Augmenting Workspace Awareness with Passive BCI: From

Monitoring to Enhancing Team Coordination

Title of PhD proposal: Augmenting Workspace Awareness with Passive BCI: From Monitoring to Enhancing

Team Coordination

Name(s) of supervisor(s) :

« Fabien Lotte, Inria Center at the University of Bordeaux / LaBRI (Talence, France)
« Sébastien Rimbert, Inria Center at the University of Bordeaux / LaBRI (Talence, France)

+ Arnaud Prouzeau, Université Paris-Saclay, CNRS, Inria

Host laborator : Inria Center at the University of Bordeaux, project-team Potioc

Short abstract : While existing tools can support workspace awareness by monitoring observable actions, they
have trouble capturing the underlying cognitive process essential for effective collaboration, particularly in situa-
tions of loose coupling or misalignment. This PhD project aims to investigate whether passive Brain-Computer
Interfaces (BCIs) based on electroencephalography (EEG) can be used to identify neurophysiological markers
that reflect different levels of collaborative coupling, ranging from loose to tight, as well as situations of mutual
misunderstanding. The project will first explore the existence of such EEG markers in validated collaborative
tasks. It will also evaluate the stability of these markers across different experimental paradigms, and across par-
ticipants and time, known as sources of variability in EEG and BCI performance. If successful, the project will
explore how these markers can be used as real-time neurofeedback to collaborators, to enhance their workspace

awareness and reduce misalignment.

Brief description of research group / host laboratory: The PhD will be supervised by two different research
groups. Firstly, the Potioc project-team, part of the Inria Center at the University of Bordeaux, focuses on the
design, development, and evaluation of novel approaches that leverage multimodal interaction to enhance user
experience. This team has specific expertise in the development of Brain-Computer Interfaces (BCIs) (systems
translating measures of brain activity into commands or messages for interactive applications) across various
contexts and applications, such as post-stroke rehabilitation, assistive technologies or User eXperience (UX)
evaluation. The first two supervisors, Fabien Lotte and Sébastien Rimbert, are members of the Potioc project-
team, which specializes in Brain-Computer Interfaces (BCIs). Both are recognized experts in the field of EEG-
based interaction and neuroadaptive systems, with complementary expertise in machine learning for BCI (Lotte)
and applied cognitive neuroscience and BCI evaluation in clinical and collaborative contexts (Rimbert). The
third supervisor, Arnaud Prouzeau, is affiliated with the ILDA team at Inria Paris-Saclay, which specializes in
collaborative digital environments and the design and development of visualization tools. He is an expert in col-
laborative human-machine interaction, notably in Virtual Reality (VR) environments. A collaboration between
these two teams has already been initiated through a preliminary project, which resulted in a recent joint publi-
cation and poster presentation in an international conference [17]. This PhD project will provide an opportunity
to build on that foundation and further strengthen the collaboration between the two groups. In particular, the
two teams have the ideal and complementary set of skills to study markers of collaboration (the speciality of

ILDA) in brain activity, using BClIs (the speciality of Potioc).



1 Description of the PhD proposal

1.1 Context (and possible scenarios)

Workspace awareness allows people to have a real-time understanding of their collaborators within a shared
workspace [5, 8]. It can be defined by the answer to three questions [8], (i) who is working in the workspace, (ii)
what are the collaborators doing and (iii), where are they working. To answer these questions, multiple tools are
already available. As highlighted in Prouzeau et al. [17], these tools can be useful to monitor observable actions,
but can hardly take into account the cognitive and deeper processes under the collaborative actions, which is
called collaborative coupling [21]. The degree of coupling can differ from loose (e.g., when collaborators work
independently) to tight (e.g., when they engage collaboratively in the same task), and is often inferred by the par-
ticipants. Understanding collaborative coupling is crucial, as a coupling breakdown can lead to miscommuni-
cation, misalignment, and at the end a mutual misunderstanding between collaborators and poor performance
and outcome for the collaborative task. In high-stakes environments, such failures in coordination can have
catastrophic consequences. A striking example is the crash of Air France Flight 447, due to a failure in collab-
orative coupling: crew members were trying to prevent an accident, but while one was trying to get the plane
up, the other one was stabilizing the plane. This type of example highlights the importance of understanding
deeper cognitive process. To do so, passive Brain-Computer Interface (BCI) (which are BCIs monitoring users’
mental states from their brain activity, in order to adapt the interaction accordingly based on electroencephalog-
raphy (EEG) could be utilized to monitor collaborators’ real-time cognitive states from their brain activity (here
measured with EEG) and identify neurophysiological markers of collaboration [24]. To go further, these neural
markers of collaboration could be used in order to provide the collaborators with real-time feedback about the
cognitive quality of their collaboration [19], and so propose a form of Neurofeedback [20], to possibly enable

them to regulate their collaboration strategy and hopefully enhance it.

1.2 Question and objectives

We hypothesize that specific patterns of EEG-based inter-brain synchrony are predictive of collaborative suc-
cess or breakdown, and can be used to support real-time adaptation of shared workspaces. In other words, we
assume that measurable neural correlates of team alignment—or misalignment—exist, and that they can inform

the design of neuroadaptive systems aimed at enhancing human collaboration.

This project first research question will address whether we can identify neurophysiological markers that are
specific to different types of collaborative coupling. In particular, we aim to identify neurophysiological EEG
markers of collaboration across various situations: in loose collaboration, where collaborators work indepen-
dently, in tight collaboration, where they engage in the same task and in situation of mutual misunderstanding,
where there is a breakdown in the collaboration. A second, follow-up, research question will be: are these neu-
romarkers of collaboration stable and robust across tasks and context. We will notably study the robustness
and stability of these markers throughout different tasks such as validated-collaboration task performed with
mice and keyboard (e.g., as in Prouzeau et al. [16], from the ILDA team) as well as during collaborative (active)
BCI tasks, where two BCI users collaborate in a computer task fully controled using a BCI - i.e., with EEG only
(e.g., as in Bonnet et al. [3], from the Potioc team). We will also study the robustness of these neurophysiologi-
cal markers of collaboration both between-users and within-users subject across time and days, due to the well

known EEG and BCI performance variability [6]. Building on this, a third research question could be consid-



ered: how can we design neurofeedback based on these markers of collaborative coupling, in order to enhance
workspace awareness, reduce misalignment and improve mutual understanding during collaborative tasks? If
successful, this approach could benefit high-stakes collaborative environments where failures in coordination
can have critical consequences. Applications include air traffic control, remote medical procedures, or digital
collaborative educational platforms, where detecting and mitigating cognitive misalignment in real time may

significantly improve safety, efficiency, and learning.

1.3 State of the art

Various techniques can provide workspace awareness information (who, where and what), ranging from shared
cursors and radar views [8], to more sophisticated systems integrating head and eye tracking technologies [13,
15]. However, these cannot capture the underlying cognitive mechanisms. Passive BCIs based on EEG offer a
way to explore such cognitive mecahnisms, e.g., with hyperscanning which is a method monitoring changes of
neural activity simultaneously in multiple brains [2]. Hyperscanning can notably measure how EEG signals from

various brain areas are synchronized between users, which reflects some characteristics of users’ collaboration.

Indeed, hyperscanning has been used to highlight an EEG synchrony index of collaborative tasks in different
contexts, such as ecological settings in aviation where they found an inter-connections density index that was
able to find cooperative situations [22]. Aruon et al. [1] found also a relation between the inter-brain synchro-
nization and team cooperation in a context of project team in design. And Ramirez-Moreno et al. [18] found that
with a bispectral analysis, they were able to differentiate collaborative and competitive mode in a setting of jazz
musicians. These studies showed that an EEG index of collaboration can be found, but none of them focused on

differentiating different level of collaborative coupling. This is what we propose in this PhD project.

In addition, EEG is subject to numerous sources of variability [6]. They include the presence of systemic artifacts
caused by factors unrelated to neural functions, such as muscle activity, eye movements, and physical motion. In
addition, it has been shown that, depending on the user and their current mental states, neuromarkers can differ
significantly, as physiological signals are highly sensitive to contextual and individual factors, e.g. stress that can

impact markers of workload [12].

1.4 Questions

The thesis will address the following research questions:

RQ1 : What EEG markers of collaboration can be found depending on the nature of the collaborative context,
such as loose coordination, tight coordination, or mutual misunderstanding?

RQ2 : How robust and stable are these neuromarkers across different tasks and individuals, and to what extent
are they influenced by known sources of variability in the EEG and BCI field?

RQ3 : How can we design neurofeedback based on these markers in order to enhance workspace awareness and

avoid misalignment in collaboration?

The overarching thesis objective is to determine whether EEG-based BCls can provide actionable insights into

the cognitive states of collaborating individuals, and ultimately support more fluid and effective teamwork.



1.5 Theoretical foundations

Workspace awareness, as defined and explained by Gutwin and Greenberg [8], provides a framework to under-
stand the activity of collaborators in a shared workspace, along with with the tools to study it. Tang et al. [21]
identified different types of collaboration, which we adopt in our project to explore issues that arise when in-
dividuals are not co-located or not focused on the same task, stated as collaborative coupling. Hyperscanning
methods are described by Gonzalez-Astudillo et al. [7] as a method to study how brains of multiple people are
synchronized and it can be used to infer characteristic of collaboration. Finally, framework on neurofeedback

used and design are clearly established by Sitaram et al. [20].

1.6 Approach and methods

The thesis will be divided into the following steps and methodologies:

Step 1: After a state of the art of EEG markers in collaboration settings, a first experiment will aim at char-
acterizing EEG features in a validated collaboration task such as a path-finding task with constraints regularly
used to study collaborative coupling [9, 16, 21]. This example of task allows addressing complex aspects of col-
laboration such as coordination and decision-making [11] and to study different levels of collaboration. For
instance, using this task, Prouzeau et al. [16] found that using two screens compared to one shared screen low-
ered the level of collaboration between the two participants. Inspired by this, we could imagine two conditions:
a high-collaboration condition using a shared screen and a low collaboration condition with separate screens
and rooms, where only a cursor provides information about the collaborator. Additionally, as explored through
formal specification [14], we could introduce miscommunication to create a third condition, reflecting a mis-
alignment in the collaboration. The induced miscommunication can be generated by providing participants with

different instructions, without informing them that others have received different directives.

Step 2: Another experiment will be conducted with a collaborative BCI (c-BCI) task in order to compare the EEG
collaboration markers across differents tasks. A c-BCl is a system that combines brain signals from two or more
individuals. It can be used in multiple contexts, e.g., for decision-making [4, 23]. The two collaborative tasks
(manual path finding, and cBCI) will also be studied across users and days, to further assess the EEG marker
reliability. This second step will thus enable use to assess which variabilities - many of which are commonly
found int the EEG-BCI field - affect this marker of collaboration.

Step 3: Depending on the previous studies results, we should be able to study how to design neurofeddback for
workspace awareness. We aim at performing a pilot study, with various types of neurofeedbacks of collaboration

coupling, in order to provide guidelines on how to design such a neurofeedback to maximize user experience.

1.7 Assessment of contributions

As explained above, our contributions will be evaluated through experiments and offline neurophysiological and
classification analyses. This includes measuring the collaboration level classification accuracy based on the EEG

markers, and evaluating the quality of collaboration (objective and subjective) when using neurofeedback.



2 Nature of digital collaboration

In this thesis, we will focus on collaborative coupling in a situation of workspace awareness with different con-

ditions in order to compare them and understand the underlying cognitive process.

We can define the nature of the collaboration as follows:

+ Functions: The objective is to study collaboration in the context of workspace awareness. Therefore, the

primary functions will be communication and information sharing.
+ Type: The study will focus on synchronous collaboration.

+ Time scale: We will work within a two-hour time frame. This duration is appropriate for EEG experi-

ments, which benefit from shorter sessions, and it aligns with the demands of the task being studied.
+ Group size: The study will involve dyads or small groups of two to three people.

+ Space: Due to the use of EEG headsets, participants will be located in the same physical space. However,

depending on the experimental condition, they may not be able to see each other.

3 Contribution to digital collaboration:

Methodological contribution: We aim to develop a method to measure workspace awareness and its deeper
cognitive process, e.g., focus alignmenent, engagement level and cognitive balance. This measure could be use-
ful for various purposes: to quantify the quality of collaborations more objectively, to provide neurofeedback
on the quality of collaboration and thereby improving workspace awareness or to adapt the interaction and
collaboration tools dynamically according to the collaborative coupling estimated. Detecting misalignment in
collaborative processes will also be valuable for many potential applications. For example, in aviation, where

misalignment in the collaboration has contributed to accidents such as the crash of Air France Flight 447.

Empirical contribution: We aim to identify neurophysiological markers of collaboration across different types
of collaborative coupling. With the experiment conducted, we will be able to have more insight on how to detect
these markers and study their variabilities. The neurofeedback designed will also be evaluated in an experiment.
Such experiment contributions will be in turn brings new knowledge about collaborative couplin, both in Human

Computer-Interaction and Neuroscience (given the neural markers).

Technical contribution: The measure of collaboration will be based on EEG data, processed using signal pro-
cessing and machine learning algorithms. Indeed, machine learning tools from the BCI field and from network
neuroscience [7, 10] will be used to identify which inter-brain EEG synchronisation patterns reflect which col-
laborative couplings level, in order to be able to estimate them in real-time, despite the noise and variability of
EEG signals. Such machine learning pipelines will be shared open-source, as part of offline EEG signal process-
ing open-source toolboxes in Python (e.g., MNE Python and PyRiemann) and as part of open-source online BCI

software, notably OpenViBE that is being developped at Inria.



4 Positioning in the program eNSEMBLE (V2 page max)

We believe that our project aligns the best with PC1, as it takes place in a context of synchronous collaboration

and aims to develop objective measures of collaborative quality using EEG data. By identifying neural markers

of team alignment and breakdown, the project directly contributes to a better understanding of how we can

handle diversity of interaction modalities and complexity of environments.
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