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Abstract

In the last two decades, Tangible User Interfaces (TUIs) have emerged
as a new interface type that interlinks the digital and physical worlds.
Drawing upon users’ knowledge and skills of interaction with the real
non-digital world, TUIs show a potential to enhance the way in which
people interact with and leverage digital information. However, TUI
research is still in its infancy and extensive research is required in
order to fully understand the implications of tangible user interfaces,
to develop technologies that further bridge the digital and the physical,
and to guide TUI design with empirical knowledge.

This monograph examines the existing body of work on Tangible
User Interfaces. We start by sketching the history of tangible user inter-
faces, examining the intellectual origins of this field. We then present
TUIs in a broader context, survey application domains, and review
frameworks and taxonomies. We also discuss conceptual foundations
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of TUIs including perspectives from cognitive sciences, psychology,
and philosophy. Methods and technologies for designing, building, and
evaluating TUIs are also addressed. Finally, we discuss the strengths
and limitations of TUIs and chart directions for future research.
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1

Introduction

“We live in a complex world, filled with myriad objects,
tools, toys, and people. Our lives are spent in diverse
interaction with this environment. Yet, for the most
part, our computing takes place sitting in front of, and
staring at, a single glowing screen attached to an array
of buttons and a mouse.” [253]

For a long time, it seemed as if the human–computer interface was to
be limited to working on a desktop computer, using a mouse and a key-
board to interact with windows, icons, menus, and pointers (WIMP).
While the detailed design was being refined with ever more polished
graphics, WIMP interfaces seemed undisputed and no alternative inter-
action styles existed. For any application domain, from productivity
tools to games, the same generic input devices were employed.

Over the past two decades, human–computer interaction (HCI)
researchers have developed a wide range of interaction styles and inter-
faces that diverge from the WIMP interface. Technological advance-
ments and a better understanding of the psychological and social
aspects of HCI have lead to a recent explosion of new post-WIMP

1
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2 Introduction

interaction styles. Novel input devices that draw on users’ skill of inter-
action with the real non-digital world gain increasing popularity (e.g.,
the Wii Remote controller, multi-touch surfaces). Simultaneously, an
invisible revolution takes place: computers become embedded in every-
day objects and environments, and products integrate computational
and mechatronic components,

This monograph provides a survey of the research on Tangible
User Interfaces (TUIs), an emerging post-WIMP interface type that
is concerned with providing tangible representations to digital infor-
mation and controls, allowing users to quite literally grasp data with
their hands. Implemented using a variety of technologies and materi-
als, TUIs computationally augment physical objects by coupling them
to digital data. Serving as direct, tangible representations of digital
information, these augmented physical objects often function as both
input and output devices providing users with parallel feedback loops:
physical, passive haptic feedback that informs users that a certain phys-
ical manipulation is complete; and digital, visual or auditory feedback
that informs users of the computational interpretation of their action
[237]. Interaction with TUIs is therefore not limited to the visual and
aural senses, but also relies on the sense of touch. Furthermore, TUIs
are not limited to two-dimensional images on a screen; interaction
can become three-dimensional. Because TUIs are an emerging field of
research, the design space of TUIs is constantly evolving. Thus, the
goal of this monograph is not to bound what a TUI is or is not. Rather,
it describes common characteristics of TUIs and discusses a range of
perspectives so as to provide readers with means for thinking about
particular designs.

Tangible Interfaces have an instant appeal to a broad range of users.
They draw upon the human urge to be active and creative with one’s
hands [257], and can provide a means to interact with computational
applications in ways that leverage users’ knowledge and skills of inter-
action with the everyday, non-digital, world [119].

TUIs have become an established research area through the con-
tributions of Hiroshi Ishii and his Tangible Media Group as well as
through the efforts of other research groups worldwide. The word ‘tan-
gible’ now appears in many calls for papers or conference session titles.
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Following diverse workshops related to tangible interfaces at different
conferences, the first conference fully devoted to tangible interfaces and,
more generally, tangible interaction, took place in 2007 in Baton Rouge,
Louisiana. Since then, the annual TEI Conference (Tangible, Embedded
and Embodied Interaction) serves as a focal point for a diverse commu-
nity that consists of HCI researchers, technologists, product designers,
artists, and others.

This monograph is the result of a systematic review of the body of
work on tangible user interfaces. Our aim has been to provide a useful
and unbiased overview of history, research trends, intellectual lineages,
background theories, and technologies, and open research questions for
anyone who wants to start working in this area, be it in developing
systems or analyzing and evaluating them. We first surveyed seminal
work on tangible user interfaces to expose lines of intellectual influence.
Then, in order to clarify the scope of this monograph we examined
past TEI and CHI proceedings for emerging themes. We then identified
a set of questions to be answered by this monograph and conducted
dedicated literature research on each of these questions.

We begin by sketching the history of tangible user interfaces, tak-
ing a look at the origins of this field. We then discuss the broader
research context surrounding TUIs, which includes a range of related
research areas. Section 4 is devoted to an overview of dominant appli-
cation areas of TUIs. Section 5 provides an overview of frameworks and
theoretical work in the field, discussing attempts to conceptualize, cat-
egorize, analyze, and describe TUIs, as well as analytical approaches to
understand issues of TUI interaction. We then present conceptual foun-
dations underlying the ideas of TUIs in Section 6. Section 7 provides
an overview of implementation technologies and toolkits for building
TUIs. We then move on to design and evaluation methods in Section 8.
We close with a discussion of the strengths and limitations of TUIs and
future research directions.
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port for tangible input,” in Proceedings of CHI2004, pp. 399–406, NY: ACM,
2004.

[140] S. R. Klemmer, M. W. Newman, R. Farrell, M. Bilezikjian, and J. A. Landay,
“The designers outpost: A tangible interface for collaborative web site design,”
in Proceedings of UIST’2001: ACM Symposium on User Interface Software
and Technology, pp. 1–10, NY: ACM, 2001.

[141] K. Kobayashi, M. Hirano, A. Narita, and H. Ishii, “A tangible interface for IP
network simulation,” in Proceedings of CHI ’03 extended abstracts, pp. 800–
801, NY: ACM, 2003.

Full text available at: http://dx.doi.org/10.1561/1100000026



134 References

[142] B. Koleva, S. Benford, K. H. Ng, and T. Rodden, A Framework for Tangible
User Interfaces, Physical Interaction, (PI03) — Workshop on Real World User
Interfaces, Mobile HCI Conference 2003, Udine, Italy, 2003.

[143] G. Kurtenbach, G. Fitzmaurice, T. Baudel, and B. Buxton, “The design of a
GUI paradigm based on tablets, two-hands, and transparency,” in Proceedings
of CHI97, pp. 35–42, NY: ACM, 1997.

[144] J.-B. Labrune and W. Mackay, “Tangicam: Exploring observation tools for
children,” in Proceedings of IDC 2005, pp. 95–102, NY: ACM, 2005.

[145] G. Lakoff and M. Johnson, Metaphors We Live By. University of Chicago
Press, 1980.

[146] B. Laurel, Computers as Theater. Addison-Wesley Professional, 1993.
[147] V. LeClerc, A. Parkes, and H. Ishii, “Senspectra: A computationally aug-

mented physical modeling toolkit for sensing and visualization of structural
strain,” in Proceedings of CHI ’07, pp. 801–804, NY: ACM, 2007.

[148] G. A. Lee, C. Nelles, M. Billinghurst, and G. J. Kim, “Immersive authoring
of tangible augmented reality applications,” in Proceedings of IEEE/ACM
International Symposium on Mixed and Augmented Reality, pp. 172–181, IEEE
Computer Society, 2004.

[149] J. Leitner, M. Haller, K. Yun, W. Woo, M. Sugimoto, and M. Inami, “Inc-
reTable, a mixed reality tabletop game experience,” in Proceedings of the 2008
International Conference on Advances in Computer Entertainment Technol-
ogy, pp. 9–16, NY: ACM, 2008.

[150] W. E. Mackay and A.-L. Fayard, “Designing interactive paper: Lessons from
three augmented reality projects,” in Proceedings of IWAR98, International
Workshop on Augmented Reality, Natick, MA, 1999.

[151] C. L. MacKenzie and T. Iberall, The Grasping Hand. North Holland, 1994.
[152] C. Magerkurth, M. Memisoglu, T. Engelke, and N. A. Streitz, “Towards the

next generation of tabletop gaming experiences,” in Graphics Interface 2004
(GI’04), pp. 73–80, AK Peters, 2004.

[153] A. Manches, C. O’Malley, and S. Benford, “Physical manipulation: Evaluating
the potential for tangible designs,” in Proceedings of TEI 09, NY: ACM, 2009.

[154] V. Maquil, T. Psik, and I. Wagner, “The ColorTable: A design story,” in
Proceedings of TEI ’08, pp. 97–104, NY: ACM, 2008.

[155] N. Marquardt and S. Greenberg, “Distributed physical interfaces with shared
Phidgets,” in Proceedings of TEI ’07, pp. 13–20, NY: ACM, 2007.

[156] P. Marshall, “Do tangible interfaces enhance learning?,” in Proceedings of
TEI’07, pp. 163–170, NY: ACM, 2007.

[157] P. Marshall, S. Price, and Y. Rogers, “Conceptualizing tangibles to support
learning,” in Proceedings of IDC 2003, pp. 101–109, NY: ACM, 2003.

[158] E. S. Martinussen and T. Arnall, “Designing with RFID,” in Proceedings of
TEI 2009, pp. 343–350, NY: ACM, 2009.

[159] N. Matsushita and J. Rekimoto, “HoloWall: Designing a finger, hand, body,
and object sensitive wall,” in Proceedings of UIST97, pp. 209–210, NY: ACM,
1997.

[160] A. Mazalek and E. van den Hoven, “Framing tangible interaction frameworks.
Tangible interaction for design special issue,” AIEDAM journal, Spring 2009,
vol. 23, pp. 225–235, 2009.

Full text available at: http://dx.doi.org/10.1561/1100000026



References 135

[161] T. S. McNerney, “From turtles to tangible programming bricks: Explorations
in physical language design,” Pers Ubiquit Comput, vol. 8, pp. 326–337,
2004.

[162] M. Merleau-Ponty, Phenomnologie de la perception. Paris: Gallimard, 1945.
[163] Microsoft Corp. Microsoft Surface, http://www.microsoft.com/surface/, 2009.
[164] J. Moen, “From hand-held to body-worn: Embodied experiences of the design

and use of a wearable movement-based interaction concept,” in Proceedings of
TEI’07, pp. 251–258, NY: ACM, 2007.

[165] E. Mugellini, E. Rubegni, S. Gerardi, and O. A. Khaled, “Using personal
objects as tangible interfaces for memory recollection and sharing,” in Pro-
ceedings of TEI’07, pp. 231–238, NY: ACM, 2007.

[166] B. A. Myers, “Why are human-computer interfaces difficult to design and
implement?,” Technical Report. UMI Order Number: CS-93-183., Carnegie
Mellon University, 1993.

[167] H. Newton-Dunn, H. Nakano, and J. Gibson, “Blockjam: A tangible inter-
face for interactive music,” in Proceedings of the 2003 Conference on New
Interfaces for Musical Expression (NIME-03), pp. 170–177, 2003.

[168] D. Norman, The Psychology of Everyday Things. New York: Basic Books,
1988.

[169] D. Norman, Things that Make Us Smart. Defending Human Attributes in the
Age of the Machine. Reading, Mass, Addison Wesley, 1994.

[170] D. Norman, “Affordance, Conventions, and Design,” Interactions, vol. 6, no. 3,
pp. 38–43, 1999.

[171] D. Norman, “The next UI breakthrough, Part 2: Physicality,” Interactions,
vol. 14, no. 4, pp. 46–47, 2007.

[172] D. R. Olsen, User Interface Management Systems: Models and Algorithms.
Morgan Kaufmann, San Francisco, 1992.

[173] C. O’Malley and D. Stanton, “Tangible technologies for collaborative story-
telling,” in Proceedings of the 1st European Conference on Mobile and Con-
textual Learning, pp. 3–7, 2002.

[174] C. O’Malley and D. Stanton Fraser, “Literature review in learning with tan-
gible technologies,” NESTA futurelab report 12, Bristol, 2004.

[175] D. O’Sullivan and T. Igoe, Physical Computing: Sensing and Controlling the
Physical World with Computers. Boston: Muska and Lipman, 2004.

[176] K. Overbeeke and S. Wensveen, “From perception to experience, from affor-
dances to irresistibles,” in Proceedings of DPPI03 (Designing Pleasurable
Products and Interfaces), pp. 92–97, NY: ACM, 2003.

[177] G. Pangaro, D. Maynes-Aminzade, and H. Ishii, “The actuated workbench:
Computer-controlled actuation in tabletop tangible interfaces,” in Proceedings
of UIST 2002 Symposium on User Interface Software and Technology, pp. 181–
190, NY: ACM, 2002.

[178] A. Parkes and H. Ishii, “Kinetic sketchup: Motion prototyping in the tangible
design process,” in Proceedings of TEI ’09, pp. 367–372, NY: ACM, 2009.

[179] V. Parmar, G. Groeneveld, A. Jalote-Parmar, and D. Keyson, “Tangible user
interface for increasing social interaction among rural women,” in Proceedings
of TEI 2009, pp. 139–145, NY: ACM, 2009.

Full text available at: http://dx.doi.org/10.1561/1100000026



136 References

[180] J. Patten and H. Ishii, “A comparison of spatial organization strategies in
graphical and tangible user interfaces,” in Proceedings of Designing Augmented
Reality Environments, DARE ’00, pp. 41–50, NY: ACM, 2000.

[181] J. Patten and H. Ishii, “Mechanical constraints as computational constraints
in tabletop tangible interfaces,” in Proceedings of CHI’07, pp. 809–818, NY:
ACM, 2007.

[182] J. Patten, B. Recht, and H. Ishii, “Audiopad: A tag-based interface for musical
performance,” in Proceedings of the International Conference on New Interface
for Musical Expression NIME02, pp. 24–26, 2002.

[183] E. W. Pedersen and K. Hornbæk, “mixiTUI: A tangible sequencer for elec-
tronic live performances,” in Proceedings of TEI ’09, pp. 223–230, NY: ACM,
2009.

[184] C. S. Peirce, “Collected Papers of Charles Sanders Peirce,” in 8 Volumes,
(C. Hartshorne, P. Weiss, and A. Burks, eds.), Cambridge MA: Harvard Uni-
versity Press, 1931–1958.

[185] R. Perlman, Using Computer Technology to Provide a Creative Learning Envi-
ronment for Preschool Children. MIT Logo Memo 24, 1976.

[186] M. G. Petersen, “Squeeze: Designing for playful experiences among co-located
people in homes,” in Proceedings of CHI 2007 Extended Abstracts, pp. 2609–
2614, NY: ACM, 2007.

[187] C. Petri, “Kommunikation mit Automaten,” Ph.D. thesis, University of Bonn,
1962.

[188] B. Piper, C. Ratti, and H. Ishii, “Illuminating clay: A 3-D tangible interface
for landscape analysis,” in Proceedings of CHI ’02, pp. 355–362, NY: ACM,
2002.

[189] I. Poupyrev, T. Nashida, and M. Okabe, “Actuation and tangible user inter-
faces: The Vaucanson duck, robots, and shape displays,” in Proceedings of
Tangible and Embedded interaction, TEI ’07, pp. 205–212, NY: ACM, 2007.

[190] R. Poynor, “The hand that rocks the cradle,” ID Magazine, pp. 60–65,
May/June 1995.

[191] S. Price, “A representation approach to conceptualizing tangible learning envi-
ronments,” in Proceedings of TEI 2008, pp. 151–158, NY: ACM, 2008.

[192] S. Price and Y. Rogers, “Let’s get physical: The learning benefits of interacting
in digitally-augmented physical spaces,” Journal of Computers and Education,
vol. 15, no. 2, pp. 169–185, 2004.

[193] S. Price, Y. Rogers, M. Scaife, D. Stanton, and H. Neale, “Using tangibles
to support new ways of playing and learning,” in Proceedings of Interaction
Design for Children 2002, 2002.

[194] J. Qi and L. Buechley, “Electronic popables: Exploring paper-based computing
through an interactive pop-up book,” in Proceedings of TEI ’10, pp. 121–128,
NY: ACM, 2010.

[195] H. Raffle, C. Vaucelle, R. Wang, and H. Ishii, “Jabberstamp: Embedding
sound and voice in traditional drawings,” in Proceedings of IDC, pp. 137–144,
NY: ACM, 2007.

[196] H. S. Raffle, A. J. Parkes, and H. Ishii, “Topobo: A constructive assembly
system with kinetic memory,” in Proceedings of the ACM CHI’04, pp. 647–
654, NY: ACM, 2004.

Full text available at: http://dx.doi.org/10.1561/1100000026



References 137

[197] J. Rekimoto and Y. Ayatsuka, “CyberCode: Designing augmented reality envi-
ronments with visual tags,” in Proceedings of DARE 2000, NY: ACM, 2000.

[198] M. Resnick, “Behavior construction kits,” Communications of the ACM,
vol. 36, no. 7, pp. 64–71, July 1993.

[199] M. Resnick, F. Martin, R. Berg, R. Borovoy, V. Colella, K. Kramer, and
B. Silverman, “Digital manipulatives: New toys to think with,” in Proceedings
of CHI’98, pp. 281–287, NY: ACM, 1998.

[200] Y. Rogers and H. Muller, “A framework for designing sensor-based interac-
tions to promote exploration and reflection in play,” International Journal of
Human Computer Studies, vol. 64, no. 1, pp. 1–14, 2006.

[201] Y. Rogers, M. Scaife, S. Gabrielli, I.-I. Smith, and E. A. Harris, “Conceptual
framework for mixed reality environments: Designing novel learning activi-
ties for young children,” Presence: Teleoperators and Virtual Environments,
vol. 11, no. 6, pp. 677–686, 2002.

[202] T. Rohrer, “The body in space: Embodiment, experientialism and linguistic
conceptualization,” in Body, Language and Mind, vol. 2, (J. Zlatev, T. Ziemke,
R. Frank, and R. Dirven, eds.), Berlin: Mouton de Gruyter, 2006.

[203] A. Rydarowski, O. Samanci, and A. Mazalek, “Murmur: Kinetic relief sculp-
ture, multi-sensory display, listening machine,” in Proceedings of TEI’08,
pp. 231–239, NY: ACM, 2008.

[204] K. Ryokai and J. Cassell, “StoryMat: A play space for collaborative story-
telling,” in Proceedings of CHI’99, pp. 272–273, NY: ACM, 1999.

[205] K. Ryokai, S. Marti, and H. Ishii, “I/O brush: Drawing with everyday objects
as ink,” in Proceedings of CHI 2004, pp. 303–310, NY: ACM, 2004.

[206] G. Saul and M. D. Gross, “Co-designed paper devices,” in Programming Real-
ity: From Transitive Materials to Organic User Interfaces, a CHI 2009 Work-
shop, 2009.

[207] M. Scaife and Y. Rogers, “External cognition: How do graphical represen-
tations work?,” International Journal of Human-Computer Studies, vol. 45,
no. 2, pp. 185–213, 1996.
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