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Abstract. In the areas of design, especially in architectural design, collaboration has become an important challenge. The spe-
cialization of skills increase, work teams are more and more extensive and the geographic distance between them increases too.
The economic and ecological stakes related to remote collaboration are an evidence. This context involves the need to support
most efficiently possible remote working meetings. We present the Distributed Collaborative Digital Studio (DSDC), a tool
designed to recreate, in distant situations, the context of copresence meetings. This shared environment is created in the “invis-
ible computer” approach [11]. The idea is that the tool should disappear from user’s consciousness. Indeed, creative design
activities require some fluidity in their process. Therefore, any involuntary interruption created by the system can potentially
brake creativity. In this perspective, we investigate specifically the “invisibility” of our environment. To do this, we propose a
framework for the operationalization of the concept and a methodology to test the system invisibility. This methodology was
applied through a case study consisting of a corpus of 12 hours of remote collaborative design sessions with the DSDC. We
highlight the learning effects while using our system, conclude on its effectiveness and discuss our methodology.
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1. Introduction some systems or environments are emerging allow-
ing rich distant interactions and are increasingly used

In a wide range of activity sectors, collaboration in professional but also in educational situations.

has been intensified, notably in the design domains.
Collective work is increasingly organized simulta-
neously (rather than sequentially as it used to be in
the past). Moreover, design teams are often geo-
graphically distributed, and the need for distant real-
time interaction is consequently emerging. A lot of
effective systems are available for sharing informa-
tion, but most of them are asynchronous (e.g. data-
base server, email, etc.) or allow only partial interac-
tions (e.g. phone or visioconference). Nevertheless,
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At the early stages of design, called preliminary
design, designers have to focus on their creative task
rather than managing the computer tools. Therefore,
the traditional CAAD tools are not the most useful
tools at this design stage because they tend to limit
the creativity [9] or to distract from the design activi-
ty itself [2]. Instead, sketching allows keeping some
flexibility and natural interactions with the pen
[1,5,7,10]. A natural interaction means an interaction
not constrained by the tool. In fact, a natural tool or a
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tool easily used tends to disappear from users’ con-
sciousness in favor of the task to perform. Thus,
sketching allows designers to focalize their attention-
nal ressources and their cognitive efforts on the de-
sign process [6].

In this paper, we focus on a sketsh-based
prototype : the Distributed Collaborative Design Stu-
dio (DCDS). It is a tabletop environment which al-
lows users to import documents and annotate it, at
distance and in real time, thanks to a digital pen. In
addition to this graphical communication tool, a visi-
oconference device conveys gazes, voice and ges-
tures to create a whole multimodal environment (see
Figure 2). . DCDS is specially meant for situations of
collective design and aims to recreate the conditions
of copresent meetings. We assume that multimodality
of this environment will allow more natural mediated
interactions between remote partners and will support
collaborative design more effectively, making them
closer to face-to-face meetings. DCDS has been
conceived to be least intrusive in the activity. The
philosophy of the environment is that it should
“disappear” from the users’ consciousness in favor of
the real collaborative activity, i.e. it should become
invisible, in Norman’s sense [11].

Starting from the hypothesis that the use of a pen
is always simple and natural is not necessarily true
[12]. This ease of use must be objectified and
measured using a suitable method. In this context,
this article has two main objectives:

1. To develop a method for measuring the “invi-
sibility” or “transparency” of our system. We
investigate specifically whether the tool mani-
pulation takes an important place in the colla-
borative activity, or if it allows users to con-
centrate on design. In other words, we try to
see if the tool tends to disappear in favor of
collaborative activity.

2. To test our system to see if users succeed in
learning its functioning, if they use its full po-
tentiality and if they succeed in using it more
effectively over time. The ease of system use
would confirm again that the system disap-
pears effectively from their consciousness.

We present, in the next paragraph, our system
DCDS, followed by the presentation of the notion of
invisibility, then we present the methodology we
have created to try to measure the system invisibility.
And then, we present our results that we discuss be-
fore concluding.

2. The DCDS

Our prototype, Distributed Collaborative Design
Studio (DCDS) is composed of

- ahardware part — the Design Virtual Desktop
— which consists of an electronic A0 table
with a suspended ceiling equipped with a pro-
jection system offering a large working sur-
face. An electronic stylus allows the drawing
of virtual sketches onto this surface.

- asoftware part — SketSha (for sketch sharing),
which is a shared drawing environment allow-
ing several virtual desktops to be connected to
the same drawing space (see figure 1). Vari-
ous functionalities, such as importation of
CAD plans and bitmap images, a panel of co-
loured pens (and an eraser), a navigation func-
tions (zoom, pan, rotate) and a layers palette,
are proposed through graphical widgets mani-
pulated with the stylus. This software captures
the strokes that compose the sketch and shares
them between the different distant locations
(through a classic internet connection) in real
time.

- a 24 inches display with an integrated camera
and a videoconferencing commercial module,
that allow the participants to see and talk to
each others, in an almost 1/1 scale, during a
real-time meeting (see figure 2 for the whole
environment).
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Figuré 1 : SketSha Interface.
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Figure 2 : Distributed Collaborative Digital Studio.
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This environment aims to recreate at distance the
conditions of copresence. It has proven to be efficient
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in supporting design activities, in professional and
educational settings. More information on this envi-
ronment can be found in [4,8,17,18].

3. Invisible computer, control levels and
automatisms

Our systemis based onthe paradigm of
the invisible computer [11]. According to this para-
digm, the computer becomes “invisible” when it dis-
appears from the consciousness of the user.

Most tools for complex activities (including crea-
tive or design activities) generate, while using them,
two sub-tasks to be performed jointly :

- A target task focused on the object of the ac-
tivity, in this case, the collaborative activity :
problem-solving activities, communications,
group management, etc.

- An additional task focused on the manage-
ment of tool use. These are actions that are
meant to manage the computer system beha-
viors, and are out of the strict framework of
the main task. They can potentially be disrup-
tive because they can mobilize resources at
the expense of collaborative design activity.

The principle of invisible computing is to allow
the user to focus (almost) exclusively on the target
task. Thus, the manipulation of a tool called invisible
may not constitute in itself a task, which may disrupt
the activity. Rather, it may be a part or an extension
of the target task. The challenge of new technologies,
especially in creative domains, is that they should
support activities without causing any interruption
and without creating new “noise” tasks (not oriented
towards the main activity).

This disappearance from the consciousness is not a
state, but a dynamic process. This concept is to be
linked with action control levels [15,16]. Thus, this
disappearance relies on low level of control, i.e.
when the system use becomes based on automatisms
or constructed action schemes, appropriated and inte-
riorized by the user [14].

This concept of invisibility is very important for
the design of objects or computer systems, but is not
very operationalized in terms of ergonomics and
evaluation. This is the objective of this study.

4. Methodology
We based our observations and data collection on

a video corpus of about twelve hours of a remote
collaborative design activity. We observed the design

of a building renovation, containing several flats, by
a team of three professional architects from an archi-
tectural firm of Liege. These professional were work-
ing at distance : two of them were located in Liege
(Belgium) and one in Paris (France). This building
design was a real project of this architectural firm.

They collaborated with the DCDS system which
allows synchronous activities. The collaboration
work consisted of four sessions (during four days) of
two hours and half, except the last one which lasted
one hour longer. After these four work sessions, we
realized interviews in order to sound out users’ im-
pressions about the ease of system use and its capaci-
ty to be “transparent” or “invisible” during the colla-
borative work.

The whole activity on the SDCD was videotaped
and we made our video analysis with ELAN' soft-
ware. Our analysis focuses exclusively on the system
use. So, we did not investigate the design activity
itself, but only actions on the DCDS system. We con-
sider two elements:

1. The actions on the system (the use of certain
functionalities) and their evolution in order to
study how users use the potentiality of system
over time. We test the invisibility of our sys-
tem by its capacity to disappear in favor of
collaborative activity.

2. The verbalizations related to the system use
in order to investigate the “weight” that the
software takes in the user's consciousness and
especially the evolution of this weight accord-
ing to their learning over time.

4.1. Actions on the system analysis

Initially, we analyzed in detail the types of actions
performed on the system. Ours aims are on one hand
to understand whether the system is used to its full
potentiality (and thus test the software wtility) and on
the other hand, if the functionalities are used correct-
ly (usability). We also studied whether, while getting
used to the system, there is an evolution in the type
of functionalities used.

The number of functionalities available in the
software being relatively small, we have listed them
exhaustively (zoom, pan, import an image, save
project, etc.) and counted their use for each user and
for each work session. The evolution of the use of the
different functionalities over the time informs us of a
possible learning of the system use. Indeed, if the
functionalities are increasingly used, that means that

! http://www.lat-mpi.eu/tools/elan/
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users exploit the maximum potential of the system.
Conversely, a decrease in their use could reveal a
user frustration. In this case, the functionalities are no
longer used because they are evaluated as inefficient
or too complex to use by the designers.

We have excluded from the analysis, all “design”
activities for two main reasons. On the one hand, the
drawing activities are, in our view, only acts of
communication or design, and on the other hand, it's
difficult to calculate standards for this kind of activi-
ties without taking a totally “mechanistic” view of
activity.

4.2. Verbalizations analysis

We identified all verbalizations oriented towards
the system use and excluded those which are strictly
related to collaborative design. We distinguish sever-
al categories, some of them are inspired from Blavier
and Nyssen’s ones [3].

1. Orders or requests (ORDERS). These ver-
balizations involve explicit demands from an
actor to his remote partner to perform some
actions on the system. For example, “Can you
change the color of pen?” or “Can you zoom a
little more on the plan? .

2. Confirmations on the system use or on the
system state (CONFIRMATIONS). These
are the verbalizations stating that the remote
partner has received and understood the mes-
sage. For example, “Ok, I'll zoom”, “Yes, I
understand, I will change that”, etc.

3. Explicitations of actions on the system
(EXPLICITATIONS). These verbalizations
are directly related to the current use of func-
tionalities, for example, “I’'m changing the
layer” or “I’m erasing.”

4. Planning of the system use (PLANNING).
These verbalizations explicit future actions on
the system to ensure a good coordination :
“We should take a separate layer for the
ground floor” or “I will try to refocus the
plan”.

5. Identification of a user error (ERROR
IDENTIFICATION). This type of verbaliza-
tions focuses on the prevention of an error, its
detection, its understanding or its recovery.
Those errors can be of different nature : based
on a lack of knowledge, an erroneous rule or
an wrong execution (Reason 1990). For ex-
ample, “Oops”, “I lock the layer overwise ...”.

6. Verification of correspondence of views
(CORRESPONDENCE OF VIEWS). These
verbalizations are used to check or certify that
the remote partner has the same view as he.
For example, “I think the plan is smaller on
your side” or “Are we on the correct layer? .

7. Identification of a system problem or con-
fusion with the system (SYSTEM PROB-
LEM). These verbalizations concern prob-
lems that are not attributable to the user but to
the system. These include a problem of sound,
visibility, or a bug. For example, “We don’t
know what's happening but we can’t hear
you”.

8. Questions or explanations on the system
functioning (QUESTIONS). This category
includes all the questions asked by users to
their remote partners or observers. It also in-
cludes the answers or explanations on the sys-
tem functioning. For example, "Is
it possible to import an image of the last day?
“or “Can we go back and cancel?

9. Judgments on the system (JUDGMENTS).
This type of verbalizations is related to judg-
ments or evaluations (positive or negative)
about the system. For example, “This software
is very useful!” or “It's a pity that we haven't
the possibility to cancel”. We distinguish posi-
tive and negative evaluations.

All these verbalizations are centered on the system
use. Other verbalizations related to design process or
collaborative activity (which are the essential part of
activity) have not been taken in account.

4.3. Statistical analysis

Given the nature of the data, we use mainly de-
scriptive statistical data analysis. Our main analysis
consists in testing the link between the several cate-
gorical data (types of functionalities and verbaliza-
tions) and the time (Day, to Days). We use the Pear-
son Chi’ test to measure the independence of theses
variables.

4.4. Functionalities

We analyzed four elements : the average number
of functionalities used (per hour) for each day, the
link between types of functionalities and time, the
diversity in functionalities used (heterogeneity of its
use) and the efficiency of its use.
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The average number of functionalities used (per
hour) increases from the first to the second day, re-
mains stable till the third day and decreases a little bit
the last day (Day, : 105 ; Day,: 130 ; Day;: 128 ;
Day, : 112). These results show an intensive use of
the system : already on the first day, there is about
two actions per minute which concerns other func-
tions than drawing.

To simplify our analysis, we regroup all functio-
nalities into 5 supra-categories : tool changes, layer
manipulations, view changes, file manipulations and
interface management.

The association between the types of functionali-
ties used and the variable “time” is significant
(Chi*(12)=77.89, p<.0001). We found only one linear
evolution: an increase of the number of files manipu-
lations (save project, load project, import a picture)
from day 1 to day 4. For the other types of functio-
nalities, we find rather a “sawtooth” pattern for major
part of them during the collaborative sessions. How-
ever, These results suggest that the nature of functio-
nalities used do not vary substantially with learning
from one day to another, but is rather adapted to the
current tasks.

As we reported, we have listed these functionali-
ties exhaustively : users have the possibility to use 22
different functionalities. If we compare the total
number of different functionalities used : we move
from 13 different functionalities for the first day to
16 for the second, and 19 and 18 for the last days.
Upon first use, users already use the 50% of the func-
tionalities available (see Figure 3). Then, they use
more and more over time to reach 85% at the end.
Some functionalities are not used (i.e. export an im-
age, remove a layer, empty the trash, etc.) either be-
cause these advanced functionalities require more
expert skills, or because these ones are not useful or
too complicated to use. These results suggest a clear
learning curve. As the designers feel comfortable
with the use of the system, they tend to exploit it in a
more exhaustive way.
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Figure 3 : Heterogeneity of functionalities types (proportion of
functionalities actually used relative to possible functionalities).

Regarding the efficiency of the functionalities
use, two functionalities are particularly problematic :
pan and zoom. For these both functionalities, there
are two types of strategies : a “one-click strategy”,
consisting in handling with a single drag and drop
movement starting from the button which engages
the manipulation, or a “two-click strategy” consisting
in clicking once on the manipulation button and then
performing the manipulation on the drawing itself.
We observed that the two-click strategy is much less
efficient than the one-click’.

Our results show that the “two-click” strategy
tends to disappear over the days both for the pan (Fi-
gure 4) to for the zoom functionality (Figure 5).

Dayl Day2 Day3 Day4
—"one-click strategy" proportion
—"two-click strategy" proportion

Figure 4 : Pan — proportion of each strategy.

~N

Dayl Day2 Day3 Day4
—"one-click strategy" proportion
"two-click strategy” proportion

Figure 5 : Zoom — proportion of each strategy.

Over time, users are turning to the most efficient
strategy. This “economy” of actions indicates a better
understanding of the system working and a more
efficient use of it although some functionalities seem
to require more experts’ skills.

% We calculated the efficiency by dividing the number of
actions observed to reach the goal and the number of ac-
tions theoretically required to reach the same goal.



3499

A. Defays et al. / Invisible Computer for Collaborative Design

Globally, these results suggest that, in their learn-
ing phase, users do not use many functionalities
which are not very different. Users tend, during their
familiarity with the system, to repeat the same
learned and familiar actions rather than to explore
other options. After two collaborative sessions, when
they start to master the system, they do not use more
functionalities in terms of absolute numbers, but the
heterogeneity of functionalities used increases. This
exploration of other functionalities indicates that the
system potentiality is better used over time, and high-
lights a learning by the users and a more efficient
system use.

We can conclude that, even if the software is not
completely transparent at first sight, users get very

quickly used to its functioning to achieve optimal use.

These results are confirmed by our interviews : users
claim to be more comfortable with the functioning
logic of DCDS over time and this tool tends to disap-
pear from their consciousness. Users can thus con-
centrate their resources on the collaborative activity
without be constrained by this tool.

4.5. Verbalizations

The average number of verbalizations focused on
the system varies along a sawtooth pattern over time
(Day, : 111 ; Day, : 72 ; Day; : 125 ; Day, : 91). On
the first day, there are many system-centered verbali-
zations, which decrease on the second day. Then,
they grow again on the third day and decrease once
again on the last day.

Regarding to the types or natures of verbalizations
(as the categories presented above), we have consi-
dered the total proportion of each category for the
whole collaborative activity (for the four work ses-
sions). And then, we have examined in detail the evo-
lution of proportions of each verbalization category
over time.

2%

s | “ PLANNING
:% % CONFIRMATIONS
o 22 EXPLICITATIONS
PR worDERS
D ERROR IDENTIFICATION

CORRESPONDENCE OF VIEWS

v SYSTEM PROBLEM
18% QUESTIONS

JUDGMENTS (-)
JUDGMENTS (+)

Figure 6 : Proportion of types of verbalizations related to the sys-
tem use (whole activity).

Globally (for the four work sessions), the most
frequent verbalizations are planning of the system
use (253/1145 or 22%, see figure 6), followed by
confirmations (240) and explicitations (202) of ac-
tions on the system (respectively 21% and 18%).
Other types of verbalizations occupy a less important
proportion of the verbalization on the system activity.
These results indicate that the verbalizations about
the tool use are more centered toward the collabora-
tive activity (planning, confirmations, explicitations)
instead centered toward the system learning (ques-
tions, explanations, etc.) or toward errors manage-
ment or partners’ adjustments. We can assume that
the major part of verbalizations concerns the colla-
borative activity.

The association between the types of verbaliza-
tions mobilized and the time variable is significant
(Chi*(27)=132,70, p<.0001). Concerning the evolu-
tion of type verbalizations over time, we obtained
three patterns of results : a linear decrease of certain
types of verbalizations, an linear increase of other
ones and non-linear changes over time for the others.

We found a decrease of verbalizations related to

the learning of the system use as questions, error
identification and negative judgments (see Figure 7).

mn
QUESTIONS
B \p— =p=ERROR IDENTIFICATION

[ =@=JUDGMENTS (-)

Proportion

DAY 1 DAY 2 DAY 3 DAY 4

Figure 7 : Proportion of QUESTIONS — ERROR IDENTIFICA-
TION — JUDGMENTS (-) for each work session.

QUESTIONS. On the first day, users ask a lot of
questions or explain many times how the system
works (12% of total verbalizations). The second day,
the questions or explanations on the system function-
ing decline hardly (until only 3%) and still decline a
little bit on the third day (1%).

ERROR IDENTIFICATION. On the first day,
there are also a lot of verbalizations related to the
identification and the avoidance of errors. As for the
last type of verbalizations (questions), error identifi-
cations decline on the second day (from 13% to 11%)
and still decline on the third day (7%). However,
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error identifications remain stable between the third
and the last day.

JUDGMENTS (-). Users often judge the system
more negatively early in their learning compared to
the end of their work sessions (from 3% to 1%).

We found an increase of verbalizations related to
collaborative activity (planning, confirmations, or-
ders) and positive evaluations of the system (Figure
8).

30

25

B
=

w=je=PLANNING

=0=CONFIRMATIONS

Proportion
o

===0RDERS
JUDGMEMTS (+)

-
5}

0

o
DAY 1 DAY 2 DAY 3 DAY 4

Figure 8 : Proportion of PLANNING — CONFIRMATIONS —
ORDERS — JUDGMENTS (+) for each work session.

PLANNING. We have seen that verbalizations re-
lated to planning of the system use took a major part
of total verbalizations. However, they remain stable
at the beginning of users’ learning (Day; : 23% ;
Day, : 22%) and decrease a little bit on the third day.
We observe a strong increase of this verbalization
category on the last day (from 17% to 28%).

CONFIRMATIONS. Concerning the second im-
portant category of verbalizations (21% of total ver-
balizations), we found a linear relationship over time.
The number of confirmations on the system use or on
the system state (i.e. verbalizations stating that the
remote partner has received and understood the mes-
sage) increase more and more each day (Day;: 17% ;
Day, : 18% ; Day; : 23% ; Day, : 24%)

ORDERS. Concerning the verbalizations related
to orders (or actions to perform on the system by
distant partner), we found also a linear relationship
over time. Indeed, we observed few orders at the be-
ginning of users’ learning (Day; : 3% ; Day, : 7%)
and a strong increase of this type of verbalizations on
the third day (15%). Then, they remain constant.

JUDGMENTS (+). There are a little more favora-
ble judgments about the system and its functionality
over time but this tend is small.

For other verbalization categories, we did not find
a linear evolution pattern (see Figure 9).

EXPLICITATIONS. On the first day, there are
few verbalizations which explicit actions performed

on the system. On the second day, we observe a peak
of this type of verbalizations (from to 14% to 23%).
Then, these verbalizations tend to decline over time
to come back around the initial situation. This result
is probably due to the evolution of the number of
actions performed on the system over time. Indeed, if
we compare the curve of this verbalization category
and the curve of the average numbers of functionali-
ties used, they are almost identical.
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Figure 9 : Proportion of EXPLICITATIONS — CORRESPON-
DENCE OF VIEWS — SYSTEM PROBLEM for each work ses-
sion.

CORRESPONDENCE OF VIEWS. The verba-
lizations related the correspondence of partners’
views does not change linearly over the days. In fact,
we find rather a “sawtooth” pattern during the colla-
borative sessions : at the beginning, users check
many times the correspondence of their views on the
first day (10%), with a little decrease on the second
day (7%), a little increase on the third day and a
strong decrease on the last day (from 9% to 3%). So,
the general tendency for this type of verbalizations is
decreasing.

SYSTEM PROBLEM. Globally, verbalizations
related to the detection of problems from the system
or related to confusions about the system state remain
stable over time. There is only a little increase of this
verbalization type on the second day (7%). Because
the system working is relatively stable and the num-
ber of bugs is relatively constant, this result can
probably be explained by the fact that users have
learned and interiorized the system use. So, they can
directly perceive a gap between the system expected
state and the observed one. They are aware that the
problem comes from the system and that system be-
haviors are not due to their own mistake.

Globally, these results suggest that, at the begin-
ning of learning, there are more questions or explana-
tions on the system working. The evolution of such
verbalizations clearly emphasizes the users' learning
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phases or their familiarization with the system. In
parallel, there are also more verbalization related to
the identification and the avoidance of errors, proba-
bly because they are committed more often at the
beginning. At the beginning, users also often need to
check if they share the same view of their workspace.
This result reflects the need of mutual adjustment
emerging between partners.

Over time and according to users' learning, there
are more verbalizations which explicit actions per-
formed (EXPLICITATIONS) or to be performed on
the system (ORDERS). Indeed, users take more time
to inform their remote partner of what they are doing.
On the other hand, users begin giving orders or re-
quests to their remote partners. This result shows that
coordination begins being developed between the
partners. In fact, the actions to be performed become
organized and there is a genuine distribution of tasks
between partners. Moreover, we noted a constant
increase of confirmations on the system use or on the
system state.

At the end of work sessions, there is a significant
difference in verbalizations related to the planning of
system use. That testifies again to this new work or-
ganization. Furthermore, the past tendency to check
the correspondence of views has decreased, indicat-
ing that users no longer need to check whether they
have the same view as if they had acquired the know-
ledge of what their partner could see. So, they can
concentrate their attention on the planning and
achievement of actions.

In conclusion, the nature of the verbalizations
change over time : at the beginning, they are more
focused on the functioning of the system itself (ques-
tions, errors, judgments, etc.) and become more fo-
cused on coordination and collaboration between
partners at the end. Therefore, we can say that these
indices show an disappearance of the tool in favor of
communication and collaborative work : the focus is
no more on the tool, but on the collaborative activity
and on tasks to perform.

5. Discussion and perspectives

This article has two main objectives. First, it aims
to develop a method for measuring the “invisibility”
or “transparency” of our system. We investigate spe-
cifically whether the tool makes actually place for the
communications oriented to design, so if the tool
tends to disappear from users’ consciousness in favor
of collaborative activity. Secondly, it aims to test
usability of our system. We investigate if users suc-

ceed in learning its functioning, if they use its full
potentiality and if they succeed in using it more ef-
fectively over time.

In our analysis, we consider two elements and
their evolutions: the actions on the system (functio-
nalities used) and the verbalizations related to the
system use.

The average numbers of functionalities used fol-
low an inverse “U” curve. Indeed, designers use few
functionalities at the beginning, then, they use more
and more functionalities, and there is a little decrease
at the last day. In parallel, the functionalities used are
more and more heterogeneous : the designers start by
using half the proposed functions and finish by using
more than 80%. Users tend to learn progressively to
use the different functionalities. As soon as users
master major functionalities, they select the most
relevant ones or the most useful to perform a particu-
lar task. Thus, we notice, at the end, a decrease of
average number of functionalities used and a little
decrease of their heterogeneity. Moreover, we ob-
serve a difference in the types of functionalities used
over time, even if, except for the files manipulations,
we did not find linear evolution.

Regarding to verbalizations, we found a sawtooth
pattern over time. The average number of verbaliza-
tions decreases on the second day, there is a peak on
the third day, and it decreases once again on the last
day. Results have shown that the average number of
verbalizations centered to the system use varies be-
tween the different sessions, but the nature of verba-
lizations also varies over time. In fact, users progres-
sively focus their verbalization activity from the sys-
tem functioning to their collaboration work. These
results attest that the tool becomes, in a way, the ex-
tension of the task and it disappears progressively
from the users’ consciousness.
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Figure 10 : Comparaison between average number of actions and
average number of verbalizations

If we compare the average number of functionali-
ties used and the average number of system-centered
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verbalizations over time, we observe that these ele-
ments do not vary along the same way (see Figure
10).

These patterns of results correspond to the differ-
ent users’ learning phase.

On the first day, designers use few functionalities
and often the same ones. In parallel, users verbalize a
lot about how the system working, they explicit a lot
the actions performed, they often check the corres-
pondence of their views. These strategies can be
qualified as novice ones. The system takes an impor-
tant place in collaborative activity.

On the second day, we notice a strong increase of
numbers of functionalities used. In parallel, the num-
ber of system-centered verbalizations decreases hard-
ly. These results suggest a phase of “stabilization” of
the learning: actions begin to be automated and re-
quire less verbalizations, and especially less verbali-
zations directly oriented to the system use. In parallel,
the users choose the best strategies to deal with com-
plex functionalities.

On the third day, the number of functionalities
used remains stable, but their heterogeneity increases.
We also observe a new strong increase of verbaliza-
tions. This seems to show that the users, being com-
fortable with the system use, try to exploit it more
intensively. This leads to the emergence of new diffi-
culties, shown by the increased number of verbaliza-
tions. In this third phase, it is like if users were com-
ing back to the initial situation of learning. Neverthe-
less, there are more orders and confirmations, which
indicate an that specific coordination procedures and
task distribution between remote partners begin to
emerge. Orders and confirmations are indispensable
for an accurate cooperative work and to construct
common situation awareness.

On the last day, the number of functionalities used,
their diversity and the number of verbalizations
oriented to the system use both decrease. Users have
learned to master certain functionalities and automate
their use, as in second day.

These different phases, along two cycles, can be
explained by the assimilation and accommodation
processes described by Piaget [13]. To use a system,
human develop action schemes which are constructed
with the repetition (learned and interiorized schemes).
People try to use their schemes in various situations
(assimilation) and change their schemes if necessary
to deal with new situations (accommodation). New
technologies transform our communication, coopera-
tion and coordination modes.

Our observation suggest that people try to manage
the new technology on the first day (assimilation).

On the second day then adapt themselves to the situa-
tion and manage it quite well (accommodation). O
the third day, they create an imbalance by exploring
more functionalities (assimilation). In the last day,
they start to master the environment and reduce their
actions to the essential. We can say that, in assimila-
tion phase, communication and coordination schemes
are not modified by the insertion of a new technology.
New technologies incorporate in existent schemes. In
accommodation phase, there is a profound modifica-
tion of communication and coordination schemes
created by the insertion of the new technology.

Our observations also suggest a kind of “homeos-
tasis” between the degree of confidence and the ex-
ploitation of the system. When people seem to master
the software, they try new possibilities and new func-
tionalities. Our study should be extended on a longer
period of time, to see if these movements of assimila-
tion-accommodation continue until a total mastering
of the system.

The concept of invisibility of a system seems
therefore not relative to a quantitative propriety, but
rather a qualitative propriety of the system. As users
learn to use the system, this latter does not take less
importance in the activity, but it takes a different
nature. Its potentialities are better exploited by users
over time and the verbal management of the use of
the system evolves in verbal coordination of the us-
ers’ actions. Even if the system is not completely
invisible at the beginning, we can say that it becomes
more and more invisible along the natural users’
learning curve, freeing resources for collaborative
activity.
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