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This paper emphasizes feedback from a pedagogical experiment in the context of
teaching collaboration and design to multidisciplinary teams. A digital
collaboration tool, a multi-touch table and collaboration software, was used as a
support for discussion and decision-making for weekly project review meetings.
The experiment participants' feedback on the use and usability of the digital
collaboration tool highlights the potential for the use of synchronous
collaboration technology and project-based learning for higher-level education.
It also highlights the need for a transition towards implementation of digital tools
at project review sessions.

Keywords: : Synchronous collaboration, Pedagogical experiment, Project-based
learning, CSCW, NUI, BIM

INTRODUCTION
This paper is a part of a research on design and
development of a prototype of a new collaborative
decision-making tool, which would be well adapted
to the AEC professionals needs, BIM workflow and
collaboration practices. The development is guided
by the user-centered design approach, which implies
studies of the user’s needs and behaviors.

The paper continues to explore the pedagogical
experiment observations, data and feedback analy-
sis that was partially presented in the previous work

(see (Bolshakova et al., 2019)), which presented an
overview of the users feedback and session docu-
ments from the first 2 phases of the experiment.

To complete the feedback summary, this paper
also assists by integrating the lessons learnt into the
future pedagogical approach.

The paper aims to: emphasize the feedback from
the experiment participants on the use of a digital
collaboration table in order to understand the cur-
rent tool limitations and identify the requirements
for future development; to emphasize the pedagog-
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ical team feedback on the use of the touch-table for
project review.

First, the section Experiment description intro-
duces the pedagogical experiment of a digital collab-
oration table (DCT) use for synchronous co-located
collective project review meetings (digital collabo-
ration session or DCS). The DCT is a system of soft-
ware: collaboration environment “Shariiing” devel-
oped by “Immersion”[1]; and of hardware: a PC and
a multi-touch screen. In detail, the section describes
the pedagogical context and the pedagogical exper-
iment phases, also it provides a short overview of the
collaboration tool and sessions.

The following section presents the research
questions and tools, and it highlights the relevant
to the usability feedback evaluation tools, which are
emphasized in this paper in particular.

Next section of the paper summarizes the usabil-
ity feedback on DCT from the sessions’ participants,
and it concludes with the pedagogical team reflec-
tion on the DCT use experience.

EXPERIMENT DESCRIPTION
Fostering digital design and collaboration
practices in AEC
Collaboration and collective decision-making at
project team meetings is an important part of any
construction project development. At the meetings
multidisciplinary cooperation and collaboration re-
quire an effort from all project participants (Staub-
French and Khanzode, 2007).

In addition to the collaboration inside theproject
team aspect, nowadays digital tools and BIM are the
standard for project development (Kensek, 2014).
Therefore there is also a need for an efficient and AEC
adapted digital collaboration environment (Achten,
2001), for a digital continuity of theworkflow (Boje et
al., 2019), and for a management of digital coordina-
tion in design (Whyte et al., 2008).

Thus, it is important to introduce the future AEC
professionals to such collaboration anddigital design
practices during their studies.

Pedagogical context
The “Architecture, Timber, Construction” postgrad-
uate program curriculum at ENSTIB (Engineering
School of Wood Technologies and Industry) offered
a context to the experiment. The students have ei-
ther architecture, timber or civil engineering back-
ground. During the first semester, theywork in teams
on aCollaborative designproject andgo toother cur-
riculum classes. During the second semester, they
alsowork in teams, but on Timber Challenge (original
French “Défis du Bois”[2]), and follow an internship at
architecture or engineering firm.

The subject of a Collaborative design project is
usually a housing as the main program with some
public buildings in addition. Every student team
must design a project in detail, starting with an ar-
chitecture design, which is further supported by en-
gineering solutions and calculations. The project life-
cycle and economic aspects are also in the scope.

Timber Challenge exercise is a project-based
learning opportunity (Dunkin, 2000), which is given
to 10 student multidisciplinary teams to first de-
sign and then construct a woodenmicroarchitecture
project in collaboration. Such an exercise gives a re-
alistic scale to the projects. It strongly encourages
students to foresee and avoid problems related to
their design choices (Kubiatko and Vaculová, 2018),
and also pushes students to anticipate construction
solutions adapted to their designs and curriculum-
related skills.

Presented aspects of these pedagogical exer-
cises shape a favorable context for our observations
of collaboration and of collective decision-making
with the DCT (Bolshakova et al., 2019). The teams
used a digital collaboration tool (a multi-user touch
table) with Natural User Interface at weekly project
reviewmeetings: digital collaboration sessions.
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Figure 1
Schema of the
digital collaboration
experiment steps

Main phases of the experiment
The research was carried out in three main phases
over a three year period ( Figure 1), during eachphase
the student teams were working with a pedagogical
team with DCT. Specifically, in Phase 1, the Step 1
was the Timber Challenge design and construction
phases, Step 2 was the collection of the users’ feed-
back and the adjustments to the collaboration ses-
sions. Phase 1’s feedback showed the utility of DCT
and suggested improvements for the next phase.

In Phase 2.1, as in Step 1, the studentswere intro-
duced to the work with the DCT in the first semester
during the Collaborative design project. The intro-
duction aim was to train all the students to be effi-
cient with the digital collaboration tool during the
upcoming Timber Challenge. The next Phase 2.2
started with Step 1 - the Timber Challenge 2019 de-
sign phase and feedback collection. It then con-
cluded with Step 2 Timber Challenge 2019 construc-
tion and the new adjustments. Phase 3 also had 2
parts, and was strongly based on Phase 2, and it con-
cluded the experiment. In this paper we focus on
the DCT use feedback from Phase 3 to complete the
knowledge and on pedagogical feedback.

Digital collaboration table short overview
The DCT in the experiment context was used for co-
located synchronous collaborationwith a focus on vi-
sualization and annotations throughNUI interactions
for decision-making. The design documents modifi-
cations and distant collaboration are not in the scope
of the study, even though Shariiing provides a func-
tion of connection to another distant Shariiing.

The DCT’s configuration, has evolved through
the experiment due to software and touch technol-
ogy improvements, andalso as ananswer to theusers
(professors and students) needs. The evolution can
be distinguished through the versions of DCT: V1,
V2 and V3 (see Figure 2, Figure 3, Figure 4). Fig-
ure 1 illustrates the moments of version implemen-
tation during the experiment. The main difference
was in: 1.The software versions: V1 - “Shariiing Re-
search”, V2,3 - “Shariiing Advanced”; 2. Screen size
and resolution; 3. Touch technology: V1 - infra-red,
V2,3 - projected capacitive (see Figure 1). However,
the essence of the DCT stayed the same.

Before the session students prepare the rele-
vant documents. They either stock them (2D doc-
uments, videos, web-pages) into the cloud which is
connected to the DCT, ether they share with the DCT
a screen of a laptop through a Shariiing connection
client if they want to visualize and manipulate a BIM
model (see Figure 5).
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Figure 2
Collaboration with
DCT V1: annotation
of façade detail

Figure 3
Collaboration with
DCT V2:
interactions with
3D model shared
from SketchUp

Figure 4
Collaboration with
DCT V3: 2D section
and 3Dmodel
visualization,
background
sketching
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Figure 5
Schema of the
process of
synchronization of
the documents for
the session and
session feedback
outputs

Thus, when using Shariiing Advanced (the lat-
est version of the Shariiing software), it is possible
to share a view from a BIM viewer or design soft-
ware (e.g., Archicad, Cardwork, Navisworks, etc.) di-
rectly into the Shariiing collaboration environment,
and tokeep thenatural interactions and simple anno-
tations, or manipulate the model from the computer
used for the view sharing.

In the current configuration, users may only save
an annotation (Figure 3) on a project document as
a new 2D image - the annotation capture (a screen-
shot) or draw a quick sketch (Figure 5). Even though
such limitations do not ease design modifications,
they yet offer to users the tools for a focus on discus-
sion and decisions.

Digital collaboration sessions participants
and used documents
The digital collaboration sessions (DCS) were dedi-
cated to the students project progress review and
advising. Therefore, in correlation with the project
progress, the potential number of DCS was different.

During themore exploratory Phase 1only 9users
participated at DCS, where 3 users were the mem-
bers of the pedagogical team and the other 6 were
students (2 teams of 3 students) of the “Architecture,
Timber, Construction” program. Further, all the pro-
gramstudents (in 10 teamsof 3/4)wereparticipating:
30 on phase 2, 31 on phase 3.

The professors were the constant members of
the curriculum pedagogical team, so they were the
same 5 users at Phases 2,3.

Most of the students were already active users of
3Dmodelling tools, more than 60%of themare using
the tools often or all the time. Almost a fifth of the to-
tal number of students were familiar with 4D before
joining the curriculum. For example, at Phase 3more
than a quarter of students were familiar with 4D.

Students were preparing plans, sections, details,
3D models, 4D simulations and other documents
comprising their projects. Most of the sessions with-
out 3D models were based on 2D documents, how-
ever, once the project advanced and the 3D of the
project was on the table it became a center of dis-
cussion. Table 1 summarizes the number of those
present at DCS teams and the documents they used.

RESEARCH AIMS AND TOOLS
Research scope
In order to design a collaboration support tool with a
well-adapted interface toAECusers, we study the use
of DCT by the experiment participants. Certainly, the
collaboration workflow corresponds to the project
type and project development phase.

Our study focuses on the synchronous collo-
cated collaboration (e.g. meeting) of a project team
with DCT. With this paper we cover the following
aims of the experiment:

• Evaluate the users’ perception of utility and us-
ability of the digital collaboration table and em-
phasize the advantages and current limits of
such a tool;
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• Emphasize the lessons learnt from the imple-
mentation of the DCT into the pedagogical con-
text.

Also, with DCS observations, we aimed to better por-
tray decision-making andmain collaborationdynam-
ics aspects, such as: duration of the session, docu-
ments used for discussion, interaction gestures, and
decision-making points. Which are in the scope of
the study but not of this paper.

Data collection tools
The users’ feedback was collected through an exten-
sive questionnaire filled out by the users and through
the semi-guided interviews with student and peda-
gogical teams.

The questionnaire was comprised of multiple
parts to collect informationondifferent subjects (Sys-
tem Usability Score, Team Reflexivity, Technology ac-
ceptance, open answer questions and study of 4D
BIM uses perception).

To complete users’ feedback on the digital col-
laboration experience and the table, as well as on
their team collaboration experience, a series of semi-
guided interviews was conducted at the end of the
pedagogical exercises. Every student team and the
pedagogical team shared their team experience at a
recorded interview. The group interview was chosen
over an individual one to highlight the team collabo-
ration experience.

Also, the observations of DCS and of users’ inter-
actions were assisted with video recordings. The ob-
servations and interview results reveal the utility and
collate suggestions for improvements to the support,
as well as identify the digital document types used
for different session activities, covered in a previously
published work (see (Bolshakova et al., 2019).

This paper focuses on the correlation with the
System Usability Scale (SUS) scores (Brooke, 1996)
and qualitative feedback results from the analysis of
interviews (Braun and Clarke, 2006). The pedagogi-
cal team presents their feedback on the advantages
of DCS.

USABILITY FEEDBACK SUMMARY
SUS scores summary
Due to the mixed approach to DCT evaluation by
users, the results revealed a variety of user experi-
ence aspects with DCT and collaboration. The SUS
mean scores from all the user categories together
(professors, students: architecture, timber engineer-
ing, civil engineering) were 75 for Phase 1, 61 for
Phase 2.2, and 60 for Phase 3.2. The methodology of
the SUS scores (Brooke, 1996) recommends we inter-
pret these scores as: 75 “Good”, 61 “OK”, and 60 “OK”;
according to a scale from0 to 100 (percentiles), with a
passing range starting from68 (Brooke, 1996). Figure
6 summarizes the scores.

Table 1
Summary of DCS
teams and
documents
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Figure 6
SUS scores values
for Timber
Challenges for all
users together

However, these numbers should be reviewed in
detail. For example, the score from Phase 1 is higher,
due to the general user profile being “innovation ea-
ger and curious about technology”. The next two
phases‘ scores suggest a larger variety of users’ opin-
ions on the DCT.

Also, SUS scores from the user categories are dif-
ferent; the professors mean is 80, thus suggesting
that DCT is “Good” and close to “Excellent”, on the
other hand the students mean is 60. Even with the
score appearing low, more than 80 % of users con-
firmed that: in general, with the DCT they could per-
form their actionswell (with no obstacles) during col-
laboration sessions. The score from those users is 67,
which is suggests a score rather close to good. There-
fore there is a need for an analysis of general accep-
tance of technology and qualitative feedback.

In addition, the analysis presents a pattern be-
tween the number of a user’s years of experience
and the score. The users with more than 2 years
of experience tend to give higher scores, moreover
the active and experienced users of 3D modeling
score similarly. Furthermore, the analysis previously
showed higher scores from the architects and lower
scores from the civil engineers, but the last phase
of the experiment did not reveal a particular differ-
ence among the scores of those different user back-
grounds. However, the study highlighted again that
the DCT ismost useful to the users with a strong con-
nection to CAD and BIM, and it is also most useful to
those who already have several years of experience,
as they give better scores.
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The future comparison of the SUS scores from
the student teams (instead of single users) to both
team performance and team collaboration culture
would give a better understanding of the DCT’s per-
ceived usefulness on the group level. It will portray
a collaboration group persona through the team re-
flexivity and activities analyses. The complex analysis
will give directions of improvement teaching multi-
disciplinary collaboration and contribute to the col-
laboration tool design.

Team collaboration andDCT use
In addition to the quantitative data, the qualitative
data from the student teams gives rather positive
feedback. The students state the interactivity and vi-
sualization quality as the most interesting aspects of
the DCT. They also mention the general “playful cu-
riosity” and “nivelate the student-teacher barrier” as-
pects as the new experience from the project review
meetings.

However, a half of the teams claims that they did
not feel fully confident about their use of DCT, even
after the first semester introduction and active use
of the DCT. The main reason, highlighted during the
interviews was “stress and pressure” from the dense
rhythm of the DCS and need to collaborate with the
other disciplines. The teams with a strong collabo-
ration were producing better designs, therefore felt
confident at the DCS and used DCT for their benefit.

PEDAGOGICALTEAMREFLECTIONONTHE
EXPERIMENTS
The primary initiator for the experience with the DCT
was the pedagogical team. As they have done in the
past, the focus was on the student projects rather
than the optimization of the DCT use. Because of
this, the team was available to provide feedback on
DCT usability just as the studentswere. In addition to
the DCT users’ feedback, the professors emphasized
the pedagogical point of view on DCT implementa-
tion into teaching design and construction to multi-
disciplinary teams. Besides, they have provided re-
flections on the changes theDCTbrings to thedesign

process, the DCT advantages, disadvantages and re-
flections on future goals.

Augmented participation and interactions
Since all the users are united around the DCT and are
disposing the same project documents, so there is a
certain clarity of visualization and democratic natu-
ral user interface interactions. The pedagogical team
has access and a clear scope of the project state.
Before coming to the session to see the professors,
first, the students have to cease work on their de-
sign processes, then they take time to emphasize the
progress and prepare the session documents, and
finally students do not stay in front of their com-
puter and are expected to participate at the decision-
making.

More efficient feedback but lack of empha-
sis
Due to the better access to the documents and inter-
activity, the pedagogical team provides better and
more thorough feedback on the students’ projects.
However the current DCT configuration and the col-
laboration approach did not offer a hierarchized list
of session decisions, nor did it offer easy planning for
further development and tasks assignment. There-
fore,most of the student teams leave the sessionwith
a great deal of unstructured feedback they would
not naturally implement efficient collaboration prac-
tices. The pedagogical teamhighlights the need for a
change, first, of the session scenario, by adding a few
minutes to summarize the decisions and plan the fu-
ture sessionwith the tools already integrated into the
DCT, and second, to provide hands-on experience to
students in multidisciplinary collaboration practices
and tools.

Designwith3Dandmultidisciplinary teams
The pedagogical team agrees on one of themain ad-
vantages of the DCT, it is the ease of visualization and
interactions with 3D and 4D models. Yet, not all the
members of the curriculum’s multidisciplinary teams
are familiar with 3D modeling, therefore the 2D doc-
uments are still the core of the early design process.
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The 2D provides better communication within the
team, gives every member an equal ease of contri-
bution. The DCT provides an interactive aspect to
the 2D documents as well, and for now they are used
even more often than 3D as a support during dis-
cussion, especially in the early stages. However, the
pedagogical team has noticed that even a single 3D
model for the Timber challenge provides enough in-
formation about the project.

The DCT, as a medium of collaboration, fosters
new ways of working together, therefore it forces a
change of habit for the design practices and need to
adapt for the digital collaboration session workflows.
The future pedagogical strategy must focus on the
development of the digital collaboration culture in
the multidisciplinary student teams. So the students
would be able to form reflexive efficient teams and
adapt to multidisciplinary workflow.

CONCLUSIONS
With this study, we continue to explore the three
years of pedagogical experiment feedback gathered
throughobservations, questioners and interties anal-
ysis. The experiment context offered an opportu-
nity to implement a digital collaboration tool for the
project review sessions and observe the use of such
a tool by multidisciplinary teams.

From the researchers’ perspective, the exper-
iment summary contributes to the user-centered
design approach of a new collaborative decision-
making tool. From the pedagogical perspective, it
concludes the pedagogical team reflection on the
use of a digital tool and teaching strategies for col-
laboration.

This paper focus on the System Usability Scale
(SUS) scores revealed a correlation between users’
appreciation of the digital collaboration table and
their years of experience in professional and with
CAD and 3D modeling. Also, the feedback from stu-
dents and professors highlights the need to focus
on the reinforcement of collaboration culture inside
the team, so the teams would fully benefit from the
digital collaboration tool. Implementing and experi-

menting with the collaboration tools during the aca-
demic curriculum prepares future professionals for
futuremultidisciplinary collaboration in the industry.
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