issue. Contact him at trevor.hogan@cit.ie.

Uta Hinrichs is currently a Lecturer with the Uni-
versity of St Andrews, St Andrews, Scotland. Her
research is driven by the question of how to utilize
and teach visualization and interface design to facili-
tate insightful, pleasurable, and critical interactions
with information. She has applied data physicaliza-
tion especially in interdisciplinary contexts to teach
data-driven thinking to audiences ranging from chil-
dren to adult professionals. Her research draws
heavily from fields outside of computer science and
has been presented at a range of academic venues
spanning the fields of visualization, HCI, literary stud-
ies, design and digital humanities, as well as muse-
ums, libraries, and art galleries. Contact her at
uh3@st-andrews.ac.uk.

Samuel Huron is currently an Associate Professor
in design of information technologies with the Social
and Economical Science Department, Telecom Paris
School at the Institut Polytechnique de Paris, and part
of the CNRS Institut Interdisciplinaire of innovation.
His research is focused on democratizing data visual-
ization to everyone. This focus led him to explore dif-
ferent themes such as data physicalization authoring
processes, design processes and methods of visuali-
zation, and data physicalization workshop. Contact
him at samuel.huron@telecom-paris.fr.

23


http://dataphys.org/wiki/Workshops
http://dataphys.org/wiki/Workshops
http://www.dataphys.org/list/gallery
http://www.dataphys.org/list/gallery

24

Guest Editors’ Introduction

Jason Alexander is currently a Professor in
human-computer interaction with the Department of
Computer Science, University of Bath, Bath, U.K. His
primary research area is human—-computer interaction,
with a particular interest in developing novel interactive
systems to bridge the physical-digital divide. His
recent work focuses on the development of shape-
changing interfaces—surfaces that can dynamically
change their geometry based on digital content or
user input. He has employed these in several exam-
ples of dynamic data physicalization. His other work
has investigated novel interaction techniques using
eye-gaze, haptic feedback, and gestural interaction.
Contact him atjma73@bath.ac.uk.

Yvonne Jansen is currently a permanent Research
Scientist with the Centre National de Recherche Sci-
entifique, Paris, France, since 2016. She received the
Doctoral degree from the Université Paris Sud, Orsay,
France, in 2014. Her research interests include data
physicalization, situated and embedded data visuali-
zation, and methods and techniques to facilitate the
transparent reporting of research outcomes. Contact
her at yvonne.jansen@sorbonne-universite.fr.

IEEE Computer Graphics and Applications




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


