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Figure 1: Dandelion diagrams of teachers’ positioning data in a physics lab (left) and nursing students in a simulated ward

(right).
ABSTRACT

Despite the digital revolution, physical space remains the site for
teaching and learning embodied knowledge and skills. Both teachers
and students must develop spatial competencies to effectively use
classroom spaces, enabling fluid verbal and non-verbal interaction.
While video permits rich activity capture, it provides no support
for quickly seeing activity patterns that can assist learning. In con-
trast, position tracking systems permit the automated modelling of
spatial behaviour, opening new possibilities for feedback. This pa-
per introduces the design rationale for "Dandelion Diagrams" that
integrate participant location, trajectory and body orientation over a
variable period. Applied in two authentic teaching contexts (a sci-
ence laboratory, and a nursing simulation) we show how heatmaps
showing only teacher/student location led to misinterpretations
that were resolved by overlaying Dandelion Diagrams. Teachers
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also identified a variety of ways they could aid professional devel-
opment. We conclude Dandelion Diagrams assisted sensemaking,
but discuss the ethical risks of over-interpretation.
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1 INTRODUCTION

The term ‘spatial competency’ refers to the capacity that humans
have to identify and understand spatial relations among objects,
people and the environment [45]. This competency enables indi-
viduals to navigate the environment and exploit its affordances to
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complete their tasks. In education, teachers and students demon-
strate this competency in the form afpatial behaviourghe ways
they make use of and behave in physical learning spadék Pbser-
vational studies have investigated how teachers' spatial behaviours,
in relation to the classroom architectural design and their physical
proximity to students, can strongly in uence learning (see review
in [60]) For example, researchers have explored the role of proxim-
ity between teachers and students in improving students' written
work [73; reducing misbehaviour3Z; and increasing the e ec-
tiveness of student-teacher interaction84], motivation [25 and
engagement??. The excessive presence of teachers by students
can negatively a ect their self-e cacy and sense of ownership of
their own work [27], while studies of student seating arrangements
all report inconsistent results [29, 35].

However, the study of student spatial behaviour is much more
complex in dynamic learning spaces, often with authentic activities
requiring students to move around di erent spaces in the classroom
to interact with various resources and people (e.g., see classrooms
in Figure 1). This is the case with simulation-based learning in
professional elds such as healthcare, where students are expected
to develop speci ¢ spatial competencies that are required of reg-
istered practitioners. These include having the ability to position
themselves around the patient to timely accomplish a speci c pro-
cedure P7; knowing how and when to maintain close proximity
to the patient 9 and other team members5g; and forming
particular spatial arrangements to enable collaboration with team
members B4. The development of analogous spatial competencies
is required in other areas such as emergency respoiigkdnd
re ghting [1].

Spatial behaviours are ephemeral, making them hard to re ect
on in detail, meaning more attention is given to other aspects of the
tasks that teachers, students or trainees have to accompbsh [
Key spatial competencies can be developed while the activity un-
folds (Schdn's notion afe ection-in-actior[ 77) as has been demon-
strated in teaching, healthcare and team training 9, 97]. How-
ever, Schon also emphasises the importanceeadction-on-action
to recognise how our knowing-in-action may have contributed
to unexpected outcomes or how it can contribute to the further
development of competencies to be demonstrated in future events.
For example, teachers commonly re ect on evidence after a class to
understand how their actions may have impacted student's learn-
ing [79. Paper-based checklists can support re ection on spatial
behaviours, such as whether they were in continuous movement,
standing in a speci c area of the classroom or keeping close proxim-
ity to most students (e.g.5[). Some teaching guides (e.dd, B)
suggest that teachers should circulate through the classroom fol-
lowing various patterns and keeping speci ¢ distances to students.
Unfortunately, most of these tools do not refer to the evidence used
to prescribe such strategies, and they do not provide teachers with
feedback about their own performance. The same happens with
teachers and students in simulation-based learning activities. Al-
though healthcare practitioners have dedicated debriefs after the
simulation sessions to re ect on their actiongf], they rarely have
evidence about spatial behaviours. Whilst these sessions may be
video-recorded, in practice, teachers and students often do not have
the time to watch full videos [65].
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Itis in this regard that emerging sensing and computer vision
technologies could improve the timeliness and delity of feedback
loops, as their capabilities to accurately and inexpensively track
people and objects in indoor spaces imprové§|[ Such technolo-
gies are now being used in educational settings to track teachers
and learners in learning spaces such as makerspat@slgcture
halls [11], specialised classroomS]], collaborative classroomsf
and schools94. In simulation-based contexts, such as healthcare
education, there has also been a growing interest in using wearable
devices to track how nurses move about training spaces. Yet, with
a few exceptionst, 50, 76, most of these works have focused on
insights for researchers, and not provided visual mechanisms to
support educational stakeholders' re ection. Critically, a key limita-
tion to previous e orts to help teachers and students visualise their
spatial activity is the assumption that close proximity (e.g. to class-
room resources or other people) is a reasonable proxyriteraction
However, theoretical foundations in proxemicg]] challenge this
assumption, since thbody orientatiorof people strongly indicates
the focus of their attentiom the space 1. Information about
body orientation of teachers and students is key to detect what
are termed--formations spatial patterns used by people to arrange
themselves so that they can have easy and preferential access to
one another during social interactions [81].

This paper investigates the extent to which granular informa-
tion about teachers' and students' positioning and body orientation
can be integrated and visualised e ectively, thus mapping from
low-level sensor traces to higher-order, contextualised spatial be-
haviours. An innovative visualisation technique called tB&n-
delion Diagranmwas used to visualise digital traces of the body's
movement trajectory, position and orientaijeee examples in Fig-
ure 1). The design goal was to augment positional heatmaps with
trajectory and body orientation cues, without losing the intuitive,
engaging attributes of heatmaps. These visualisations are evolv-
ing prototypes to generate a deeper understanding about teachers'
sensemaking of their classroom activity and the kind of questions
that they would be able to respond based on positioning and body
orientation data. In-depth interviews were conducted with teachers
in two authentic studies involving (i) collaborative teaching in a
science lab, and (ii) teamwork simulation in nursing. Teachers were
presented with visualisations of their own positioning data, and of
other teachers and students. A thematic analysis of the reactions
and re ections of teachers was conducted to determine the poten-
tial added value of the dandelion diagrams to (i) support re ection,
(i) envisage pedagogical uses of these visual representation and
(iii) identify potential risks associated with bias and possible over-
interpretation. In sum, this paper contributes to the growing body
of evidence concerning the value of spatial learning analytics, by
documenting teachers' perceptions of such visualisations, from
which we derive a set of practical implications for professional
development.

2 BACKGROUND AND RELATED WORK

2.1 Foundations of Proxemics

Proxemicss the study of communicative features of space such
as how people consciously and unconsciously maintain physical
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distance during interpersonal interaction, how people arrange them-
selves in the space while performing a task, territoriality, crowding,
and how the physical environment is culturally perceive@d. A
number of proxemicgonstructhave been used to study and give
meaning to people's spatial behaviours. For example, the concept
of interactional spaceefers to how people mutually adjust their
bodies to enable close proximity and mutual attention for verbal
interactions to unfold uidly [57]. Although the exact distances that
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It is in this respect that there has been growing interest in us-
ing micro-location "wearables" in education. For example, beacon-
enabled proximity sensors (i.e., triangulating the position of peo-
ple's mobile devices or electronic tags) have been used for students
to register class attendancé&f or to receive contextualised infor-
mation while navigating a university campus3[]. Chng et al [16]
used a number of depth cameras to track inter-personal distances
and characterise the types of social interactions occurring among

have been used as a proxy of the interactional spaces vary across students in a maker-space. Riquelme et[@R] used beacons to au-

cultures, most interpersonal interactions with acquaintances tend
to occur under 1.5mg€. Another key construct that is related to
the body orientation of people is the notion éfformations(facing-
formations). These refer to the ways people cluster so that they can
have direct and equal access to each anottss}.[An f-formation

can be identi ed by analysing people's proximity and bodies orien-
tations when they establish conversation groups (e.g., side-by-side,
face-to-face/vis-a-vis, circular or L-shapes) while standing close to
each other BZ. The analysis of these f-formations has been key in
the study of collaboration in contexts such as decision makidg [

and healthcare%4. In sum, proxemics has been used as a lens to
analyse spatial behaviours in several areas of study. In this paper,
we build on the proxemics constructs described above to report and
give meaning to teachers' perceptions of visual representations of
x-y positions and body orientation of teachers and students in the
classroom.

2.2 Classroom Analytics

The termclassroom analytidsas been proposed as a lens to connect
proxemics, pedagogy, data and educational space deS@nJnder

this umbrella, indoor positioning and computer vision have been
proposed as promising technologies that can enable new ways to
study educational processes in physical learning spaces.

tomatically identify how students interacted with others and with
bookshelves in a library. Echeverria et al. [23] used wearable loca-
tion sensors to visually analyse teamwork strategies of students in
healthcare. Yan et a]94] scaled up the analysis of social networks
formed by students at a school level through a longitudinal posi-
tioning study. Finally, Fernandez-Nieto et §26] proposed three
techniques to model indoor positioning data captured from team
training contexts using social network analysis and detectors of
f-formations. This is notably the only work to include f-formations,
but in common with the other approaches cited, did not evaluate
the visualisations with stakeholders.

Besides the work by Shapiro and Garr{@€8] who proposed min-
imalistic visualisations of unidimensional positioning of teachers
in a classroom over time (i.e., considering only the 'y’ coordinate),
only heatmaps have been used by other researchers as the main
visualisation technique to explore how teachers can make sense
of x-y positioning data. For example, Saquib et[&6] presented a
system that enabled school teachers to interact with heatmaps to
observe what parts of the classroom they visited more and which
students they interacted longer with. To achieve this, small trackers
were embedded into furniture and students' shoes. An et[d]
presented a set of tangible lamps that can be located on students'
desks that would change their colour to re ect the amount of time
a teacher has spent in close proximity to some groups. Similar
work was presented by Martinez-Maldonad®0] who provided a

Several attempts to scale up direct classroom observations have hand-held device showing a heatmap of the locations of groups of

been developed using video analysis. For example, Retjapplied
tracking algorithms to investigate the impact of the teacher's posi-
tion on the level of attention of a large audience. A similar goal was
set by Watanabe et aJ]91] by tracking lecturers' and students' faces
from video data, while Bosch et gl11] tracked teachers, gestures

students in the classroom.

2.3 Movement Visual Analytics
As a related realm, movement visual analytics [6, 7] has been con-

and slide transitions by analysing subtle changes between video cerned with questions related to the representation of movement,
frames in lecture presentations. Ahuja et 2] applied similar and more broadly of spatial and temporal data. A series of studies
tracking algorithms using a multi-camera setup to detect teachers' have explored aggregating di erent types of data or representa-
and students' head and body orientations and gestures. The assump-tions as additions to location data (e.g. GPS or in-door positioning
tionin all cases is that teachers deliver a class from the 'front' of the data). For example, Flower Diagran® have been used to rep-
classroom (hence, the tracking is restricted to a section of the room) resent spatiotemporal events at the scale of a city. Hyougo et al.
while students remain seated. Yet, from K-12 to higher education, [37] presented the Amoeba visualisation to portray people's move-
novel classroom design approaches (such as open learning spacesment between metro stations. Many more spatial-temporal analyses
[70, exible classrooms §7]) are challenging lecture-style prac-  of geographic scaled data have been preseng&@§. The sport
tices. As a result, new analytics approaches are needed to generatevisualisation literature also tackled the question of representing
a deeper understanding of the spatial behaviours in such dynamic movement, orientations, and spatial relationships between people
classroom spaces. To summarise, rstly, none of these previous [64. For example, Vleugels et aB{] used trajectories to assess
works provided accurate positioning traces and distances among team strategies in ice hockey. SoccerStori&g pupported analysts
people and classroom resources. Secondly, while video permits rich to better understand soccer data, e.g., player's position, passes and
activity capture, it provides no support for quickly seeiragtivity goal attempts. Other tools, such EagleVie®d[ have been used
patternsthat need to be understood by learners (whether students, to tack people's interactions in video using proxemic dimensions,
or teachers in a professional development context). such as distance and orientation.
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At the scale of indoor spaces, positioning data are most often
used in analysing people's spatial patterns (e2y, B 1]). Meanwhile,
trajectories have also been frequently studied to understand crowd
behaviors in shopping centre®9f and museums44]. However,
people's body orientation is rarely separated from their moving
directions in indoor movement analytics, since existing research
mostly concerns people's location, movement, or trajectory pat-
terns rather than their attention patternsZ]] (i.e., which directions
they attend to). All previous work on proxemics is a motivation to
explore their application and usefulness in educational. In terms
of classroom proxemics, teachers' rotation data is as important as
their location and movement datsb]: without rotation data, it is
unclear which adjacent students the teacher is facing, and whether
ateacher seems to under- or over-attend to certain directions. In the
case of nursing students, rotation is important to validate aspects
such interpersonal interactions, where the majority of intensive
and delicate interpersonal transactions occuts]| or to identify
facing-formations (f-formations), which indicate the ways people
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evaluated with teachers. Furthermore, in the absence of sound vi-
sualisation design that can be shown to aidnsemakingnriching
activity data with such attributes adds no value to stakeholders
seeking insights. We therefore pose the following two applied re-
search questions, concerning the potential for sensemaking that
dandelion diagrams o er by adding body orientation cues to spatial
visualisations:

RQ1:To what extent do dandelion diagrams enable teachers'
sensemaking of classroom spatial behaviours?

RQ2:To what extent might dandelion diagrams help improve
teaching practice?

3 EDUCATIONAL CONTEXTS

This section describes the two learning contexts (A and B) this
paper focuses on and the tracking system used. Campos €t 4]l
suggest that it is critical to understand the variations in interpreta-
tions of learning analytics visualisations depending on the di erent

cluster so that they can have direct and equal access to one another roles an educator plays. In Context A, the teachers play the role
(for example in side-by-side, face-to-face, in a circle or L-shapes). Of re ective practitioners [77] regarding their own practice and

F-formation analysis has enabled HCl and CSCW research to un-

that of other teachers, while in Context B, teachers re ect on their

derstand how teams coordinate and communicate to achieve tasks Students’ performance and spatial behaviours. The contexts are in

including collaborative information-seekingif], healthcare 4,
and even cooking [61].

2.4 Information Visualisation and
Sensemaking

Sensemaking a term used in several literatures, providing com-
plementary perspectives on how people grapple with information

widespread use internationally, and as such, provided representa-
tive test-beds to evaluate the classroom analytics. Context A focuses
on co-teaching in a laboratory classroom and Context B focuses
on student teamwork in healthcare simulation. This illustrates the
technical feasibility of visualising the spatial behaviours of the two
main active educational stakeholders in most regular classrooms:
teachers and student2([]. Moreover, in both educational contexts
the development of spatial competencies is especially crucial for

overload, ambiguity and the need to make high stakes decisions Professional development (e.g., refer o] and [89 for contexts

under pressure. For instance, Weic8] draws attention to the

ways in which professional teams (e.g. in emergency response) con-

struct "plausible narratives" given dynamic environments; Dervin

[19 studied information seekers' responses when their goals are
obstructed in some way; within the CHI and InfoVis communities,

Russell et al. 14 studied intelligence and business analysts, high-
lighting the central role of evolving representations to organise

data to augment the limitations of human reasoning. Emerging
from the latter work, a key HCI vision was summarised by Card

[15] in a 2004 keynote address:

A and B, respectively).

3.1 Learning Context A: Co-teaching in the
Science Lab

The rst learning context involves weekly % hour laboratory
classes (labs) of a rst-year undergraduate Science unit at University
of Technology Sydney, in which students run physics experiments.
The lead teacher and a teaching assistant co-teach each lab with
typically 30-40 students working in 10-13 teams of 2-3 students
each. Positioning data of both teachers was captured from eighteen

“[...]the purpose of information visualization is insight, or more |55 randomly chosen (1-18). All labs were conducted in the same

particularly, alarger process_that might pe galled sen§emaking. ['_"]16.8m x 10m classroom (see Figure 2, top) equipped with work-
sensemaking systems combining visualization (the mind's eye) withyanches, a lectern, a whiteboard, and multiple laboratory tools. A

semantic content analysis and sensemaking operations (the mindigyiteq number of photos were shot during the classroom sessions.
muscle)."

Our work addresses this challenge, seeking to demonstrate how
visualisations summarising complex, multimodal activity data can
be better designed to give educators and students insights.

3.2 Learning Context B: Teamwork in Nursing
Simulation

The second learning context involves 11 classes taught in an un-
. dergraduate Nursing unit at University of Technology Sydney. Ap-
2.5 Research Questions proximately 25 students typically attended, organised in teams of
To summarise, thus far, signi cant advances have been made in the 4-6 students, each performing a simulation (average duration 1.09
design of (proxemics) theory-based infrastructure for classroom hours, std=14.35) around a patient bed in a training ward (see Figure
analytics, but a key feature of human spatial behaviour has been 2, bottom). One team of the ve in each class volunteered to be
missing to date location integrated with body orientatioand video-recorded and have their positioning data recorded. Students
the very limited analytics work on this has not been empirically  are expected to learn how to work e ectively as a team when a
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