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Abstract. Thisresearch presents three studies that investigate the characteristics
of the interaction and cooperation activities in immersive and non-immersive
virtual environments. The first study explored the characteristics of the
interaction during a cooperative task; the second one investigated the
characteristics of the cooperation strategies used in the cooperative task; thefinal
one verified if and how the level of immersion in the virtua environments
influenced the performance and the characteristics of the interaction/cooperation.
The results of the studies showed a substantial homogeneity between immersive
and non-immersive VR environments. In both environments, partners produce a
reciprocal influence on their actions and seem to be able to perceive their
conjoint communicative work. However, the average time used to complete the
task is significantly longer in the immersive phase instead of in the non-
immersive one. Moreover, our experience showed that simulation sicknessis a
significant problem for the immersive experience.
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8.1 Characteristics of interaction and cooperation in immersve and non-
immer sive virtual environments

8.1.1 Introduction

Virtud Redity (VR) conditutes a three-dimensond interface that puts the interacting
subject in a condition of active exchange with a world re-created via the computer. The
posshility of not limiting the paradigm of interaction in a unidirectiond sense represents
the strong point of the new technology: man is not Smply an externd observer of pictures
or one who passvely experiences the redity created by the computer, but on the contrary
may activdy modify the three-dimensond world in which he is acting, in a condition of
complete sensorid immersion [1, 2].

For these characteristics VR can be conddered as the leading edge of a generd
evolution of present communication interfaces [3, 4]. But, wha is a communication
interface?

Biocca & Ddaney [5] defined a communicetion interface as “the interaction of the
physca media, codes and information with the sensorimotor channels of the user” (p.
59). Dedgners play a key role in defining the characterigics of this advanced
communicetion interface. In order for a virtud environment to work the user has to have
some idea about wha the virtud redity sysem expects and can handle, and the
environment has to incorporate some information about what the person's gods and
behaviors are likely to be [6]. These two aspects, the usar's "mentd modd™ of the virtua
redity sysem and the designer's "understanding” of the user, are just as much a pat of
the interface asits physica and sensory manifestations [7, 8].

However, understanding how to use virtud redlity to support collaborative interaction
presents a substantial chalenge for the designers and users of this emerging technology.
Firg, Virtud Environments (VES) are designed to serve a purpose, so must be designed
with intended users tasks and gods explicitly congdered [9]. Moreover, during the
Internet experience the knowledge relevant to the goa should be distributed, and actions
should be coordinated among the various actors. Particularly, to support collaborative
activiies VEs should provide task applicable information representation and
communication tools embedded in the environment in which activities happen [10, 11].

Second, the possibility of negotiation, both of actions and of their meaning, has a key
role in providing a satisfactory sense of cooperdtion. This is even truer for networked
VEs where cooperation and collaboration are the key features of the experience.
However, teams vary tremendoudy in their negotiation drategies as wel as in ther task
achievement process[10].

Following this gpproach, it is rather complicated to study cooperation in VES. Experts
of the Computer Supported Cooperative Work area have tried to formalize and put in
practice the structure of the human cooperation. But this approach falled when tried to
model in an acceptable way the complexity of the Stuation and the variety of interests of
the users.

Paticularly, there ae two basc difficulties in creating a suitable modd for
cooperdion. The firg difficulty lies in the ambiguity and unpredictableness typicaly
present daly dtuations. Consdering the world of experience as an open system, it soon
becomes clear that it is impossble to foresee every type of dtuation which could be
creted in carrying out a series of tasks (a fixed mode if we want to build a suitable
cooperation modd). Another reason it is difficult to represent cooperation in a forma
model is the basic divergty among the various points of views of the actors. “About
rationde” says Gasser, “two agents cannot have identical representations... shared
knowledge is impossble’ [12]. Cooperation, according to Gasser, is Smply a moment of
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practicadl understanding because the actors are good a pragmaticaly tuning ther own
activities ‘asif’ they had common knowledge with other actors.

Mantovani [11] patidly dissgrees with this view: according to this author, “The
actors manage to cooperate by combining the interpretative activity with the practica
one, they can make plausble inferences about the meaning that they and their
interlocutors give occasdondly to the dgtuaions, which they change through their
intervention. Smultaneoudy, they define tentatively, in which world of principles both
they and their interlocutors are moving” (p. 185).

In both visons the key content of communication is the interpretation of the dtuations
which actors are involved in [13, 14]. So, the mogt effective way of clearing the meaning
of messages is to connect them to a shared context of meaning. However, this is more
difficult in VEs than in other computer-based activities VES forces individuas to ded
with interface condraints and time deays, adding layers of complexity to an aready-
overwheming set of socia condructs.

The difficulty of managing negotiation has two consequences for the design of VEs [3,
15]:

the only way to undergand negotiation is by andyzing the subjects involved in the
environment in which they operate. This means that the socid context in which the
Internet experience happens plays acrucid role [16];

new processes and activities will develop during interactions which chdlenge and
change the initia relationship between subject and context. So VES have to be

flexible enough to handle these changes without imposng condraints to the
interaction [17].

This paper tries to undersdand the characteristics of cooperative activities in networked
environments. In the research we used a gpecific form of networked environments -
shared 3D virtud worlds (metaworlds) - in three different Sudies.

in the fird one we used the andyds of conversations to investigate the
characteristics of the interaction during the cooperative task;

in the second one we used the anadyds of conversations to invedigae the
characterigtics of the cooperation strategies used in the cooperative task;

the find one andyzed how the levd of immerson in the networked environments

influenced the communication and the interaction process within the cooperative
task.

The results are andyzed to identify the psychosocid roots used to support cooperation in
adigitd interactive communication.

8.2 Theresearch project
8.2.1 Theresearch plan
8.2.1.1 Setting

The experiment was conducted in the LICENT (Laboratory of Human Interaction and New
Technologies) Virtua Redity Lab., Catholic University of Sacred Heart, Milan, Itay.
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8.2.1.2 Setting Sample

The complete sample included 49 couples of universty students, both mae and femde
(see Table 8.1 for details) in the 20-28 age group (mean age for the 43 males. 24.2+/-1.5;
mean age for the 55 femdes 23.9+/-1.2). All the subjects in the sample had not used
DOOM |1 or other first person 3D shooting videogames before the experiment.

Table 8.1 Breakdown of the overall sample (MM-mae/male; FF-female/female; MF-male/female)

First phase MM MF FF Total

I mmersive phase 14,3% 20,4% 18,4% 53,1%
Non immersive phase 12,2% 14,3% 20,4% 46,9%
Total 26,5% (13) 34,7% (17) 38,8% (19) 100,0%

8.2.1.3 Objective and Instruments
Objectives of the project were:

to verify if cooperative activitiesin networked environments VEs are possible;

if yes, to understand the characteristics of cooperdtive activities. We dso tried to
identify possble differences between immersive and non immersive virtud
environments.

The cooperative process used for the research is the following: by moving fredy in a
three-dimensona maze (see Figure 8.1), each subject of the couple had to find a key -
red for the first subject and blue for the second one.

' T
\ key 2

player 1

key 1

player 2

Figure 8.1 Basic maze structure. Starting point (Player 1 and 2); position of the keys (Key
1 and 2); exit. The smaller squares indicate the doors/passages.

After having found the right key, the subjects had to reach together the ‘exit door’. No
subject could reach the exit without the key found by the other one. So the couple was
forced to cooperate for finding both keys.

The couples performed two consecutive phases separated by a brief pause; haf of the
couples were asked D do firg the immersve phase and then the non immersive phase; the
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other hdf of the sample fird peformed the non immersve phase, then the immersve
one. To avoid the possble learning effect between the phases, we used two mazes,
identicd in the structure and positioning of the objects, but different in visua gppearance.

For this experiment two versons of the 3D Maze were built: one for each phase
(immersve - non-immersive). The layout of the maze remans unchanged in its Structurd
features. shape/structure of the walls, arrangement of the objects in the rooms, postion of
the doors to dlow a comparison between the two phases. Changes were made to the
darting point of each player (and therefore to the directions they would follow), the
colours of the maze walls and the types of objects.

The dructure is specular: the two players dtart from the two opposte sdes of the
maze, following a semi-fixed route which does not dlows many variaions (see Figure
8.1).

In implementing the maze dructure, we referred to existing literature on the subject of
cregting virtud environments and the problems encountered in using virtud hardware. In
more detal, condderation was given to the difficulty of coordinating the movements of
the head and eyes. To avoid this problem we used textures on wals and objects that were
highly diginguishable from one ancther.

8.2.1.4 Experimental procedure
For each couple of subjects, chosen in a random manner, a standard execution procedure
was used:

Welcome and presentation of the VR system.

Assgnment of codes and filling out the experiment summary sheet (performed by the
experimenters).

The sgnature of the informed consent.

Handing out of the experiment - Presentation of the Samples.

Phasel - First cooperative task in the maze. During the test the experimenter took care
of possible technica problems and filled out the individuas forms.

Phase 2 - Second cooperaive task in the maze with inverted levd of immerson.
During the test the experimenter took care of possible technicd problems and filled
out theindividuds forms.

Dismantling and completion of the data.

Thanks and greetings.

The total duration of the experiment was about one hour.

8.2.1.5 Methods

Given the peculiar ams of this research we used as framework for our andyss the
Complementary Explorative Multileved Daa Andyss (CEMDA) tha integrates
quaitative and quantitative procedures [18]. CEMDA incorporates complementary use of
both methods, depending on the particular research stage or the initid assumptions that
need to be taken in congderation. As underlined by Sudweeks and Smoff [19], “the
rationde is that the weskness of any single method... is baanced by the strengths of
other methods... However, the quditative and quantitative anayses are usudly didinct,
mutualy exclusve component of the research... The result is an integrated view that
narrowly focuses on a particular socia phenomenon” (p. 37). Following this gpproach we
collected the following data during the experiment:

codes about the subjects, persond data and remarks by the experimenter.
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transcripts of the verba interaction of the couple during the two phases of the
experimenta sesson
digitd recording of the behavior of the subjects within the maze.

The obtained data were andyzed separately in three different Studies. The firgt and the
second ones investigated the cooperative process through the andyss of the transcripts
(andyss of conversations - quditative method). The second one studied the differences
in the didogicd productivity between the immersve and non-immersve environments
through agtatistical procedure (ANOVA - quantitative approach).

A prdiminay anaysis of how many couples could end the proposed collaborative
task, was used to verify whether networked environments could support the formation of
actua cooperative processes.

8.2.2 Description of hardware

Starting from the above rationale, we used a Thunder 650/C networked virtud redity
sysem for the sudies. The Thunder 650/C is composed by two Pentium Il based VR
sysem (650mhz, 128 mega RAM, graphic engine: Matrox MGA 400, 32Mb WRam).

We used a two-button mouse to provide an easy way of motion: pressng the left
button the operator moves forward; the different rotations are produced by the movement
of the mouse. In the immersve phase, however, the direction of the movement is given
by the rotation of operator's head. For the immersve and non-immersve phases the
following hardware was aso used:

8.2.2.1 Immersive phase.

For the immerdve phase we used two I-glasses head mounted displays (one for each
subject) from Virtud 1-O, USA. The Fglasses uses LCD technology (two active matrix
colour LCD’s) displaying 180000 pixels each. Virtuad 1-O has designed its I-glasses so
that no optical adjustment at dl is needed, asde from tightening a two ratchet knobs to
adjugt for the sze of the wearer's head. There's enough "eye rief* (distance from the eye
to the nearest lens) that it's possible to wear glasses under te head mounted display. The
motion tracking is provided by an included gyroscopic tracker (Azimuth: +£180 degrees,
Elevation: £80 degrees, Refresh rate: 256Hz, Latency time: 38ms + 2).

8.2.2.2 Non-immersive phase.
For the non-immersve phase we used two SVGA Compag Plug and Play (VESA DDC)
14" monitors (the resolution used, 640 x 480, is the same supported by the head mounted

disgolays).
8.2.3 Description of software

As 3D engine for the shared virtud environment we ussd DOOM |IlI, a firs person 3D
shoot’-em-up videogame, produced by 1D-Software.

During the game the player can explore the 3D environment in the following ways
circular movement from left to right; forwards-backwards movement. To interact with the
objects (weapons, keys, bonus) in the 3D environment the player just has move over
them.

This software supports networked play (up to 4 users) through a smple null-modem
connection. DOOM I dso dlows the recording the games (dl the movements and
actions performed by the players) thus dlowing them to be examined in detall later.
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The two 3D virtud mazes in the experiment were developed usng three different

editing programmes. Deep 97 (vers. Shareware); Doom Easy Edit 2; Windeu 32 vers.
5,25 beta3.

8.3 Iscollaboration possible? A positive answer with some limits

The question of whether networked environments can support the formation of red
cooperdtive proceses was the fird addressed in this paper. To verify this posshbility we
checked how many couples of our sample could end the proposed collaborative task.

Most of the couples (41 - 83,7%) of the sample managed to complete at least one phase;
63,3% of the sample (31 couples) completed both phases (Table 8.2).

We then andysed the couples that did not manage to complete even one phase (8 -
16,3%). 62,5% of them (5) broke off while were experiencing an immersve networked
environment, the other ones (3 - 37,5%) during the non-immersve experience. In this
Stuation the main reason was a drop in interest resulting in their leaving the experiment.

The man problem for the immerdve experience was smulaion Sckness in each
leaving couple one of the subjects, usudly the femde one, experienced some form of Sde-
effects. These sde-effects, usudly defined "smulaior sckness' [20], were characterised by
three classes of symptoms: ocular problems, such as eyedrain, blurred vison and fatigue;
disorientation and baance disturbances, nausea. The experienced symptoms are smilar to
those which have been reported during and after exposures to smulators with wide field-
of-view displays [21]. The higher senghbility of femde subjects to smulation sckness in
our sample is a common datum in literature. In fact, females tend to be more susceptible to
VR sde-effects than males[22].

Table 8.2 Outcome of the couples (n=49)

Phase 12 immersve 12 non immersve
At least first phase 40,8% 42,9%
First and second 38,8% 24.5%
The first one only 2,0% 18,4%
No phase 12,2% 4,1%

Generdly, our empirica findings suggest that networked environments support the
cooperation process. A detailed analyss of the characteristics of this process will be done
in the following three Studies. However, the results dso underline the need, for the
researchers and for the users of immersve networked environment, of addressng the
effects of Imulation sckness

Table 8.3 Percentage of couplet who finished/completed: both phases, only the first one or none.

Successful Phases 1° Immersive 1° Non Immersive  [Tota

First and second 62,1% 37, 9% 100,09
Only the first one 10,0% 90,0% 100,09
No phase 75,0% 250% 100,0%

Although there is much potentid for the use of immersve virtud redity environments,
this problem has 4ill limited their gpplication. In different studies users have experienced
Sde-effects, during and after exposure to virtud redity environments [23]. Specificdly,
exposure durdion of less than 15 minutes to immergve virtud redity environments has
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been shown to lead to dgnificant incidences of nauses, disorientation and ocular
problems[24].

8.4 Study 1. Characteristics of the cooperative process. conversation analysis of the
interaction in shared environments

8.4.1 Objective and characteristics of the sample

The sample used was composed of 39 out of the 41 couples of subjects (79.6% of the
original sample) who had completed at least the first phase (Table 8.4). Two couples were
not in the final sample for problems with the records of ther interactions.

The analyss of conversations was focussed on the dructure of the interactions. In
paticular, main god of this sudy was in to identify a series of characteristic sequences
which could be consdered “typical” of the cooperative process The communicative
exchanges were aso andysed to identify:

the exchanges in which the content was of an informative or collaborative nature;

the exchanges expressing the relationship between the two subjects when one of them
took the lead.

the expressons which explain the postion of the subjects in rdation to the objects
encountered aong the path, the colour of the wadls and the ability of mentdly
representing the environment in its specular structure.

Table 8.4 Characteristics of the sample according to the "sex" variable.

Immersive Non immersive

MM MF FF MM MF FF
15,4% (6) 17,9% (7) |15,4% (6) 15,4% (6) [12,8% (5) |23,1% (9)
Total immersive on total Total non immersive on total
Couplesconsidered Couples considered

48,7% (19) 51,3% (20)

8.4.2 Methodology

The sequence can be defined as a block of exchanges linked by a strong relationship of
semantic and/or pragmatic coherence [25]. Huddlot [26] stated that the sequence is not well
defined, which is difficult to limit a formd levd. For this precise reason the digtinction
between the various sequences is done largely by intuition, producing different results
according to the aspects that are chosen. In this specific case, to identify the sequences, we
followed the same gpproach used in previous studies on negotiation [27].

The andlyss of the interactions is concentrated specificaly on four indices 1) generd
information about the keys, wall and object colors 2) spatid indications, with particular
atention to the dexis, 3) collaborative exchanges, 4) the roles assumed by the two
subjectsin performing the task [28].

From a preliminay andyss of the conversations of the subjects in the two consecutive
phases, a srong effect of habituation was noticed from the firs to the second phase, due
basicaly to three components:
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Familiarity with the game.

Latent learning of the maze dructure in some subjects, an “indinctive’ improvement
of theindividud performance was noticed.

The subjects understood that the two mazes were conceived in the same way, and
therefore, they no longer needed to negotiate the Strategy to be used.

To diminate the influence of the habituation process, we focussed our andyss of
conversations on the firt phase experienced by each couple. However, to check any
possble change in the roles between the phases, we dso decided to consder the
interactions of the second phase (if reached).

8.4.3 General structure of the interaction

The fird pat of the interaction includes the first descriptive remarks exchanged by the
soeskers. The second pat, which is more extendve and heterogeneous, includes the
exchanges aimed a cooperation and solving the task. During this part the speakers become
familiar with the environment, daborating a cognitive mgp both through ther direct
experience and the information offered by the partner. Finaly, the third part coincides with
the end of the cooperaion. This type of sructure can be attributed to dl the interactions
taken into examination, dthough the proportion between the parts and their content can
vary greetly. The first sequence opens usudly with a brief description of the environment.

(431M)
G2,1(...) I'm in awooden wall room.
G1,2 Soam| (-) in awooden wall room.

In the fird sequence, just as it is norma when specifying the characteristics of a specific
location, it is possble to highlight some specific features. The subjects, in this sample, find
a bookcase amost immediately.

(C11M)
G2,1 Comeinthe next room (-) there should be the bookcase (.) right?
G1,2 I'm coming with pleasure (Xxx).

The bookcase is a few rooms dfter the players starting point and the keys have been placed
in front of the furniture. When the study was handed out it was clearly specified that each
player must collect the key of a certain colour and that therefore, it is never the first one
which is encountered aong the route.

(C42 NI)
G1,2 I'vefound ablue key and asit’sthefirst | meet here | don't want pick it up
G2,2 Therefore you don't have to pick it up (.) ‘cause | havethe red key.

The end of the fird sequence coincides with the entrance of the players in the second
sector. At this point, in fact, they dready reach certain conclusons. They understand that
their key, and their partner, are in a zone of the maze which is amilar to the one they have
dready left, dtuated esewhere though. This hypothess is confirmed by the description of
the objects found dong the route, different objects for each sector of the environment.
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(CANI)

G1,56 Where are you?

G2,56 I'm in the wooden (-) I’'m at the door (-) I’'m where there are the rock and the
wood, but you are not here.

G1,57 Sorry (.) don't move (-) are you halfway between wood and rock?

G2,57 Yes(-) I'm at the door.

G1,58 Ah no (.) then you must be close to another rock (-) (xxx) () dl right €)
that's the reason way | can't find the key () we are taking about two
different things.

The pat of the maze in which the subjects pay more attention is surely the central part,
where there are the exit doors.

(C11M)
G2,72 Excuse me (.) what are these doors () then (.) let’'s see (-) ah (.) I've found the
exit doors.

The content of the central sequence is extremdy varied. Typicd themes are the description
of the walls/objects and the hypotheses on the structure of the maze. Often the two players,
after their meeting, progress together dong the route that separates them from the missng

keys.

(C211M)

G1,92 Do we go together?

G2,92 Yes(.) comewith me.

G1,93 Let's go together (.) | bring you to the blue key and you bring me to the red
one.

The last sequence includes the route from the key to the exit through the doors. The
players, here, have crossed the entire environment. They know the sectors and the objects
that appear, and they know where the doors are Situated.

8.4.4 General information referring to the environment
Within the different conversationsiit was possible to distinguish between:

gmple monologues, during which one of the two speskers tekes turns in gpesking
rather extengvey providing extensve information;

the dternation of interventions that are not very coherent among themsdves, especidly
in terms of dialogue and redl exchanges.

The turn that follows is an example of the fird category: the Spesker gives a long
description of the walls and objects he encounters while he proceeds in the environmen.

(C20 M)

G1, 29

(xxx) ' m arived (.) oh boys (.) that path (xxx) | must go back where is the blue
wall (.) because there are no other ways ¢) and you, you must go dong the wals (.)
in sequence you'll find a brown wal (.) the little wal () then the blue wal (.) red
wall then and a his end you'll find the key a your right (.) the blue key (.) wher the
bookcaseis(.) (xxx) (.) the bookcaseis so little () it's only onewall long.
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The commitment of the speskers in taking so many turns in spesking seems to violate the
basc generd rule which says that they have to be pre-announced. In the case of a
traditional conversation, in fact, such a behavior is consdered a prevarication of one
speaker on the other, who is not alowed to enter conversation. Here, the presence of such a
phenomenon is mitigated by two condderations. The fird one refers to the frequency
which the speakersintroduce the pauses in which the other interactor may begin to spesk.

The second one concerns the particular task in which the two subjects are engaged. In
fact, this needs the ability of putting a the patne’s disposd the greatest amount of
information possbleln this sense of a lack of intention is not reflected by the most
'exuberant’ spesker but by the one who redricts his interventions to the bare minimum,
inhibiting, in thisway, the other partner’ sinitiative.

The next levd of andyds condders the interventions of the two speskers. While an
exchange can be defined as the smdlest didogue unit, an intervention condsts of a
monologue-type unit emitted by a sngle spesker [25]. Although an intervention can be
conddered as a contribution by a spesker to an exchange, it is possble that a fird
intervention will not be followed by a second. The conversations under review often
present interventions by a spesker in which exchanges are not satified by the other
interactor.

(C11M)

G1,60 The other Sdeis closed.

G2,60 The canddabrum with a green flame.

G1,61 Then (.) | think that there are two different sections (xxx)

In this example, the two speskers, in three turns, conduct a “two-some monologue’. G1, is
describing the room in which he finds himsdf. G2 is referring to the presence of a green
flame candddbrum. Findly, G1, in his second intervention expresses his opinion, referring
to his firg intervention and not to the intervention from the other spesker. It is a well-
acknowledged phenomenon, known as "connection by legping” [29] usudly typicd in
interviews. In  current practice an interaction, composed of different apparently
interconnected interventions, can be consdered dysfunctiona. However in the study such a
behavior can in some way “support” the conversation. Speakers, in fact, are not engaged in
a traditiond interaction, which would cdl for both logicd and didogicd coherence
between the interventions. They are rather performing a problem solving task by trid and
error, which, because of its unusua nature, puts the speskers in the postion of establishing
acommon ground to conversation.

Following Clark and Schaefer [30] we can dfirm that the two interactors are defining a
common ground pecificdly suited for the dgtudion they find themsdves in. The
commitment of the two speskers in solving the task and, indirectly, ther degree of
collaboration, cannot smply be inferred from the coherence of their interventions. Kerbrat-
Orecchioni [25] dthough showing didogic coherence as a basic requiste of didogue,
recognises to this kind of cooperative interaction the status of a gradua and ongoing
phenomenon. When a question is posed, for ingance, there is a whole series of
intermediate possbilities between the reply that perfectly satisfies the question itsdf and
the one that is clearly incoherent with it. In this sense it is useful to bring into the picture
aso the idea of conditiona pertinence: once a statement is made, a system of expectations
is creted around the following statement. Going back to the previous example, it is greater
in the case of directive speech acts rather than assertive ones. Thus the speakers, faced with
a first assertive act, continue with a second one whose coherence with the previous one can
be recognised in terms of its content and in relation to on€s own particular Stuation.
Following this andyss it is possble to identify a first cooperative drategy in which each
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of the two players atempts to meke himsdf useful to his patner immediatdy, smply by
describing the environment encountered in the maze route.

8.4.5 Spacetimeindications

This category includes interventions in which the speskers explicitly refer to their postion
within the environment regarding the sector in which they find themsdves an information
they infer from the colour of the wals or the objects they encounter.

(C11M)

G154 Ligen () | am in the blue room () no excuse me (.) brown bricks with this
green can.

Almogt dl the interactions examined showed a sgnificant use of the tempord and spatid
deixis. Deixis refers to the way in which languages code the parts of the context of speech
and the communication event [31]. Deixis of place or of a gpatid kind concerns the
indication of the pogtions referring to the anchor points in a communicaion event. There
are two basc ways of referring to objects. describing them or naming them on one side and
placing them somewhere, on the other [32]. The postions can be indicated in relation to
the other objects or fixed reference points.

(C40NI)

G1,11 My god (.) | have two doors (.) one with a tree the other with a lamp () | am
entering the one with the tree.

Or they can be specified compared to the actua position of the participants.

(C11M)

G1,121 There is where | met you and here there is the blue door and now | wait for
you () | say herein front of it.

The use of the adverb here in the previous example can be consdered to be symbolic and
can be explained as “a pragmatic gatid unit which includes the place where the spegker is
Stuated at the time of the statement” [32]. The adverbs here and there can be conceived in
terms of contrasts on a dimension of closeness/disance, arting from the place in which
the speaker is dStuated. In this case, here indicates unequivocdly the place in which the
goesker finds himsdf at the time of the statement while there refers to a different point,
probably not far away and however, visble from the point of observation. These adverbs,
as the demondtrative pronounsthis, that, are words with a purely spatid deixis vaue.

Lyons [32] on this same subject specifies that the demondtrative pronouns are organized
according to a linear dimenson of closeness/distance where this means "the object of an
aea near the place where the spegker finds himsdf a the time of the statement” and that
“the object beyond the area close to the place where the spesker finds himsdf at the time of
the dtatement”. The verbs of motion are another combination of deittic dements. Itdian
uses coming vs going to describe the direction of movement of the participants of the
communication event.

(C1im)
G2,1 Comeinthenext room (-) there should be the bookcase (.) right?
G1,2 I’'m coming with pleasure (Xxx).
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In the firg turn, G2 finds himsdf in a room and invites G1 to join him. G1, with his
intervention, shows his movement in the direction of the spesker, or rather, is moving to
the place in which the interlocutor finds himsdf a the time of the satement. The andyss
of spatiad deixis is more complex when the spesker is moving and it is possble to use
tempora termsto refer to places where he is positioned.

(C11M)
G1,109 No (.) excuse me (.) the red doors were besides the blue ones (.) so I've to go
back (.) right?

Levinson [31], in this regard, raises the question if the tempora or spatid deixis has a
certan priority. According to Lyons [32] the spatid deixis has the priority over the
tempord one, because the spatid dettics like this and that can be used in a tempord
meaning.

(C40 NI)
G2,30 No (.) I’come back to a blue bricked room but | don’'t know whether it is the
one | was before () you are ill in the brown?

(C40 NI)

G1,29 | (xxx) brown bricks and an eye (.) | found another eye (.) | suppose hope it is
not the one | saw before () but | believe it is not because it is in a different postion
in the room (.) no and anyway in this room (xxx) the exit.

In these two examples the adverb before shows both the precedence in time, as opposed to
after, and in space. The speskers, in fact, refer at the same time to a dtuaion which
happened before, both from a tempord and spatid point of view. The objects and the
rooms were encountered earlier in a different place to where they are a the time of the
datement, and this was possble only thanks to the speskers movements in the
environment. According to Levinson [31] the spatid dexis adways incudes an implicit
tempord dexis, while the contrary is not true,

8.4.6 Cooperative exchanges

The didogic coherence is seen in our andysis as the main index of the red intention to
collaborate. In the conversations under examination the didogic coherence is shown by
two behaviors:

one of conversationd nature dealing with the exchange of information,
the other as a 'practicd’ intervertion - the two subjects accompany each other to find
the keys - which is however reflected in communication.

The coherence of the subsequent exchange is proven by the fact that dl the speech acts are
satisfied, and the conversation proceedsin alinear manner.

(C1NI)

G2,14 And you, what did you find?
G115 Wadl of sted (-) with fire.
G2,15 Fire and what colour isit?
G1,16 Ydlow.

G2,16 Mineisgreen.
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G1,17 Ohyes(.) thereisacan with greenfire (-) noit'snot acan (-) yesit'sacan.

Linear exchanges of this kind are not very common. More often, different information is
intertwined and the subjects show great communication skills in following the direction
taken by the conversation. The exchanges are usudly focused on the route. What follows is
an example of negotiation on the right direction to take to get to the key.

(C10NI)

G1,62 Where are you?

G2,62 In the brown bricked room.

G1,63 Now you have to search for green.

G2,63 No for blue (-) no (.) wait.

G1,64 No (.) I think you have to search for the green.
G2,64 Green?

G1,65Yes.

G2,65 Oh no (.) redly? Now let’s go and search for green.
(1,66 ‘cause the blueis linked to the one of the key.

The last phenomenon taken into account happens when the two subjects, on mesting,
decide to continue together to collect the two keys. Regardless of the roles assumed by the
two players, it is intereing to check how, during the movement, they ensure that they do
not lose sght of each other, seeking eye contact besdes actudly converang. What follows
is a very dmple example of this behavior. Here is G1 who supports the conversation,
seeking contact with G2, This is probably resulting from his postion in front of G2, who
can see G1 while the contrary would require G1 to turn around.

(C211M)

G1,159 Yes(-) hereitis(.) here (.) then are you here?
G2,159 YesI'm.

(G1,160 Are you behind me? Can you see me?
G2,160 Yes| can.

As a concluson the conversations andyzed clearly show an intention to collaborate to
solve the mutud objective. This intention is witnessed and sugstained by a whole series of
drategies which the speskers exchange information and try to maintain contact with one
another.

8.4.7 The configuration of roles

During the andyss a saries of conversationd indices was identified which could register
the different roles assumed by the subjects. Normdly, during an interaction, one of the two
players is fagter, or reaches a series of conclusions firg and is more skilled in developing a
menta image of the environment. Often, this difference is trandated into greater leve of
conversaion by the subject who is more skilled and who, during the interaction, has more
turns in spesking than the other spesker. At a pragmainguigtic level, moreover, the player
who has more difficulty tends to perform directive speech acts used to induce the other
player to supply more information. In the brief sequence that follows the dominant role is
assumed by G2 who, dready from turn 78, has started to supply indications on the route
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that G1 mug follow. In this first intervention G2 ensures that the other player sees him to
better understand the information and to be able to follow him as requested in G2,79.

(C11M)

G2,78 Well (.) now | tdll you where you have to go (-) then (-) can you see me?

G179 Yes| can.

G2,79 Follow me (.) can you see adoor over there?

(G1,80 Wait (.) don't go too fast (.) yes go.

G2,80 Wdll (.) these are the doors we have to get out.

G1,81 Ah.

G2,81 Wdll (.) you see over thereisadoor.

G1,82 Yes.

G2,82 You have to go through it and look for the blue brick area and the red one and
when you arrive there you'll find the key.

G1,83 OK fine(.) you go in the opposite direction,

G2,83 1 go the opposite direction.

(G1,84 And then we meet here (-) it's non easy.

G2,84 And then we meet here coming from the opposite direction.

The next sequence is drawn from the second phase of the study by the same couple. In this
example, it is clear that the roles of the subjects didn’'t change in moving from one phase to
the next. The collaboration in the actud Stuation is more difficult. In fact the two subjects
no longer find themselves in each other’s presence and the directions that G1 asks to G2
must aso bear in mind the movement of G1 in space and therefore the direction he is
fdlowing. The fird two turns show that G2, dthough not leaving his leading role, is
having problems. G1, in fact, asks for some information three times, as shown by the long
pauses during G1,35. At firdt, he amply expresses his perplexity. Then his request for hdp
becomes more explicit, dthough remaning generic. In the end, he turns to G2 with a very
specific question.

(C1NI)
G1,35 Damn! (.) | don't remember if | am coming back or going on () | need some
help (-) wait (.)

G2,35Yes(.) I aninthe sted areaand I'm lost, me too.

G1,36 Look (xxx) if you wherein the sted and there was the blue,

G2,36 No (.)you find the blue before and then the stedl.

G1,37 But to go to the very centre of the maze?

G2,37 Then (.) if you go to the centra part you find the sted before and then the blue
area(.) if you come back you are likely to,

G1,38 | am going to the beginning of your maze.

G2,38 So you should find the sted after the blue.

G1,39 Ah.

G2,39 Now the blue and then the sted!.

G1,40 Well and s0 | let the blue behind me and | am in the Sted!.

G2,40 Yesyesyesyou areinthe stedl.

The two previous examples show how the same subject can have the leading role in both
phases and for the entire interaction. However, not dl the conversations are sructured in
such a rigid way and sometimes one of the two players is more skilled in carrying out a
certain phase rather than another, meaning a complete reversd of their postions. In this
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regard, the brief exchange that follows not only explans such a phenomenon but it shows
that the two subjects were aware of thisfact.

(C10NI)

G1,28 I'm darting twigting on me.

G2,28 If you need it | can come and help you and bring you back.
G129 Yes(.) asusud .

G2,29 No (.) you too did bring me for awhile eh,

The configuration of turns of this type of interaction is not datic, but tend to be a
condantly changing phenomenon. Although sometimes one of the two players was more
skilled than the other, this is not dways true and often the roles are reversed different times
during the interaction.

8.5 Study 2: Characteristics of the cooperative process. conversation analysis of
theinteraction in shared environments

8.5.1 Characteristics of the sample

As in the previous study the sample was composed of 39 couples of subjects who had
completed at least the first phase (Table 8.4). To reduce the influence of the habituation
process, we focussed our analysis of conversations on the first phase experienced by each
couple. However, to check any possible change in the roles between the phases, we aso
decided to congder the interactions of the second phase (if reached).

8.5.2 Objective and methodology

We noticed from the transcriptions produced in the firsd dudy, that in the examined
interactions the cooperation process occurred mainly in two Stuations

- when the subjects met for the fird time (COL): after the meeting they tried to sum
up the data acquired and agreed a strategy for the search of the keys.

- when they met in front of the doors after finding both the keys (CO2): the players
began to negotiate a srategy for opening the externa doors at first, and then the
interna ones.

This second sudy ams a andysng, udng Content Andyss and the Andyss of
Conversations, the dructure of interactions to individuete common festures of
cooperation in the Cooperative Parts (CO1 and CO2) considered. To identify the CO1
and CO2 sequences, we followed the same approach used in previous sudies on
negotiation As in the fird study the sequence can be defined as a block of exchanges
linked by a strong relationship of semantic and/or pragmatic coherence [25].

8.5.3 Reaults

From the andyss three conversationa cooperative microstrategies [28] have been
isolated:
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1) ASSOCIATION (A): the first subject proposes a possible solution that he thinks suitable
to solve the problem. The partner accepts this drategy and uses it as darting point for
further reasoning, bringing new contributions that do not clash with the previous ones.

Example 1. CO1-1M.

G2, 79 follow me, do you see there’ sadoor over there?

G1, 80 wait, don’'t go too fadt, yes, go

G2, 80 S0 these are the exit doors

G1, 81 oh

G2, 81 you see, there sadoor over there

G1, 82 yes

G2, 82 you must go there and look for the area with blue bricks and red bricks and

when you reach the red bricks you'll find the key
Gl 83 al right, take the opposite direction...
G2, 83 Il take the other direction
Gl 8 and we [l meet here again... it's easer said than done!
GlL &4 and we'll meet here again from the opposite direction
G1, 85 tel me
G2, 85 take that direction and I’ [l pass from here

G1 proposes the strategy and G2, after consdering the details, accepts G2,82 in G1,83 and
in turn proposing G2 to take the other direction. This passage is a dill more evident
example of association cooperative microstrategy:

Example 2: CO1-NI

G1, 26 we met at last

G2, 26 Hi

G1, 27 Herewe are

G2, 27 s0 | haveto take the opposite direction
Gl, 28 I’m taking yours then

G2, 28 yes

2) NEGOTIATION (N): the different starting postions are compared and one of the two
parts conforms itsdlf to the solution proposed by the other.

Example 3: CO1 IM

G1, 40 you're over there

G2, 40 hi, there are the doors...
Gl, 41 we found adoor....
G142 itisblue

G2, 42 .itisblue

G1, 43 hereitis

G2, 43 hereitis

Gl,44 ()

G2, 44 yes, there’ s the red door behind you, go
G1, 45 hereitis(...)

G2, 45 Areyou going on?

Gl, 46 where are we going?

145



G2, 46
Gl, 47
G2, 47
G1, 48
G2, 48
Gl1, 49

G2, 49
G1, 50
G2,50

Gl, 51
G2, 51

| don’'t know
what did you find in your area?
more or less the same things you saw
ghall we take this direction? shall we continue together or...
why don’'t we exchange/swap directions? I’ [l take yours and you' |l take mine
s0 we would find, we dready found them at the beginning of the game, wait,
you should, you should try to turn and it seems to me that the key was in the
brown, wooden scratched walls
you must come back too...
where was your key?
my key was in the wooden wadls a the beginning, the one | mentioned, can
you remember?
mm
at least it s;emsto me(...), wood, | think

Example 4: CO2-NI

Gl 35
G2, 35

Gl, 36

G2, 36
G1, 37
G2, 37
G1, 38
G2, 38
Gl, 39

G2, 39

dl rignt
here you are (..) you're beaudtiful, | can see you, shdl we follow this
direction, can you see me?

no, but | think you should take my direction to get to the key and I'll take
your direction... that's right, in fact | see now the green pillars If I'm not
wrong

yes, the green pillarsin the beige wal

that’ sright

I’m getting into the grey stones
yes, it’'sright, the two doors are there
there are two doors, | can see them, | see the doors but the keys are not there
no, you must reach the area I’'m coming from, go through a green areq, then a
beige area... did you have seen the red torches before?
yes

3) DOMINANCE (D): one of the two subjects clearly prevails over the other. Dominance
has two patterns:

the person who decides, forces his patner to follow the dSrategy he proposes
without giving any explanation

the second subject accepts the suggested drategy, verbaly expressng his tota
inability to solve the problem, thus relying on the other.

Example 5: CO1-NI

G1, 67
G2, 67
Gl, 68
G2, 68

G1, 69
G2, 69
G170

Hi

let’stake this direction

take me out

just amoment, the keys, where did you come from? why did you have my

key and | had yours?
turn and look a me... can you see me? no, let’ s take that direction to go out...

no, Chiara, Chiara, listen, we are coming from opposite directions
yes
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G2, 70 S0 we must now take opposite direction, | have to take your direction, in my
opinion, to get to my key, and you must take the direction | was coming from

GL71 isthat right?

G2, 71 mhh

GlL72 ..

G2, 72 yes, and remember, isthat right?

G173 | don’t know

G2, 73 well, let’ s have atry and remember... | know where the doors are

Gl 74 let’s go then...

G2, 74 grey wals, let’s go, take the other direction

G1, 75 which direction?

G2, 75 the oppodite of the direction you were coming from

After presenting the three drategies, we codified the different interaction to caculate how
many times the sample used every strategy employed (see Table 8.5).

Table 8.5 Percentage of Microstrategy used during the Cooperative Parts (CO1 e CO2)

Microstrategy CO1 Cooperative part/Phase/Level of CO2 Cooperative part/Phase/Level of
used Immersion Immersion
CO1 (1% Phase Immersive) CO2 (1¥ Phase Immersive)
ASSOCIATION 63,16% 68,42%
NEGOTIATION 21,05% 21,05%
DOMINANCE 15,7% 10,53%
TOTAL 100,00% (19) 100,00% (19)
CO1 (1% Non-immersive) CO2 (1st Phase Non-immersive)
ASSOCIATION 50,00% 70,00%
NEGOTIATION 30,00% 25,00%
DOMINANCE 20,00% 5,00%
TOTAL 100,00% 100,009
co1 CO2
(indipendently from level of immersion) (indipendently from level of immersion)
ASSOCIATION 56,41% 69,23%
NEGOTIATION 25,64% 23,08%
DOMINANCE 17,95% 7,69%
TOTAL 100,00% (39) 100,00% (39)

If we check Table 8.5 we can verify that Association is the favourite srategy both in CO1
and in CO2 (in this case, the use of Association drategy is a little higher): the subjects
ligten to the other’s proposa, respecting hisher experience in terms of/as being the result
of a greater knowledge of the labyrinth. This choice is essentidly due to two reasons. an
“economic” one (finding an agreement on the modus operandi saves time), and a
“conversationa” and “cooperative’” one (keeping in touch helps reaching the main am).

The reduced importance of the Dominance and “Negotiation drategies, seems to
underline the strong cooperative nature of the task (less time devoted to discusson means
more time to devote to the exploration of the [abyrinth).

Also interesting is the influence of the level of immerdon on the cooperation Strategy.
The data show that in CO1 we have a sgnificant reduction in the choice of the Association
drategy counterbalanced by an increase in the Dominance and in the Negotiation ones. The
influence of the level of immerson is not Sgnificant in CO2.
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We dso verified whether the subjects who used the Association (the most used) Strategy in
the COl dso usad it in CO2 (Tables 8.7, 8.8, 89). In general the sample maintained in
CO2 the drategy previoudy chosen,
percentages of conservation of strategy A are respectively 75% (IM) and 80% (NI).

Table 8.6 Changes of strategy from CO1 to CO2 (only first phase — Immersive VR - n. 19)

independently from the levd of

immerson:

First Phase: From Associationin | FromAssociationin CO1 | From Associationin | Total
Immersive CO1 to Association in to Negotiation in CO2 CO1 to Dominance %
CO2 in CO2
ASSOCIATION (A) 75,00% 1667% 8,33% 10000
From Negotiation to From Negotiation to From Negotiationto| Total
Association Negotiation Dominance %
NEGOTIATION (N) 50,00% 50,00% 0,00% 100,00
From Dominance to From Dominance to From Dominanceto | Total
Association Negotiation Dominance %
DOMINANCE (D) 66,67% 0,00% 33,33% 100,00
Table 8.7 Changes of strategy from COL1 to CO2 (only first phase — Non Immersive VR - n. 20)
First Phase Non- From Associationin | From Associationin CO1 | From Associationin| Total
Immersive CO1 to Association in to Negotiation in CO2 CO1 to Dominance 0%
CO2 in CO2
ASSOCIATION (A) 80,00% 20,00% 0,00% 100,00
From Negotiation to From Negotiation to From Negotiation | Total
Association Negotiation to Dominance %
NEGOTIATION (N) 50,00% 33,33% 16,67% 100,00
From Dominance to From Dominance to From Dominanceto| Total
Association Negotiation Dominance 0%
DOMINANCE (D) 75,00% 25,00% 0,00% 100,00
Table 8.8 Changes of strategy from CO1 to CO2 (only first phase - n. 39)
Independently from From Association in From Association in CO1 | From Associationin| Total
level of immersion CO1to Associationin | to Negotiationin CO2 CO1 to Dominance %
CO2 in CO2
ASSOCIATION (A) 77.27% 18,18% 4,55% 10000
From Negotiation to From Negotiation to From Negotiation | Total
Association Negotiation to Dominance %
NEGOTIATION (N) 50,00% 40,00% 10,00% 100,00
From Dominance to From Dominance to FromDominanceto| Total
Association Negotiation Dominance %
DOMINANCE (D) 7143% 14,29% 14,29% 10000
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8.6 Study 3. The influence of the level of immersion on the communication and the
interaction process

8.6.1 Objective and characteristics of the sample

As in the previous dudy the sample was composed of 39 couples of subjects who had
completed at least the firgt phase (Table 8.4). The Main god of Study 2 was to verify if a
sgnificant change in the didogicd productivity (turns in spesking) happened between the
immerdve and non-immersve phases.

8.6.2 Methodology

On a preiminary badss, we divided each of the 39 transcriptions of the verba comments
made by the couple during the firg phase into six parts (PA), three of which referred to
the turns in spesking of the firg player (Gl), three referring to the second one (G2).The
sngle PAsincluded respectively:

PART 1(P1): P1 included the route from the moment the subjects "enter" the maze, to
they arrive to the central part (where the doors are situated).

PART 2(P2): P2 includes the route from the doors to the required key (on the opposite
side of the maze).

PART 3(P3): P3 includes the route from the key back to the doors. The players had to
follow all three PAs at least once.

8.6.3 Results

Objective 1: vaifying if there are dgnificant differences in the time that took the couples
to get out of the maze with reference to:

Order of presentation (First phase/Second phase);
Leve of immeravity.

Conclusion: there is a sgnificant difference (S9.=.001; df =1; p =.05) in the time usad to
get to the end of the maze regarding the order of presentation. Specificdly, the average
time used is dgnificantly longer in the fird presentation ingead of in the second one
(learning process).

There is a dgnificant difference in the time used to reach the end of the maze with
reference to the type of immerdvity. Paticularly, the average time used is dgnificantly
longer in the immersive phase ingead of in the non-immersive one.

There is a quite dgnificant interaction (§9.=.089; df = 1, p =.05) between the two
independent varigbles (order of presentation and levd of immersvity). In particular, the
time necessxy to get to the end of the maze is dgnificantly shorter in the phase of
immerson, when the couple tests the phase of non-immersvity fird (learning process,
from immergvity to non-immersvity).

The ample survey of the time used doesn't dlow to edimate the differences in the
communicating process. Therefore, we have proceeded to further series of analysis:

Objective 2 veifying if there are ggnificant differences between the immersve and non
immergve dtuation with reference to the inducement of the activity of spesking. The
comparison is made usng an index that expresses the relation between time of spesking
and totd time of the peformance. The rdation "didogue over the totality” expresses a
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measure free from the tempora variations of performance among the couples on the bass
of the hypothesis that anyhow there is a relaion between word and action, between
speaking(recording) and time of decision.

Conclusion: the difference immersvenon-immesve has no influence on  the
determination of the percentage of time of spesking, cdculated on the overdl time of the
test (coherence with substantial homogeneity).

Objective 3: verifying if there are dgnificant differences between the firg and the second
phase (when the firs one is immersve) regarding the activity of spesking. The comparison
IS made usng an index that expresses the rdaion between time of gpesking and totd time
of the performance. The relation "didogue over the totaity” expresses a measure free from
the tempord variations of performance of the same couple between the two tests on the
basis of the hypothess that anyhow there is a relation between word and action, between
speaking (recording) and time of decision.

Concluson: when the firg tes is immerdve, there is no dgnificant difference between
time of gpesking of the first phase and time of spesking of the second one (we suppose the
excluson of the effect of getting used to).

Objective 4: veifying if there are sgnificant differences between fird and second phase
(when the firg one is nonrimmersve) regarding the inducement of the word activity. The
comparison is made using an index tha expresses the relaion between time of spesking
and totd time of the performance. The rdation "didogue over the totality” expresses a
measure free from the tempord variations of performance of the same couple between the
two tests on the badsis of the hypothesis that anyhow there is a relation between word and
action, between speaking (recording) and time of decison.

Conclusion: when the firg tes is non-immersve, there is a dgnificant difference (Sig.
0,26; p = .05) between time of speeking of the firsd phase and time of spesking of the
second one (in the immersve phase they talk less 0,64 VS 0,49); this fact shows that
dating with the nornrimmersve phase, the subjects have a better perception of the
dructure of the environment. This hypothes's has to be examined more closdly.

Objective 5: veifying if there are dgnificant differences between the number of turns of
speaking produced by every single subject in each of the three parts of the maze
Paticularly, we tried to verify if the turns of spesking were influenced by the leve of
immergvity (immersvenon-immersive), by the order of presentation (First phase-Second
phase) and by the interaction of the two variables.

Conclusion: A) There is a dgnificant difference between the number of turns of spesking
produced by every single subject in the three parts. Specificadly, the average of the turns of
spesking produced in the First Part (Average PA1= 40,76) is more than the double of the
turns of spesking produced in the other two parts (Average PA2= 1856 - Average PA3=
16,1). So, It seems confirmed the hypothesis that the subjects interact using the first part of
the way both to get used to the new environment and to co-construct a common ground to
be based on for the following conversations, also in absence of physical co-presence. B)
There is a ggnificant difference (Sig.=.02; p=.05) between the number of turns of speaking
produced by every dngle subject in the three parts with reference to the order of
presentation. In particular, apart from the parts taken into congderation, the number of
turns in gpeaking of the firgt phase is sgnificantly greater than that of the second phase.

Findly, there is no dggnificant difference between the number of turns of gpesking
produced by every single subject in the three parts. Particularly, agpart from the parts taken
into congderation, the number of turns of spesking of the immersve mode is adways
gregter than that of the non-immerdve mode, even if it is not Sgnificant. However, the
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andysis of the dtatistical power (0,237) let us suppose that the lack of sgnificance should
be resulting from the limited Sze of the sample.

8.7 Conclusions
In this chapter we tried to reach two different gods:

to verify if cooperative activitiesin networked virtud environments are possible;

if yes, to identify the characteristics of the cooperation process. We dso tried to
identify possble differences beween immesve and non immesve virtud
environments.

We used as framework for our anayss the Complementary Explorative Multilevel Data
Andyss (CEMDA) that integraes quditative and quantitative procedures [18]. In
particular, the obtained data were andyzed separately in three different Studies:

Sudy 1 investigated the cooperative process by means of the anadyss of the
transcripts of the verba interaction of different couples (anadlyss of conversations -
qualitative method);

Study 2 investigated the characteristics of the cooperation drategies used in the
cooperative task;

Study 3 anayzed the differences in the didogicd productivity between the immersive
and non-immersgve environments by means of a datisticd procedure (ANOVA -
quantitative approach).

The question of whether networked VES can support the formation of red cooperative
processes was the first addressed in this paper. To verify this possbility we checked how
many couples of our sample could end the proposed collaborative task: most of the
couples (41 - 83,7%) o the sample managed to complete at least one phase; 63,3% of the
sample (31 couples) completed both phases. These empirica findings can be interpreted
as an indicaion that in networked environments cooperation is possble even if
individuas have to ded with interface congtraints and limited interaction.

However, the results of Study 1 clearly dated that the couple has to tune its
communicative gpproach to the characterisics of the experienced environment. For
example, Imple monologues, in which one of the two speakers takes turns in speaking
rather extensvely providing extensve information, are very common. If in traditiond
conversations, we can consder such a behavior a prevarication of one spesker on the
other, in this dtuation dmple monologues “support” the conversation: the specific
collaborative task cdls for the ability of putting a the patne’s disposa the grestest
amount of information possible.

Other characteridic of the specific communicative gpproach is a sgnificant use of the
temporal and spatid deixis. As a concluson the conversations andyzed clearly show an
intention to collaborate to solve the mutua objective. As showed in the second study, this
intention is witnessed and sudained by specific drategies — Association, Negotiation and
Dominance. Using them the speskers exchange information and try to successfully reach
their common god.

On the bads of the results of the studies, both quantitative and quditative andysis
showed a subgantid homogenety between immesve and nonimmesve VR
environments. In both environments, partners produce a reciproca influence on their
actions and seem to be able to percelve their conjoint communicative work. However, the
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average time used to complete the task is ggnificantly longer in the immersve phese
indead of in the nonrimmersve one. Moreover, our experience showed that smulaion
dckness is a dgnificant problem for the immersve experience: in each leaving couple
one of the subjects, usudly the female one, experienced some form of Sde-effects. These
Sde-effects were characterised by three classes of symptoms. ocular problems, such as
eyedran, blurred vison and fatigue; disorientation and balance disturbances, nausea. The
experienced symptoms are Smilar to those which have been reported during and after
exposures to smulators with wide fidd-of-view displays [21]. The higher senghility of
femde subjects to amulation dckness in our sample is a common datum in literature. In
fact, females tend to be more susceptible to VR sde-effects than maes[22].

In the end, our empirica findings suggest that networked environments can support
the cooperation process. The way the description of the environment and space and time
indications are shared, the co-condruction of roles, and the characteristics of the
exchanges, ae examples of how socid interaction can be magered in  virtud
environments. We can condder them paradigm of cooperative action facing complex
tasks. On the basis of results we can argue that sudies in this fied are worthwhile and
useful to reach a sufficient knowledge about ways to control and mester complexity of
interaction in virtuad environments.

However, the results also underline the need, for the researchers and for the users of
immerdve networked environment, of addressng the effects of smulation sSckness.
Although there is much potentid for the use of immergve virtud redity environments,
this problem is il limiting their redl-life applications.
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8.9 Appendix: transcription codes

In the transcriptions the cepitd letter followed by a full stop indicates the name of the
subjects, which is omitted for confidentia reasons.

* 0# (in both turns) dart of a superimposition
+ 0/ (in both turns) end of a superimposition
() pauses up to 2"

) pauses between 2" and 5"
, dightly raised intonation

? interrogative intonation

. ending or downward intonation
X- incomplete words

(Xxx) incomprehensible words
(word) uncertain interpretations
(..) omisson
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