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ABSTRACT 

User Experience has always been an integral part of HCI 
research. Augmentation of workstation involves enhancing 
the traditional devices on both hardware and software levels. 
In this paper we describe the workstation augmentation that 
has been done over the years and what is the current 
technology we use to interact with the mouse, keyboards, 
tabletops and displays. We present the literature on the 
desktop augmentation right from its inception till now, 
describing interaction modalities, novel design spaces, new 
breed of desktop devices and the future possibilities. We also 
provide an insight into where workstation augmentation is 
going next in the future. 
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BACKGROUND LITERATURE 
Augmenting the desktop workstation is not a new concept. It 
dates back in time even before the desktop computers 
became common. There have been designs on how to arrange 
files, paper and clutter on the desk. Some of the breakthrough 
works in workstation augmentation include those by 
Engelbart and Sholes [67,68]. 

There has been a lot of research over the last 25 years to 
provide better experience to the user in the field of HCI. This 
paper specifically focuses on the augmentation of the 
traditional desktop environment and describes the works that 
have been done. 

The primary rationale of augmenting the desktop 
workstation is to better blend it in office activities. Several 
works aimed at enabling simultaneous work with physical 
information such as paper documents and digital 
information. The idea is to enhance paper documents that is 

cheap, familiar, easy to read, etc. with computation rather 
than replacing them with computers. For instance, the 
DigitalDesk [54] recognize and scan paper documents with 
a camera and augment them with videoprojection. Earlier 
desk interactions aimed at making use of different input 
methods and switching among them. InteractiveDesk [1] 
offered a large desktop display with a pen-input facility, an 
ordinary upright display with keyboard and an overhead desk 
monitoring camera.  

There have been many interaction techniques proposed to 
replace the traditional devices like the mouse, keyboard and 
monitor screens, yet arguably these traditional devices 
remain quite permanent in our daily lives and will probably 
stay for a long time. Samuel et al [53] explains the five major 
advantages of the desktop computer over portable computing 
devices. Most of our everyday interactions with computer 
systems still rely on desktop computers, usually involving 
one or several screens as displays, a keyboard (modular or 
embedded like in laptops) and a pointing device. It is 
believed that the devices like the traditional mouse are best 
suited to office work requiring speed and accuracy. This is 
why many academic works focus on improving these 
ubiquitous devices. The sustainability of the desktop 
workstation has encouraged researchers to explore ways to 
augment it. The most common approach is to augment the 
software aspect of the workstation such as new window 
managers (e.g. [7]). In comparison, little physical approaches 
have been investigated. 

Since then user experience has been enhanced in the desktop 
environment. For instance, providing visual feedback, virtual 
space [3], collaboration [8] and portability [17]. 

This paper is sought to build upon the related work in the 
area of augmented desktop and traditional devices (mouse, 
keyboard, monitor) keeping in mind the design and hardware 
aspect. We discuss studies that have inspired the new and 
upcoming field of Augmentation of desktops and other 
information interfaces. 

 

CURRENT RESEARCH 
We subdivide this section into 4 subcategories that bring out 
the motivations and methodology behind workstation 
augmentation. We discuss augmented desktop workstations, 
augmenting individual devices, proxemics and finally the 
objects that are capable of moving. 
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Augmented workstation 

HuddleLamp [75] is a desk lamp with an integrated RGB-D 
camera to keep a track of user and devices movements on a 
table. This enables a new breed of spatially aware multi user 
and multi device applications without an interactive tabletop. 

Other approaches make good use of everyday human skills 
to augment desktop workstation, typically designers who use 
Wacon tablets for drawing-like activities. In that respect, 
Hinckely et al considers the ability of humans to use both 
hands in the real world and present a set of two-handed 
interaction techniques for desktop [14].  

A final approach considers the furniture surrounding the 
desktop workstation to extend peripheral interaction. For 
instance, office workers can use the desk as an input (touch 
or pen input for shortcuts) or output surface to extend the 
monitor display area with video-projection [3, 17, 45]. Magic 
desk [3] incorporates multi-touch surfaces into desktop 
work. It uses a pico-projector to project on free unused space 
on the desk giving the user more scope for interaction.  The 
chair can also be used as an input device to capture emotional 
data, gesture input and support office activities (e.g. [35, 
36]). 

Augmented devices 

In parallel, several works augment independently input de- 
vices in order to provide novel input or output capabilities.  
Some mouse prototypes introduce novel input modalities, for 
instance, to capture rotations [21, 24, 33] or multitouch in- 
put. Others provide visual [50] or haptic [21, 22, 29] feed- 
back. In particular, the Immersion FEELit mouse is mounted 
on a pantograph [37] to provide efficient haptic sensations 
but its displacements are limited to a few centimeters without 
the possibility to lift it. Park et al. embedded an 
electromagnet in a mouse operated over a metal plate to 
control the difficulty to move the mouse [29]. However, it is 
not capable of moving, making the guidance scenarios 
impossible. The famous two-ball mouse [24] to sense the z-
axis angular motion provides user with an additional degree 
of freedom. Adaptive Mouse [55] is designed on mental 
intuition of the user that uses hall-effect sensors to bring 
about physical shape free design for a mouse. Designs have 
been built to incorporate electromagnets to provide tactile 
feedback in a haptic mouse [60]. Active Mouse developed by 
Kudo et al [61] consists of an Omni-travelling mechanism, 
force sensor, position sensor and communication and control 
system. Some shape changing designs for the mouse have 
also been proposed like Inflatable Mouse [21] that is a 
volume adjustable input/output device. Designs of 
embedding a touch-screen on a mouse also exists [50]. 
Mouse designs by Microsoft have been proposed that gives 
the users the capabilities to use multiple fingers at once 
bringing up novel gestural interactions and pointing [69].  
 
Some augmented keyboards have been proposed to sense 
gestures inputs [46, 52] or pressure inputs [9]. Other 

keyboards provide visual [4] or additional haptic feedback 
[2, 40].  In general keyboards has been a less experimented 
device and the best example is the design by Bailly et al [2] 
of the Metamorphe keyboard. It is a novel keyboard with 
height changing keys that provide haptic and visual 
feedback. GestKeyboard [53] offers a technique for 
gesturing over ordinary, unmodified keyboard. Some 
keyboards combine the physical ergonomic qualities with 
dynamic display and also by attributing motion sensing 
capabilities to it [4, 46]. One thing to note here is that all 
these designs of the keyboard are immobile. In the recent 
years, there have been keyboard designs with locomotive 
abilities. We discuss more about this in the future directions 
section. 
 
Screen modifications have been done to help single and 
multi-user interactions. Actuated displays [6, 8, 20, 42, 44, 
51] have been proposed in different contexts. For instance, 
TouchMover [44] is a touchscreen mounted onto a rail 
exerting forces when users are pushing it in the context of 
virtual reality. In video- conferencing, tablet displays 
mounted on pan-tilt robotic plat- form have been proposed to 
increase immersion and telepresence [8, 20, 51]. Tilt 
Displays [56] have a multi axis tilting and actuation 
mechanism that provides visual feedback and gives the 
ability to physically mutate providing user with a range of 
new applications. RoCo [6] is a robotic display with 5 
degrees of freedom to improve ergonomics. Morphees [57] 
introduces shape resolution which adds to the existing 
definitions of screen and touch resolution. Although these 
are some novel ways of augmenting displays, the size of 
these displays is already small that fits in user’s hand. The 
latest LivingDesktop [70] monitor supports these different 
applications.  
 

Proxemic interaction 

With the shift of the computers to our homes, most of the 
desk space became free. This led researchers to innovate 
methods of using the free space, opening new design spaces 
for interactions.   An important aspect when it comes to space 
and distance in HCI, is Proxemic interaction and micro-
mobility.  
 
Proxemic interaction [11] describes the interaction between 
users and computing devices based on Hall’s theory about 
people’s use of distance to mediate their interactions with 
other person [12].  
 
Among others, Greenberg et al. describes the orientation and 
distance between persons or between a user and computing 
devices, as key measures mediating the interaction in the 
context of ubiquitous computing. Micro-mobility [23] is at a 
different scale and considers” the way in which an artifact 
can be mobilized and manipulated for various purposes 
around a relatively circumscribed, or at hand, domain”.  
 



Objects capable of moving 

ActiveCube [58] was one of the first projects that displayed 
interactions with 3D virtual objects using actual physical 
cubes. Since then, the concepts of robotics have been used to 
create more user interface prototypes. There have been 
attempts to augment general tables with actuation 
capabilities. MoleBot [59] is a classic example of the use of 
robotics for physical transformations on table based or 
organic user interface. It moves around the table in the form 
of a molehill cast by vertical movable pins and is capable of 
interacting through gestural commands. It is capable of only 
actuating very light weight objects of small dimensions such 
as paper clips and small magnetic balls. Things that hover 
[62] tries to augment desktop objects with the help of 
piezoelectric air blow actuators and contact-less power 
source using a capacitive mat. Besides providing insufficient 
power, it also restricts the area of interaction. There have 
been prototypes that use array of electromagnets under the 
table for actuation [28, 48]. 

Augmented Coliseum [63] is a display based game 
environment using augmented reality and small robots. 
Emanuel et al [47] through his work ACTO supports the use 
of robotics to actuate devices on a work bench with the help 
of modular actuated tangible objects. The Planar manipulator 
display [64] project is based on the se of robotics and 
graphics to build a self-sorting system on traditional table 
and proposes the concept of actuated sand table. RoboTable 
[65] creates a framework that can create a mixed-reality 
environment involving mobile robot interaction with 
physical and virtual objects. While all of these works 
enhance the user experience with physical table/desk objects, 
the size becomes a challenge. MetaDESK [66] is a user 
interface platform that supports physical interaction with 
digital information through the manipulation of physical 
objects and surfaces. 

 

FUTURE DIRECTIONS 
Interacting with desktop components is very natural and 
intuitive. However, at times, users feel the need of semi-
automated systems that could help/guide them in performing 
particular tasks besides adding dynamism. The future of 
desktop augmentation is moving towards changing 
form/structure of the workstation components itself to suit 
user needs. Shape-changing interfaces [71] help the users 
achieve this by enhancing interactions with the virtual world. 
Shape-changing devices can physically change their shape, 
volume or texture [71] in order to enhance user experience 
or adapt to their context of interaction [39]. Shape changing 
has been explored on various types of devices such as mobile 
devices [39], keyboards [2] or displays [72, 56, 73]. 

inFORM [73] provides a novel interaction technique for 
shape changing UIs by giving physicality to traditional pixels 
with the help of vertical actuation of small motorized 
polystyrene pins on the table. Shape-changing interfaces 

often lead to an exploration of new design space [71]. 
Gesture Output [39] aims to provide an eye-free output to 
users on smartphones and tablets. Follmer and Leithinger 
[74] have explored the use of clay-like polymer substance to 
provide new category of input devices. It uses capacitive and 
electric field sensing with index matched particles and fluids 
for high resolution shape sensing. Most of the shape-
changing interfaces work focus on enhancing the tangibility 
of the devices, not the physical space around such devices.  

Inspired by the literature discussed until now, there have 
been attempts that are going on to give users a better 
experience and the future looks bright. One such work by 
Bailly et al [70] in the recent year has been to build a desktop 
that can self-configure itself and that keeps a note of user 
interactions. His work on the LivingDesktop provides many 
scenarios that improve ergonomics, facilitates collaboration, 
leverages context and reinforces physicality. LivingDesktop 
proposes a self-propelled mouse actuated by magnets 
underneath the desk controlled by a 2D robotic arm. The 
LivingDesktop is also related to Proxemic interaction and 
micro-mobility because it considers the distance between the 
desktop devices and the user, the other devices and possible 
objects on the desk from meters to centimeters. The proof-
of-concept prototype embeds a permanent magnet in a mouse 
and attach a XY plotter mounted with a strong magnet under 
the table to provide haptic feedback and to make the mouse 
capable of moving. A wireless keyboard is augmented with 
a robotic base capable of moving in 2D plane on a desktop. 
The monitor screen is capable of translation and rotation as 
per user needs and sometimes semi-automatic. 

 

CONCLUSION 
Despite so much of research that has been done already on 
workstation augmentation to provide a better Office 
Experience, there is still scope of novelty. The recent 
interests and growth of the augmented reality field can join 
hands with the current research and open doors for another 
exciting field which we would like to call ‘Office sci-fi’. 
With the latest developments by companies like the Oculus 
rift, desktop workstation environment will be enhancing for 
an even better User Experience in the coming time. 

 

ACKNOWLEDGEMENTS 
I would like to thank my undergraduate thesis Supervisor, 
Dr. Gilles Bailly for giving me an opportunity to work on a 
HCI project for 8 months in Paris. It gave me a chance to 
read about the current hardware oriented topics in HCI. I 
would like to thank Dr. Olivier St-Cyr for his support 
throughout the course. I read a part of the referenced papers 
in Paris and others while completing this deliverable for the 
course in Toronto. Although there are many papers I read, I 
chose not explain every paper to keep the report simple, 
small and easy to understand. But I did cite them in the 
correct places and subsections for my colleagues. 



REFERENCES     
1. Arai, T., Machii, K., Kuzunuki, S., and Shojima, H. 

Interactivedesk: A computer-augmented desk which 
responds to operations on real objects. In Conference 
Companion on Human Factors in Computing Systems, 
CHI ’95, ACM (New York, NY, USA, 1995), 141–
142. 

2. Bailly, G., Pietrzak, T., Deber, J., and Wigdor, D. J. 
Me ́tamorphe: Augmenting hotkey usage with actuated 
keys. In Proceedings of the SIGCHI Conference on 
Human Factors in Computing Systems, CHI ’13, ACM 
(New York, NY, USA, 2013), 563–572. 

3. Bi, X., Grossman, T., Matejka, J., and Fitzmaurice, G. 
Magic desk: Bringing multi-touch surfaces into 
desktop work. In Proceedings of the SIGCHI 
Conference on Human Factors in Computing Systems, 
CHI ’11, ACM (New York, NY, USA, 2011), 2511–
2520. 

4. Block, F., Gellersen, H., and Villar, N. Touch-display 
keyboards: Transforming keyboards into interactive 
surfaces. In Proceedings of the SIGCHI Conference on 
Human Factors in Computing Systems, CHI ’10, ACM 
(New York, NY, USA, 2010), 1145–1154. 

5. Brave, S., Ishii, H., and Dahley, A. Tangible interfaces 
for remote collaboration and communication. In 
Proceedings of the 1998 ACM Conference on 
Computer Supported Cooperative Work, CSCW ’98, 
ACM (New York, NY, USA, 1998), 169–178.  

6. Breazeal, C., Wang, A., and Picard, R. Experiments 
with a robotic computer: body, affect and cognition 
interactions. In Human-Robot Interaction (HRI), 2007 
2nd ACM/IEEE International Conference on, IEEE 
(2007), 153–160. 

7. Chapuis, O., and Roussel, N. Metisse is not a 3d 
desktop! In Proceedings of the 18th Annual ACM 
Symposium on User Interface Software and 
Technology, UIST ’05, ACM (New York, NY, USA, 
2005), 13–22. 

8. Chua, Y., Tee, K. P., Yan, R., Li, L., and Huang, Z. 
Towards more engaging telepresence by face tracking. 
In Proceedings of the Workshop at SIGGRAPH Asia, 
WASA ’12, ACM (New York, NY, USA, 2012), 137–
141. 

9. Dietz, P. H., Eidelson, B., Westhues, J., and Bathiche, 
S. A practical pressure sensitive computer keyboard. In 
Proceedings of the 22Nd Annual ACM Symposium on 
User Interface Software and Technology, UIST ’09, 
ACM (New York, NY, USA, 2009), 55–58. 

10. Dragicevic, P., Chevalier, F., and Huot, S. Running an 
hci experiment in multiple parallel universes. In CHI 
’14 Extended Abstracts on Human Factors in 
Computing Systems, CHI EA ’14, ACM (New York, 
NY, USA, 2014), 607–618. 

11. Greenberg, S., Marquardt, N., Ballendat, T., Diaz-
Marino, R., and Wang, M. Proxemic interactions: the 
new ubicomp? interactions 18, 1 (2011), 42–50.  

12. Hall, E. T. The hidden dimension.  
13. Healy, G., Lawler, S., Thorp, A., Neuhaus, M., 

Robson, E., Owen, N., and Dunstan, D. Reducing 
prolonged sitting in the workplace. Human Factors and 
Ergonomics Society (2012). 

14. Hinckley, K., Czerwinski, M., and Sinclair, M. 
Interaction and modeling techniques for desktop two-
handed input. In Proceedings of the 11th Annual ACM 
Symposium on User Interface Software and 
Technology, UIST ’98, ACM (New York, NY, USA, 
1998), 49–58. 

15. Horvitz, E. Principles of mixed-initiative user 
interfaces. In Proceedings of the SIGCHI Conference 
on Human Factors in Computing Systems, CHI ’99, 
ACM (New York, NY, USA, 1999), 159–166. 

16. Ju, W., and Sirkin, D. Animate objects: How physical 
motion encourages public interaction. In Proceedings 
of the 5th International Conference on Persuasive 
Technology, PERSUASIVE’10, Springer-Verlag 
(Berlin, Heidelberg, 2010), 40–51. 

17. Kane, S. K., Avrahami, D., Wobbrock, J. O., Harrison, 
B., Rea, A. D., Philipose, M., and LaMarca, A. 
Bonfire: A nomadic system for hybrid laptop-tabletop 
interaction. In Proceedings of the 22Nd Annual ACM 
Symposium on User Interface Software and 
Technology, UIST ’09, ACM (New York, NY, USA, 
2009), 129–138. 

18. Kaptein, M. C., Nass, C., and Markopoulos, P. 
Powerful and consistent analysis of likert-type 
ratingscales. In Proceedings of the SIGCHI Conference 
on Human Factors in Computing Systems, ACM 
(2010), 2391–2394. 

19. Kaufmann, B., and Ahlstro ̈m, D. Studying spatial 
memory and map navigation performance on projector 
phones with peephole interaction. In Proceedings of 
the SIGCHI Conference on Human Factors in 
Computing Systems, CHI ’13, ACM (New York, NY, 
USA, 2013), 3173–3176. 

20. Kawaguchik, I., Kuzuoka, H., and Suzuki, Y. Study on 
gaze direction perception of face image displayed on 
rotatable flat display. In Proceedings of the 33rd 
Annual ACM Conference on Human Factors in 
Computing Systems, CHI ’15, ACM (New York, NY, 
USA, 2015), 1729–1737. 

21. Kim, S., Kim, H., Lee, B., Nam, T.-J., and Lee, W. 
Inflatable mouse: Volume-adjustable mouse with air-
pressure-sensitive input and haptic feedback. In 
Proceedings of the SIGCHI Conference on Human 
Factors in Computing Systems, CHI ’08, ACM (New 
York, NY, USA, 2008), 211–224. 



22. Kudo, H., Suzumori, K., and Kanda, T. Force feedback 
mouse with differential mechanism for omni-traveling. 
In Micro-NanoMechatronics and Human Science, 
2007. MHS ’07. International Symposium on (Nov 
2007), 430–435. 

23. Luff, P., and Heath, C. Mobility in collaboration. In 
Proceedings of the 1998 ACM Conference on 
Computer Supported Cooperative Work, CSCW ’98, 
ACM (New York, NY, USA, 1998), 305-314. 

24. MacKenzie, I. S., Soukoreff, R. W., and Pal, C. A two-
ball mouse affords three degrees of freedom. In CHI’97 
Extended Abstracts on Human Factors in Computing 
Systems, CHI EA’97, ACM (New York, NY, USA, 
1997), 303-304. 

25. Marcus-Roberts, H. M., and Roberts, F. S. Meaningless 
statistics, Jornal of Educational and Behavioural 
Statistics 12, 4 (1987), 383-394. 

26. Nowacka, D., Ladha, K., Hammerala, N. Y., Jackson, 
D., Ladha, C., Rukzio, E., and Olivier, P. Touchbugs: 
Actuated tangibles on multi-touch tables. In 
Proceedings of the SIGCHI Conference on Human 
Factors in Computing Systems, CHI’13, ACM (New 
York, NY, USA, 2013), 759-762. 

27. Oakley, I., McGee, M. R., Brewster, S., and Gray, P. 
Putting the feel in ‘look and feel’. In Proceedings of the 
SIGCHI Conference on Humnan Factors in Computing 
Systems, CHI ’00, ACM (New York, NY, USA, 2000), 
415-422. 

28. Pangaro, G., Maynes-Aminzade, D., and Ishii, H. The 
actuated workbench: Computer-controlled actuation in 
tabletop tangible interfaces. In Proceedings of the 15th 
Annual ACM Symposium on User Interface Software 
and Technology, UIST’02, ACM (New York, NY, 
USA, 2002), 181-190. 

29. Park, W., Park, S., Kim, L., and Shin, S. Haptic mouse 
interface actuated by an electromagnet. In Proceedings 
of the 2011 International Conference on Complex, 
Intelligent, and Software Intensive Systems, CISIS’11, 
IEEE Computer Society (Washington, DC, USA, 
2011), 643-646. 

30. Parkes, A., Poupyrev, I., and Ishii, H. Designing 
kinetic interactions for organic user interfaces. 
Commun. ACM 51, 6 (June 2008), 58-65. 

31. Patten, J., and Ishii, H. Mechanical constraints as 
computational constraints in tabletop tangible 
interfaces. In Proceedings of the SIGHI Conference on 
Human Factors in Computing Systems, CHI’07, ACM 
(New York, NY, USA, 2011), 809-818. 

32. Pedersen, E. W., and Hornbæk, K. Tangible bots: 
Interaction with active tangibles in tabletop interfaces. 
In Proceddings of the SIGCHI Conference on Human 
Factors in Computing Systems, CHI’11, ACM (NEW 
York, NY, USA, 2011),2975-2984. 

33. Perelman, G., Serrano, M., Raynal, M., Picard, C., 
Derras, M., and Dubois, E. The roly-poly mouse: 
Designing a rolling input device unifying 2d and 3d 
interaction. In Proceedings of the 33rd Annual ACM 
Conference on Human Factors in Computing Systems, 
CHI’15, ACM (New York, NY, USA, 2015), 327-336. 

34. Poupyrev, I., Nashida, T., and Okabe, M. Actuation 
and tangible user interfaces: The vaucanson duck, 
robots, and shape displays. In Proceedings of the 1st 
International Conference on Tangible and Embedded 
Interaction, TEI ’07, ACM (New York, NY, USA, 
2007), 205–212. 

35. Probst, K., Lindlbauer, D., Greindl, P., Trapp, M., 
Haller, M., Schwartz, B., and Schrempf, A. Rotating, 
tilting, bouncing: Using an interactive chair to promote 
activity in office environments. In CHI ’13 Extended 
Abstracts on Human Factors in Computing Systems, 
CHI EA ’13, ACM (New York, NY, USA, 2013), 79–
84. 

36. Probst, K., Lindlbauer, D., Haller, M., Schwartz, B., 
and Schrempf, A. A chair as ubiquitous input device: 
Exploring semaphoric chair gestures for focused and 
peripheral interaction. In Proceedings of the SIGCHI 
Conference on Human Factors in Computing Systems, 
CHI ’14, ACM (New York, NY, USA, 2014), 4097–
4106. 

37. Ramstein, C., and Hayward, V. The pantograph: A 
large workspace haptic device for multimodal human 
computer interaction. In Conference Companion on 
Human Factors in Computing Systems, CHI ’94, ACM 
(New York, NY, USA, 1994), 57–58. 

38. Rasmussen, M. K., Gro ̈nvall, E., Kinch, S., and 
Petersen, M. G.” it’s alive, it’s magic, it’s in love with 
you”: Opportunities, challenges and open questions for 
actuated interfaces. In Proceedings of the 25th 
Australian Computer-Human Interaction Conference: 
Augmentation, Application, Innovation, Collaboration, 
OzCHI ’13, ACM (New York, NY, USA, 2013), 63–
72. 

39. Roudaut, A., Rau, A., Sterz, C., Plauth, M., Lopes, P., 
and Baudisch, P. Gesture output: Eyes-free output 
using a force feedback touch surface. In Proceedings of 
the SIGCHI Conference on Human Factors in 
Computing Systems, CHI ’13, ACM (New York, NY, 
USA, 2013), 2547–2556. 

40. Savioz, G., Markovic, M., and Perriard, Y. Towards 
multi-finger haptic devices: A computer keyboard with 
adjustable force feedback. In Electrical Machines and 
Systems (ICEMS), 2011 International Conference on 
(Aug 2011), 1–6. 

41. Schmidt, D., Kovacs, R., Mehta, V., Umapathi, U., 
Ko ̈hler, S., Cheng, L.-P., and Baudisch, P. Level-ups: 
Motorized stilts that simulate stair steps in virtual 
reality. In Proceedings of the 33rd Annual ACM 



Conference on Human Factors in Computing Systems, 
CHI ’15, ACM (New York, NY, USA, 2015), 2157–
2160. 

42. Schneegass, S., Alt, F., Scheible, J., and Schmidt, A. 
Midair displays: Concept and first experiences with 
free-floating pervasive displays. In Proceedings of The 
International Symposium on Pervasive Displays, 
PerDis ’14, ACM (New York, NY, USA, 2014), 
27:27–27:31. 

43. Seifert, J., Boring, S., Winkler, C., Schaub, F., Schwab 
F., Herrdum, S., Maier, F., Mayer, D., and Rukzio, E. 
Hover pad: Interacting with autonomous and self-
actuated displays in space. In Proceedings of the 27th 
Annual ACM Symposium on User Interface Software 
and Technology, UIST ’14, ACM (New York, NY, 
USA, 2014), 139–147. 

44. Sinclair, M., Pahud, M., and Benko, H. Touchmover: 
Actuated 3d touchscreen with haptic feedback. In 
Proceedings of the 2013 ACM International 
Conference on Interactive Tabletops and Surfaces, ITS 
’13, ACM (New York, NY, USA, 2013), 287–296. 

45. Steimle, J., Weibel, N., Olberding, S., Mu ̈hlha ̈user, 
M., and Hollan, J. D. Plink: Paper-based links for 
cross-media information spaces. In CHI ’11 Extended 
Abstracts on Human Factors in Computing Systems, 
CHI EA ’11, ACM (New York, NY, USA, 2011), 
1969–1974. 

46. Taylor, S., Keskin, C., Hilliges, O., Izadi, S., and 
Helmes, J. Type-hover-swipe in 96 bytes: A motion 
sensing mechanical keyboard. In Proceedings of the 
32Nd Annual ACM Conference on Human Factors in 
Computing Systems, CHI ’14, ACM (New York, NY, 
USA, 2014), 1695–1704. 

47. Vonach, E., Gerstweiler, G., and Kaufmann, H. Acto: 
A modular actuated tangible user interface object. In 
Proceedings of the Ninth ACM International 
Conference on Interactive Tabletops and Surfaces, ITS 
’14, ACM (New York, NY, USA, 2014), 259–268. 

48. Weiss, M., Schwarz, F., Jakubowski, S., and Borchers, 
J. Madgets: Actuating widgets on interactive tabletops. 
In Proceedings of the 23Nd Annual ACM Symposium 
on User Interface Software and Technology, UIST ’10, 
ACM (New York, NY, USA, 2010), 293–302. 

49. Wellner, P. Interacting with paper on the digitaldesk. 
Commun. ACM 36, 7 (July 1993), 87–96. 

50. Yang, X.-D., Mak, E., McCallum, D., Irani, P., Cao, 
X., and Izadi, S. Lensmouse: Augmenting the mouse 
with an interactive touch display. In Proceedings of the 
SIGCHI Conference on Human Factors in Computing 
Systems, CHI ’10, ACM (New York, NY, USA, 2010), 
2431–2440. 

51. Yankelovich, N., Simpson, N., Kaplan, J., and Provino, 
J. Porta-person: Telepresence for the connected 

conference room. In CHI ’07 Extended Abstracts on 
Human Factors in Computing Systems, CHI EA ’07, 
ACM (New York, NY, USA, 2007), 2789–2794. 

52. Zhang, H., and Li, Y. Gestkeyboard: Enabling gesture-
based interaction on ordinary physical keyboard. In 
Proceedings of the 32Nd Annual ACM Conference on 
Human Factors in Computing Systems, CHI ’14, ACM 
(New York, NY, USA, 2014), 1675–1684. 

53. Samuel L., Larry W. Bryant. The case for desktops. 
Communications of the ACM, volume 41 Issue 1, Jan. 
1998. ACM (New York, NY, USA, 1998), 70-71. 

54. Wellner, P. The DigitalDesk calculator: tangible 
manipulation on a desk top display. In Proceedings of 
the 4th Annual ACM Symposium on User Interface 
Software and Technology, UIST ’91, ACM (New 
York, NY, USA, 1991), 27-33. 

55. Sheng, K., Wen, T. Adaptive mouse: a deformable 
computer achieving form-function synchronization. In 
CHI ’10 Extended Abstracts on Human Factors in 
Computing Systems, CHI EA ’10, ACM (New York, 
NY, USA, 2010), 2785–2792. 

56. Alexander, J., Lucero, A., Subramanian, S. Tilt 
displays: designing display surfaces with multi-axis 
tilting and actuation. In Proceedings of the SIGCHI 
Conference on Human Factors in Computing Systems, 
CHI ’12, ACM (New York, NY, USA, 2012), 161-170. 

57. Roudaut, A., Karnik, A., Lochtefeld, M., Subramanian, 
S. Morphees: toward high “shape resolution” in self-
actuated flexible mobile devices. In Proceedings of the 
SIGCHI Conference on Human Factors in Computing 
Systems, CHI ’13, ACM (New York, NY, USA, 2013), 
593-602. 

58. Watanabe, R., Itoh, Y., Asai, M., Kitamura, Y., 
Kishino, F., Kikuchi, H. The soul of ActiveCube: 
implementing a flexible, multimodal, three-
dimensional spatial tangible interface. Proceedings of 
the 2004 ACM SIGCHI International Conference on 
Advances in computer entertainment technology, 
ACE’04, ACM (New York, NY, USA, 2004), 173-180. 

59. Lee, N., Kim, J., Lee, J., Shin, M., Lee, W. MoleBot: 
mole in a table. In Proceedings of ACM SIGGRAPH 
Emerging Technologies Article no. 9, ACM (New 
York, NY, USA, 2011). 

60. Park, W., Park, S., Kim, L., Shin, S. Haptic mouse 
interface actuated by an electromagnet. In Proceedings 
of CISIS’11, IEEE Computer Society (2011), 643-646. 

61. Kudo, H., Suzumori, K., Kanda, T. Force feedback 
mouse with differential mechanism for omni-travelling. 
In Micro-Nano Mechatronics and Human Science, 
2007. MHS’07, 430-435. 

62. Miyaki, T., Ding, Y., Banitalebi, B., Beigl, M. Things 
that hover: interaction with tiny battery-less robots on 
desktop. In CHI ’11 Extended Abstracts on Human 



Factors in Computing Systems, CHI EA ’11, ACM 
(New York, NY, USA, 2010), 531-540. 

63. Sugimoto, M., Kagotani, G., Kojima, M., Nii, H., 
Nakamura, A., Inami, M. Augmented coliseum: 
display-based computing for augmented reality 
inspiration computing robot. In Proceedings 
SIGGRAPH’05 Emerging technologies Article No. 1 
ACM (New York, NY, USA, 2010). 

64. Rosenfeld, D., Zawadzki, M., Sudo, J., Perlin, K., 
Physical objects as bidirectional user interface 
elements. IEEE Comput. Graph. Appl. 24, 1 (2004), 
44-49. 

65. Krzywinski A., Mi H., Chen W. & Sugimoto M. 
Robotable: A tabletop framework for tangible 
interaction with robots in a mixed reality. In Proc. ACE 
’09, ACM (2009), 107–114  

66. Ullmer, B., Ishii, H. The MetaDESK: models and 
prototypes for tangible user interfaces. In Proceedings 
of the 10th Annual ACM Symposium on User Interface 
Software and Technology, UIST ’97, ACM (New 
York, NY, USA, 1997), 223-232. 

67. http://www.dougengelbart.org/firsts/mouse.html 
68. https://en.wikipedia.org/wiki/Christopher_Latham_Sho

les 
69. Villar, N., Izadi, S., Rosenfeld, D., Benko, H., Helmes, 

J., Westhues, J., Hodges, S., Ofek, E., Butler, A., Cao, 
X., Chen, B. Mouse 2.0: multi-touch meets the mouse. 
In Proceedings of the 22nd Annual ACM Symposium 
on User Interface Software and Technology, UIST ’09, 
ACM (New York, NY, USA, 2009), 33-42. 

70. Bailly, G., Sahdev, S., Malacria, S., Pietrzak., T. 
SIGCHI’16 (to appear). 

71. Rasmussen, M., Pedersen, E., Petersen, M., Hornbæk, 
K. Shape-changing interfaces: a review of the design 
space and open research questions. In Proceedings of 
the SIGCHI Conference on Human Factors in 
Computing Systems, CHI ’12, ACM (New York, NY, 
USA, 2012), 735-744. 

72. Steimle, J., Jordt, A., Maes, P. Flexpad: highly flexible 
bending interactions for projected handheld displays. In 
Proceedings of the SIGCHI Conference on Human 
Factors in Computing Systems, CHI ’13, ACM (New 
York, NY, USA, 2013), 237-246. 

73. Follmer, S., Leithinger, D., Olwal, A., Hogge, A., Ishii, 
H. inFORM: dynamic physical affordances and 
constraints through shape and object actuation. In 
Proceedings of the 26th Annual ACM Symposium on 
User Interface Software and Technology, UIST ’13, 
ACM (New York, NY, USA, 2013), 417-426. 

74. Follmer, S. Leithinger, D., Olwal, A., Cheng, N., Ishii, 
H. Jamming user interfaces: programmable particle 
stiffness and sensing for malleable and shape-changing 
devices. In Proceedings of the 25th Annual ACM 

Symposium on User Interface Software and 
Technology, UIST ’12, ACM (New York, NY, USA, 
2012), 519-528. 

75. Rädle, R., Jetter, H., Marquardt, N., Reiterer, H., 
Rogers, Y. HuddleLamp: Spatially-Aware Mobile 
Displays for Ad-hoc Around-the-Table Collaboration. 
In Proceedings of the 2014 ACM International 
Conference on Interactive Tabletops and Surfaces, ITS 
’14, ACM (New York, NY, USA, 2014), 45-54. 

 


