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We are Humans! 
LET‘S GET PHYSICAL! 

T. Igoe: “What does a person look like to a computer?”, 2000 
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We act in the world with our entire body! 
LET‘S GET PHYSICAL! 

Figure 2. Education expenses data shown under the three conditions: a) on-screen 2D control; b) on-screen 3D bar chart; c) physical 3D bar chart.

• Perspective switch. Since it was not clear which projection
was best, we let users switch between perspective and or-
thographic views with the mouse wheel. In the latter mode,
the bar chart orientation could snap to the side views.

Considering today’s standard technologies (i.e., desktop com-
puters, current 3D software and passive physical visualiza-
tions), we believe these features yield a rather fair compari-
son between modalities. Removing those features would have
biased the comparison towards the physical modality, since
today they are standard on computers but hard or impossible
to support on physical visualizations.

Physical Design
The physical 3D bar charts (Figure 2c) were replicates of the
on-screen 3D bar charts in terms of layout, colors and pro-
portions, with a few minor changes such as label placement.
They were built so that they could be held and turned around
in a similar way to their on-screen counterparts.

The bar charts were made of laser-cut acrylic. Laser stencils
were automatically generated from the data to ensure accu-
rate visualizations. For each country in a given dataset, a 2D
bar chart slice was cut (5⇥5mm for each bar, 2mm spacing
between bars). Each of these slices was then spray-painted.
Finally, Tufte’s bar lines [37] were engraved on two sides.

In addition, for each 3D bar chart two scales were made from
transparent acrylic sheets, on which axis labels and lines were
engraved. The base of the model was built from five pieces
of acrylic. Country and year labels were engraved on all four
sides of the base, using a vertical orientation. Although this
may require rotating the object slightly to facilitate reading,
it makes the object more compact and easier to handle.

All pieces were assembled then glued together to make the
object feel more sturdy. The outer dimensions were 8⇥8cm,
with a weight ranging from 270g to 350g depending on the
dataset. A total of 13 such charts were made for the study.

Additional Control Conditions
Although the focus of our study was to compare between the
on-screen and the physical setups described above, we added
two control conditions to use as baselines of comparison: a
3D stereoscopic condition and an interactive 2D condition.

Stereoscopic Control Condition
On-screen 3D charts provide depth cues through perspective
and structure from motion. To assess the benefits of extra
depth cues, we added a condition with stereoscopic rendering.

We used quad-buffered stereo rendering in OpenGL and pre-
sented the stereo images on a HP 2311 gt 23”, a 3D monitor
based on polarized horizontal interlacing that only requires
passive glasses. We removed the orthographic mode, because
it is not possible to provide stereoscopic cues that are consis-
tent with an infinite viewing distance. Since the HP display
can also be used as a normal monitor, the same display was
used for the normal (mono) on-screen condition.

2D Control Condition
Although our goal is not to compare 2D with 3D visualiza-
tions, we included an on-screen interactive 2D condition as a
comparison baseline. We tested three such designs:

1. Line charts. Superimposed line charts are a common tech-
nique for displaying our type of data, but consistent with
previous findings [17], ten different overlapping time se-
ries caused too much visual clutter.

2. Small multiples. Cutting the 3D bar chart across its two
main axes produces twenty 2D bar charts. We displayed
all of them, together with a magnified view. This option
turned out to be confusing because the data was duplicated
and it was hard to mentally switch between the two axes.

3. Matrix. The whole dataset can be displayed as a matrix and
the values shown with squares within cells [10]. Since it is
difficult to compare squares precisely, we let users select
columns or rows to get the corresponding 2D bar chart.

We chose the last approach as it seemed to be the most ef-
fective (Figure 2a). It is also consistent with the 3D chart in
several respects: i) it supports the same types of datasets; ii) it
has similar scalability; iii) it is conceptually similar: the ma-
trix view is analogous to a top view of the 3D model and the
2D bar chart view is analogous to a side cut.

Users could click and cross [1] columns and row labels to
update the 2D bar chart view. As in the 3D chart, they could
also highlight individual bars, either on the matrix or on the
bar chart view. The axis labeling, chart proportions, Tufte’s
lines, colors and visual footprint were similar to the 3D chart.

Yvonne Jansen  et al.: Evaluating the Efficiency of Physical Visualizations , 2013 
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7 Insights 
LET‘S GET PHYSICAL! 
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Perception I – The Periphery 
LET‘S GET PHYSICAL! 

(http://www.flickr.com/photos/larsdaniel/3195390494/) 
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Ambient Displays – LiveWire 
PERCEPTION I – THE PERIPHERY 

Natalie Jeremijenko, LiveWire 1995 
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Ambient Displays – Ambient Orb 
PERCEPTION I – THE PERIPHERY 

Ambient Devices: Ambient Orb, 2002 
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Ambient Displays – Ambient Orb 
PERCEPTION I – THE PERIPHERY 

Vitaly GlowCap,, 2011 
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Perception II – Our Tactile Abilities 
LET‘S GET PHYSICAL! 

(http://www.flickr.com/photos/larsdaniel/3195390494/) 
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Sensitivity 
PERCEPTION II – OUR TACTILE ABILITIES 

Kandel E. R., et al.: two-point tactile discrimination thresholds, 2000 
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Methods for tactile Displays  

•  Low frequency, low amplitude mechanical deformation 

•  Vibrotactile stimulation 

•  Electrotactile stimulation 

•  Thermal displays 

•  Air or liquid jets or currents 

•  Force feedback displays 

PERCEPTION II – OUR TACTILE ABILITIES 

Yon Visell: Tactile sensory substitution: Models for enaction in HCI, 2008 
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Mechanical Deformation: Simple Shape-Changing UIs 
PERCEPTION II – OUR TACTILE ABILITIES 

Fabian Hemmert: Ambient Life, 2008 
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Mechanical Deformation: Complex Shape-Changing UIs 
PERCEPTION II – OUR TACTILE ABILITIES 

H. Ishii, et al.: inFORM: Dynamic Physical Affordances and Constraints through Shape and Object Actuation, 2013 
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Mechanical Deformation: Tunable Stiffness 
PERCEPTION II – OUR TACTILE ABILITIES 

H. Ishii, et al.: jamSheets: Thin Interfaces with Tunable Stiffness Enabled by Layer Jamming, 2014 



– confidential content – June 18, 2014 Reto Wettach: Let's get Physical 

Vibrotactile Stimulation 
PERCEPTION II – OUR TACTILE ABILITIES 
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Vibrotactile Stimulation: Surround Haptics  
PERCEPTION II – OUR TACTILE ABILITIES 

Ivan Poupyrev: Exploring Surround Haptics Displays , 2010 
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Vibrotactile Stimulation: Vibration in the Car 
PERCEPTION II – OUR TACTILE ABILITIES 

M. Kaltenberger: Subliminal vibro-tactile based notification of CO2 economy while driving, 2010  
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Vibrotactile Stimulation: Ultrasonic Vibrations 
PERCEPTION II – OUR TACTILE ABILITIES 

Fujitsu: Haptic Sensory Tablet, MWC 2014; image source: Huffington Post 
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Thermal Displays 
PERCEPTION II – OUR TACTILE ABILITIES 

R. Wettach et al.: A Thermal Information Display for Mobile Applications, 2007 
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Air or liquid jets or currents 
PERCEPTION II – OUR TACTILE ABILITIES 

Ivan Poupyrev: AIREAL: Interactive Tactile Experiences in Free Air, 2013 
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Force Feedback 
PERCEPTION II – OUR TACTILE ABILITIES 

R. Wettach, Fabian Frischmann et al.: Heavy Cash, 2011 
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Force Feedback im Automobil 
PERCEPTION II – OUR TACTILE ABILITIES 

Continental: Accelerator Force Feedback Pedal (AFFP®), 2010 
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Expressiveness 
LET‘S GET PHYSICAL! 

http://flickr.com/photos/sweden_otsi/2047658371/ 
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Understanding Objects 
EXPRESSIVENESS 

 John Underkoffer, Hiroshi Ishii: Illuminating Light, MIT Boston, 1998 
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Understanding Objects 
EXPRESSIVENESS 

 John Underkoffer, Hiroshi Ishii: Illuminating Light, MIT Boston, 1998 
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Expand Range of Expression 
EXPRESSIVENESS 

R. Wettach et al.: Slapping, 2007 
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Everything becomes an Input  
EXPRESSIVENESS 

Ivan Poupyrev, et al.: Touché: Enhancing Touch Interaction on Humans, Screens, Liquids, and Everyday Objects, 2012 
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Interactive Expressions  
EXPRESSIVENESS 

R. Wettach et al.: Dynamic Knobs, 2007 
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Motor Memory & Extension  
LET‘S GET PHYSICAL! 

http://flickr.com/photos/sweden_otsi/2047658371 
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Hardware and Software Integration for more Expressiveness 
EXPRESSIVENESS 

Source. Native Instruments 
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Epistemic Actions & Gestures 
LET‘S GET PHYSICAL! 

http://flickr.com/photos/d_vdm/530718933/ 
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Modular Computing 
EPISTEMIC ACTIONS 

David Merill: Siftables, 2007 
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Visibility 
LET‘S GET PHYSICAL! 

http://flickr.com/photos/d_vdm/530718933/ 
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Visibility 
LET‘S GET PHYSICAL! 

Johan Berndtsson, Maria Normark: ”The Coordinative Functions of Flight Strips”, 1999 
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Visibility 
LET‘S GET PHYSICAL! 

Patrick Oswald, Jordi Tost, R. Wettach: The Real Augmented Reality: Real-time game editor in a Spatial Augmented Environment, 2014 

3URMHFWLRQ�PDSSLQJ
7KH�¿�HOG�RI�SURMHFWLRQ� LV� LQVSLULQJ�DV�ZHOO��3URMHFWLRQV�DUH�
XVXDOO\�VHHQ�LQ�FRQQHFWLRQ�ZLWK�DUW�LQVWDOODWLRQV�DQG�RQ�EXLO�
ding facades, mostly pre-rendered to simulate interactions 
>��@��,Q�FRQWUDVW��i.Ge�JHQHUDWHV��GHSHQGLQJ�RQ�WKH�VXUURXQ�
GLQJ�HQYLURQPHQW��GLJLWDO�FRQWHQW�WKDW�LQVWDQWO\�DGDSWV�WR�DQ\�
SK\VLFDO�FKDQJHV�LQ�UHDO�WLPH��6HYHUDO�SURMHFWV�DOVR�KDYH�GH�
monstrated an acceptable use of different objects as projec-
WLRQ�VXUIDFHV�>���@��

+DQGKHOG�3URMHFWRUV
5HFHQW�VWXGLHV�RI�KDQGKHOG�DQG�ZHDUDEOH�LQWHUDFWLYH�SURMHF�
WRUV�KDV� VKRZQ�SURPLVLQJ� WUDLWV� >���@��7R�PDNH�RXU�HQJLQH�
PRUH�XVDEOH�DQG�SRUWDEOH��ZH�KDYH�WR�FRQVLGHU�KRZ�WR�XVH�
WKHVH� WHFKQLFV� WRJHWKHU� ZLWK� WKH� FDSWXUHG� DSSHDUDQFH� DQG�
JHRPHWU\�RI�WKH�VXUURXQGLQJ�VSDFH�>�@��

REAL AUGMENTED REALITY: DESIGNING I.GE
i.Ge�LV�DQ�LQWHUDFWLYH�YLGHR�JDPH�HQJLQH�WKDW�DOORZV�XVHUV�WR�
LQWHUDFW�DQG�SOD\�ZLWK� WKHLU�RZQ�HQYLURQPHQW� LQ� UHDO� WLPH��
$V�LOOXVWUDWHG�LQ�)LJXUH����DOO� LQWHUDFWLRQ�WDNHV�SODFH�LQVLGH�
WKH�URRP��ZKLFK�LV�WXUQHG�LQWR�WKH�JDPH�VFHQDULR��PL[LQJ�LW�
ZLWK�WKH�YLUWXDO�JDPH�FRQWHQW��PHGLDWHG�WKURXJK�D�0LFURVRIW�
.LQHFW�DQG�D�SURMHFWRU�

8VLQJ�DQ�H[LVWLQJ�YLGHR�JDPH�FRQFHSW
)RU�RXU�GHPR�VFHQDULR��ZH�FKRVH�6XSHU�0DULR�%URV��DV�MXPS�
& run game concept and a Super Nintendo pad as controller, 
ERWK�ZLGHO\� NQRZQ�E\� WKH� XVHUV� DQG� JDPH� FRPPXQLW\�� LQ�
RUGHU�WR�IRFXV�WKH�SOD\HUV�DWWHQWLRQ�DQG�OHDUQLQJ�SURFHVV�RQ�
WKH�QRYHO�LQWHUDFWLRQ�SDUDGLJPV�DQG�QRW�LQ�KRZ�WR�SOD\�WKH�
JDPH��)XUWKHUPRUH��XVLQJ�WKH�6XSHU�0DULR�DV�JDPH�FRQFHSW��
ZRXOG�DOORZ�XV�WR�VWUHQJWKHQ�WKH�PL[WXUH�EHWZHHQ�D�WZR�GL�

PHQVLRQDO�YLUWXDO�ZRUOG�ZLWK�WKH�WKUHH�GLPHQVLRQDO�UHDO�RQH�

&UHDWLQJ�D�OHYHO
L�*H�SURSRVHV�WKH�UHDO�ZRUOG�DV�WKH�VFHQDULR�RI�D�YLGHR�JDPH��
:KLOH�SOD\LQJ��WKH�HQJLQH�WUDFNV�WKH�HQYLURQPHQW�WR�GHWHFW�
FKDQJHV�LQ�LWV�GLVWULEXWLRQ��SURYLGLQJ�JDPH�OHYHO�HGLWLQJ�LQ�
UHDO�WLPH��7KH�SODFH�ZKHUH�JDPHV�DUH�GHVLJQHG�DQG�SOD\HG�LV�
WKH�VDPH��WKH�UHDO�ZRUOG�±�RXU�URRPV��RI¿�FHV��OLEUDULHV����±��
DQG�KDSSHQV�VLPXOWDQHRXVO\�

7KH� UHDO� ZRUOG�� XQGHUVWRRG� DV� WKH� LQWHUIDFH�� SURYLGHV� WKH�
WRROV�WR�FUHDWH�D�OHYHO��$OPRVW�HYHU\�SK\VLFDO�REMHFW�FDQ�EH�
XVHG�� )RU� H[DPSOH�� XVHUV� FDQ� DWWDFK� WKLQJV� WR� WKH� VWDJH� WR�
KHOS�WKH�FKDUDFWHU��IRU�H[DPSOH�D�FXEH�RU�D�VWLFN\�ERDUG��)L�
JXUHV��D�DQG��E���7KH\�FDQ�DOVR�VNHWFK�SODWIRUPV��)LJXUH��F��
RU�HYHQ�KROG�WKH�FKDUDFWHU�ZLWK�WKH�KDQG��)LJXUH��G���

Figure 2. Set-up scenario of our Real Augmentet Reality concept.

Figure 3. Creating level content. 

a b

c d
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Risk 
LET‘S GET PHYSICAL! 

http://flickr.com/photos/d_vdm/530718933/ 
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“Risk, Attention, and Engagement are intertwined” (H. Dreyfus) 
RISK 

Roman Kirschner, Volker Morawe, Tilmann Reiff, www.fursr.com 2003 
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Just-Enough-Prototyping 

June 18, 2014 Reto Wettach: Let's get Physical 
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Hacking 
JUST-ENOUGH-PROTOTYPING 

Bill Buxton: Sketching User Experiences: Getting the Design Right and the Right Design, 2007 
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Hacking 
JUST-ENOUGH-PROTOTYPING 

Key-Board-Hack 
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Hacking 
JUST-ENOUGH-PROTOTYPING 

Kien Nguyen , 2011 
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Hacking 
JUST-ENOUGH-PROTOTYPING 

Stefanie Neumann, 2010 
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Hacking 
JUST-ENOUGH-PROTOTYPING 

Stefanie Neumann, 2010 
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Wizard of Oz - Technique 
JUST-ENOUGH-PROTOTYPING 

S. Meier, R. Wettach, et al.: A Real-world Mobile Prototyping Framework for Location- and Context-based Services, 2012 
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Fritzing - Breadboard-View 
JUST-ENOUGH-PROTOTYPING 
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Fritzing - Schematic-View 
JUST-ENOUGH-PROTOTYPING 
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Fritzing - PCB-View 
JUST-ENOUGH-PROTOTYPING 
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Fritzing - Production 
JUST-ENOUGH-PROTOTYPING 
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Fritzing – Project Gallery 
JUST-ENOUGH-PROTOTYPING 

June 18, 2014 Reto Wettach: Let's get Physical 
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Fritzing – Project Gallery 
JUST-ENOUGH-PROTOTYPING 
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Was ich noch vergessen habe... 

June 18, 2014 Reto Wettach: Let's get Physical 
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Was ich noch vergessen habe...   

Der Studiengang ‚Interface Design‘ an der FH Potsdam hat im BA und MA eine „künstlerische Eignungsprüfung“: bitte lasst Euch von 
diesem Begriff nicht erschrecken. Diese Prüfung kommt aus der Design-Tradition des Fachbereichs. Bei Interface Design wollen wir vor 
allem sehen, dass Ihr versteht, was Interface Design sein kann, welche Rolle der Gestalter einnimmt und was Euch sonst noch 
begeistert und antreibt! Statt schlechten Aktzeichnungen liebe Code-Fragmente und interessante Beobachtungen! 

 

Potsdam ist ein Vorort von Berlin. Nahe zu alle Studenten und Lehrenden leben in Berlin und pendeln nach Potsdam. Wer also seinen 
Master bei uns macht, hat auch das Glück, eine richtige Großstadt zu erleben! Und schönen Seen gibt es zusätzlich auch noch! 

 

Bei IXDS suchen wir immer neugierige Werkstudenten oder Praktikanten, sowohl in München als auch in Berlin. Bei Fragen, meldet 
Euch bitte bei mir oder work@ixds.com 

 

Fritzing ist ein Open-Source-Tool: bitte benutzt es! Und eventuell hat ja der ein oder andere Lust, an der Weiterentwicklung 
mitzuwirken...  

 

Über Fragen und Anregungen zu meinem Talk freue ich mich sehr!   
Vergesst nicht, Euch für unseren Newsletter anzumelden! 

 

War toll bei Euch. Gruß, reto wettach 
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www.ixds.com 
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