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Abstract

In the past two years, an emerging body of HCI work
has been focused on classroom proxemics—how
teachers divide time and attention over students in the
different regions of the classroom. Tracking and
visualizing this implicit yet relevant dimension of
teaching can benefit both research and teacher
professionalization. Prior work has proved the value of
depicting teachers’ whereabouts. Yet a major
opportunity remains in the design of new, synthesized
visualizations that help researchers and practitioners to
gain more insights in the vast tracking data. We
present Dandelion Diagram, a synthesized heatmap
technique that combines both teachers’ positioning and
orientation (heading) data, and affords richer
representations in addition to whereabouts—For
example, teachers’ attention pattern (which directions
they were attending to), and their mobility pattern (i.e.,

trajectories in the classroom). Utilizing various
classroom data from a field study, this paper illustrates
the design and utility of Dandelion Diagram.
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Introduction

Recently, an emerging body of HCI research has been
focused on tracking and visualizing classroom
proxemics [1, 2, 16-18]—how teachers allocate time
and attention to interact with students in different

regions of the classroom during pedagogical activities.

In educational science, the use of space in classroom
pedagogy [15], or teacher-student physical proximity
[12], has long been qualitatively recognized as a
relevant yet implicit dimension of teaching that has
major influences on learners [4, 8, 20, 21] (e.g., on
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their engagement, participation, or rapport with the
teacher). The recent development of more accurate,
less costly sensor technologies promises better
understandings of this implicit dimension of pedagogy
enabled by vast and various tracking data.

Existing HCI work has shown how tracking and
visualizing classroom proxemics could meaningfully
advance educational research as well as teacher
professionalization [1, 16]. However, a major
opportunity still remains—i.e., how to design new
visualizations that enable researchers and practitioners
to more intuitively gain insights in the vast and various
tracking data [18].

Dandelion Diagram based on positioning and
orientation (heading) data

1 1 1
Beginning of the End of the
class session class session
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Figure 1: Comparison between regular heatmap visualization based on solely teachers’ positioning data (left), and Dandelion Diagram
based on both teachers’ positioning and orientation (heading) data (right). As shown above, Dandelion Diagram conveys richer
insights in addition to whereabouts: e.g., teacher’s attention pattern (i.e., which directions the teacher was attending to), mobility
pattern (walking trajectories), and temporal pattern (i.e. during which period of the class session the teacher stayed at a location).
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To tackle this opportunity, we present the design of
Dandelion Diagram: a synthesized heatmap visualization
which combines teachers’ positioning and orientation (i.e.,
heading direction) data, to depict both their whereabouts
and attention allocation in one frame (see Figure 1). Our
design also enables the representation of teachers’
mobility pattern (their trajectories in the classroom).
Moreover, Dandelion Diagram contains an open-ended
color coding layer that can be used to represent temporal
pattern (i.e. during which period of the class session the
teacher stayed at a location), or other information labels
of the data points (e.g. which classroom activities the
teacher was engaged in at a location).

In the remaining of this paper, we first briefly review the
prior work on classroom proxemics and movement visual
analytics. Subsequently, we introduce the rationale and
design components of Dandelion Diagram, and illustrate
its utility using data gathered in a prior field study [1]
from diverse types of secondary school classrooms.

Related Work

Classroom proxemics

Fundamentally, proxemics functions as an important non-
verbal channel in our daily social communication [9]. As
its embodiment in classroom contexts, classroom
proxemics mainly refers to the spatial aspects of teacher-
student interactions [16]: such as how a teacher divides
time and attention over students in the different regions of
the classroom. Although classroom proxemics is an
implicit dimension in teacher performance, many
educational studies have suggested its major influences
on learners, including their motivation, engagement,
participation, and perceived closeness to the teacher [5,
12, 15]. And teachers are increasingly expected to
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develop skills of reflecting on classroom proxemics and
using it to positively influence learners [2, 8, 20].

Echoing this, an emerging body of work in HCI has
presented a few cases of tracking and visualizing
classroom proxemics, to support both educational
research and teacher professionalization [1, 2, 16, 17]. In
the context of secondary education, for example, the work
of ClassBeacons [1, 2] demonstrated how teacher
proximity data can be presented in real time on ambient
lamps in the classroom to enhance teachers’ reflection-in-
action. Addressing the context of university education,
Martinez-Maldonado et al. [16, 17] foregrounded the
value of classroom proxemics as a relevant aspect of
multimodal analytics [17] to meaningfully complement
existing approach to learning analytics. Moreover, they
illustrated how a screen-based visualization of teacher
positioning data could support teachers’ post-hoc
reflection [16].

While related work has showed the relevance of tracking
and visualizing classroom proxemics, a major opportunity
remains in the design of visualizations. Namely, more
diverse explorations are still needed [18], in order to
understand how different types of data can be
meaningfully combined in visualization designs to enable
richer and more intuitive insights in the vast tracking data.
Towards this, our work explores a novel visualization
design that combines both positioning data and
orientation data, and affords richer insights in classroom
proxemics in addition to teacher whereabouts.

Movement visual analytics

In the realm of movement visual analytics [3], a
number of visualization designs have explored
aggregating diverse types of data or representations in

LBW340, Page 3



CHI 2020 Late-Breaking Work

addition to location data (e.g. GPS or in-door
positioning data) to enable new insights. For example,
Andrienko et al. [3] introduced Flower Diagrams, a
technique inspired by the renowned Rose Diagrams by
Florence Nightingale. Flower Diagrams are used to
represent spatiotemporal events at geographical scale:
e.g. public transport stops in a city. The center of each
“flower” represents a location where events happened
(e.g. a bus station); and “petals” of the flower
represent temporal change of the events (e.g.
durations of the transport stops). The Amoeba
visualization by Hyougo et al. [10] represents the
movement distances and directions of people from a
geographical location (e.g. a metro station).

At the scale of indoor spaces, heatmaps are often used
to represent positioning data to analyze people’s
location patterns (e.g., see [7] and [13]). Meanwhile,
related studies also explored other representations as
alternatives or in addition to heatmaps, in order to, for
example, study trajectory patterns of people in a
shopping mall [22] or a museum [14]. However,
orientation (e.g., heading) of people is rarely integrated
in indoor movement analytics (see an example by Men
et al. [19]), since existing research mostly concerns
people’s location, movement, or trajectory patterns
rather than their attention pattern [6] (i.e. which
directions they have been attended to).

By contrast, to understand classroom proxemics,
teachers’ orientation data can be as important as their
positioning data [2]. With a regular heatmap, since the
orientation cannot be seen, it is not clear whether a
teacher ignores or, over-attended a specific part of the
classroom. As Figure 1 shows, for a ‘hotspot’ location,
orientation data can further reveal which one of
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adjacent students the teacher was directly interacting
with. Our work therefore intends to meaningfully
integrate orientation data in a synthesized heatmap.

The Design of Dandelion Diagram
In this section we detail the Dandelion Diagram design,
including its rationales and design components.

Which types of data are suitable

Dandelion Diagram is designed for visualizing indoor
tracking data of teachers, which are gathered
continually between equal time intervals (e.g. every
second). Each unit of data should at least contain the
teacher’s location (e.g., in Cartesian coordinate X, Y),
and orientation (heading direction e.g., gathered by
magnetic field sensor in radians or degrees). For
instance, the data set used in this paper to
demonstrate Dandelion Diagram are from the field
study of ClassBeacons [1]. These data were gathered in
every two seconds, through a wearable unit attached to
the upper back of teachers (the orientation from upper
back is likely to indicate their attention direction [2]).
The wearable uses a commercial ultra-wideband (UWB)
sensing kit [11]. Giving its accuracy (at decimeter
level), UWB solutions has been opted for classroom
proxemics tracking in multiple studies (e.g., [16]);
however, other positioning tracking solutions could also
be explored in future (e.g. computer vision).

Which types of information to communicate

In general, Dandelion Diagram is designed for
communicating insights in following relevant aspects of
classroom proxemics (also see Figure 1): Location
pattern—where the teacher has stayed and for how
long; Attention pattern—which directions the teacher
was attending to at a certain location; Mobility
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1. SPOTLIGHT METAPHOR
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Figure 1: Illustrations of four
major design components that
constitute Dandelion Diagram.

pattern—the teacher’s walking trajectories in the
classroom; Temporal pattern—during which periods in
the class session the teacher stayed at a location.

Location pattern (teachers’ whereabouts) has been
proved to be valuable for teachers’ reflection [16]. On
top of that, attention pattern gives further insights in
teachers’ behaviors [2]: e.g. in distinguishing which of
the adjacent students the teacher was directly
interacting with. Besides, teachers’ presence can have
different meanings to adjacent students: e.g. to
students who are within teachers’ angle of view and
those who are not [2]. Mobility pattern, in addition, can
depict teachers’ wandering—which can have different
interpersonal effects on learners than standing still and
offering help [2, 16]. Finally, the temporal pattern can
yield insights in teachers’ proximity distribution over
time (in addition to their proximity distribution over
space), which proved to be relevant as well for
teachers’ reflection [16]. Now we further explain how
Dandelion Diagram affords the mentioned insights, via
a breakdown of its four major design components.

Design component 1: Spotlight metaphor

As Figure 2(1) illustrates, using a “spotlight” metaphor,
each data point of Dandelion Diagram is represented by
a triangular shape, where the farthest vertex indicates
the teacher’s location, and its opposite side indicates
the teacher’s heading direction. Such spotlight
representation has been widely used, e.g., in video
games, to intuitively show the heading direction, as
well as the position, of a person or an object.

Design component 2: Trajectory
As Figure 2(2) illustrates, the vertices of every two
consecutive spotlight units (i.e., every two consecutive
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position coordinates) are connected by a line. As such,
the teacher’'s movement trajectories over the classroom
can be delineated on the map.

Design component 3: Density stacking

As shown by Figure 2(3), each spotlight unit is in semi-
transparency, so that they can stack on one another to
depict teachers’ accumulated staying at a location over
time through the accumulation of color density.

Design component 4: Color coding

As Figure 2(4) illustrates, the color of each spotlight
unit is mapped onto a continuous color spectrum, which
represents the different time periods in a class session.
However, this color coding feature could also be used to
represent other labelled information of the data. For
instance, multiple discrete colors could be used to
represent different classroom activities (as used in
[16]), or the data from different teachers, if there are
multiple teachers in a class session. Consequently, the
four design components jointly enable a Dandelion
Diagram to communicate the relevant insights in
classroom proxemics (see Figure 3).

Implications for future work

In this section we discuss implications resulted from our
design exploration of Dandelion diagram, which is
aimed for informing future related work.

Informal evaluation

The design of Dandelion Diagram was informally
evaluated with a teacher who had participated in the
ClassBeacons study [1]. We visualized the data
gathered from one of her class sessions during the
study, and showed the visualization to her after her
participation of the study. We did not introduce the
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1, SPOTLIGHT METAPHOR
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Figure 3: Examples of the four
design components embodied by
real-world classroom data.

design to her (we only explained the meaning of color
coding), and asked her to openly describe and
comment on the visualization, in order to see if the
visualization could be intuitive to understand, and if it
could support her reflection on that particular session.
She reported that the visualization was easy to
understand: “It’s immediately clear where I was”.
Moreover, although the class session took place more
than a week ago from the moment she saw the
visualization, she could quickly recognize which lesson
of the day it was and which students she was
interacting with: “I think this is the third class because
[...] so in front of the board, Elsa [alias], she had a lot
of questions [...] and this is Tony and Mark [aliases],
they have a lot of questions [...]"

While this informal evaluation may imply the usability
of Dandelion Diagram, better structured and more in-
depth evaluation is clearly needed in the future, to
further investigate how this visualization design could
influence teachers’ post-hoc reflection on their class
sessions, and how this may influence their future
practice.

“lecture-based” classroom layout

CHI 2020, April 25-30, 2020, Honolulu, HI, USA

How classroom layout may shape classroom proxemics
Besides how Dandelion Diagram might help teachers,
we also learnt some implications in our exploration,
which can be interesting to educational researchers. As
shown by Figure 4, since the data set we use covers
diverse types of classrooms [1], we are able to see a
general difference of proxemics patterns between the
“lecture-based” classrooms where the desks are placed
in a matrix layout, and the “teamwork-based”
classrooms where the desks are placed in irregular
clusters. While we can generally see that the teachers’
location, attention, mobility patterns appear differently
in the two types of classrooms, it is not yet clear how
these differences may influence teaching or learning,
and how we could optimize the space of classrooms to
fit different instructional or learning goals.

Conclusion

We present Dandelion Diagram, a synthesized heatmap
technique to visualize classroom proxemics. The
technique combines both positioning and orientation
data and affords richer insights in addition to
whereabouts. Besides illustrating its design and utility,
we also address the implications for future work.

“teamwork-based” classroom layout

N 9

Figure 4: Examples of how teachers’ proxemics patterns might appear differently in two different types of classrooms.
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