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Abstract. Construction projects are becoming increasinglpnglex and
multidisciplinary; they involve a constant excharged coordination of
information between different specialists and dtakders. There is a lack
of tools to support the informal collaborative #it§i in situ and remotely
[1]. This research aims to introduce a new remgtelsronous e-platform
to the architectural design team to bridge the gfawork between office
and construction site. The paper presentsawmerimentations conducted
in offices and on-site. Notwithstanding technicdues resulting from an
unstable Internet connection during the experimergsults show the
tool’'s potential to improve communication betweeams, especially for
teams on construction sites. The implementatidh@tool requires a clear
work protocol and efforts to convince other stakdrs.

Résumé.L'usage d'une plateforme collaborative comme uppsuit pour
faciliter la communication informelle de conceptiorEtude de cas.
L'augmentation importante de la complexité desgtsofle construction
nécessite un accroissement constant des échangres les différents
spécialistes impliqués au projet. Il y a un mandoetils qui répondent au
besoin des activités collaboratives et d'échangémmelsin situ et a
distance [1]. Cette recherche vise a introduire ooevelle plateforme
technologique supportant la conception simultandsc accés en temps
réel a l'information de projet afin de combler &t entre le travail de
bureau et le chantier. Cet article présente deéraxentations menées
une au bureau et l'autre entre I'équipe de buredle sur le chantier. Les
résultats démontrent que malgré les problémes iobs produits par la
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connexion Internet instable, I'outil offre le poteh pour améliorer la
communication entre les équipes, notamment cellghaatier. La mise en
place de cet outil nécessite de développer un @oleode travail bien
établi et de travailler & convaincre les autregigmprenantes d'utiliser
cette plateforme.

1. Introduction

Design and construction activities require a camstaxchange of
information across boundaries, specialists andebtaklers. Work on-site
is complex in terms of information requirements anathange for the
execution of work. The exchange of information kes#w architects on-site
and the design team at the office may require séveundtrips to fulfil
this exchange of information. The information igeof incomplete; it
sometimes requires some corrective actions thatresmlt in additional
costs for trips and spent time. Using non-tradd@lomrmedium for
communication, developers of information technadgghave expanded
and transformed conventional space for teams' daten. Novel
Information and Communication Technologies (NICT$xrgeting
collaboration and integration, such as Buildingomfiation Modelling
(BIM), allow project members to use data througle atgital shared
model [2]. However, these tools do not addresstesl for informal data
exchange in situ and remote work, which are essdoti the realisation of
a project [1], and are considered as tools for lerabfinding and not
problem-solving tasks. Work between local and reméeams of
professionals is considered a challenge for a sgé@ecommunication
and collaboration.

Design and construction activities are stronglyeldasn drawing and
sketching culture. Particularly, architectural pi@e is socio-historically
grounded in the fine arts heritage. Hand drawingd sketching are a
medium for knowledge exchange and problem-solvinctivities.
Therefore, there is a need for tools that can stppformal and tacit
information and knowledge exchange, in situ andotefy, to maintain
competitive advantages in construction [1]. Howewsnccessful tacit
knowledge exchanges do not merely rely on the diokcton and adoption
of ICTs, but also on social and organisational psses around
technologies.

This paper is part of an ongoing research thatdaikow technology
can become a driver for social and organizatiormtanfiguration to
maximize the benefits of collaborative woflthe paper aims to introduce a



new remote synchronous e-platform 'SketSha' [4jhfarove collaborative
work between office and construction sites in achiectural firm The

objectives of this introduction are to increasedpiivity, reduce design
cycles and roundtrips between construction site affide. The 'SketSha'
platform is used to study architectural and enginge collaboration
between offices in human-computer interaction fifg¢ as well as for
design education, but it was never tested on-eitmdasure its ability to
enhance spontaneous communications between thérugiimn site and
the office.

1.1 Collaborative platform: SketSha

BIM fosters formal and passive communication. Hogrethere is a need
for “messy talks” (tacit knowledge exchange) [1]sigpport collaborative
problem-solving during design activities. There areumber of emerging
platforms that may support messy talks and tacihroanication. On
construction sites, professionals tend to pref@pkar tools as their work
involves complex coordinative activities. Therefai@ls that require less
time for learning are at an advantage for a subdesmplementation.
Professionals tend to forget tools' functions i thork with the tool is
irregular, therefore tools used during complex andtitasking activities
are suggested to have shortest possible learnimgsu

The proposed platform, SketSha, is of interest fiois research
regarding its ability to combine a short learningve with an environment
similar to reality and the daily practice of areitural work. SketSha
enables the sharing of annotations and graphicrdents remotely and in
real time. The notion of the platform is made dfigital surface on which
users interact graphically with an electronic styllt also has additional
monitor for visualising graphical documents. Thenwsrsations are
facilitated via video, writing, drawing and any dig§ document. Separated
participants may be connected via the Internet wndk on the same
documents in real time. The platform allows freedhasketching and
provides support for a more dynamic human intepactvith least number
of actions [5]. This platform is anticipated to lsbdahe knowledge and
information exchange at the distances.

1.2. Context of the architectural firm

The selected firm for this research consists ofr d/80 professionals
providing integrated service, uniting a multidisoipry team of architects,
designers, engineers, communication specialistpsjdct managers. The
firm's directors wanted to re-configure practicesuad interdisciplinary
collaborative creativity. The research was initiateith the architecture



and sustainable development departments, as they cemsidered to be
the most integrated ones. The firm's team was aofatiee difficulties of

establishing an informal and spontaneous commuaicatith employees
and partners located outside of the office, as wadl with its

representatives on construction sites. Participavese architects and
architectural technicians.

2. Methodology

In order to acquire a comprehensive impact of theproved
communication between a construction site and &oeofvith the use of
the collaborative platform, a novel framework was pregd. The
framework was based on the identification of past present practices
with the practitioners in order to build a visiaor future practice [6] and
effective integration of the collaborative platforithe research framework
was organised in five stages:

1. Vision of the established practice. Analysis of the current practices by
articulating trends in a past work practice. Obagons, interviews
and shadowing meetings were conducted to identifitradictions in
the practice [7];

2. Passive exploration. Training session to introduce the platform to the
participants;

3. Active exploration. Experimentations in offices and on-site in a
situated practice;

4. Implementation. Modeling a shared vision of the technology adaptio
collaboratively with the practitioners. Re-evaloatiof the emerging
practice and implementation of the proposed styateg

This paper presents the results from tffeahd 3 stages: Passive and

Active Explorations. All Experiments were video oeded. Feedback after

each Experiment was acquired to highlight beneiitd disadvantages of

the tool, as well as scenarios related to the nseeal practice, and
potential users. Data was collected and analyzéu twe use of videos of
recorded discussions and used documents. Analylsis mcludes

observations on the appropriation of the tool amirging rules, and a

comparison of feedbacks acquired from Passive wivé\ Exploration

Experiments.



3. Two case studies: collaboration between site amdfice

As mentionedin the research framework, the first stage of thisearch
was based on the analysis of the current practtéise firm in order to
better understand the context and its needs. Thmomes of this stage
showed contradictory challenges: the architect mpustiuce quality work
that meets the client’'s needs, despite the congdraf the context in terms
of contracts, budgetprojectteam, etc. [7].

The use of technology is considered as an imporfaator that
challenges the practices of the firm to answerdotextual issues. The
concern of the firm was on employment of technolagya production tool
versus technology as creative tool. Physical prayimnd work methods
are seen as the main aspects to be addressedute ansollaborative and
creative work:“...Physical proximity allows a permanent collabdvat
work ..., "... Finding a good marriage between teclogy and
conventional methods.'Stage 1- Quotes from interviews about current
practices) [7]. Data analysis of the Experimentai®based on these two
aspects in addition to the tools' appropriationysis

A training session took place in a meeting office of the iéectural
firm in order to introduce the platform to participarasd to get a first
vision of the tool useThen two Experiments have been conducted with
the tool. Fig. 1 shows differences between Exparnisié terms of tasks,
settings, background of groups, and documents pdpa

3.1. Experiment 1. Conceptual design stage

The Experiment was conducted between teams situatdad/anadjacent
offices. Three architects participated in this Hkpent; they chose to
work on a conceptual design at the early stagéiseoproject. Two themes
have been discussed during the meeting. Severahuous were prepared
for the meeting such as plans and sections. Ruidhd Experiment this
group used to work in small groups at physical pnity during the
conceptual phases of the project. Paper was use@d® members of the
team as a medium for discussion. Overall, the HEmpmert took
approximately two hours.

3.2. Experiment 2. Project realization stage

The Experiment was conducted between teams situateah ioffice and

on-site. Three architects participated in it; twergvat the construction site
and one in the office. They worked on problem-saiviand decision-

making activities for a project realization. Photsd documents were
prepared before the meeting by the site architect.



Usually, the on-site architect detects problemkesaphotos, comes
back to the office and prepares documentationeeltad the problem, then
sets a meeting with his colleagues to discuss $sees. Thus, time
between problem detection and solving could takeentban two days
depending on team members' availability. Overaié Experiment took
@)ro_ximately two hours.

WHO: ARCHITECTS PREVIOUS EXPERIENCE: FACE TO FACE,
SETTING: INTERACTIVE PEN DISPLAY, ADDITIONAL PAPER DRAWING, EXCHANGE OF ELECTRONIC
SCREEN FOR VIDEOCONFERENCE, SKETSHA PLATFORM  FILES

CONNECTION: INTERNET, WEBEX TASK: CONCEPTUAL DEVELOPMENT
DOCUMENTS: PLANS STAGE OF PROJECT: EARLY STAGES, CONCEPT

WHO: ARCHITECT PREVIOUS EXPERIENCE: PHONE, CAMERA,

SETTING: INTERACTIVE PEN DISPLAY, ADDITIONAL TRIPS TO STUDIO, EXCHANGE OF ELECTRONIC
SCREEN FOR VIDEOCONFERENCE, SKETSHA PLATFORM ¢ gg

CONNECTION: INTERNET, SKYPE TASK: PROBLEM-SOLVING, DECISION-MAKING
DOCUMENTS: PLANS, PHOTOS STAGE OF PROJECT: PROJECT REALISATION

Fig. 1 Settings of the Experiments 1 and 2

4. Discussion

4.1.  Active exploration analysis

According to the analysis of the current practibeee aspects were taken
in consideration in data analysis: 1) proximity, Bg¢thods and rules of
work, 3) tool use and appropriation. A technicauis had a significant



impact on the experimentations and generated fgelif frustration: the
Internet connection was not stable and the netvimarkdwidth was not
large enough for the needs of the Experiments.idfahts lost their
connection several times and activities were samestinot synchronous.
Participants also felt isolated because of a fregless of sound. A robust
connection seems an important component to ensinettar interaction
between participants. Video conference was corsitierelevant for such
activities, as participants mentioned sufficienéyoice exchange for an
effective communication. The following sectionslvekplain the analysis
of Experiments.

4.2. Proximity

SketSha offers a single shared virtual workspadeerev three types of
interaction were observed: individual, coordinatiand collaboration.
Individual interactions represented when the piadiats ‘forget' about the
co-presence of their colleagues and work indiviguat separately, each
on their own space. Coordination interaction is ecosd level of
interaction representing emergence of coordinatetivities between
participants. Collaboration represents the third #re higher degree of
interaction where participants are aware of thepmsence of their
colleagues and work in the same space.

The nature of the project and the discussed tasKsenced the
emergence of these types of activities. In Expeaninie these three types
of interaction were observed and an evolution aititeractions was seen
as each subject was discussed; in the beginniagatticipants worked in
separate workspaces, then an emerging joint woskakaerved at the end
of the Experiment 1. In Experimentl, the cycle @king decisions on the
project in its early stages of design was: ideasrgimg individually, then
coordinating ideas with colleagues, and validafidgas collectively. In
Experiment 2, strong collaborative and coordinati@etivities were
observed as well. Tasks for Experiment 2 appeardthve an impact on
the collaborative activity as they required cooative initiatives and
collaborative decision-making at the project reslin stage.

4.3. Methods and rules of work

From the analysis of the current practices, paaicis were aware of the
importance of finding a good marriage between tiaahl methods of
work and use of technology. The observations of tthe Experiments
showed the emergence of new rules. Participantantig understood the
importance of associating oral communication towilng activities. For
example: starting a new drawing, a participant waay:“... don’t touch



anything, | will explain by drawirig On the other hand, despite the fact
that they did not agree on the rules from the b@gm some rules started
to emerge informally.

A comparison between Experiments 1 and 2 showedpdudicipants in
Experiment 2 had a clear strategy for the Experintlegy participated in;
they also were agile in creating and following sute perform platform
operation. Participants in Experiment 1 were leggmmized in terms of
creation and following the rules. This fact coutldxplained by the nature
of the tasks as well: Experiment 1 was a concepudl creative design
task, while Experiment 2 was a set of problem-sgviasks, where
participants would annotate problem areas in thevihgs.

4.4.  Tool use and appropriation

The collaborative platform offers the capabilityhaind drawing by using
a stylus on a virtual workspace. The tool is sintpleise and has a short
learning curve. However, time is essential for @ppropriation of the tool
in order to benefit from all its functions, andastablish a method of work.
For both Experiments, an evolution of tool use Heen observed,;
participants tried to improve their use of the tallring Experiments.
Performance improvements were noticed at the entheofExperiments:
participants were more confident and the numberlintdéractions was
increased as well.

Experiments 1-2 were the first attempts by paréinip to use the tool in
a real situation; therefore, the basic functionsewtbe one primarily used:
drawing, moving around the workspace and zoomingnirout. Unlimited
virtual workspace was seen as an advantage corgparinaditional paper
drawing. Combination of virtual and real environmevas observed as
well. For example, one participant pointed with fingier to the screen to
indicate a specific element forgetting that histper on the other side of
the screen does not see his actions.

4.5, Feedback and tool limitation

Feedback on the potentials for the tool use fohigectural practice was
acquired from participants after each Experimertie Tcomparison of
participants' feedbacks before and after experiatigms showed that
participants from the beginning were aware of ti@'s potentials as their
feedback before and after the Experiments werelainThe Experiment
helped concretize and validate their visions ineord better identify the
needs and requirements of the SketSha, and tomizeothe limitations of
it as well. The summary of the feedbacks are gibetow: 1) The
collaborative platform'sadvantages At the realization stage, the team



exposed the tools' potential to coordinate taskwmotely; they saw
advantages of the tool use for informal communicativith external
partners, such as the structural engineer or thgamor which can avoid
having multiple files and to solve a problem imnaediy. For them, the
use of SketSha could save time and costs, suadastion of unnecessary
trips and additional actions. It allows remote aeetion with a colleague
to solve a problem or to make a decision at ang.tithe team from
Experiment 1 suggested that the tool's potengaliln the formal meetings
with the higher direction or with a client. Bothatas agreed on the fact
that SketSha offers real time collaboration, fléxitocation and work
schedule, and tracking of a project evolution. 2 Dpportunities of
using the platform: all participants considered tbel as a medium to
democratize conceptual work and to help peopldster to each other.
Participants felt a need for an establishment tdsrand protocols to be
used. 3) Limitations: Beside connection problems, participants
emphasized the need for additional features asdfoimna classical
software design, such as undo, text messaging, urezaents, etc. The
type of the device and the scale of the screerahadfluence on the work
too. 4)Obstaclesfor the implementation: change resistance wasroede
amongst some people internally. Issues with intemacwith external
stakeholders were also considered a challenge en ev barrier for
successful implementation of the tool.

5. Conclusion and future work

This paper presented preliminary results from omgoresearch; it
highlights (1)the potentials of a collaborative e-platform todige the gap
of work between architectural office and constrrttsite, (2) the impacts
of this platform on teams' interactiolResults showed a significant
improvement in the communication and coordinatioh axtivities.

Moreover, SketSha holds potential for formal comioations with

external stakeholders for decision-making actisitiavhich was not
anticipated prior to the Experiments. It appearst thrchitects in this
particular firm prefer traditional tools for condepl design with a
physical proximity. Personal experiences in perfograsks are crucial
for the adoption of the technology. Such as arctstéhat work constantly
between office and construction sites clearly hsaen the potential of the
tool and felt its advantages during the experimealgspite Internet
connectivity constraints. If Internet connectivipn construction sites



improves, SketSha could allow the firm to save tiame resources on a
global scale.

Future work will involve collaborative sessions lwthe firm by further
analysis of present contradictions and tensionstiagi in the practice and
by 'modeling’ a collective vision for SketSha impkntation in
collaborative sessions. Moreover, the problems tified during the
experiments such as absence of protocol or ingeiffic network
connectivity will be solved and discussed during thessions. More
Experiments are anticipated to be conducted betwefites and
construction sites involving external stakeholdard decision-makers.
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