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Figure 1: Formation in a dance choreography as a planned schematic on the left, in the real performance in the middle, and a visual
comparison of the two on the right. The timeline at the bottom gives an overview of the team’s precision throughout the performance.

Abstract
Sports visualization has developed into an active research field over the last decades. Many approaches focus on analyzing
movement data recorded from unstructured situations, such as soccer. For the analysis of choreographed activities like formation
dancing, however, the goal differs, as dancers follow specific formations in coordinated movement trajectories. To date, little
work exists on how visual analytics methods can support such choreographed performances. To fill this gap, we introduce a
new visual approach for planning and assessing dance choreographies. In terms of planning choreographies, we contribute a
web application with interactive authoring tools and views for the dancers’ positions and orientations, movement trajectories,
poses, dance floor utilization, and movement distances. For assessing dancers’ real-world movement trajectories, extracted by
manual bounding box annotations, we developed a timeline showing aggregated trajectory deviations and a dance floor view for
detailed trajectory comparison. Our approach was developed and evaluated in collaboration with dance instructors, showing
that introducing visual analytics into this domain promises improvements in training efficiency for the future.

CCS Concepts
• Human-centered computing → Visual analytics;

1. Introduction

The representation and analysis of data from different sports have
developed into a growing research field in the visualization com-
munity [PVS∗18, DY21]. It is spread across a multitude of dif-
ferent categories; popular ones include soccer analysis [SJL∗18],
table tennis [WLS∗17], and also categories focusing more on in-
dividuals, such as running [CM21]. In this work, we focus on
choreographed group dancing using the example of Latin forma-
tion dancing, a lesser-known team sport that has only seen little

visualization-related research so far. In this sport, formation teams
of up to eight couples compete with each other by performing
choreographies that consist of the five Latin dances: Cha Cha Cha,
Rumba, Samba, Jive, and Paso Doble. Internationally, the sport is
regulated by the World DanceSport Federation [Wor23] that in-
cludes national regulatory bodies like the German Dance Sport
Association (DTV) [Ger98]. Dancing coordinated choreographies
with multiple couples performing the same dance steps to create a
coherent impression presents additional challenges over those al-
ready found in single couple dancing. Important scoring factors are
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technical dancing ability and difficulty, synchronicity, the forma-
tions formed on the dance floor, and the transitions between them.
The latter are a large part of the choreographic performance. Each
dancer or couple has an assigned position on the dance floor to
create moving and momentarily stationary formations. Such for-
mations include lines, diagonals, squares, or diamonds. According
to the DTV [Ger98], they are scored based on the precision of lines,
equality of distances, symmetry, variety, and whether they are mov-
ing or stationary. Planning the formations in a dance choreogra-
phy and the transitions between them, communicating them to the
team, practicing them, and assessing them during training and per-
formances are some of the most challenging aspects of formation
dancing. Planning takes place on paper or with the help of rudi-
mentary tools. Formation definitions are often shared as static PDF
files, which are hard to update and make it difficult to analyze the
formation transitions before training begins. The assessment of the
precision of formations in performances is only supported through
video recordings. Visual analytics methods can provide means to
support such tasks for choreographed formation dancing.

In this work, we expand on earlier research [BDS∗23] to fill this
gap and present a design study that introduces a new visualization
approach for planning and assessing the formations in dance chore-
ographies. Although the design study was conducted with the ex-
ample of Latin formation dancing, the presented approach should
be suitable for most group dances that give importance to the spa-
tiotemporal arrangement of dancers. To gain a deeper understand-
ing of the tasks and requirements in this domain and to design an
approach that fulfills the needs of formation teams, we collaborated
closely with three formation instructors. As a result of our work,
we make three primary contributions. First, we present a detailed
description of tasks and requirements for planning and assessing
formations in the choreographed dancing domain. Second, we in-
troduce ChoreoVis, a visual analytics approach for planning and as-
sessing the formations in group dance choreographies developed in
close collaboration with formation teams and instructors. Finally,
we discuss a case study of ChoreoVis to demonstrate its applica-
bility and benefits to the iterative workflow of planning, sharing,
practicing, and assessing group dance formations. In addition, we
present the results of an expert study of our choreography planning
approach that helped us to improve the approach further.

Our collaboration and results show that using visual analyt-
ics methods in choreography planning and assessment promises
improvements in training efficiency. The developed prototype for
planning was well received. ChoreoVis has been successfully em-
ployed by our collaboration partner in the last eight months to plan
and train their new formation choreography, with more study par-
ticipants voicing their interest in using the approach for their train-
ing. We continuously improve ChoreoVis with new features and
quality enhancements thanks to the ongoing collaboration.

2. Background and Related Work

Our work is related to several subareas in visualization research.
They are sports visualization where the depiction and analysis
of movement data often play an important role. Furthermore, in
our work, movements are extracted from and visualized in video
footage. Besides that, our approach offers visual authoring sup-

port. Finally, since dance choreographies are always planned and
aligned to music, music visualization that typically uses some se-
quential time-based representation also deserves consideration.

2.1. Video, Sports, and Movement Visualization

We present a visualization approach combining abstract visu-
alization for planning and video-based analysis for assessment.
Hence, we see our work grounded in the field of video visualiza-
tion [AGH∗23, BCD∗12] and video visual analytics [HHHW15,
TSK∗15]. We address trajectory data extracted from videos,
which was investigated in numerous domains (e.g., surveil-
lance [HHHW13, MI13], medicine [DTW∗13], sports [POJC01,
SJL∗18]) but not for the assessment of pair dance performances,
which poses multiple new challenges for visualization design, es-
pecially with a target group not consisting of visualization experts.

In their survey about data visualization in sports, Perin et
al. [PVS∗18] categorized techniques based on (1) the data, (2) the
sport, (3) the scientific contribution type, and (4) the included eval-
uation. According to this scheme, our approach focuses on track-
ing data. Academic publications in this category cover all famous
sports from soccer [SJL∗18], tennis [PYHZ14, PJHY19], basket-
ball [CLX∗16], and baseball [DKVS14], to cycling [Woo15], and
running [CM21,NWVG19]. Only one publication is listed as other
sports, i.e., table tennis [WLS∗17]. The body of existing work com-
prises visual analysis approaches for individual and team behavior.
Most of these disciplines have in common that the sports actors
react in specific situations and analysis focuses on the detection
and interpretation of such events. With Latin formation dance, we
investigate a new sports category that has been barely addressed
in visualization. Compared to other sports, event sequences here
are strictly planned and have to be coordinated between dancers. In
terms of contribution, we categorize our work by providing a design
study that involves sports actors and a new visualization technique
covering the most important steps to support dance instructors. The
evaluation is categorized by a case study and collaboration with
sports actors, which are common methods according to the survey.
Lin et al. [LCB∗23] additionally stress the importance of closely
working with sports experts when designing sports visualizations.

Our planning approach includes views for analyzing athlete per-
formances via heat maps and trajectory maps. Such visualizations
are common in sports like basketball [LTB16] and soccer [SJL∗18]
but have yet to be applied to formation dancing. Moreover, their
target group is often spectators rather than sports actors. How-
ever, Page and Moere [PM06] call for more visualization tech-
niques tailored to athletes. Menzel et al. [MTM23] introduce a
technique for automated analysis and evaluation of synchronicity
in dance performances, an important factor in formation dancing.
Their method is also video-based and enables the automated com-
parison of extracted body poses with an audio track to identify
whether the dancer is on beat. Another technique that proposes the
video-based analysis of dance performances is DanceVis by Guo et
al. [GZX∗22]. Similar to our methodology, they collaborated with
experts in designing their technique, which is focused on evaluat-
ing a dancer’s performance by automatically calculating scores for
different criteria. Neither approach considers dance groups or con-
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cerns itself with dance formations. Instead, they focus on move-
ments and synchronicity of individual dancers with the music.

2.2. Interactive Authoring, Music and Time Visualization

Interactive visual authoring is an indispensable tool in numerous
domains today, including graphics, photo and video editing, and
many more. Authoring approaches gain more interest in visual-
ization research as well, either as a means to help users create
data visualizations [RLB19], convey visual results through story-
telling [TLW∗20], or augment and support the generation of other
products. The degree of freedom in terms of how much the out-
come can be influenced by authors strongly varies depending on
the difficulty and abstraction of the task, from very fine-grained,
manual editing possibilities to strongly machine learning-supported
processes with a higher level of automation. Here, we particularly
focus on authoring approaches that consider temporal information
and spatial positioning tasks.

Recently, Offwanger et al. [OBCT24] suggested an authoring
tool for temporal information that gives authors more freedom re-
garding the orientation and placement of visually represented time-
lines and associated information. Tang et al. [TLW∗20] proposed a
visual interactive system with machine learning assistance for sup-
porting visual storytelling tasks. Our approach incorporates an au-
thoring component that supports trainers in editing and planning
new choreographies. Such planning tasks include setting up the po-
sitions of couples in dance formations, considering the transitions
between such formations, and aligning them to the music and over-
all sequence of the choreography. As opposed to many of the men-
tioned tools for telling stories to broader audiences, the component
in our approach focuses on creating an abstract choreography de-
scription that supports dancers and instructors.

Existing research prototypes with a focus on authoring dance
choreographies, like ChoreoGraphics from Schulz et al. [SMV13]
and DanceStudio by Muhammad [Muh09], allow to capture dance
movements, create simple formations based on constraints, and
check transitions for collisions. There are also some commer-
cial tools for choreography authoring like StageKeep [Sta23],
FORMI [HOL23], and ArrangeUs [Ste23] that offer more polished
user experiences, support collaboration, mobile use, and synchro-
nization with music. They focus on defining the dancers’ positions
and animating transitions between them. However, existing tools
lack the extensive analysis features and views proposed in our ap-
proach and offer no solutions for assessing performances.

The visual representation of temporal data has been a research
area in visualization for a while now [AMST11, BLB∗16]. Chore-
ographies are designed and planned to fit the music. Musical data
can be seen as an inherently temporal or sequential type of data. Ac-
cordingly, this sequence needs to be represented in a respective au-
thoring tool. Different from other visual representations of musical
data [KKM∗20], the alignment of choreographic formations with
the musical part in our approach takes place on an abstract level.
The realization of this sequential aspect and the alignment of the
choreography to it is therefore realized in a more abstract way than
usual when supporting the analysis of sheet music [MRKEA22],
composing music [RHWS22], music recommendation [SI11], or

practicing musical performances [HS22]. Our approach uses dis-
crete modeling [AMST11] of music (play time) in a linear timeline
representation. Only the bars of the piece, which need to be aligned
with the dance formations of the choreography, are shown.

3. Domain and Requirements

In the development of ChoreoVis, we followed a user-oriented ap-
proach that heavily leaned on the design study methodology pro-
posed by Sedlmair et al. [SMM12]. We first conducted group in-
terviews with experts to understand the tasks and problems in this
domain, identify design requirements, and determine what data has
to be processed. Consequently, our design resulted in two compo-
nents: (1) a visualization approach for interactive planning and (2) a
video visualization to link the actual performance with the planned
choreography and assess the deviations from it. For the former, we
conducted two interviews for requirements elicitation and to collect
feedback as well as a think-aloud study for the evaluation. For the
latter, we also conducted a group interview to elicit requirements
and collect feedback on mock-ups of our visualization ideas. The
transcripts are included in the supplemental material.

3.1. Method

In the following, we describe the three semi-structured group inter-
views [Woo97] that we conducted with up to three experts with 24
years of combined experience as formation instructors. Transcripts
were produced for each interview, which are part of the supplemen-
tary material. Based on these, we derived a workflow for chore-
ographing and practicing dance formations, detailed in Section 3.2,
and the requirements for our approach, listed in Section 3.3. In
addition, we had frequent informal conversations with instructors
and dancers to deepen our understanding of the domain and receive
feedback for our approach. Finally, to evaluate the interactive plan-
ning prototype, we conducted a think-aloud study [BR00] with four
experts that we report on in Section 6.

Interview 1 The goal of our first interview was to gather require-
ments for the visualization approach for interactive planning. We
also gathered general information about the existing process of
creating choreographies and formations and about previous experi-
ence with digital tools. As a result, we documented the workflow
described in Figure 2 and current limitations and specified the re-
quirements R1 to R6.

Interview 2 During the development phase, we presented an early
version of the ChoreoVis planning prototype to two of our experts to
collect feedback. During this one-hour session, we mainly received
positive feedback from the experts. Our demonstration also inspired
additional feature requests, mainly concerning the usability of the
editing features, which led to the refinement of requirement R2.

Interview 3 A third interview with two of our experts, which
lasted around one hour, aimed to understand their evaluation of
the precision of the formations in a performance. Subsequently,
we elicited requirements for a video-based trajectory comparison
approach to aid in this workflow and discussed first mock-ups of
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Figure 2: The iterative process of choreographing and practicing dance formations. ChoreoVis directly supports all steps except the practice
of the choreography. We mainly address instructors, but the planning application can also be utilized for memorizing the formations.

our ChoreoVis assessment prototype to refine the design of the ap-
proach. As a result, we gained insights into the assess step of our
workflow and specified the requirements R7 to R9.

3.2. Tasks, Workflow, and Current Limitations

In the following, we describe our understanding of the domain
gained through the collaboration and interviews with formation
instructors (Section 3.1). We identified a workflow regarding the
planning, training, and assessment of formations that is illus-
trated in Figure 2. It comprises tasks for formation instructors and
dancers. Instructors first plan and analyze the formations in a chore-
ography. Dancers then memorize and practice the formations dur-
ing training. Finally, the instructors assess the dance performance
to identify issues that have to be addressed by more practice or by
adjusting the formations.

Planning Formations We learned that planning the formations
and transitions is usually the second step in creating a dance chore-
ography. Choreographing the actual dance movements is the first
priority. Once they are set, choreographers and instructors move on
to planning formations that fit the movements to create an over-
all coherent dance impression. Our domain experts have differ-
ent approaches to planning the formations in their choreographies.
Some prefer to brainstorm by drawing them in a Cartesian coordi-
nate system on paper first and digitizing them later. Others directly
use a software tool to try out different ideas. During our first in-
terview, the experts explained that the currently employed tool is
proprietary, not publicly available, and no longer maintained. Its
functionality is limited to the definition of the individual positions
within formations without the possibility to define further charac-
teristics like orientations, transitions, and point definitions. More-
over, it lacks our approach’s analysis features, and choreographies
can only be shared as static PDFs. Furthermore, planning the for-
mations is often a collaborative process, but the tool’s proprietary
data format and offline nature hinder successful collaboration be-
tween instructors.

Analyzing Formations Features that aid the theoretical analysis
of the formations and transitions in this early design stage are
mostly missing from currently employed tools. The consequences
are many iterations of the choreographed formations because issues
are not discovered before practice. This time-consuming and frus-
trating process for the team could be made more efficient by offer-
ing analysis techniques to identify and mitigate potential problems
before practice.

Memorizing Formations Once the choreography has been
planned, the formations are shared with the team so that they can
memorize their positions. Currently, this is done in the form of
complex and lengthy PDF files that can have up to hundreds of
pages. For each formation, they usually contain a drawing in a co-
ordinate system, a table listing the positions, and additional remarks
from the instructors. When memorizing their positions, dancers of-
ten focus on behind or next to whom they are supposed to stand in
a formation in addition to their absolute position.

Practicing Formations To practice the realization of the forma-
tions in their dance performance, teams place distance markers
around the dance floor as a guide for arranging themselves in the
formations. Dancing short passages and assessing the formations
is repeated frequently, making this a critical cycle in the practice
workflow. Furthermore, we noticed it is common for dancers to
look up their positions during training sessions. Therefore, pro-
viding responsive solutions that can be accessed from mobile de-
vices during practice is essential. When a team starts to learn a new
choreography, it is common to discover problems in the formation
transitions that went unnoticed during the planning stage. As ad-
justing the formations is time-consuming, minimizing the neces-
sary changes during practice would lead to a more streamlined and
efficient training experience.

Assessing Formations Instructors constantly assess the team’s
performance during practice sessions to identify mistakes and pas-
sages that require more training. To this end, they use distance in-
dicators around the dance floor to estimate if dancers are standing
on their assigned positions. However, more importantly, they look
at the team as a whole, often from an elevated viewpoint, to spot
formations that are off. A common tool to aid the assessment is
recording and analyzing videos of the performance to identify is-
sues. Videos also offer the possibility for dancers to assess their
own performance and to spot opportunities for improvement. Be-
yond that, our experts were unaware of any existing software tools
that support assessing choreographed dance performances.

3.3. Requirements

As mentioned before, we conducted multiple group interviews to
gather requirements for our ChoreoVis approach. Table 1 lists the
requirements for an interactive formation planning prototype (R1
to R6) and for a prototype for visually assessing the realization of
the formations in a dance performance (R7 to R9).
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Figure 3: Bounding box annotation for individual dancers, the 2D position is determined by the center-bottom point of the bounding box.
Coordinates are then transformed from video space to planning space for comparison with the planned formations.

Table 1: The requirements for our ChoreoVis approach that were identified in the expert group interviews.

Pl
an

R1 Show Positions A simple way to visualize the formations and see the dancers’ positions in them.
R2 Easy Editing The possibility to easily create and edit formation definitions.
R3 Show Orientations Show the head and body orientations of the dancers in a formation.
R4 Show Transitions Visualize the transitions between formations.
R5 Analyze Formations The possibility to analyze the transitions and the choreography’s utilization of the dance floor.

R6 Show Poses
The possibility to view formation definitions in 3D to get a more realistic impression of the formation,
including the dancers’ poses.

A
ss

es
s

R7 Find Issues An overview of the precision across the entire performance to quickly identify problematic parts.

R8 Analyze Deviations
The possibility to analyze which dancers did not hit their positions in a formation, by how far they
were off, and to communicate these findings to the respective dancers to aid their training sessions.

R9 Validate Findings Validating the findings made with the technique by linking them back to the video.

4. ChoreoVis

In the following, we present ChoreoVis, our novel approach for
interactive planning and assessing formations in dance choreogra-
phies developed to solve the tasks and fulfill the requirements de-
scribed in Section 3. The approach is implemented as a web-based
prototype using React and D3.js [BOH11] with a responsive design
to support mobile usage scenarios during training. The planning
component of the approach is actively used by our collaborators
and continuously updated to incorporate their feedback. We first
discuss the data processing steps necessary for the approach before
introducing the interactive planning prototype and, finally, the tech-
nique for visual assessment of choreographed dance performances.

4.1. Data Processing

The formations for planning are saved as JSON files. Formation
assessment additionally requires trajectory data of each dancer and
a projection of coordinates from the performance to the planning
coordinate system.

Annotation of Dancers To obtain this data, we extracted the tra-
jectories from the video of a dance performance. An example of
a danced choreography from our collaborators is discussed in Sec-
tion 5. The presented example was manually annotated with bound-
ing boxes for each dancer. We used a framework that was also ap-

plied to label moving objects in eye-tracking videos with keyframe
annotation and interpolation in-between [KHW14]. The resulting
trajectories are saved in the form of an XML file that stores the
position of each bounding box in each frame.

Perspective Transformation The data at hand is located in the
two coordinate systems: (1) the planning space and (2) the video
space. Hence, a transformation from one space to the other has
to be defined to make actual and planned trajectories comparable.
We used OpenCV [Bra00] to project the positions of the bound-
ing boxes in the video to positions in the virtual planning space.
The transformation matrix was defined by correspondence points
on the dancefloor and the grid in the planning space.

The resulting trajectories in planning space are defined by the
bottom-center point of a bounding box per video frame (Figure 3).
The formation definitions, trajectories, and transformed trajectories
serve as input for our formation assessment technique.

4.2. Visualization for Planning

The first component of our ChoreoVis approach covers the plan,
analyze, and memorize tasks of the workflow described in Figure 2.
The intended user groups of the web-based prototype, shown in
Figure 4, are formation instructors and dancers. It is divided into
an editing mode for the instructors and a viewing mode for instruc-
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Figure 4: Interface of the choreography planning prototype: (a) the dance floor visualization shows the position of each dancer or couple in a
formation, (b) a timeline shows the temporal arrangement of the formations, (c) a toolbar for changing views and navigating the formations,
(d) a quick access menu for common edit tools, (e) the visualization legend, (f) a bar chart showing the distance moved between formations
for each dancer, and (g) an app bar for loading and saving choreographies, switching between viewing and editing modes, and settings.

tors and dancers designed primarily for mobile use during their
practice sessions. Editing is restricted to desktop browsers as it
requires complex user interactions. A visual representation of the
dance floor (Figure 4 (a)) shows the dancers’ positions in the for-
mations (R1). The timeline (Figure 4 (b)) shows the temporal ar-
rangement of the formations. A toolbar (Figure 4 (c)) allows nav-
igating between formations, adding new formations, and switch-
ing between views. Next, we will go into detail about the different
views that are part of the planning prototype.

Dance Floor View The dance floor view (Figure 4 (a)) consists
of a Cartesian coordinate system representing the dance floor.
Dancers’ and couples’ positions are represented as dots; a small
arrow indicates the front of the dance floor. Our experts pointed
out that the consistency, i.e., the spatial relationships between the
dancers, is more important than the absolute positions on the dance
floor. Our approach facilitates this style of training by highlight-
ing all direct neighbors of a dancer or couple when hovering over
them (R1). In the editing mode, users can move dancers or cou-
ples to a new position via drag and drop. A brush can be used to
select and edit multiple dancers and couples together. The quick
access menu (Figure 4 (d)) provides the ability to rotate selected
lines with a slider (R2).

Timeline The timeline (Figure 4 (b)) shows the temporal arrange-
ment of the formations. Colored lines indicate the different dances
that make up the choreography. Each dance consists of multiple
bars in the music that are reflected in the timeline by rectangles in
alternating shades of gray. This concept allows for precisely plac-
ing the formations in the choreography’s music. A small preview

of a formation is shown when hovering over it to facilitate easy
navigation. The temporal position of a formation is adjustable.

Orientation View The dancers’ head and body orientations are
encoded through glyphs that are displayed in the orientation view
(Figure 5 (a)). The glyph consists of two semicircles with a lighter
and a darker color, where the darker semicircle indicates the body
orientation. A black line indicates the orientation of the head, mim-
icking a nose (R3). We arrived at this design after multiple iterations
as it is intuitive to understand. Users can change the orientation of
one or multiple dancers using sliders (R2).

Transition View The transition view shows the current formation,
the previous formation, and the dancers’ transitions between them
in a single visualization (Figure 5 (b)). The transitions are calcu-
lated as piece-wise linear functions as a best-effort estimation of
the paths taken by the dancers. They are represented by lines (R4)
that are colored using the RdYlBu diverging color scheme to en-
code the temporal dimension of the transition. This is particularly
useful for identifying potential collisions of dancers already dur-
ing the analysis process, recognizable by intersecting lines with
similar color values (R5). The viewing mode provides an alterna-
tive analysis method by animating the transitions in the dance floor
view (R4). To specify transitions more precisely, users can add way-
points to them in the editing mode. This is done by clicking on a
bar in the timeline to specify at which point in the choreography the
waypoint is defined. Subsequently, the waypoint can be moved in
the transition view via drag and drop to specify the transition (R2).
An important factor during the analysis of transitions is the distance
that dancers have to move between formations. For this reason, a
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Figure 5: Included views: (a) the orientation view shows the position and orientation of each dancer in a formation, (b) the transition view
shows the routes dancers take between formations and reveals potential problems, (c) the point definition view shows for which body part
of which dancer in a couple the position is specified, (d) the shape view shows geometric abstractions of formations, (e) the 3D view shows
dancers’ poses, and (f) the heatmap shows the utilization of the dance floor.

bar chart (Figure 4 (f)) accompanies the transition view and visual-
izes the length of each dancer’s path in meters (R5).

Point Definition View The point definition view (Figure 5 (c))
gives a more precise definition of which dancer of a dance couple
and which part of a dancer’s body is standing on the defined point
in the formation (R1). The options for this definition are the center
between a dance couple and the body center, right foot, or left foot
of a dancer. We use foot-shaped glyphs as an intuitive encoding for
this information in the view. A left or right foot pictogram repre-
sents the respective information, while two feet represent the center.
Color is used to encode the dancer in a couple that is standing at
the defined position. In the edit mode, clicking on a dancer or dance
couple allows selecting the body part from a list of options (R2).

Shape View The goal of the shape view (Figure 5 (d)) is to im-
prove the memorability of formations by providing an abstraction
of them. This directly supports the memorize task. These abstrac-
tions are geometric shapes, which can be basic building blocks of
formations, such as diamonds or rectangles. They are defined by

the convex hull of a user-created selection of dancers. We decided
against the automatic recognition of shapes as dance formations
contain many different shapes that do not all boost memorability.

3D View A three-dimensional view (Figure 5 (e)) is intended to
show the poses of the dancers in a formation (R6). We decided to
use a 3D visualization to avoid having users learn complex glyph
designs. Thus, each dancer is represented by a three-dimensional
avatar on the dance floor at the position and with the orientation
from the other views. In the editing mode, a pose editor is shown
on the right side of the interface. Here, users can select joints from
a drop-down menu and change their rotation using a transform con-
trol directly on the avatar to create complex poses. To avoid repeti-
tive work, the pose can be applied to multiple dancers at once (R2).

Analysis View The analysis view (Figure 5 (f)) aims to give in-
sights into the choreography with a heatmap that provides an
overview of the utilization of the dance floor throughout the chore-
ography, where the color of a position indicates how often a dancer
is standing on it in a formation (R5). The positions during transi-
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tions are not considered in the heatmap as they are not an essential
quality metric for the choreography. Next to it is a bar chart (Fig-
ure 4 (f)) that plots the dancers’ accumulated movement distances
over the entire choreography.

4.3. Visual Assessment of Dance Performances

In current practice, instructors assess performances typically by
manual video analysis without additional support through visual-
ization techniques. To improve this procedure, we link the video of
the performance with the planning view (Figure 6). We apply a de-
rived perspective transformation to the bounding box data from the
video (Section 4.1), which allows displaying the video positions in
a similar way as the planned positions.

Dance Floor View For a selected time step, the abstract represen-
tation shows the planned position as small circles and the actual
position as big circles connected with a line (Figure 6 (a)) to help
assess the deviation from the defined formation (R8). We use the
YlOrRd color scale to encode the deviation additionally by color.
Correct positions are indicated in yellow, while strong deviations
are displayed in red. Individual dancers can be selected and are
also highlighted in the video.

Video The video (Figure 6 (b)) is an integral part of the analy-
sis (R9) and will be assessed in similar ways by the instructor as
defined by established practices. However, the visualization sup-
ports identifying individual problems and keeping track of dancers.
Selected dancers are highlighted, and their performance over time
can be investigated with the difference timeline.

Difference Timeline On the timeline, we encode the mean square
error of deviations from the original position over time (Fig-
ure 6 (c)). The timeline shows calculations based on selected
dancers, allowing to assess the whole team, couples, and individ-
uals. Additionally, the individual dance formations are marked on
the timeline to ease the identification of difficult parts in the chore-
ography (R7).

5. Case Study

To demonstrate the applicability of our ChoreoVis approach, we
describe a case study that covers the workflow’s plan, analyze, and
assess stages based on a real formation choreography. Our proto-
types and the described data can be found in the supplementary
material.

5.1. Data

The data used in the case study is from a Latin formation choreogra-
phy adapted and performed at competitions by the formation team
we are collaborating with. The choreography lasts five minutes and
50 seconds and comprises 57 formations. Our collaborators pro-
vided us with the formation definitions in the form of a PDF file
and a video recording of a performance at a formation competition.
The video was recorded from an elevated position in front of the
dance floor and is slightly off-center. The front left corner of the
dance floor is not visible in the video, which is negligible as that
area is not used in the performance.

5.2. Choreography Planning and Analysis

Based on the definitions in the PDF file, we recreated all 57 forma-
tions using our interactive planning approach. Thanks to the easy
positioning of the dancers via drag and drop and the possibility of
duplicating formations before applying minor changes to them, this
process was fast and straightforward. We made our prototype and
the recreated choreography available to our collaborators for them
to use during training sessions and to analyze and memorize the
formation definitions. The team used the prototype frequently for
eight months to look up positions during practice and make minor
adjustments to some of the formations. It was received enthusiasti-
cally by dancers and instructors, who also gave frequent feedback,
which we used to improve the prototype, like adding the possibility
to use the arrow keys for navigation.

Subsequently, we discuss the applicability of the developed
views to some of the cases in the choreography. Figure 5 (a) shows
how the orientation view gives a quick overview of head and body
orientations in a formation. In this example, the ladies form two
lines in the middle of the dance floor. The glyphs indicate that
they look towards the front while their bodies are oriented to the
right. Meanwhile, the gentlemen form two diagonals, their bodies
oriented forward in the pose while their heads look outward. The
formation transition view shows that the path of Lady 6 and Gen-
tleman 7 are crossing during the transition in Figure 5 (b). The lines
having almost the same color at their intersection indicate a poten-
tial issue in the transition that should be addressed when training
the respective passage. Indeed, this problem came up in practice
and was resolved by Lady 6 waiting for Gentleman 7 to pass first
before moving to the front since the distance she had to cover was
much shorter. The distance bar chart reveals that she has to move
only 2.2 meters while the other dancer has to move 4.6 meters with
the same steps in the same amount of time, making such a fix rea-
sonable. To form precise lines in a formation, dancers must have the
same understanding of a point definition. In wide-legged poses, it
can make a drastic difference which foot dancers put on the defined
point. As seen in Figure 5 (c), the point definition view clarifies this
matter. In this example, all dancers must put their right foot on the
point to form straight diagonals. Regarding the dance floor utiliza-
tion, the heatmap in Figure 5 (f) indicates that the choreography
utilizes the dance floor uniformly without any striking differences.

5.3. Performance Assessment

To extract the dancer trajectories from the video, we annotated the
first 82 seconds of the choreography with bounding boxes around
each dancer using the annotation tool introduced by Kurzhals et
al. [KHW14]. As the manual annotation is a time-intensive task,
we deemed it sufficient to annotate only part of the video (cover-
ing ten formations) as this provides enough data for the purpose of
this case study. We then transformed the resulting trajectory data
from the video space to the planning space with OpenCV, as il-
lustrated in Figure 3, using four points in the corners of the dance
floor as reference points. Additionally, we performed a linear in-
terpolation of the discrete formation definitions created with our
planning prototype to obtain intermediate baseline data for each
video frame. To compute the interpolation, we added a time stamp
to each formation definition corresponding to its appearance in the
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Figure 6: Interface of the choreography assessment prototype: (a) the dance floor view shows the difference between defined and danced
positions at a specific time, (b) a video of the performance with the bounding boxes of selected dancers, and (c) a timeline that visualizes the
difference between defined and danced positions over the entire choreography.

video. When the interpolated formation definitions, the trajectories,
and the transformed trajectories are opened in our assessment pro-
totype, users are presented with the dance floor view, video, and
timeline as shown in Figure 6.

In the following, we discuss interesting cases in our dataset. The
timeline shows that the average mean squared error varies between
0.2 and 0.8 meters, with the lowest error at the second formation
and the highest shortly before the sixth formation. Figure 6 shows
the third choreography formation with a mean error of around 0.5
meters. In the dance floor view, the gentlemen in the front are col-
ored dark red to indicate a significant deviation from the definition.
Upon taking a closer look, it is clearly recognizable that they are
standing around one meter further to the right and around one-and-
a-half meters further to the front than defined in the formation. This
finding is indicated by the connecting lines between the actual po-
sitions and the definitions and can be confirmed in the video view.
Furthermore, the visualization indicates that Dancer 1 and Dancer
3 are one meter ahead of their defined positions. Such mistakes
are hard to spot without our approach since the danced formation
looks mostly consistent despite the deviations. However, with the
timeline and the color encoding, they are easy to identify with our
approach.

Another interesting case is the tenth formation shown in Fig-
ure 1. Here, the couples have mostly reached their positions in the
formation except for Dancers 8 and 9 and Dancers 12 and 13 on the
left side, which are still transitioning to their new positions from the
previous formation. Thus, our prototype is also suited for finding
transitions that are not executed uniformly and disturb the coherent

impression of the choreography. Finding such nonuniform transi-
tions is a challenging task with only the video recording.

Finally, the first formation demonstrates why the video view is
essential for validating the findings made in the other views. The
dance floor view shows the dancers in the back deviating signifi-
cantly from their positions. However, upon inspecting the video, it
becomes clear that the dancers hit their positions, and the fault is
with the bounding boxes. Since the bottom half of the dancers in the
back is occluded from sight by the dancers standing before them,
the annotator had to estimate the sizes of the bounding boxes. Since
they are too large, the trajectories are skewed slightly, explaining
the significant deviation shown in the other views.

6. Expert Study

We conducted a think-aloud study [BR00] to collect feedback about
an earlier version of our interactive planning approach that was
still missing the point definition view, the timeline’s separation into
dances, and some usability features. The participants of the study
were four formation instructors who had between 1.5 and 21 years
of instructing experience across all levels of competitive formation
dancing in Germany. Three of the participants were not involved in
the design process of the prototype, and all had previous experience
with tools for planning choreographies. In sessions taking between
60 and 90 minutes, the participants had to solve 19 tasks pertain-
ing to the plan and analyze steps of our workflow while verbalizing
their thought processes. They involved understanding the visual-
izations, creating and editing formations, transitions, and orienta-
tions, and analyzing a predefined choreography. The data used in
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the study were unknown to the participants. They had a 15-minute
training phase to familiarize themselves with the prototype. After-
ward, they rated different aspects of the prototype on a Likert scale
from -2 to 2. Below, we present the results of our analysis of the
participants’ interactions with the prototype, the study transcripts,
and the questionnaire. The task descriptions and transcripts can be
found in the supplementary material.

The participants rated the visualizations as easy to understand,
with a median of 2. They were able to identify positions, ori-
entations, and poses without major problems. Furthermore, they
thought creating new formations and arranging them on the time-
line was simple and fast, with a median of 1.5. The provided tem-
plate formations and the feature to create custom templates were
praised as unique to our approach. The participants regarded the
separation into multiple views and the straightforward user inter-
face especially positively. Two participants highlighted the easy de-
tection of potential collisions in the transition view, which is not
possible with existing tools. Additionally, the participants praised
the analysis views, like the distance bar chart and the heatmap, as
unique features missing in other tools. Similarly, three participants
commented that the 3D view offers novel and exciting features that
add value besides the 2D views. An aspect that was criticized in
the study was the fixed division of a music bar in the timeline into
eight beats, as this is not universally applicable to all dances. One
of the participants suggested replacing bars in the timeline with
dances. Likewise, it was doubted if the shape view is helpful since
the shape of a formation is usually recognizable without a visual
indication. Overall, the participants were enthusiastic about the de-
veloped approach and could solve the given tasks without major
problems. We incorporated much of the feedback into the version
of the approach that is presented in Section 4.2.

7. Discussion

Based on the feedback from domain experts, we could identify
some limitations of the approach. Overall, the approach was re-
ceived well, but some aspects will require further research.

Dance Couple Tracking Our current implementation showed that
with appropriate bounding boxes, an assessment of the quality of
the choreography is possible, and instructors can identify problem-
atic events effectively. However, the consistent tracking of dance
couples poses some practical challenges to state-of-the-art com-
puter vision techniques, as uniform dresses, occlusions, or insuffi-
cient video quality might impair a fully automatic extraction of the
data. We are confident that current approaches for tracking (e.g.,
Doersch et al. [DYV∗23]) in combination with specifically trained
dance couple detectors could provide sufficient results, eventually
combined with a semi-automatic labeling process which could also
be integrated into the existing visualization framework.

Abstract vs. Detailed Planning and Assessment With the pro-
posed planning approach, we make deliberate choices regarding the
level of detail that can be visually represented for a choreography.
On the one hand, it is important to come up with initial formations
quickly, which requires fast and abstract interactive visual means to
represent them. On the other hand, many details, such as poses and

moves of individual dancers and couples that influence the qual-
ity of a choreography, cannot be modeled at a fine-granular level.
Considering the current technical setup our collaborating practi-
tioners have access to, we believe that our solution is close to a
sweet spot regarding necessary abstraction and enough detail for
utilizing the planned choreographies effectively and efficiently for
training. The feedback from the experts supports this assessment.
Given enough resources, it would certainly be possible to add more
details quickly by tracking dancing couples’ movements and us-
ing these as prototypes, which could be incorporated as part of the
planning. This would also make it possible to assess the training
progress at a much more fine-grained level, given such advanced
tracking equipment was available.

Other Application Domains We argue that ChoreoVis can be ap-
plied to any choreographed group activity that includes spatiotem-
poral arrangements. Examples include other group dances like hip-
hop or cheerleading, marching band formations, and theater and
musical performances. However, additional research is required to
confirm this hypothesis.

8. Conclusion

We presented ChoreoVis, a visualization approach for planning and
assessing dance choreographies, using the example of Latin forma-
tion dancing. We also discussed the tasks and workflows of plan-
ning, practicing, and assessing formations and the requirements
that we derived from them for our approach. With an annotated
recording of the dance performance, instructors can assess the per-
formance of individual couples and provide targeted instructions
for improvement. In contrast to the regular assessment by watching
the video, the visualization provides hints where large deviations
from the defined choreography occur and supports more efficient
training. In the future, we plan to address additional scenarios based
on choreographed performances. One remaining issue to achieve
this is the individual differences in required computer vision algo-
rithms to acquire the data for the visualization. We based our tech-
nique on manually annotated data for optimal tracking and seman-
tic coherence of dance couples. Automatic detection and recogni-
tion of dance couples for tracking is desirable but poses a separate
research problem that was not the focus of this work. Professional
dancers and instructors acknowledged the use of visualization and
visual analytics for choreography training very positively. With fu-
ture extensions like immersive analytics techniques that also sup-
port the practice step after feedback from the assessment, training
methods could be extended to teach new choreographies more ef-
ficiently. For now, our collaboration partners successfully adopted
the planning component of our approach in practice to plan and
learn their new choreography.
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