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Abstract: This study evaluates the opportunities and constraints linked to the
technological transfer of a sketch-based distant collaborative environment, from
academy to industry. The paper relates the concepts of the sketch-based collabora-
tion, describes the Distant Collaborative Design Studio and proposes a methodol-
ogy to assess the utility and usability of the system in two different companies.
The results and conclusions show the issues linked to the implementation of such
sketch-based collaborative environment in professional contexts.
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1 Introduction

Since several years, the LUCID-ULg (Lab for User Cognition and Innovative Design)
develops advanced CAD tools, in research and educational scopes. Among its most
advanced prototypes, the DCDS (Distributed Collaborative Design Studio) is a
sketch-based distant collaborative environment to support creative stages of design.
This environment has already been tested and validated by the laboratory in an educa-
tional context. The objective of this study is to go beyond the walls of the university:
the aim is to evaluate the opportunities of the technological transfer of this device in
industrial domain, which is quite different from academic and research contexts, and
to evaluate the core issues linked to the sketch-based collaboration in professional
practices.

This paper describes the INNOVATIC project, a validation study of the DCDS tech-
nological transfer from university to industry. From field studies, anchored in real pro-
fessional contexts, we drive conclusions about the utility of the DCDS, and show how
our prototype should be enhanced to respond to true demands of industrial contexts.
This study is grounded in a more general context of a user-centered methodology, which
has prevailed from the very beginning of the DCDS development.

At first, we briefly describe the context of the project, i.e. the usefulness of sketch-
based collaboration in the early steps of design. We then give a description of the
DCDS environment. The methodology frame of our technological transfer study and
its results are given in the next two sections. We then conclude on perspectives about
the utility of such an approach and the issues linked with sketch-based collaborative
design in industrial context.
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2 Context

In a wide range of activity sectors, collaboration has been intensified, notably in the
design domains. Collective work is increasingly organized simultaneously (rather than
sequentially as it used to be in the past). Moreover, design teams are often geographi-
cally distributed, and the need for distant real-time interaction is consequently emerg-
ing. A lot of effective systems are available for sharing information, but most of them
are asynchronous (e.g. database server, email...) or allow only partial interaction (e.g.
phone or visioconference).

Virtual reality is a promising way to respond to challenges in organizations and
processes. The LUCID-ULg proposes a system for sketch-based multimodal interac-
tion, which is based on the invisible computer paradigm [1]. Instead of requiring de-
signers to change their way of conceiving, we propose to support one of the most
usual way of collaborating: the free-hand sketching, which plays an crucial role, espe-
cially during initial stages of design. Even in domains where design constitutes only a
part of the whole process (as for instance building or naval engineering, architecture,
industrial design or town planning), there are great ideas that emerge from quick
drawings made on a napkin! Many authors grant to the upstream sketching phase the
biggest magnitude: it reduces the cognitive charge, makes designers explore more
solutions, enhances creativity, and eases the artifact communication [2].

3 DCDS

Our prototype, named Distributed Collaborative Design Studio (DCDS) is composed
of a hardware part — the Design Virtual Desktop — and a software part — SketSha (for
sketch sharing), completed by external modules.

The Design Virtual Desktop (fig 1) consists of an electronic A0 table with a sus-
pended ceiling equipped with a projection system offering a large working surface
(approximately 150x60 cm?®). An electronic stylus allows the drawing of virtual
sketches onto this surface. The central unit is located in the ceiling. This leaves the
stylus as the only interaction tool, so that the computer can disappears from designers’
mind.

¥

-—
-
——
-
—
Projectors et mirrors —S :\_‘-’

—
e
-
— —
o

Electronic stylus - .
-

1 1
AQ drawing table _ | |

Fig. 1. Virtual Desktop Fig. 2. SketSha Interface
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The SkeSha software (fig. 2) is a shared drawing environment allowing several vir-
tual desktops to be connected to the same drawing space. Various functionalities, such
as a panel of colored pens (and an eraser) and a navigation widget (zoom, translate,
rotate), are proposed through intuitive graphical widgets. This software captures the
strokes that compose the sketch, share them between the different distant locations
(through a classic internet connection) and transmits the whole information in real-time
on the active boards through video-data projectors.

Some layout facilities have also been included in the prototype, such as the possi-
bility to draw and to manage different sheets of virtual paper, to delete or duplicate
them, and to manage their transparency. The software also allows to import CAD
plans and bitmap images.

Pointing, annotating and drawing are possible thanks to the electronic pen that ac-
tivates the virtual desktop drawing recognition. Social exchanges are transmitted
through external modules (videoconference commercial solutions) in order to support
the vocal, the visual and the gestural aspects of the collaboration. The system is thus
completed by a 24 inches display with an integrated camera, that allow the partici-
pants to see and talk to each others, in an almost 1/1 scale, during a real-time confer-
ence. This integrated camera is in fact a very simple way to avoid the gaze deviation
when talking to interlocutor(s) (see fig 3 for the whole environment).

Fig. 3. Distributed Collaboration Design Studio

Initially thought specifically for architecture, our system revealed itself to be useful
for many other design domains.

Following the user-centered framework underlying the DCDS development, the
system has been first tested in different sessions : individual uses [3,4], distant col-
laborative sessions [5,6] and pedagogical long duration collaborative work settings
[7,8,9].

All testing sessions have been videotaped (fig 4) and analyzed by ergonomists.
They have demonstrated the simplicity of the system, which is quickly mastered
by all participants. They have also shown the richness of interactions in our environ-
ment, and the system ability to support collaboration close to co-present situations.
The long-term sessions have also shown its utility as an efficient cooperation tool for
concrete projects.
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Fig. 4. Screenshot of collaborative session recording (front view and top view)

Furthermore, industrial partners (mechanical engineering office and an architectural
office) have shown to be very interested by this environment for their professional
practice and foresee many real advantages by adopting our technological solution.

4 Methodology

In order to deepen the user-centered approach, we needed to assess the opportunity
of the DCDS technological transfer to industrial context. With this objective we
designed a three steps methodology for involving users in the reflection.

1. On-site interviews to understand the collaborative habits of companies: the idea is
to identify the opportunities of the introduction of the DCDS, as well as challenges
and issues it raises, from an organizational point of view.

2. Demonstration of the prototype, composed of three steps: a formal demonstration
leaded by the researchers; an artificial situation designed to let people try the sys-
tem; and a structured brainstorming, aiming at identifying the opportunity of using
such a system

3. Real work session: one half-day work session has been planned to become a part of
a real project of the users. It consisted in a real meeting with different actors of a
same design project but, instead of taking place around a table in the office, it took
place on two connected DCDS, which were located in two different rooms of the
University of Liege.

The first two steps were targeting company directors and managers, who are aware of
the organizational challenges linked to the introduction of such a system. The last step
was targeting the main designers, who are potential end users of the device. There-
fore, the first two steps aimed at identifying utility issues, while the last one was more
linked to the system’s usability.

This three steps methodology has been implemented with two sets of users: in a
large international architecture office (about 120 collaborators in 3 countries) and a
mechanical engineering office of about 60 people. These two kinds of company have
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different types of organization, different habits, different legal steps in design process,
and above all different uses of free-hand sketches. The first step gathered 4 users in
architecture office and 4 in industrial design office, the second step 3 and 2, and the
real work sessions involved each time 4 users, distributed on two DCDS.

All the steps have been recorded and/or videotaped for analysis purpose. The
figure 4 shows a screenshot of the recording of the third phase work sessions.

5 Results

This study has led to two sets of results. The first one is related to current collabora-
tion practices and the way they could be enhanced or, at least, modified by the DCDS.
They refer to the utility of the system. The second set of results is complementary: it
gives insights for identification of usability problems and missing functions, through
the analysis of activities. The following sections summarize the main observations
and conclusions.

5.1 Envisioned Utility of the System and Organizational Changes

In the mechanical engineering office, every project goes through systematical steps,
being always the same. 1) At first, there is an encounter with the client in a copresent
meeting (in the company or in the client’s place) where all initial information is ex-
changed. Then the first working stage is leaded inside the company. Several workers
are already involved, and share numerous documents. Using the DCDS in a copresent
situation should be interesting for their project meetings, because it can keep track of
the annotations and modification, and share them among every actors. 2) Afterwards
the collaboration with the client intensifies. Many documents, plans etc. are ex-
changed and annotated. For this purpose, the DCDS could be a beneficial tool to save
time, especially when the client is far from the company. 3) Then loops of “internal
work/work with the client” continue until the final presentation. All these exchanges
are usually asynchronous, which may lead to losses of time and misunderstandings.
The real-time capacity of the DCDS is therefore highlighted by the interviewees.
Furthermore, they emphasis reduction of paper and travels, and limitation of the
ecological footprint.

In the observed architecture office, the workflow is well structured: a project starts
by a design phase for a few weeks or a few months, before going in a development
phase. These two stages are clearly distinct in the organizational structure of the com-
pany. The design cell uses its own tools and standards. It is composed by people with
different qualification than those of the development team and is mainly leaded by
time constraints: the work organization has to be very flexible. Pen and paper
sketches are core tools for the preliminary design, as well as some computer graphics
tools. The main issue of the development cell is related to the harmonization of repre-
sentations. Due to the length of projects (generally several years, up to seven), the
production has to be standardized, to manage regular turnover of workers. CAD tools
are mostly used by this development cell.

For the architects, the DCDS offers several advantages. It is considered as a “quite
obvious necessity”, as it allows reducing displacements in every project step.
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- For the design stage, it allows to communicate between different designers, in real-
time and using a simple manner. This will lead to an interesting change in the
power structure of the company. For the moment, the head office leads the design
process and the distant partners feel sometimes disempowered from the core design.
They are just involved in a few meetings. Having the possibility to make day-to-day
distant meetings should enhance the investment of distant partners in the design,
with a better balance of teams responsibilities.

- For the development phase, the DCDS allows a quick communication between the
architects and the contractors on the building site, enabling quick problem solving,
mainly based on plans annotations.

- It also facilitates communication with the client, who is often far from the head
office. For this last utility, however, 3D representations could still enhance the
DCDS offer.

For the two situations, the main problem is linked to the “heaviness” of the hardware
infrastructure. The system is still costly and bulky, especially to be installed in small
branch offices, or at the client’s office. Furthermore, for the design phase, the archi-
tects fear that the introduction of such a system lead to the multiplication of short
meetings, which are perhaps not always necessary. Without a strong organizational
regulation, this may globally lead to a loss of time.

5.2 Usability Issues and Needed Functions

The testing in the two situations (with the mechanical engineering office and the ar-
chitecture office) was qualified as a success. Real meetings took place and the results
were very satisfying for both teams. This testing has led to several conclusions.

At first, it has to be noted that some usability issues need improvement: difficulties
with layers management, calibration problems and lack of the undo function are high-
lighted. Nevertheless, these adjustments are qualified as minor by the development
team.

The major strength of the DCDS is linked to the “natural” interaction modalities
and the completeness of collaborative interactions between distant users. Multimodal-
ity of interaction (sketches, annotations, voice, images, gestures) is appreciated and
several suggestions are linked to an enhancement of the offered simplicity: facilitating
the pointing, word and gesture recognition, gestural interface are proposed. On a
global pointy of view, it has been noted that the real-time collaboration allowed by the
system leads to an enhancement of participation and a time profit for generating and
validating ideas.

Other suggestions are linked to the management of collaboration inside the system:
users would like to clearly identify who is drawing at each time and which strokes are
drawn by which user. In the same idea, they would like to implement a digital signa-
ture. Indeed, until now sketches are drawn on the DCDS with no legal value. Elec-
tronic signatures should allow real legal collaboration. The system should also allow
the management of different project versions that may be numerous. Finally, some
users proposed to use the system to keep track of the collaborative process, by audio
recordings for instance: the drawing could then be doubled by verbal annotations.

One of the major propositions, already evoked in the previous section, is linked to
the availability of a mobile version of the device. More generally, the users claim for
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a more flexible working surface: some users want the drawing surface larger, other
ones consider the virtual desktop as already too large for their use. This flexibility
implies obviously reflections about software compatibility between different devices,
and especially management of several drawing surfaces of different sizes into the
real-time collaboration space.

The import-export modules should be enhanced. For the moment they lack to sup-
port heavy files, which are numerous in the large projects usually involving distant
collaboration. Moreover, designers of the mechanical engineering office (who are less
used to free-hand drawing than the architects) would really benefit to using vectorial
drawings.

The issue of transfer security is also an important point, because many information
exchanged in the design are confidential by nature. DCDS should be enhanced to
avoid security failures.

Compatibility with “classical” CAD tools is also highlighted. The system should
support different file formats and should allow a direct link with the other tools used
by companies.

Finally, the Internet stability seems satisfying. SketSha is quite stable for long-term
sessions. The main problem of Internet transfer are linked to the common visioconfer-
ence module.

6 Perspectives

The results have led to several conclusions. At first it is interesting to notice that the
DCDS seems to be appropriate in two quite different contexts, namely in architectural
design and in mechanical engineering design. If these two contexts imply different is-
sues and development propositions, they support quite similar activities. They can be
classified into 4 categories: (1) naturalness of interaction, (2) collaborative process and
legal and organizational issues, (3) compatibility with other tools and (4) flexibility of
hardware component and mobility. From this point specific modules should be differen-
tiated, according to the different contexts. For instance, the use of vectorial drawing is a
core issue for the mechanical engineering office, but not for the architecture company.

The study and its methodology, which are proposed here to validate the techno-
logical transfer, are simple but seems efficient: thanks to a few working sessions, it
allows to identify a lot of issues and potential developments. We argue this is only
possible throughout user studies in real settings. This study also reinforces our indus-
trial partnerships, by demonstrating to our partners and potential clients the effective
utility of our technological proposition.

Finally we have to highlight that collaboration is not just a matter of collaborating.
It raises several issues linked to organization, management, legal aspects, transfers
security, etc. All these issues have to be taken in account when designing appropriate
technologies for collaboration. The simple technological capabilities and the “smart
aspects” of a new tool are not sufficient: collaboration is rooted in organizations and
habits that need to be taken into account. Our next steps will be to test the DCDS
in long-term settings inside the companies. This will show us deeply the issues linked
to organizational constraints and advantages of its usage. This will also be the oppor-
tunity to gather a lot of complementary information about the usability and the
potentialities of our DCDS system.



124 S. Safin and P. Leclercq

References

1. Norman, D.A.: The invisible computer. MIT Press, Cambridge University Press, MA
(1998)

2. Cross, N.: Strategies for Product Design, 3rd edn. The open University, Milton Keynes, UK,
Wiley (2000)

3. Safin, S., Boulanger, C., Leclercq, P.: A Virtual Desktop’s First evaluation for an Augmented
Design Process. In: Proceedings of Virtual Concept 2005, Biarritz, France (November 2005)

4. Safin, S., Leclercq, P., Decortis, F.: Impact d’un environnement d’esquisses virtuelles
et d’un modele 3D précoce sur I’activité de conception architecturale. Revue d’Interaction
Homme-Machine 8(2), 65-98 (2007)

5. Burkhardt, J.-M., Détienne, F., Moutsingua-Mpaga, L., Perron, L., Safin, S., Leclercq, P.:
Multimodal collaborative activity among architectural designers using an augmented desk-
top at distance or in collocation. In: Proceedings of ECCE 2008: European Conference on
Cognitive Ergonomics, Madeira, Portugal, September 16-19 (2008a)

6. Burkhardt, J.-M., Détienne, F., Moutsingua-Mpaga, L., Perron, L., Safin, S., Leclercq,
P.: Conception architecturale collaborative avec un bureau augmenté: une étude exploratoire
de I’effet de la distance et de la co-localisation. Actes de SELF 2008: 43¢me congres de la
Société d’Ergonomie de Langue Francaise. septembre 17-19, Ajaccio (in press) (2008)

7. Elsen, C., Leclercq, P.: SketSha or the sketch power to support collaborative design Pro-
ceedings of CDVE, Majorque, September 21-25 (2008)

8. Kubicki, S., Bignon, J.-C., Lotz, J., Gilles Halin, G., Elsen, C., Leclercq, P.: Digital Coop-
erative Studio. In: ICE 2008 14th International Conference on Concurrent Enterprising,
Special session ICT-supported Cooperative Design in Education, Lisboa, Espagne (2008)

9. Kubicki, S., Bignon, J.-C., Gilles Halin, G., Leclercq, P.: Cooperative Digital Studio IT-
supported cooperation for AEC students. In: CIB-W78 25th International Conference on
Information Technology in Construction, Santiago de Chile, Chili (2008)



	User Studies of a Sketch-Based Collaborative Distant Design Solution in Industrial Context
	Introduction
	Context
	DCDS
	Methodology
	Results
	Envisioned Utility of the System and Organizational Changes
	Usability Issues and Needed Functions

	Perspectives
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




