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Abstract - This article deals with a tangible interface,
Tangisense, and aims to present the contribution of tan-
gibility to the man-machine interaction from the point of
view of affordance. Some experiments build on a tangi-
ble table Tangisense, developed by the laboratory, dem-
onstrate that the affordance plays different roles related
to the context, the type of task and the collaborative in-
teraction with others users. We show that the affordance
of objects is a complex concept that depends not only on
the appearance of the object but also on what the users
do in collaborative context.
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1. INTRODUCTION

For 25 years, tangible interfaces (TUI = Tangible
User Interfaces) are spreading more and more (Black-
well et al., 2007), so that it could eventually replace the
traditional graphical user interface of applications such
as games, participatory design work, the mock-up de-
sign, etc.. (Kubicki et al., 2009a). The definition by Ishii
and Ullmer (1997) is very concise but easily understand-
able: it comes to manipulating real objects that are inte-
grated in a virtual environment and have digital capabil-
ity of interaction - it is not so just to interact with virtual
objects on a screen but more interacting directly by and
on such objects. Thus, the TUI allow to not insert an ar-
tifact of communication in the sensorimotor process that
is established between the user and the environment or
to break the continuity of touch created by the mouse as
in graphical user interfaces (Moggridge, 2006). Items
used here are physical but embedded with digital interac-
tion capabilities (Blackwell et al., 2007) somehow they
are "augmented". In other words, everything happens as
if the "digital information became palpable by hand di-
rectly perceptible by our peripheral senses" (Ishii et al.,
2001).

In this type of tangible interface, the object is
both a tool of the interface, object of the application and
device for the interaction, which raises its ambivalent
status. Further interaction is spatial and takes place in
real space: users can move in this space to interact.
Unlike the interaction with a computer screen where the
user must manipulate the mouse, tangible interfaces re-
quire different postures for the body. Indeed, objects
and space introduce constraints to the behaviors and re-
lationship for the users each to others: the agent is in this

case literally in the physical world and metaphorically in
the digital world. This therefore defines the postures that
allow, restrict or command behaviors. Finally, the repre-
sentations are outsourced; the feedback may be visual,
tactile or haptic (Hornecker and Buur, 2006).

In this paper, we examine the tangibility in terms
of affordance and collaborative work from experiments
with the interactive table Tangisense, exploiting the RF-
ID technology (Radio Frequency Identification) and al-
lowing collective interactions with tangible and virtual
objects.

II. THE TANGISENSE TABLE

Figure 1 shows the interactive table (Kubicki et
al., 2009b). It is like a magnetic retina, able to detect and
locate RFID tags pasted on various objects. The table
consists in 25 blocks, each containing 64 antennas (8 x
8) by 2.5 cm square on a surface of 1m2. Each block
contains a processor reading RFID antennas, an antenna
multiplexer and a communication processor. The blocks
are linked together by a control interface connected to
the host computer by an Ethernet bus.

A General Characteristics

With this technology, one can recognize tags for
objects superimposed each on other and their positions
in the workspace. One can detect an object completely
hidden under another bigger than himself, and find its
position too. Each tag has a few memory for storing in-
formation in the RFID. The response time obtained with
Ethernet communications and RFID device-reader pro-
vides speed performance compatible with the speed of a
human gesture. The simultaneous movement of a block
of 64 RFID tags is detected in less than one second, im-
plying a possible detection of more than 60 moving ob-
jects at once. The algorithms embedded in the table offer
search strategies, aggregation and exchange between the
RFID tags allowing a global processing in real time. The
main novelty of the table likes in the density of the an-
tennas which allows a compatible spatial and temporal
resolution with the real-time detection of objects in
movement. So she can be used as a non-specialized tan-
gible human-machine interface.



Figure 1: The Tangisense table under a configuration of musical crea-
tion. Bright areas (LEDs in the table) are activated by tangible "charac-
ters". A cube in the foreground is a musical instrument; a CD in the
background is a database of sounds that can "dump" on the table.

B The table objects

There are two different types of objects on the ta-
ble that can be interactors: (a) the virtual objects (as in a
GUI, such as scroll, buttons, etc...) and (b) tangible. The
virtual objects are projected onto the table using an LCD
situated on the surface of the table or a video projector
placed vertically above the table (Fig. 2). Tangible ob-
jects are equipped with RFID tags glued to their base. In
these tags, it is possible to store information such as a
last movement, name of its owner, etc...

Figure 2: The Tangisense table used in a road traffic simulation appli-
cation. One distinguishes tangible objects (e.g. road signals) and virtual
objects video-projected (e.g. roads).

Several applications have been programmed for the ta-
ble. In addition to a road traffic simulation (Fig. 2) two
applications were referred to the musical production:

(a) Automaton Music: this is a software for inter-
acting with instruments (tambourine, drums, horn, etc.).
To do this you must first lay on the table a figure corre-
sponding to a particular rhythm, when installed, the
LEDs will light up on the table. When an instrument is
placed at the same time that the LED lights up when it
hears the corresponding sound: drums or whatever. In
this application, the rhythm has been set with reference
to the game of life and metaphorical Gardner-genetic
with the laws of the cells (a led = a cell). Programming
has been done by simulating the life of cells.

(b) CD Judbox: the principle is similar to the
foregoing; the difference is that they are not instruments
but textures. The application is to make an audio CD on
the table and you can then extract various textures and
then you can be recovered through these transparent
cubes and replay them at will. As indicated above you
must first file a character to the rhythm so that the LEDs
are lit and the sound is played accordingly.

These are the objects of these music applications
we consider in the following.

III. INTERACTION, POSTURE, COLLECTIVE WORK

Interacting with a tangible interface does not have
the same conditions as traditional GUI and thus gener-
ates a particular interaction. Indeed, this kind of technol-
ogy allows the user to have an experience more "natural"
and "friendly". Indeed, according to (Ishii et al., 2001),
this interface would give the feeling of being connected
to the real world and so it’s more successful biofeed-
back. Through the multisensory control that allows di-
rect manipulation of objects, we have the opportunity to
have richer expressive gestures that allow natural and in-
tuitive interaction (Fiebrink and Morris, 2009). In addi-
tion, tangible interfaces offer the opportunity for users to
perform optimally with direct manipulation interface.
They can touch the item they want to handle; the body is
then used to control the interaction (Schneiderman,
1983). In addition, users can change the location of ob-
jects at once from them but also against other users, con-
sequently it can be attributed to a significant place and
thus develop a spatial reasoning (Manches et al., 2009).
The advantages with this technology are manifold. Inter-
action with both hands is strongly encouraged, which is
important because the physical capabilities of the hand
and wrist are also rich (Fitzmaurice et al., 1995). On the
other hand, users can be placed anywhere around the ta-
ble, entries are spatially and it significantly improves the
ability to communicate with the computer. Physical arti-
facts facilitate interaction by making more direct inter-
face, and especially more manipulable. This type of
technology also encourages the collaboration of several
people (Fitzmaurice and Buxton, 1997). And finally,
since the objects are manipulated in three dimensions on
a horizontal surface, the vast majority of these tables of-



fer a generous workspace and allow the user to act while
talking and keeping an eye on what others do (Manches
et al., 2009). Moreover, one of the key points in this in-
teraction remains, according to the authors, the visibility
of other users and therefore often the goal of understand-
ing and gesture (Fiebrink and Morris, 2009). However,
some disadvantages are: given that the individual is in-
teracting with an interface that can be shared with sev-
eral people, some studies have shown that people have
fear to have a physical collision or that of encroach on
the territory of a neighbor. The difficulty in reaching ob-
jects out of reach was also discussed (Fiebrink and Mor-
ris, 2009). The very nature of the human body means
that there are constraints in terms of natural positions,
the environment in which is the interface will thus influ-
ence the actions and limit certain movements which are
then obstacles (Benford et al. 2003). In summary, de-
spite these drawbacks, tangible interfaces restore a sig-
nificant role in manipulating and exploiting the dexterity
acquired by humans in their daily environment (Couture
et al.,, 2007). The ability to let subjects freely interact
with objects by touching them and moving them directly
constitutes the heart of this particular interaction. The in-
terface improves multiplayer action allowing better hand
coordination, parallel actions, a better perception of
space and changes in perspective by the possible moves
around the table.

IV. THE AFFORDANCE

Gibson introduced the concept of affordance in
1979 and made it a theoretical pillar of the ecological
approach. The affordance is initially so that the object al-
lows the individual to do in a situation such as the sub-
ject perceives, so it is perceived by an individual with an
object and possible actions that item proposes. This con-
cept has produced numerous appropriations by different
authors, especially by Norman. According to Norman's,
affordance corresponds to information needed in the
world to act appropriately according to the project and
the objectives of the concerned actor - the appearance of
the devices must therefore be able to provide evidence
relevant to proper use through their affordances, per-
ceived and real part of a second. (Norman, 1999). Muc-
chielli (2000) uses the term "holders of proposed interac-
tion" to refer to objects affordances that have property to
offer some plausibility of their duties. Allaire (2006)
went further in speaking of "friendly" to name the object
that makes visible its usefulness in context and leads the
individual to act. With this in mind it is important that
objects have a tangible interface affordance. Indeed,
with this type of technology, tangible objects are per-
ceived only through their assigned functions, the princi-
ple of affordance is then forgotten: how a stone tabletop
music could acquire it and the role of his or rhythm?

In summary we can conclude that the affordance
is a relationship established between the user and the ob-
jects in the environment through their properties but also

according to the task to perform and in relation with oth-
ers agents acting with these objects. The affordance
problem has three dimensions: purpose, task, people

group.

V. EXPERIMENT

To understand this concept of affordance, an ex-
periment was conducted in our laboratory (Becker,
2010) to measure the affordance of objects in a work
situation with the interactive table TangiSense. The sub-
jects were alone and had to perform a task with objects
more or less affordable that they did not know (a situa-
tion called direct) or had to perform these tasks with
other people who knew and manipulating objects (situa-
tion called indirect).

A Assumptions
The theoretical assumptions are:

- H1 — There is some differences in understand-
ing between objects affordable or not, regardless of the
situation and players (in other words, the affordance de-
pends essentially on the nature of objects),

- H2 - The situation of interaction of an object af-
fects its understanding and construction of affordance, in
particular by the presence of other agents,

- H3 - The single or multi-functionality of an ob-
ject affects its understanding and construction of affor-
dance (the multi-functionality of an object is defined by
the fact that it has a self affordance and an inherited af-
fordance increased by its digital capabilities — for in-
stance a glass with an interactive function serves still to
drink).

The operating assumptions are that these differ-
ences are measurable in terms of understanding time (as
soon as objects are perceived by the user until he de-
scribes its functions) and ease of comprehension (num-
ber of errors in the subjective assessment of the task).

Other assumptions in addition to these main hy-
potheses, since in an HMI (Human Machine Interface)
are generally divided between several types of objects
schematically: (a) the objects of the interface (menus,
scroll bars, etc...) common to all applications and (b) the
objects of the application (icons, functional objects, dia-
logue box, etc...) specific to one application. Thus it is
expected that:

- H'l — For a degree of affordance equal, the in-
terface objects will be understood more easily and faster
than the application objects, because of their cultural'
largest value (indeed the people have acquired this cul-



ture of interface objects from recent and frequent use of
the GUI),

- H'2 - The most affordable interface objects are
the more transportable to other applications as objects
not affordable of the interface (under the condition they
keep their functions), but conversely they are less inter-
changeable in terms of functionality,

- H'3 - The less affordable objects of the applica-
tion (and therefore less meaningful) will be a part of the
most versatile and also the most customizable and ap-
propriated by an user.

B Experimental protocol

The design of the objects was made in participa-
tory design sessions with musicians, designers and ordi-
nary people. They were instructed to draw affordable ob-
jects for music applications described above (Fig. 3 pro-
vides a sample output). Their results were validated by
all participants.

Figure 3: Object "rhythm" (heart shape), object "off" (hand-shaped)
and object "note".

The interface objects were selected a priori from
the "culture" induced by the graphical interfaces, like an
eraser to erase, "stop" to stop "cursor" to the rhythm,
etc...

We will not describe in detail the design sessions
that led to realize the matching items that were used in
the remainder of the experiment. We took 16 subjects
divided into 2 groups each competing to test each hy-
pothesis, for example H1 task was to understand the
function of objects in various situations, for some ob-
jects were selected from more affordances for others
among the fewer affordances. And so on for H2, H3, and
H'l H'2. Time measurements and understanding of the
number of errors were made, complemented by inter-
views after the session with a questionnaire using Likert
scales.

VI. RESULTS
We present a table of results in Fig. 4.

aff. non aff. | aff. non aff.
Task difficulty (Lickert 1- | 1,0 1,0 1,0 3,
6) 0.925
Understanding  difficulty | 2,0.5 3.5, 3.25, 3,
(Lickert 1-6) 1.58 1.6 0.925
Understanding duration 10.5, 35.8, 36.3, 23.5,
4.3 24.2 9.3 11.4
Number of errors before | 0.125, 1.1,04 0.375, 0.6,0.5
validating 0.3 0.5
Number of errors 0.125, 0.375, 0.25, 0.6, 0.5
0.3 0.5 0.4
Subjective estimation of | 1.6, 5.5,0.2 5.5, 6,0
the affordance ( Lickert 1- | 0.3 0.1
6)

Figure 4: Results of measurements validated by questionnaires. The
values in each cell are mean and standard deviation for all subjects who
passed the test.

On this table we can read that: in “direct situa-
tion” affordable objects are most relevant to the task
(compare columns 1 and 2), H1 is verified, but not in
“indirect situation” (comparing columns 3 and 4). More-
over, for an affordable object the “direct situation” is
more favorable to the comprehension (compare columns
1 and 3) and less favorable for the “indirect situation”
(comparing columns 2 and 4). H2 is verified. Everything
happens as if there were an affordance "for itself" (ego-
centric) and affordance "for others" (exocentric). A clos-
er analysis shows that other cues than the appearance
can allow decoding the functions of not affordable ob-
jects (auditory cues, effects of their actions in the task,
socio-cultural inferences). As a corollary analysis also
shows that H3 is validated, more precisely: if an object
is multifunctional, it will be harder to understand but at
the same time, richer for the interaction.

Fig. 5 shows other aspects of affordance in rela-
tion to the type of objects (application object / interface
object)

Results depending of the | Application objet Interface objet

type of the objet
Ob;. Ob;j. Obj. Ob;.
aff. non aff. | aff. non aff.
Task difficulty (Lickert 1- | 1.75, 2.125, 1,0 3,
6) 0.4 0.8 0.925

Understanding  difficulty | 3, 1.8 35,2 2,0.8 3,
(Lickert 1-6) 0.925

Results depending on the | Direct Indirect

situation

Obj. | Ob;. Obj. | Obj.

Relevance for reusing the | 2.75,2 | 3.875, 1.75,
function in other context 1.4 0.8

1.8, 1.4




Relevance for reusing the | 2.625, 4,2 6.75, 3.25,

object in other context 1.9 0.4 1.4

Understanding duration 70.6, 58,323 | 10.5, 23.5,
37.9 9.3 11.4

Number of errors before | 0.5, 0.75,1 0.375, 0.6, 0.5

validating 0.5 0.5

Number of errors 0,0 0.125, 0.25, 0.6,0.5

0.3 0.4
Subjective estimation of | 2.1, 6.5,0.5 1.6, 55,02
the affordance ( Lickert 1- | 0.8 0.3

6)

Figure 5: Results of measurements validated by questionnaires. The
values in each cell are mean and standard deviation for all subjects who
participated to the experiment.

A detailed reading of this table shows that the as-
sumptions H'l, H’2 and H'3 are validated.

VII. DISCUSSION
The above results must be read with the usual
precautions:

a) The study is limited to a particular table and
specific applications,

b) The number of subjects of the experiment is
small and does not cover all socio-cultural cate-
gories,

c¢) The conditions are not entirely ecological.

Despite these restrictions strong trends emerge due
to the particularities of these objects "augmented": for
one hand the multi-functionality appears in these objects
is more difficult to grasp and understand for the subjects
and for another hand the question of "technological cul-
ture" raises other forms of affordance. Finally the col-
laborative work seems to promote knowledge transfer
and co-construction of meaning through some affor-
dance we called exocentric.

VIII. CONCLUSION

The affordance of an object improves egocentric
understanding of the task but it is not the only cause,
there is also strong enough and the situation of collective
work - that is to say what others do also with these ob-
jects. The collective work improves the understanding of
non affordable objects in the task. On the other hand af-
fordance takes other signification for technological
"augmented" objects for tangible interfaces: multi-
functional aspect in part makes these objects more diffi-
cult to understand but at the same time easier to "trans-
port" in other applications, maintaining their functional
inheritance.

Socio-cultural issues are thus rose which bind to
the affordance reuse and appropriation of objects: the
more a function is "hidden" the more is “my own”.

IX. ACKNOWLEDGEMENTS

This research was partially funded by the Minis-
try of National Education, Research and Technology, the
CNRS, and especially the ANR (project TTT).

X. BIBLIOGRQPHY
1. Allaire, S. (2006). Les affordances socionumériques d'un
environnement d'apprentissage hybride en soutien a des
stagiaires en enseignement secondaire. De l'analyse ré-
flexive a la coélaboration de connaissances. Thése de
doctorat, Québec: Université Laval.

2. Becker, M. (2010). Le concept d’affordance et ['interface
tangible Tangisense. Mémoire de master, université Paul
Verlaine, Metz.

3. Benford, S., Schnadelbach, H., Koleva, B., Gaver, B.,
Schmidt, A., Boucher, A., Steed, A., Anastasi, R., Green-
halgh, C., Rodden, T. & Gellersen, H. (2003). Sensible,
sensable and desirable: a framework for designing physi-
cal interface. Technical Report Equator-03-00, London:
department of computer science, university college Lon-
don.

4. Besacier, G., Vernier, F., Chapuis, O., and Roussel, N. Re-
direction d’applications existantes et nouvelles interac-
tions pour des usages collaboratifs colocalisés sur une ta-
ble intéractive. In IHM ’07: 19¢éme Conférence Franco-
phone sur I’Interaction Homme- Machine, pages 271-274,
IRCAM, Paris, 12-15 Novembre 2007. ACM Press.

5. Blackwell, A., Fitzmaurice, G., & Ishii, H. (2007). Tangi-
ble user interfaces in context and theory. CHI 2007, Cali-
fornia, USA, May, ACM Press.

6. Couture, N., Riviére, G., & Libération, D. (2007). Table in-
teractive et interface tangible pour les géosciences : retour
d'expérience. Computer human interaction, 3, 1-4.

7. Fiebrink, R., & Morris, M. R. (2009). Dynamic Mapping
of Physical Controls for Tabletop. Computer Human In-
teraction, 471-480.

8. Fitzmaurice, G. W., & Buxton, W. (1997). An empirical
evaluation of graspable user interfaces: towards special-
ized, space-multiplexed input. Proceedings of CHI’'97,
43-50.

9. Fitzmaurice, G.W. (1996). Graspable User Interfaces.
Ph.D. Thesis, University of Toronto.

10. Fitzmaurice, G.W., & Buxton, W. (1997). An empirical
evaluation of graspable user interfaces: towards special-
ized, space-multiplexed input. Proceedings of the SIGCHI
conference on Human factors in computing systems, At-
lanta, Georgia, USA, 43 — 50.

11. Fitzmaurice, G.W., Ishii, H., & Buxton, W. (1995). Bricks:
laying the foundations for graspable user interfaces. Pro-
ceedings of the SIGCHI conference on Human factors in
computing systems, Denver, Colorado, 442-449.



12. Hornecker, E., & Buur, J. (2006). Getting a Grip on Tangi-
ble Interaction : A Framework on Physical Space and So-
cial Interaction. CHI 2006, Québec, Canada, ACM Press.

13. Ishii, H., & Ullmer, B. (1997). Tangible Bits: Towards
Seamless Interfaces Between People, Bits, and Atoms.
CHI 1997, 234-41.

14. Ishii, H., Mazalek, A., & Lee, J. (2001). Bottles as a Mini-
mal Interface to Access Digital Information. Extended
Abstracts on Human Factors in Computing Systems, CHI
2001, Seattle, Etats-Unis d’Amérique, 31 mars - 4 avril
2001, ACM, New York.

15. Kubicki, S., Lebrun, Y., Lepreux, S., Adam, E., Kolski, C.,
& Mandiau, R. (2009a). Exploitation de la technologie
RFID associée a une Table interactive avec objets Tangi-
bles et Tracables. Application a la gestion de trafic
routier. Génie logiciel, 31, 41-45.

16. Kubicki S., Lepreux S., Kolski C., Perrot C., & Caelen J.
(2009b). TangiSense : présentation d’une table interactive
avec technologie RFID permettant la manipulation
d’objets Tangibles et Tragables. Proceedings of IHM
2009, 21éme Conférence de l'Association Francophone
sur l'Interaction Homme-Machine (Grenoble, France, 13-
16 octobre 2009), International Conference Proceedings
Series, ACM Press, Grenoble, pp. 351-354.

17

18.

19.

20.

21.

22.

23.

. Kubicki, S., Lepreux, S., Kolski, C., & Caelen, J. (2010).

Towards New Human-Machine Systems in contexts in-
volving interactive table and tangible objects. The [ith
IFAC/IFIP/IFORS/IEA Symposium on Analysis, Design,
and Evaluation of Human-Machine Systems, August 31 -
September 3, Valenciennes, France.

Kubicki, S., Lepreux, S., Lebrun, Y., Santos, P. D., Kolski,
C., and Caelen, J. New human-computer interactions us-
ing tangible objects: Application on a digital tabletop
with rfid technology. In Jacko, J. A., editor, Human-
Computer Interaction, volume 5612 of Lecture Notes in
Computer Science, pages 446—455. Springer, 2009.

Manches, A., Malley, C. O., & Benford, S. (2009). Physi-
cal Manipulation : Evaluating the Potential for Tangible
Designs, 77-84. TEI Conference 2009, Cambridge, UK,
feb.

Moggridge, B. (2006). Designing interactions. MIT univer-
sity Press.

Mucchielli, A. (2000). L’art d’influencer. Paris : Ed. Ar-
mand Colin.

Schneiderman, B. (1983). Direct Manipulation: a Step Be-
yond Programming Languages. Computer, 16 (8), 57-69.

Weiser, M. The Computer for the 21st Century. SIGMO-
BILE Mob. Comput. Commun. Rev., 3(3):3-11, 1999.



