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Abstract
After having outlined the uses of new technologigesh as Smartphones, touchscreen tablets and
laptops, in this paper we present Tramgi Sense interactive tabletop, equipped with RFID
technology tagged on tangible objects, as a neadign of interaction for ambient intelligence.
Within the framework of this article, we aim to tlisute surfaces (tables) interacting mainly
with tangible objects. Leads for interactive suefaéstribution such as interactive tables are
given. In the article, we propose to describe stangible objects, which are the interaction
supports; these are call@dngigets. They are defined according to an augmented Pyasam
Abstraction-Control (PAC) structure in order toagke tangibility element into account. We
also propose six categoriesTangigets, which aretangible objects, and the supports of
distributed collaboration. In order to validate frengiget concept and its use on Tlaegi Sense
tabletop, we propose illustrations in centralized distributed configurations. A first evaluation
is also presented. To finish, the article prestrgslirections under consideration for our future

research.

Keywords: tabletop, distributed surfaces, tangible objeetsgible interactor, scenarios
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From Centralized interactive tabletops to Distributed surfaces: the Tangiget concept
1. Introduction

New interactive surfaces, such as touchscreentsalalee currently being studied a great
deal. These surfaces allow interactions basedatitetéechnology. The principal uses of the
tablets are: Internet access, consultation of haakd visualization of films or photographs.
Smartphones, being smaller and thus more mobiteako having access to the Internet albeit
with less ease of navigation due to the size oftreen, are used when there is a need for
mobility. As for laptop computers, they are inciegl/ small (e.g. netbooks), but they remain
the least mobile and thus are used mainly in fsightions. They allow a wider range of
activities than the tablets, such as the easyfuse editor for text documents, or running
applications which necessitate more resourcesatiial of mobile platforms such as the PDA,
Smartphones and others has been the subject of ms@grch projects. The objective is to
facilitate the migration of applications when tleatext changes.

In the field of Human-Computer Interfaces, the obye is similar, following the idea of
the plasticity of the interfaces which was thenpadd to distributed interfaces (Bandelloni &
Paterno 2007), (Demeure et al., 2008), (Grolawat.eP004), (Larsson et al., 2007). The user
wanted to be able to move from one platform to la@obne without loss of coherence in the use
of his/her application, with no loss of data (dng/she wanted to continue to deal with his/her e-
mails or surf on the Internet while being mobilEhe Cameleon model became a framework for
the modeling /transformation of the HCI (Calvaryakt 2003). Within this framework, the
transformation is done according to the charadtesi®f a context, i.e. of a user, a platform and
an environment. In our research, we aim to extarsvtork to the simultaneous use of several

users (collaborative context), several platforms emnsequently several environments (Kubicki
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et al., 2010). In this article, we focus on thegole interactions with an interactive tabletop and
other supports.

We propose in this paper to add another techndloglyis range of products: the
Interactive Tabletop (Figure 1). Interactive tabjpet have existed for a few years now. They are
similar to the touchscreen tablet, but are larigemmg more the size of a coffee table for example,
around 1m square. These tabletops are mainly lmastattile or vision technology and allow the
same uses as the tablets; they thus handle maihlghobjects. The users can use one system or

another in turn but they rarely share the use tweror more systems.

g . =

Virtual objects

Figure 1 TangiSense: an interactive table using RFID technology, case of an application of
children learning

In this paper, we plan to share an application betwseveral users, and several platforms
using several types of interaction. In this contéx user interface becomes distributed. The
users wish to share information and interfaces wiitter users, who are not necessarily using the
same platform, not having the same needs/consgtraihese problems based only on the virtual
have already been approached by (Tandler et &4)2ihd (Sakurai et al., 2009).

The second section of the article aims to introciesgralized tables and in particular the

TangiSense table and the distribution strategiésteffaces in line with these tables. Section 3
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concentrates on the objects handled by these actsf They can be tangible or virtual and they
can play different roles within the interactionngéle objects, which are the supports of the
interaction with the tangible tabletop and suppoftthe distribution, named Tangigets, are
mainly described. Section 4 illustrates represarg@atangigets using scenarios. The description
of a preliminary study and a discussion composeaeb. Finally a conclusion and research
prospects end the paper.
2. From centralized tabletop to new concepts of distributed surfaces
2.1. Centralized Tabletops: the tangiSense tabletop

Interactive tables have already been and ardlstilsubject of many research projects
(Cf. the growing interest in new conferences, aElCM ITS “Interactive Tabletops and
Surfaces” Conferences 2009, 2010, 2011). The maimés tackled are the innovations
concerning hardware, software, design, and appicatrojects. Recent works aim to distribute
the interfaces based on interactive tables (Lepetak, 2011a and 2011b). Within the
framework of our research project, we use a pdaidateractive table as a basis because it uses
RFID technology in order to interact, not only witte fingers on virtual objects but also directly
with tangible objects which have been RFID tagdgadikenzeller, 2003). This tabletop, called
TangiSense, detects objects equipped with RFIDwdigs they are placed on it (cf. Figure 1).
The use of RFID makes it possible firstly to detgjects present on the surface of the table,
secondly to identify them thanks to one or mora tstgck underneath the object (because RFID
tags are unique), and finally to store informatitrectly in these objects or to superimpose
different objects. It is thus possible to work wétlset of objects on a table, to store data irethes
objects (for example their last location, or tigossible owner) in order to be able to re-use them

subsequently on another tabletop at another moamehwith the user’s own embedded
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information (example: the last state of a gamehafss). The interaction is completely managed
by these objects and this can influence virtua¢ctsj (which cannot be directly manipulated). It
provides different uses of the other technologresgnted previously because it uses RFID
characteristics as well as the advantage of tamgilbéraction (Holmquist et al., 2004), (Shaer et
al., 2004), (Blackwell et al., 2007), (Riviére &t 2010).

2.2. Digtributed User Interface strategy

There are two manners of distributing surfaces ssamser interfaces (Lepreux et al.,
2011). In the first manner, the interactive talpeitodeclared to be the master and the other
devices are slaves. In this case, the table marhgesformation transfer according to the
objectives of each platform and it centralizegtad information available in the distributed
system (CfFigure 2 left part). The interface distribution can be seethe form of a tree. The
master surface is the root of the tree (in therégthis surface is the interactive tabletop). The
other platforms correspond to the nodes or leaMas relationship means that the child interface
corresponds to a subset of the interface of therparode.

The transformations which can happen between tistemiterface and the slaves, for
example a transformation from a tangible interacta a tabletop into a virtual interaction on a
tablet, are specified in the relation between W nodes.

The master tabletop takes responsibility for chogshe adequate mode of representation
to transmit to the target platform. For instanbe, placement of an object on the master tabletop
which represents a choice is represented by arishe smartphone concerned by this choice.
The users use objects on the master tabletop ar twctonnect it to other platforms and select
the Ul to share. This strategy is useful when thesldomplete on one support with priority and

if Uls have to be distributed to other supportse Tisadvantage of this strategy is that
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breakdowns are not tolerated. In the second waljstributing a user interface (Ul), all the
platforms are autonomous and on the same decisiah (Cf. Figure 2, right part). The set forms
a graph where n corresponds to the number of loigéd interfaces (ikigure 2, n=4). Here, a
relation between two platforms means a distribingetface.

There can be several ways of distributing userfates between two surfaces.

Either the two parts of user interface (Ul) arenptementary, or there are common parts
to both interfaces. As an interface can be linlkesidveral others, it must compose the set of the
concerned interfaces. The interesting functionglistribution and collaboration are complete
duplication, partial duplication, the part extracti etc. (Lepreux et al., 2006) see also (Melchior

et al., 2011).

virtual objects virtual
objects ‘ x

e —
P virtual objects (U12)
a Ul4 = partialDuplication (UI1) Sy
- i tabletop i + partialDuplication (UI2) Tableu)p

\ g iﬁ/ AN
[ s .

L Tangible & virtual Light device
i Tabletop objects on the feg.

[ﬁense) Master tabletop
/ ™
i Light device
Tabletop virtual objects or other
G EIE) (tangiSense) i representation
El UI3 = completeDuplication(UI1)

virtual objects + partialDuplication (UI2)
(tangible objects if the tablet
is a tangiSense tablet)

virtual objects or

. Tangible & virtual objects
other representation

(ura)

Figure 2. Centralized distribution of Ul (left part) vs. Network of Distributed Ul (right part)
For example Ul (on a Smartphone) can be the fusidhe complete duplication of Ul1, partial
duplication of Ul2. Each platform is responsible b@ing connected to the platform with which
it interacts and all of the exchanges are donairspin this case, each platform must manage

several Uls distributed with several platforms. Whige user needs to move or to share a Ul



DISTRIBUTED INTERACTION SURFACES-Tangible distriban 7

with another user, the platforms have to conneaitnd the Ul is deployed according to the
local context (Platform, User, and Environment).

The table architecture which was chosen to sughertlistribution is shown in Figure 3.
It is based on a Multi Agent System (MAS) developatth the JADE platform (Bellifemine et
al., 2007). In this system the agents are assalciateach virtual or tangible object. In the
architecture suggested, the traces reflect the hwaovity and are enriched by software agents
and norms; the norms result in a set of signs&sig” the activity; they operate at three levels:
infrastructure (consistency of tangible object Heny, individual (private objectives and
interests), and group (public goal and agreed yuldge software aspects making it possible to
manage the data and the exchanges between platioensanaged by the MAS. These aspects

are not dealt with in this article but are devetbpe(Garbay et al., 2012).

Group level
1
! Norms " ' Norms
| X y ; i X X
Software " i "
layer { Y \ 4 i ! . \ 4
i| Traces &> Agents |[! i| Traces [€=>{ Agents o
i ! Individual
A : ' A i level
v A .

"
3 |

| H p 1

Infrastructure ' @ { ' @ H _I’ 1

layer : @ | (= L} :

. Tangible ' " [_j Virtua '

] ' \ '

] N ]

________________________________________________

Figure 3. Collaboration as an exploratory process driven by norms (Garbay et al., 2012)
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3. From tangible application objectsto tangible interaction objects

Among the tangible objects used on interactivedtalpls, we can distinguish two
different types of object: (a) the tangible objestsch are application-dependant and (b) the
objects which make it possible to deal with generietionalities likely to be commonly used in
applications on a tabletop (the tabletops can keilduted or not); they are called tangigets. The
first section focuses on tangible application otge€he second one introduces the tangigets
which are grouped into six categories.

3.1. Tangible application objects

The idea of exploiting tangible objects is not ndlus, tangible objects associated with
virtual objects were proposed by Rekimoto and blkeagues who presented Datatiles
(Rekimoto et al., 2001), a modular platform mixpigysical and graphical objects. The idea
influenced Walder and his colleagues who proposatksvn relation with those of Rekimoto
through an evaluation of the tangible interface id&aet al., 2006). Researchers then became
interested in the objects, especially in if it vg@ssible to include them in interactive systems. It
is the case of Weiss et al. who propose in therkwaaangible widgets system (Weiss et al.,
2009a, Weiss et al., 2009b) usable on an intematdible; this system is called SLAP (Silicone
iLluminated Active Peripherals). Interactive tabtes allow new types of interaction or even
new manners of working in relation to physical atge For example, Patten et al. propose the
SenseTable (Patten et al., 2001), a wireless object trackilagform for tangible user interfaces.
In the tangible interfaces, the logic of interactise to use objects to start actions or to obtain
information. These objects (also called businegsotd) are dedicated to the application for
which they are designed and used. For exampleeifigtd of road traffic management (cf.

Figure 4), objects representing the possible traffic floadifications are proposed: e.g. traffic
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lights, stop sign, give way sign, speed limit, pbited direction, etc. Another example (cf.
Figure 1) in the educational field proposes to teach tieegaition and learning of colors to
children who have to move and place a set of obj@at example, a representation of a tomato
pasted on a cube) which have “lost their colorbditite suitably colored frame (i.e. a black and
white tomato should be placed inside the red fraiiiabicki et al., 2011b). These objects are
not easily generalizable with different types oplgations.
3.2. Proposition of tangible interaction objects: Tangigets

Unlike the business objectisg, objects dedicated to the application), it is polesio
propose generic tangible objects, which we ca#lrifigets’ (Caelen et al., 2011). They allow a
greater ease of programming applications usingléngbjects and make it possible to preserve
an intra-application coherence and a compatibiitych are two traditional usability criteria in

HCI (ISO 9241.1998 & 2008).

Tangible objects dedicated to Virtual objects dedicated to
road traffic application road traffic application (For
instance roads and cars)

Figure 4. Application of road traffic management on Tangi&ew#th business tangible and
virtual objects dedicated to this application
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@-‘

Figure 5. TheZoom Tangigets used in the road traffic applicatiospalsable in other types of
applications

The Tangigets are carried by tangible objects. They can be de=dylike the widgets, according
to the three facets composing PAC agents (Presamtétbstraction, and Control) (Coutaz et al.,
1987).

* A Presentation facet defines the user interface, the physical aspect of the object(s)
(form, matter, etc.) and the RFID tags associatedrfler to guarantee their unicity, and
allowing their automatic localization). In ordertake into account the specificities of the
tangible interfaces, we distinguish two parts i& piesentation, such as in TAC (Token
and Constraints) Paradigm (Shaer et al., 2004)nidterialization of the Tangigetd its
concrete representation; it can come from one weraécombined tangible objects) and
the interaction gesture (placing, pressing, sugassing, etc.),

* anAbstraction facet which manages the domain concepts, in pdatithe reactions to
the user actions generally, as they are virtuatiyassible to parameterize (except in the
event of writing in a RFID tag stuck under the @bjen a dynamic way. The objects will
be persistent or ephemeral.

» aControl facet which manages the links and constraints dxtvits two surrounding
facets (i.e., the Presentation and the Abstradtioets) as well as its relationships with
other agents. This control facet establishes timel bath the application via the virtual

elements; it manages the notification of the sthsnges.
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A set of Tangigets is then defined according tocsitegories which are (1) control
objects of the application, (2) context objectshaf application, (3) control objects of the
interface, (4) communication objects, (5) coordimabbjects and (6) creation objetts

3.2.1. Tangible control objects of the application

Control objects of the application make it possibleontrol the execution course of the
applications, e.gtart, Siop, BeginTask, StopTask, Save, Print, etc. When a user wishes to start
(resp. Stop) a task, it sticks its identificatidnjext to the object representing the task. Theigsk

launched (resp. stopped) on the current platfofor~gure 6).

beginTask
The Identification

object Launch the task

For User;

the task object

C Display task

Figure 6. TheBeginTask tangiget used in the road traffic application.Histsituation, two
tangible objectsientification andtask objects) are implied. A human action leads to the
activation of the resulting tangiget.

3.2.2. Tangible context objects of the application

Context objects of the application are used in otdeequest help, to configure preferences. The

help can be provided about virtual or tangible otgeTheHelpOnVirtual Object Tangiget given

! The categories 1,2, 3 and 6 can be used in cizmeiiajonly one tabletop) and distributed (sevenslases)
interactions. The categories 4 and 5 concern manticplarly distributed interactions.
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in Figure 7 concerns the help about a virtual object in treglrwaffic application by placing the
help Object on the virtual object). The contextuglp envisaged in the application is searched
and displayed with the best representation moderdit to the context. The same principle
could be adopted usingHelpOnTangibleObject tangiget in order to provide the user with help
about tangible business objects or even otherdatsyiby pressing theelp object against the

tangible object.

HelpOnVirtualObjec

— ;\v ' Search the
The Help object A contextual help

Display help
C about virtual

' ' adapted to
1 i A virtual object virtual object

object

Figure 7. TheHe pOnVirtual Object tangiget used in the road traffic applicationtHis situation,
one object (thélelp object) is implied and in relation with a virtuahject, already displayed on
the tabletop.

3.2.3. Tangible control objects of the user interface

Control objects of the user interface make it diesio manage the user interface of the
table according to different goals e.g. Identifieat(namedvie), Zoom (as used in the traffic

application, shown in Figure Syocus which is used to position the interface on thedabtc.

For example the Tangigdte can be defined as Figure 8. TheMe tangiget is constituted, in
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the presentation part, by a material representattioh should be defined during the creation.
This Tangiget does not have an associated geJtaeematerial representation can be one of
several forms such as a small statue, an iderttditaard, a personal object, which we call in a
generic way: identification object. When tldentification object is placed on the table then the
TangigetMe is automatically detected. The behavior describdébe abstraction part identifies
the user and can maybe launch the display of taaaer another feedback associated to the
object representing the user. The control facestrats the information to another layer in the

system (in TangiSense, the Multi-Agent System (MAfB)nages this information).

The Identification @ A Identify the sery
object User

P

Add in the

C platform
software

Figure 8. TheMe Tangiget used to identify a user

3.2.4. Tangible communication objects

Communication objects make it possible to commuaieath all or some of the users
like Connect, Disconnect, Absent, Collaboration request, etc. For example, tHéonnect (resp.
disconnect) TangigeEfreur ! Source du renvoi introuvable.) is detected when the
identification object User is physically pressediagt alart (resp. Stop) object defined
previously. The identified user is added to théatmirative database (in TangiSense, in the
Multi-Agent System). From now on, it is possiblectalaborate with this user. Information is
transmitted to all of the users already conneatealitof the platforms of the network. Finally

when a user leaves, he/she sticks hisifestification object to theAbsent object. Information is
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transmitted to the connected users. New collabmratwith him or her cannot be accepted as
long as these objects are together. The pausewtmshe/she withdraws tiAdsent object
from the table or when it is no longer stuck todksntification object.

User, identification object

Identification object e e i

connected now
Start object

transmission of
user presence
on all
connected
surfaces

Display of the Userl avatar
on each other Tabletop

Display of the User
1 name on
Smartphone

. User,
/a

Figure 9. The Connect tangiget used to indicate a presence of the ngbeidistributed system

3.2.5. Tangible coordination objects

Coordination objects make it possible to managedasbies between partners such as
shareTask, sendMessage, RequestCollaboration, etc. When a user wishes to make a request for
collaboration, he sticks his identification objéxthe avatar (virtual) of the user connected to a
remote platform. They can then decide (by usingad¢ed object(s)) of the collaboration mode:
total, partial, by duplication or extraction. Whanask is shared (dfigure 10), according to the
types of task and the user’s choices, the taskbealistributed in a synchronous, asynchronous

or exclusive way.



DISTRIBUTED INTERACTION SURFACES-Tangible distriban 15

/ \ A ‘
Avatar object of Launch the task
User, A for User, &

User,
the TASK object
Display task on

the platforms
used by User,

Userl and Userz

ser,

Figure 10. The ShareTask tangiget used to distribute a task between twosuse different
surfaces.

3.2.6. Tangible management objects

Management objects permit the association of fonelities to the physical objects
really used on table, for instanCeeateVirtual, CreateTangible, DeleteVirtual, DeleteTangible
AssociateTangibleWithVirtual Object, andDisassociateTangibleObject (Caelen et al., 2011). For
example CreateVirtual allows the creation of a virtual object; an exaenpl a virtual business
object can be seen kigure 4. the created object can have a virtual representén the
example: cars), capacities (to move forward, taocelerate, slow down, etc.) and attributes
(color, size). Th&reateTangible tangiget allows the creation of a tangible objécssociates
an RFID tag with a role (for instanc&Zaom tangiget or arafficLight business object) in the

system if this role has already been definedKdure 11); otherwise it has to be created.
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AssociateTangibleWithVirtual Object tangiget allows the association of a tangible ctbjath a

pre-existing virtual object (cf. 83.4).

he Create object

The tangible object

Tangible object A is associated to the
on the virtual object functionality

representing a Display

functionality feedback and
Virtual object allowing to C delete virtual
display or not the road name object
(seen as a functionality)  Delete road name concerned

functionality

New tangible object

' allowing to display or not
/ \ the road name

Figure 11. The CreateTangible Tangiget used to associate a functionality to@mnmore tangible
objects.

4. lllustration of Tangigets using scenarios

This section illustrates the functioning of tanggggom the point of view of the user(s) and

system. Sequence diagrams or textual descriptiengszd to show the logical series of

actions in order to perform tasks. All six tangigategories are concerned.

4.1. Scenario based on Tangigets from categories 1 and 2

The scenario described here allows the implememntati tangigets from categories 1 and

2 (cf. 83.2.1 and 83.2.2). Let us recall that ¢ gigets are useful both in distributed mode
(for the management of distributed applicationg) encentralized mode. The scenario illustrates
a case of use involving thiBeginTask and HelpOnTangibleObject tangigets (the latter is similar

to HelpOnVirtual Object, previously presented).
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It is assumed that user 1 has already been idshtify the tablecf. the identification figure on
Figure 12). He wishes to launch the task of appaémt addition in his diary. It is also assumed
that theDiary application has already been launched. He préssédentifying object on the
business objecddAnAppointment. The tangigeBeginTask (category 1) is detected. The virtual
interface presents him with his diary, for exampléhe shape of a virtual object. He can then
interact in order to add his appointment, for exkniyy selecting the appointment zone with the
tangible object. Here the task is carried out imtkzdized mode (one user on one platform) but it
could be distributed in the case of a common agpwnt (this scenario will be developed in
4.3). If the user does not remember whatAtl@AnAppointment object corresponds to, he can
press the Help object with the concerned objethabthe tangigetiel pOnTangibleObject
(category 2) is detected and assistance is displaye
4.2. Scenario based on Tangigets from categories 3 and 4

To begin, the user connects up to the table inrdadee identified (we do not consider
the security problems involved in a connection bthantication). This identification is done by
theldentification tangible object — created beforehand — which, wissd alone, makes it

possible to activate thde Tangiget(category 3 described in 82.2.3 and modelled in Figure 12).

|LU'=F-'TI |i:Erti"i:-i[iClrUEEr'ZT&F-"ihEDh'_:[I |MLIE‘£I |Eb|§':ﬁr.ﬂi5§r5§l |hsa:ﬁr.~-,qatl |babla‘h’AE-:h’A5I
|-:i5pla1,rF=_~=_»:|;.agk ] activate)

| AddUssr{Ussrt)

ressl detect() | J‘ |
= =
| |
| |
| |
! |

| ]
TE-iaplayCc-r"irrratin%E- }
] | |
1 1 1

Figure 12. Sequence Diagram illustrating the scenario of Ugdftification.
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Userl then wants to connect up to the system. defsbs thédentification andSart objects
together to activate th@onnect tangiget (category 3) and launch the connectidrihi& time,
he/she is still alone in the distributed systenerdsdentifies himself on another table; for
example, inFigure 13 with the same process as Userl (but it can berdiit depending on the
platforms used). User 2 then connects. The cororeatformation is transmitted to all users.
When they are identified, users can launch appinat(84.1) but they have to be connected to

distribute applications (or tasks). They can warkynchronous or asynchronous mode (84.3).

|U5er1:User |table1:tangi5ensel |cunnec1:tangiget| |table1 r.1A5:r.1A5I |tablezr.1AS:r.1A5I|tableZ:tanuiSenseI |identiﬂcatiunuserz:tangigetI |User2:User

[ igentificationUser1 TanaibleObiect |igentificationuser2 TanaibleObiect

i start: TangibleObject I I
|
|

posg()
deltect() l
posel) detect()

activate()

|

|

|

|

|

|

|

|
| L‘ detect() pose()
D """"""""""""""""""""""""" | [j

| .

| |

| T |
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Figure 13. Sequence Diagram involving two users on two difiesurfaces (two TangiSense

tabletops) to carry out a connection scenario

4.3. Scenario based on Tangigets from category 5
Users 1 and 2 have been identified by their platf(for each one according to the principle seen
in Figure 12), and are connected. They wish to neekappointment, and therefore need to
launch the appointment addition task in thHgiary application. It is also assumed that Biary
application has already been launched. User 1theemvatar object representing User 2 (defined
beforehand in 3.4) and presses it on the busirgestaddAnAppointment. The table detects

that the avatar is being used, so it is not af@askiser 1 only, but a collaborative task between
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the two surfaces (Userl and User2). The virtuarfate displays the users' diaries on the
respective platforms, for example in the form eiréual object (but the representation depends
on the applications and surfaces). They can thenact in order to add a common appointment,
for example by selecting an appointment zone wiehtangible objeét

4.4. Scenario based on Tangigets from category 6
A tangiget from category 6 is useful in the caseeafiote collaboration and makes it possible to
associate the avatar of a remote user to a tangfipbet. At the time of connection, the avatar of
the connected user is transmitted to all of thé&qias but in the virtual form (graphic or name,
according to the platforms). On tfiangi Sense table, in order to interact with objects, it isfig
to associate this avatar to a tangible tagged blffec that, User 1 who wishes to associate User
2’s avatar with an object of his choice, not yetdig the applications in progress, places the
creation object on the virtual objektatar. The tangigeAssociateTangibleWithVirtual Object is

detected and the object is associated.

|LU'=&TI |i:arti-'i:,atianlaar':Tar.-il:-la::ut.'_ntl |:1..-irt1.all::.iaglaxl |M,%I |h‘E:bar-"i"atI |bab|a' h’AE-:h’AE.I
|-:i5pla1,rF=_~=_»:|;.agk ] activatel)

AddUssr{Ussrt)

poss() — | J. |
N
| |
| |
| |
! |

|
|
|
| |
]
||] T[:-i;play&:-r"irrratinlll'ﬂ-
. ! 5 '

Figure 14.Sequence Diagram illustrating the scenario
4.5. Conclusion on the scenarios
A set of scenarios has been developed with theopnoviding a concrete illustration of

the functioning of tangigets. The tangigets haveatideen involved in these scenarios because
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of lack of space and because it would lead to atgteal of repetition. The tangigets presented
were selected so as to cover the six categoriesoasttbw the concrete usage of these generic
objects in common contexts.

5. Preliminary study and discussion

More and more studies currently concern situationgying tangible interactions
(Fitzmaurice and Baxton, 1997; Manches et al., 20@%r and Hollan, 2009; Kubicki et al.
2011a; Price et al., 2011...).

As far as tangigets are concerned, numerous stadigd be set up in the coming years.
Indeed, for each of the 6 categories envisaged (88)y research questions can be asked as
regards their representation, which has to befasdaint as possible (in the sense of Gibson,
1979, studied also by Norman, 1999, 2002), as dsgaeir predefined objective(s) (for instance
concerning the possibility of suspending a tasigirtbehavior(s), their impact on the users (who
can be novices, more or less skilled or expesheir genericity and their reusability from one
application to another.

A first preliminary study has been performed withslbjects, aiming to evaluate the
affordance of the first tangible objects to be ls@n TangiSense; cf. (Becker, 2010; Caelen et
al., 2011) for a complete description. This studyoived:

» objects specific to a musical application (busir@gects) (Arfib, 2009),
considered to be affordant,

* generic objects (belonging to the tangigets), aereid to be affordant,

» (specific or generic) tangible objects consideredd less affordant or not
affordant at all. They were made using one of thesgc geometric forms:

hexagon, rectangle, semicircle and cylinder.
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A non commercial representation of the objects Ive (considered to be affordant) is

given inFigure 15%

Business objects Tangigets
. L
(a) }\ / (b) t}f

Figure 15. Non commercial representation of four tangible otgetudied (considered as
affordant) (a) Rhythm object (heart shape), (b)eNutject, (c) Stop object (hand-shaped)
(tangiget category 1), (d) Delete object (eradamndiget category 6)

In this preliminary study, the objective was to si@& the affordance of objects in a
work situation with the TangiSense interactive @éafilhe subjects were alone and had to perform
tasks with tangible objects that they did not kreovd which had various degrees of affordance
(a situation called direct); or they had to perfdhese tasks with other people who knew how to
manipulate the objects (a situation called ind)tethe tasks to perform were linked to a musical

application (Arfib, 2009).

Two of the hypotheses were the following:
e H1:in adirect interaction situation, the performances in terinspeed (measured

time), and ease of understanding (identificatioerobrs and subjective task
evaluation) using an affordant object will be bettean in arindirect interaction
situation.

e H2:in anindirect interaction situation, the performances in terinspeed
(measured time), and ease of understanding (idattdn of errors and

subjective task evaluation) using a non afforddopect will necessitate as much

% These objects are the result of participatorygtesessions with musicians, designers and ordipeople. They
were instructed to draw affordable objects for raagiplications (Becker, 2010). They were validdigall
participants.
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difficulty and time to understand the purpose &f tibject as for a direct
interaction using a non affordant object.

The study is detailed in (Becker, 2010; Caelen.eR@11) but it is useful to underline
several conclusions, which are interesting withim framework of our paper, and suggest further
research.

Hypothesis Hlwas confirmed: indérect interaction situation, the speed and the ease of
understanding of an affordant object are bettan thanindirect interaction situation. This
result can be explained by using the socioconstuigttheories of Piaget (1967) or Price (2008).
According to these authors, the learning and ttderstanding of the outside world necessitate
the sense of touch, i.e. the manipulation of therenment; what is more, for Price, the fact of
interacting with physical objects encourages taskgomance and stimulates reflection.

Hypothesis H2 was infirmed. Indeed, even if thgects feel that the task is more
difficult than when the interaction is indirectethneed less time to perform the task and commit
fewer errors before validating the function (of tigect). Consequently, it is interesting to note
that the fact of manipulating an object oneselfdoat necessarily imply a better understanding.
In the case of non affordant objects, the subgexperience less difficulty in the task when
someone else manipulates the objects.

These results, even if they seem logical and colhevigh the literature (Gibson, 1979;
Fiebrink and Morris, 1979) had not yet been hightiegl experimentally, not even in the context
of a tangible interface.

In addition, this preliminary research projectdrie study a new approach to back up the
affordance concept; it was a question of concdanggain the object’s functionality. Indeed, does

the multi (transposable object of tangiget typejnono functionality (specific object of the
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application) influence the affordance perceptioambbject? In a general way, this set of themes
is important in the tangible interface context hesgait is known that they can be used for several
applications and the same object can adopt vafimgions. Other evaluations need to
concentrate more on this question.

In fact, it is a question of taking the followingipt into account: when it is a question of
tangible interfaces, it is the objects used th#d lacentral role for the interaction. Pejtersed an
Rasmussen (1997) declared that each element oftdraction support should be affordant; this
research contributes towards showing that it isoirtgmt for each tangible object to give a
transparent display of the technology functiondlityits and to materialize the action
possibilities in a concrete way.

Moreover, this research also contributed to showhiag the tangible object aspect seems to
have a real impact on the performances of the iddal during an interaction. Indeed, the
objects benefit from answering the concept of affomce proposed by Norman (1999; 2002).
Affordance was used as a recall support in ordéntbthe function of the objects, the
participants based their activity mainly on theiperience, which has made it possible to
improve the resolution of tasks.

However, when considering the preceding resulespugual precautions need to be taken into
account: a) the study is limited to one partictyge of table (the TangiSense table equipped
with RFID technology) and with a specific applicati(in the musical field), b) the number of
experimental subjects is small (16) and does neg¢rcall socio-cultural categories, c) the
conditions are not particularly ecological, withire meaning given by (Hoc, 2001) (study
performed in a laboratory). In spite of these restns, some tendencies emerge, due to the

characteristics of the objects studied: on thel@rel the multi-functionality aspect appears in
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these objects, which is certainly not easy fordinigjects (or certain types of subjects) to
apprehend or understand; on the other hand, tretigoef “technological culture” seems to
give rise to other forms of affordance. Finallyllective work seems to encourage and help the
transfer of knowledge and co-construction of megnirhese are lines of research which could
be developed within the framework of many otheds.
6. Conclusion

These works fall within the framework of the distried HCI in a context where there is
great interest in interactive surfaces. It is palssio make these tables (surfaces) interact, and
thus distribute them in space, which brought uhéodistribution problems of the HCI which is
a new line of research. We are interested in pdatiign surfaces with tangible and virtual
objects (for example thEangi Sense tabletop equipped with RFID technology); withimsth
framework, a major difficulty lies in the tangiltyliof the objects. We saw that, as in all
applications with tangible objects, whether they @aditional (centralized) or distributed,
business objects are necessary. Section 3.1 gaveexamples of them. The principal scientific
problem relates more directly to the objects ofrthiation, and to the manner of designing them
in the sense of how to characterize them, to reptebem (physically and virtually), to
distribute them (by duplication, virtualizationcgt Section 3.2 proposed and illustrated 6
categories oTangigets, by structuring them/characterizing according AcCPadapted to
tangibility. Currently, our work concerns the scesetion phase, leading to first versions of
demonstrators in various fields. For example impfeex et al., 2011) the case study proposed is
in the field of crisis management. There are stdiny research questions to be studied in this
wide and difficult field, as well as multiple evakions to be carried out as regards models and

prototypes.
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