
PRINCETON UNIVERSITY

Dance Studio:
A Choreography Simulation Tool

Author:
Janet LEE

Advisors:
Dr. Robert DONDERO

Dr. Szymon RUSINKIEWICZ

SUBMITTED IN PARTIAL FULFILLMENT

OF THE REQUIREMENTS FOR THE DEGREE OF

BACHELOR OF ARTS

DEPARTMENT OF COMPUTER SCIENCE

PRINCETON UNIVERSITY

May 2020



Dance Studio: A Choreography Simulation Tool Janet Lee

I hereby declare that I am the sole author of this thesis.

I authorize Princeton University to lend this thesis to other institutions or indi-

viduals for the purpose of scholarly research.

Janet Lee

I further authorize Princeton University to reproduce this thesis by photocopy-

ing or by other means, in total or in part, at the request of other institutions or

individuals for the purpose of scholarly research.

Janet Lee

1



Dance Studio: A Choreography Simulation Tool Janet Lee

Acknowledgements

This thesis would not have been possible without the love, care, and support of many individ-
uals, for whom I am extremely grateful.

To Professor Dondero and Professor Rusinkiewicz, thank you for your kindness, support, and
guidance this past year. Although the road to completing this thesis was certainly not an easy one, I
am grateful for your patience in every Thursday meeting, both in person and on Zoom, and for your
continual encouragement that always made this project more of a delight than a burden. Professor
Dondero, thank you for believing in me and for always challenging me to produce high-quality
work and to relentlessly debug for the sake of the user. Professor Rusinkiewicz, thank you for
mentoring me through unfamiliar technologies, and for your continual reality checks and humor
that helped me stay on track. Your support exceeded my expectations, and I am so blessed to have
received so much wisdom from not one, but two, advisors.

To Six14 and Naacho, the communities that inspired this project, thank you for introducing
me to the world of dance. My four years at Princeton would not have been the same without the
countless late night rehearsals, Wa runs, freezing photoshoots, and Heaven weeks in Frist. You
have shown me the joy of dance and have been families to me on campus, and for that, I am so
thankful.

To Phillip, Jessica, Moses, Josh C, Buff, Joane, Jinn, Eunice, Esther, and Amber, thank you
for giving your time and energy to test my application. Whenever I felt downcast, your responses
to using Dance Studio encouraged me to continue working. Without you, this thesis would not be
possible.

To my dear friends, thank you for the most memorable four years at Princeton. To my Spelman
76 cohabitants, it’s been a wild ride - I miss our thesis crying parties, oat milk obsessions, and
mutual lack of respect for personal space. You have truly made Spelman into a home away from
home. To my brothers and sisters in Alabaster Group and Manna Christian Fellowship, I am so
grateful to have been able to run this race together, sharpening one another as we pursue Christ. To
the Sunday prayer group, I can so clearly see God’s abundant love through your selfless desire to
pray for me and my family in this final semester, and for that, I give thanks. To my thesis fairies,
Marisa, Rachel, Joice, and Lillian: thank you for your snacks, prayers, and words of encourage-
ment that have brought so much delight and joy amidst many trials. To Min Ji and Grace, my Zoom
study buddies, thank you for years of friendship that I am sure will continue far beyond Princeton;
this is certainly not goodbye.

To my parents, thank you for loving me and for providing for me so sacrificially every single
moment of my life. I am so deeply indebted to you, and while I cannot pay back all that you have
given to me, I hope to one day love my children the way that you love me. I love you!

Last but certainly not least, thanks be to God my Father. I thank you for all of the people
whom I mentioned above, since, after all, you created us. It is through you and for you that I
dance, through you and for you that I write this thesis, and through you and for you that I do all
things. Thank you for your patience, provision, and unconditional love every single day of my life.
I dedicate this thesis to you. Soli deo Gloria!

And David danced before the Lord with all his might.
-2 Samuel 6:14a

2



Dance Studio: A Choreography Simulation Tool Janet Lee

Abstract

In dance, blocking formations is a critical aspect of choreography; however, there

is currently no way to visualize how dancers will look and move onstage in real

life. This problem often makes choreography a burdensome and intimidating

task and stifles creativity. This paper details the design, implementation, and

evaluation of Dance Studio, an online choreography simulation tool that solves

this issue by enabling users to visualize and animate their formations with 3D

computer graphics. In the application, users can upload music, play the dance

back to see transitions between formations in real time, and anticipate collisions

between dancers. Most notably, unlike other dance applications, Dance Studio

offers users the ability to control dancers’ movement by creating custom non-

linear paths. Through technical analysis and user evaluation, I demonstrate that

Dance Studio successfully provides a medium for choreographers to translate

their ideas from their mind, to the screen, to the stage.
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1 Introduction

Dance is an exciting medley of physical strength and artistic expression; for many, the process of

choreographing is enjoyable, until one must consider how to position dancers onstage. Otherwise

known as “blocking,” setting formations can be quite tedious and challenging because it is difficult

to visualize how dancers will move onstage in real life. Many college dance routines last an

average of 3-5 minutes, containing anywhere from one to twenty or more dancers performing in

the same space. While filming oneself dancing is an effective way to remember the dance moves

for the routine, there is no simple solution to keeping track of twenty dancers’ positions for every

second in a routine. The goal of this project is to resolve this issue by assisting users with creating

choreography.

To better understand how choreographers currently organize their formations, I surveyed ten

student dancers at Princeton. The majority typically keep track of formations by drawing out

each position individually with pen and paper, representing individual dancers with circles or their

initials. While this is an intuitive and quick way to jot down one’s thoughts, the pen and paper

method has several limitations. First, because the choreographer must visualize each formation

change mentally, it is difficult to anticipate collisions between dancers in between formations.

Often, these collisions only become apparent when dancers are actually learning the dance in

rehearsals and end up conflicting with each other while transitioning between formations. At best,

this scenario wastes precious rehearsal time, but at worst, it can result in dancers’ injury. Secondly,

modifying the formations requires erasing and redrawing the formations on paper, which is time

consuming, possibly discouraging choreographers from freely experimenting with their dancers’

positions. Additionally, indicating where each formation is in the music cut proves somewhat

cumbersome - the choreographer must write down a particular song lyric, a timestamp in the music,

or a specific 8-count to indicate when a formation starts and ends. Finally, losing the physical sheets

of paper often results in the dance’s formations being lost altogether.

The next most popular method of documenting formations is via Google Slides, with forma-

tions being represented by slides with initials on them. One benefit of Google Slides is its ac-
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Figure 1: Formations documented on pen and paper.

cessibility; unlike pen and paper, users are able to access the platform from anywhere with an

Internet connection, and Google Slides enables multiple users to view and edit the same file si-

multaneously. Additionally, this digital method is more persistent in that users are less likely to

accidentally delete a Google Slides file than they are to lose a piece of paper. Despite these ad-

vantages, however, Google Slides still suffers from the same limitations of not allowing the user to

visualize transitional movement between formations in time with music.

Lastly, one choreographer told me that the process of documenting formations was too cum-

bersome altogether, so he simply creates formations on the spot during rehearsals. His feedback

coupled with the insights from other dancers demonstrated a clear need for a better way to doc-

ument formations. As a dancer and choreographer myself, I wanted to develop a solution to this

problem to simplify the choreography creation process.

Dance Studio is a choreography documentation and simulation tool that allows choreographers

to create, edit, and visualize their formation changes on a 3D model of the dancers and stage,

mapped in time to music. By eliminating the limitations and hassle of keeping track of dancers’

positions with hand-drawings, Dance Studio encourages choreographers to experiment more with
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incorporating creative formations into their routines.

The main features of this tool are: 1) users can easily create custom formations on a 3D graph-

ical interface, 2) users can upload their own audio file for each dance, 3) users can visualize their

formation changes animated in real time to music, 4) users can proactively anticipate and work

around collisions between dancers by creating non-linear paths between formations, and 5) dances

are saved and accessible online at any time from anywhere.

Dance Studio is most suited for dance styles with the following characteristics: 1) having no

more than twenty dancers onstage at a given time, and 2) having distinct formations, meaning

dancers are not constantly moving, and there is a distinction between stationary positioning and

transitional movement. Some examples of dance styles that meet these criteria are hip-hop, lyrical,

Bollywood, Bhangra, and Raas.

On the basis of user studies, Dance Studio accomplishes its goals, as demonstrated by all users

giving the application positive feedback and preferring to choreograph on the platform to their old

method. On average, all users were extremely likely to use the application to choreograph dances

in the future.

Figure 2: A screenshot of the Dance Studio user interface [21].
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2 Related Work

Several dance formation tools and choreography simulators already exist; however, few are avail-

able for free, and of the options that are available publicly, the usability is extremely limited. In

this section, I give an overview of other applications that seek to accomplish the same goal.

2.1 Danceapp.us

Danceapp.us is the most similar application to my project, in that it looks like a video editor with a

stage and allows the user to map individual dancers onto various places on stage at different points

in time, as seen in Figure 3 [4].

Figure 3: A screenshot of the Danceapp.us user interface [4].

Danceapp.us helps users visualize dances, allowing the user to play back the dance routine with

animations that show transitions between formations. However, this application is limited in that

it does not allow users to upload music, and it is rather clunky in its appearance. When I tested

this application with student choreographers at Princeton University, every single test user was

unsure of how to create a new formation to the routine, and it took them several minutes to become

accustomed to the user interface. Additionally, the dancers all move in a linear path by default,
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so users are unable to create more elaborate dances with non-linear paths. Furthermore, while

Danceapp.us is easy to access using any web browser at http://danceapp.us/, this application

does not allow users to save and retrieve their dances, so practically, it is less persistent than using

pen and paper.

2.2 StageKeep

Another app on the market is StageKeep [23]. While its aesthetically pleasing user interface offers

more features than Danceapp.us, allowing the user to upload music and visualize their formations

with an actual timeline, there are still several limitations. First, the dancers are represented by

2D circles from an aerial view of the stage, rather than in a 3D interface that allows users to

change the camera view. Distinguishing between dancers is not very clear because all dancers are

circles with the same color, unlike in Danceapp.us, where dancers have customizable colors and

names. Additionally, like Danceapp.us, StageKeep can only linearly interpolate between positions

for dancers’ transitions, meaning that it does not offer users solutions to resolve dancers’ collisions.

StageKeep’s biggest barrier to entry is its price point - while it is free to download the ap-

plication, the user must pay a minimum of $9.99/month to gain full usability of the application,

with unlimited formations, dancers, custom music, and cloud saving. The most expensive plan is

$299.99/month, allowing additional users to share and edit the same dances [23]. Most choreogra-

phers, especially novices exploring dance for the first time, are unwilling to commit to paying for

a choreography software at such a high price point. As a result, it is not a feasible nor a practical

solution to simplify the choreography process.

2.3 Comparison

While both of these applications certainly improve upon certain aspects of using pen and paper

to traditionally plan out formations, they both fall short in not offering users enough flexibility or

ease of use. Dance Studio, my implementation of a choreography simulation tool, combines the

most valuable components of each of these different pieces of related work, while improving upon
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Figure 4: A screenshot of the StageKeep user interface [7].

their shortcomings. The design prioritizes user experience, relying on constant feedback from

real choreographers who test the application and relay what was most effective and what could be

improved. My project aims to improve upon the existing frameworks in all areas, as detailed in

Table 1.
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Feature Means of Formation Planning

Pen and
Paper

Danceapp.us StageKeep
Dance
Studio

Free 3 3 7 3

Allows users to play
back their routine

7 3 3 3

Users can upload
music

7 7 3 3

Users can save and
retrieve their work

3 7 3 3

Quality User Inter-
face

7 7 3 3

Has a 3D rendering
of the dance

7 3 7 3

Provides solutions to
proactively resolve
collision avoidance

7 7 7 3

Table 1: A table comparing qualities of different methods of documenting dance formations.
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3 Approach

Dance Studio is designed to provide a flexible framework that can accommodate both experienced

choreographers and novice dancers. As a result, to understand what features would be important

to include for both types of users, I interviewed a variety of dancers at Princeton, some who were

more experienced choreographers able to mentally visualize formations, and other more novice

members of the dance community who have never choreographed before. In addition to conducting

quantitative interviews, I went through mock testing sessions using existing applications on the

market (DanceApp.us and StageKeep) to identify users’ frustrations. On the basis of interviews,

users appear to desire an application with the following characteristics:

� Users can see animated transitions between formations. This is the core functionality

of the application that distinguishes it from pen and paper, choreographers’ current medium

of documenting formation changes. Choreographers struggle to visualize formation changes

and would greatly benefit from the ability to see a moving, animated version of their dancers.

� Users can upload music and play the dance in real time with music. Choreographers

generally create formations based on their music, whether it is with 8-counts or with the song

lyrics. As a result, hearing the music as one sees the formations is necessary to accurately

create formations with the correct time stamps.

� Users can save and retrieve their work through a persistent web application. Choreog-

raphers expressed that they would like to have the option to access their dances at any time,

from any place without the risk of misplacing it like pen and paper, and a system that allows

them to revisit previously created dances. Hosting an application on the web offers users this

convenience.

� Users can make a basic dance in under a minute. The benefits of creating an animated

dance are limited by the cost of adjusting to a new user interface. As a result, the application

must be easy to use and intuitive to users, much like drawing formations with pen and paper.
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� Users can customize dancers’ names and colors. To avoid confusion between dancers, and

for the sake of dancers in the piece learning their positions in the routine, it is imperative to

be able to clearly distinguish between dancers. When using pen and paper, choreographers

typically identify distinct dancers by their initials for shorthand. However, this becomes

problematic when multiple dancers in the same routine have identical initials. As a result,

personalization with full names visible for each dancer as well as distinctive colors mini-

mizes confusion between dancers. Furthermore, as an alternative use, choreographers can

experiment with costume color schemes by customizing the colors of their dances.

� Users can not only visualize dancer collisions during transitions between formations,

but also create non-linear paths for dancers to avoid collisions. This feature was by

far the most requested by the surveyed potential users. The primary limitation in draw-

ing formations with pen and paper is not that formations are difficult to visualize, but that

choreographers are unable to anticipate collisions with 100% accuracy. Typically, dancers

realize there is a point of collision during rehearsal and resolve the conflict by explicitly

defining their paths. Both may take winded paths to travel to the next position, or one per-

son may delay or accelerate their movement to avoid being in the same space concurrently.

The proposed application will replicate this behavior by providing the user the option to

create curved paths as well as manipulate the speed of the dancer as she travels along the

path. In addition, the option to create non-linear paths also has applications beyond collision

avoidance - in many styles of dance (modern, lyrical, traditional South Asian dance, etc.),

dancers move in curved paths, sometimes even moving in a circle. This feature would allow

choreographers of all styles to visualize their dances.

In addition, some users specified they would like to have the following features:

� Users can change the camera view. Choreographers typically plan their formations from

an aerial view, but they would like to ensure that their dance is equally impressive from the

perspective of an audience member, both in the center of the house and in the seats on the
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edges of the auditorium. Additionally, a mobile virtual camera would provide dancers an

onstage perspective. This feature necessitates that the application render the dance in three

dimensions.

� Users can change the playback speed of the routine. Choreographers may want to speed

through slow transitions and long motionless sections in their piece. Alternatively, they may

need to slow down the dance routine during fast-paced transitions.

The user interface of Dance Studio is inspired by existing tools such as Blender, a 3D modeling

software, as well as iMovie, which is a popular video editing tool with a similar GUI, with the

screen partitioned into a bottom timeline section, a main video editing section, and a small side

panel for additional features as seen in Figure 5 [19, 6]. These applications are commonly used for

video editing and 3D animation.

Figure 5: A screenshot of the iMovie user interface [5].

In general, my project relies centrally on a timeline in the editor, allowing the user to have

greater control over where in the song to put various key frames representing different dancers’

formations. A timeline is extremely beneficial to choreographers in pinpointing exactly where in
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the song a formation change occurs. Additionally, having the ability to play the song back from a

set point in time is a key component of Dance Studio, allowing choreographers to actually practice

the dance repeatedly with music, rather than without sound.
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4 Implementation

Dance Studio is a three-tier application that allows users to log in with a Facebook or Google

account, create full-length dance routines with any number of dancers, upload music (with a vi-

sualization of the audio on the timeline), and save their dances to their account to be accessed at

a later time. The user is able to “undo” moves, delete keyframes, and adjust keyframes along the

timeline.

4.1 System Architecture

Figure 6: A diagram of Dance Studio’s system
architecture.

The structure of the application is divided into

three tiers. The first tier is the graphical user

interface in the form of a website. The sec-

ond tier is the server processing tier. Its client-

facing interface is a RESTful API that ac-

cepts GET or POST requests when the client

would like to view data currently stored in the

database or would like to update data in the

database. Lastly, the final tier is the database,

which stores relational information about users

- namely, their dances and login information.

The application is deployed at https:

//dancetigers.herokuapp.com/ via

HerokuApp, which was chosen because of my

prior experience with the service, its free pric-

ing tier, and its convenient compatibility with

Postgresql. HerokuApp’s in-house Postgres

database service, Heroku PostgreSQL, enables
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developers to create and manage their application databases that run continuously online [10]. To

set up the system, I followed Sahil Diwan’s blog post “Making a Flask app using a PostgreSQL

database and deploying to Heroku“ [13].

4.2 Database

The PostgreSQL database consists of two tables: Users and Dances. The Users table tracks Dance

Studio users, based on the information retrieved from Facebook or Google login, while the Dances

table contains all dances created by all users of the application. For a detailed database schema,

see the Appendix, Part A.

4.3 Server

The back-end server is implemented with Python Flask. Clients interact with the server through a

RESTful API. Since the application is structured around the relational nature of the database, GET

and POST requests to the server are sufficient to access or modify data without having a stateful

connection to the server.

SQLAlchemy is a Flask extension used to facilitate communication with the database [11].

Endpoints that update or retrieve data from the database with SQLAlchemy use a secret key to

maintain the integrity and limit the visibility of private data. The server interfaces with Flask-

Login, a Flask extension that facilitates user session management, to authenticate users to the

server [8]. On receiving requests to update the User table of the database or the Dances table of

the database, it makes the appropriate call via SQLAlchemy. It also returns objects representing

dances in a JSON format to the client to render a particular user’s dances.

4.4 Front-End

The front-end of the website is built with Bootstrap 4, HTML 5, CSS 3, and JavaScript. I chose

Bootstrap 4 because of its smooth integration with HTML5 and built-in responsive features. Addi-
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