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Abstract—We present an approach for on-site instruction of multiple students ac-
companied by gaze-based monitoring to observe patterns of visual attention during
task solving. We focus on collaborative processes in augmented reality (AR) that
play an essential role in on-site and remote teaching alike. From a teaching perspec-
tive, it is important in such scenarios to communicate content and tasks effectively,
observe whether students understand the task, and help appropriately. In our set-
ting, students work with head-mounted displays with eye-tracking support to collab-
orate in a co-located space. The supervisor can observe the scene and the students
and interact with them in a hybrid setup using both AR and a desktop PC. Attention
monitoring and guidance are facilitated via a bidirectional mapping between 2D
structural formulas and 3D molecules. We showcase our approach with an interac-
tive teaching scenario in which chemistry students learn aspects of stereochemistry
by interacting with virtual 3D models of molecular structures. An interview with su-
pervisors and students showed that our approach has much potential in classroom
applications for (1) engaging students in collaborative task solving and (2) assisting
teachers in monitoring and supporting the learning processes of their students.

V irtual (VR) and augmented reality (AR) have
become available to users at home in recent
years in the form of consumer-market head-

mounted displays (HMDs). This availability makes AR
also attractive for applications in teaching (e.g., dis-
tance education [5] or teaching for children [18]) with
numerous new ways to engage with data. Such immer-
sive technologies provide means for supplementing
traditional methods with new visual and interactive
ways for understanding complex educational content.

This work focuses on the subject of teaching
stereochemical problems with collaborative AR (Fig-
ure 1). Learning to understand how the topology of a
molecule, expressed by its abstract structural formula,
maps to the actual spatial arrangement of atoms is
an essential component of curricula in chemistry and
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related disciplines. Discussing molecules in an immer-
sive, collaborative environment with supervisors and
students has the potential to deepen students’ under-
standing of molecular structures and stereoselective
chemical reactions.

Currently, (1) physical ball-and-stick model kits, (2)
interactive 3D visualization on 2D screens, and (3)
VR applications are used to achieve this goal. There
are benefits and limitations to all these approaches:
Physical ball-and-stick models are tangible and can
be explored by multiple people at a time, but they
are static and cannot represent dynamic changes. In
contrast, visualizations and structure modeling on a
desktop PC (e.g., Avogadro [avogadro.cc], Jmol [jmol
.sourceforge.net], or PyMol [pymol.org]) can represent
such dynamic changes and also provide numerous
different rendering techniques to emphasize specific
aspects of a molecular structure [8]. Yet, the interaction
with such applications is often limited to the screen-
keyboard-mouse paradigm [9] and a single user.
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FIGURE 1. Students' perspective of the immersive environment and the teacher with the hybrid setup. Students stand and

interact with the molecules in the immersive environment (A and D) while the teacher monitors the students' attention via the

desktop application (C). The large screen in the background (B) was included as an optional help for the students.

VR systems (e.g., Nanome [2] or Chimera X [12]) im-
prove the navigation in a 3D space, and the stereo-
scopic impression of 3D structures and are widely used
by experts, pharmaceutical companies, and for edu-
cation purposes. These systems have already been
successfully tested for the use in VR lab courses [18].
However, they do not provide features for co-located
interactions and monitoring capabilities for the teacher.

With this work, we provide a system that sup-
ports natural and �exible interaction between students,
teachers, and the virtual content. We speci�cally take
advantage of the eye-tracking hardware in the cur-
rent generation of HMDs to supply the teacher with
gaze-based monitoring. The gaze data is used as
an approximation for visual attention, which has been
investigated in the past for live interaction [13] and
behavior analysis [11]. Here, we focus on the research
question: How can we support students and teachers
in augmented reality by communicating the students'
visual attention on the teaching content? We expect
that this approach is helpful for attention guidance, in
monitoring the learning progress, for identifying prob-
lems, and providing individual feedback. In this work,
we will give a �rst assessment in how far our new
system can reach these aims.

Our implementation is based on the chARpack
framework [15], which provides a hybrid framework for
building and manipulating molecules in AR and on a
desktop PC. Our contributions are: (1) We extend the
hybrid interface on the desktop PC with spatial context
that allows a �exible use in both spatially narrow and
distributed scenarios. (2) We include a 2D–3D con-
version of chemical structure formulas that facilitates
interaction and attention mapping between desktop
and AR. (3) By incorporating eye tracking, we support

guiding and monitoring of visual attention of students.
We developed segmented outlines for 3D structures
and attention heatmaps for the 2D abstractions to
achieve this. We demonstrate our approach with a
showcase scenario based on stereochemical problems
provided by our collaboration partners in theoretical
chemistry, whose continuous feedback also was used
to improve the implementation of the prototype. We fur-
ther conducted a group interview with domain experts
and students who tested the implemented system.

While we focus on teaching molecular structures
due to the expertise of our co-author, our approach
can also be generalized to other teaching contexts with
group collaboration on virtual objects. Minor changes
would also allow an application to remote scenarios
instead of on-site teaching as in the present study.

IMMERSIVE VISUALIZATION AND
EYE TRACKING

Representing complex 3D data can often be challeng-
ing when visualized in a 2D domain, e.g., on a regular
computer monitor. Immersive visualization facilitates
the visualization of such data in the physical envi-
ronment using AR technologies (e.g., HMDs, tablets,
smartphones, etc.). We refer to the work of Kraus et
al. [6], who describe the potential of immersive visual-
ization, particularly the intuitive way of understanding
the given spatial data through interactive exploration in
the 3D environment.

Collaboration becomes important when multiple
persons work within the same environment and try
to explain as well as jointly understand the displayed
visualizations. The Studierstube [16] is an AR system
that allows a group of users to interact and communi-
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