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Abstract

This thesis describes an interactive computerized cditor for Benesh Movement
Notation which aids in the preparation of dance scores using a medium resolution
colour display. Benesh Movement Notation is a two-dimensional system for record-
ing human movement in three dimensions of space. The Benesh notation has been
successfully used in recording a wide repertoire of dances. The preparation and revi-
sion of scores is a lengthy and crror-prone process which interactive editing
techniques can greatly facilitate. The current state and future cxiensions of a
prototype editing system for Benesh notation and its user interface are discussed.
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1. INTRODUCTION

“Literature does not survive by the spoken word. Music
does not survive by memory alone. Dance without notation is a
transient art, doomed 1o precarious existence and an early
oblivion.”

- A. Hutchinson

Notation plays an important role in today’s technological society. It acts as a
communication medium between inventors and those who will implement their ideas.
Without notation, knowledge from the past can only be based on oral transmission as
recorded in human memory. Because human memory is fallible, the knowledge thus
transmitted from person to person is relatively limited and often inaccurate. Any
comparative analysis of past and present works is virtually impossible, and thus the
depth and breadth of anyone’s work is limited to what can be carried in his memory.

In most ficlds of human study we take for granted the existence of a precise and
concise notation. An example is the alphaber one of man’s greatest inventions
without which our culture as we know it today would be unimaginable. However, the
existence of such a universal notation is not true in the field of human movement.
The problems menticned above are especially apparent in baller - a classical style of
expressive dancing. Most ballets from the past have been completely lost, leaving
behind only the memories of the few people fortunate enough to have witnessed them.
The losses have been enormous cven among the most recent ballets [Hall 64, 65].

Choreography is the art of composing dance steps and sequences, such as for a
ballet. By the standards of other theatrical arts such as opera and drama, the choreo-
graphic heritage is very poor. The problem is that choreography suffers in transmis-
sion. Dancers working without a chorcographer’s guidance tend to change the
chorcography, moulding the lines and rhythms into patterns that are comfortable for
them to perform. When a role is handed over, usually by one dancer teaching it to
another, further changes take place. The ballet master then works on the results of
this transmission, trying to correct anything that seems out of place because it is not
properly danced or simply because it is untrue to the original. This frequently
introduces further changes. All these changes are cumulative and often so untrue to
the creator’s intentions that a few years later the chorcographer can hardly recognize
his own creation. The few works that do survive are ones that suit the widely varying
tastes of dancers from several generations, or are easy to perform [Hall 65].

To minimize these losses from imperfections in human transmission, a concise
and economical notation is needed for recording human movements. This need has
been recognized for a very long time and during the past five centuries many
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attempts have been made at devising a suitable notation, [t is believed that the an-
cient Egyptians made use of hieroglyphics to notate dance and that the Romans
employed a method for recording salutatory gestures [Encyc. Brit. 74]. But the carli-
est attempts that are documented precisely date from the second half of the 15th
century: these are manuscripts of Spanish, Italian and Burgundian origins which used
abbreviations to indicate the familiar steps of the basse dance, the foremost social
dance of the early Renaissance.

As professional ballet became distinguished from folk dance, many systems of
movement notation emerged for ballet. Appendix A lists a few of the known move-
ment notation systems in chronclogical order of their development, Some of these
systems marked the steps of each dancer with lines superimposed over a sketch of the
floor plan, while others used small skeleton figures drawn in dance positions. Stiil
others adapted musical notation, using the conventional symbols to represent space
instead of pitch. There have been many individualized systems. But most of these
failed to be practical under rigorous professional conditions. Among the few that
have invited substantial professional interest are Labanotation, developed by Rudolf
Laban in 1928 [Laban 75; Hutchinson 77], and Beresh notation, a system invented
by Rudolf Benesh in 1947 [Benesh 56, 77; Causley 67].

Human movement is very complex; for this reason movement notation systems
are inherently complex and difficult to master. Using computer technology it is possi-
ble to provide tools that simplify the use of these notations. Projects for developing
such tools to interpret movement notations are in progress at the University of
Pennsylvania [Badler 78a, 78b, 79a, 79b, 80; Brown 76a, 76b, 78; Smoliar 77, 78;
Fedak 78], the University of Waterloo [Savage 77a, 77b], the University of fowa
{Sealey 81], the Simon Fraser University [Calvert 78, 80, 82a, 82b, 82¢], Sydney
University [Herbison-Evans 74, 78, 79a, 79b; McNair 79, 80] and elsewhere [Lans-
down 77, 78]. With the exception of the Sydney University project which uses
Benesh notation, almest all of these projects deal exclusively with the interpretation
of Labanotation.

The Computer Graphics Laboratory at the University of Waterloo, in coopera-
tion with the Dance Group and the National Ballet of Canada, are currently
investigating the computer editing of Benesh Movement Notation. The aim is to
provide state-of-the-art computer tools for creating, editing, and verifying records of
human movement. This thesis describes a first step in this direction: the design and
implementation of a graphical editor based on the Benesh Movement Notation. A
prototype based on the ideas presented here has been successfully implemented and
tested by professional choreclogists. The structure of this prototype editor is shown in
figure 1.1. Chapter 2 explains the problem and those aspects explored in this thesis.
The basics of Benesh Movement Notation are outlined in Chapter 3. Chapter 4
discusses the internal workings of the editor while Chapter 5 describes the editor’s
user interface. Suggestions for future extensions to the editor are discussed in
Chapter 6. Some observations and concluding remarks are presented in Chapter 7.
Finally, a videotape illustrating the use of the prototype editor accompanies this
thesis. A copy of this videotape can be obtained from the Computer Graphics
Laboratory, University of Waterloo.
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Figure 1.1. Structure of the Benesh Editor.



2. PROBLEM DESCRIPTION

“It is essential to release humanity from the false fixa-
tions of yesterday, which seem now to bind it to a rationale of
action leading only to extinction.”

- RB. Fuller

At first glance, many movement notations seem similar to musical notations.
Although both notations serve as a communication medium between composers and
performers, they are used differently. Musicians learn a composition from musical
manuscripts, whereas dancers learn their parts directly from the choreographer (a
dance composer) through oral communication. Thus creating dance requires direct
interaction between the choreographer and the dancers. In music, notation is the
means by which a performer realizes the creator’s conception of a composition
[Brown 78]. In contrast, movement notations are used to record the finished product
for historical preservation. However, they can also be used for comparative analysis
and reconstruction at a Jater date without the choreographer’s presence or the need to
repeat the entire interactive process. While music notations are well standardized,
dance notations are still being developed. The editor described in this thesis is based
on the Benesh Movement Notation, a system which is widely used by professional
dance companies. A library of ballet scores written in Benesh notation is maintained
by the Institute of Choreology in London (England), and a number of ballets have
been successfully reconstructed using these scores.

The process of recording dance in Benesh Movement Notation begins with a
choreologist (a specialist in Benesh notation) attending rehearsals and making rough
notes which are gradually refined during subsequent rchearsals. This score is later
checked for errors in the recorded movements and in the notation usage. Once the
score has been checked, it is put into its finished form by an autographer, who lays
out pages and works with special drafting pens. Upon completion of this process the
score is ready for printing,

During rehearsals, dancers learn complete movements with all parts of their
body operating in parallel. However, the notation must record all changes in each
body part individually. If there are many dancers quickly learning complex move-
ments, it becomes difficult to capture all the details. The recording process is limited
by the speed at which the choreologist can write. Therefore the choreologist usually
notes only the essential key positions, filling in the details at later rehearsals. But in
a large ballet company, where many hours cach day are devoted to teaching new
steps, the choreologist works with different groups of dancers (hroughout a ten to
twelve hour period. This makes filling in details after rehearsals virtually impossible.
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The task becomes cven more difficult when the choreographer decides to add or drop
parts of the dance or revise steps and sections. Thus the choreologist has to constant-
ly struggle with the organization of notes, filling in the missing details during cleanup
rehearsals conducted after all the dancers have learncd their parts.

Under these conditions the choreologist is often unable to work on the final draft
of the score as the rough notes accumulate. There is just not enough time until after
the dance is in performance. Then, many hours must be spent laboriously copying the
rough notes, laying out the pages, and refining the notation.

It should be apparent that the basic problem facing a choreologist is one of
information overload which worsens from rehearsal to rehearsal. Any improvements
to this process require a faster means for recording movements (ideally at the speed
of performance), an efficient mechanism for storing and retrieving this information
for editing or verification, and means for producing the finished score in hardcopy
form.

One possible approach would be 1o store the rough score in a computer system
by scanning it with a video input device at the end of each rehearsal. The time
between rehearsals could be devoted to editing and verifying this information through
a graphical editor and producing a medium quality hard-copy output that could be
used for further refinements at subsequent rehearsals. Alternatively, movement
information could be directly entered into a computer system during the rehearsal
itself using goniometers [Calvert 80, 82a; Townsend 77] or three-dimensional imaging
techniques [Pierrynowski 80, 82; MacKay 82a]. Goniometers arc devices which
measure angles between body parts. Another possible method is the use of
electromyography which involves the study of electric currents set up in muscle fi-
bres by body movements {Grieve 76]. The information thus gathered could be
mapped into any notational system. Calvert has successfully used goniomecters as
input devices to produce Labanotation scores of the dancer’s movements [Calvert
82a]. The mapped information could be updated using a computer editor and
checked for notation usage and correctness of the recorded movements. Finally, high
quality hard-copy could be produced for publishing or use at later rehearsals.

Although substantial progress has been made in recording and analyzing move-
ments, tools for editing scores, especially in Benesh Movement Notation, are virtually
non-existent. Much more research is neceded to make editing movement scores as
casy and convenient as cditing text. The work presented in this thesis deals with the
issucs involved in editing dance scores based on the Benesh Movement Notation
system. A similar editor based on Labanotation has been developed at the University
of Pennsylvania [Brown 76a, 76b].



3. THE BENESH MOVEMENT NOTATION

“Science has dual history. It is a tale of the birth of men
with great powers of abstraction, and it is a story of the evolu-
tion of languages peculiarly adapted to these abstractions”

- H. Levy

The basic problem in any movement notation is that of coping with the enormous
amount of information needed to record movements of each individual body part in
three dimensions of space and in time. One solution is to use symbols. But this
would require a very large number of symbols, and would result in a cumbersome
notation. For a notational system to be workable, it must be as simple and legible as
an alphabet. But we find that completeness and accuracy seems to make demands
that are incompatible with simplicity and legibility. Some of the essential details a
movement notation must capture include:

the location of the body in the movement arena and in relation to
other performers;

the direction in which the body is facing with respect to the
observer;

the exact position of body limbs;

the details of head, torso and pelvis;

movement quality or dynamics;

the manipulation of props.

Since a movement notation must record movement as it is actually seen, we need to
¢stablish a viewpoint, The standard choices for such a viewpoint are that of the
dancer and that of the observer; each is a reflection of the other.

For uniformity in body description the anatomic reference system is used.
The body in the anatomic position is erect, facing forward with arms at the sides, as
shown in Figure 3.1. Henceforth all body positions will be discussed with respect to
the following planes through the body:

Mid-sagittal - the plane vertically dividing the body through the mid-ling
into right and left halves.

Sagittal - any plane parallel to the mid-sagittal plane vertically dividing the
body into right and left portions.
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SUPERIOR

POSTERIOR

Transverse
plane

Ve

ANTERIOR

Coronal plane
Sagittal plane

INFERIOR

Figure 3.1. Human body in anatomic position.

Transverse (Horizontal) - any plane dividing the body into superior (upper-
most or above; e.g. the head is superior to the neck) and inferior
(lower-most or below; the foot is inferior to the ankle) portions.

Coronal (Frontal) - any plane dividing the body into anterior (toward the
front) and the posterior (toward the back) portions at right angles to
the sagittal plane.
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Figure 3.2. The Benesh stave.
NOTE: The doubly hashed region is the overlap for hands and feet.

Benesh Movement Notation, invented in 1947 by Rudolf Benesh, records
movements using marks on a matrix representing a human figure. The five line
music stave serves conveniently as a matrix dividing the human body at the top of the
head, the shoulders, waist, knees and the feet as shown in Figure 3.2. Two horizon-
tal dashed lines known as /eger /ines have been added to cover all possible body posi-
tions. The leger line above the stave lines represents the maximum reach of the
hands when the arms are fully extended upwards. The leger line below the stave
lines is a reflection of the maximum point reachable by the feet during a jump from
the standing position. The use of the second leger line will be explained further in
discussion of methods of recording jumps and similar movements. Since the span of
horizontally extended legs is approximately equal to the body height with arms fully
cxtended above, all possible body positions can be enclosed in a square.  So the stave
is divided into square frames, each representing a body position [Grater 82].  All
this makes the notation visual and avoids the need for a large number of symbols.
The leger lines are not generally shown in Benesh notation records, but are always
implied. Also implicit is the vertical dashed line, known as the body mid-line, which
divides the body into left and right halves. The body mid-line is not the /ine of
gravity, but does coincide with it whenever the body is in its anatomic position (see
Figure 3.1).
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The viewpoint used in Benesh notation is that of the performer. All move-
ments are recorded as observed from behind the performer.  Basic body positions are
recorded by noting the projection of the four body extremities (hands and feet) and
the bends (in knees and clbows) onto the coronal plane. The projection onto the
coronal plane is not a true projection of the whole body figure. Rather, it is the
projection of the body segments in relation to the body mid-line onto the correspond-
ing areas between the stave lines. The projections provide two dimensional informa-
tion. For three dimensional information all that is necessary is to know whether a
limb is in front of or behind the frontal plane. This is recorded using the basic signs:

—— level (with the coronal plane)
| in front (of coronal plane)
® behind (the coronal plane)

However, it is not necessary to state how far in front or how far behind the
extremities are. Only one place is physically possible because limbs are of fixed
length and are attached to the body at specific locations. The basic signs for bends
in knees and elbows are:

e level (with the coronal plane)
+ in front (of the coronal plane)

X behind (the coronal plane)

Again, it is not necessary to say how bent a limb is, as this is governed by the position
of the corresponding extremity and the knee or elbow. Figure 3.3 illustrates the use
of these basic signs.

The signs for all limbs are identical and thus do not identify the limb (right or
left arm or leg) to which they refer. Instead this is inferred from the location of the
sign. Figure 3.2 shows the domains for the four body limbs. Whenever a limb sign
moves out of its domain, it is lightly crossed out with a diagonal stroke known as a
crossover. There are two kinds of crossovers: a lateral crossover in which an
extremity or bend (knee or elbow) moves over to the opposite side of the body; and a
vertical crossover in which a foot or bent knee moves above the waist line, or a hand
or bent elbow moves below the waist line. The two crossover signs are:

/ lateral crossover
\ vertical crossover

However, crossovers are not needed when the context clearly specifics the particular
body limb. For example, when the feet are below the hands as shown in Figure 3.3,
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Figure 3.3. Use of basic signs.

The head is represented by a straight line drawn between the fourth and fifth
stave lines. One end of this head line is fixed to the intersection point of the fourth
stave ling with the body mid-line, while the other end always touches the fifth stave
line. The angle between this head line and the body mid-fine specifies the degree of
right or left tilt in the head. A shorter straight line drawn perpendicular to the head
line represents the chin position.  The length of this chin line indicates the degree of
turn in the head. The intersection point between the head and chin lines specifies
the extent of backward or forward bend in the head as shown in Figure 3.4.
Intersection at the mid-point indicates no bend, while intersection above the mid-
point represents a backward bend and intersection below mid-point indicate a for-
ward bend. Absence of the head sign indicates no change from the last frame.
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right right right

- i

\—.

Figure 3.4. Various head positions.

However, if no head sign is written at the start of a given sequence, the head is
assumed to be erect as in the anatomical position shown in Figure 3.1.  Furthermore,
no head sign need be written until that position changes.

The third stave line represents the waist.  Therefore all body bends and twists
from the waist up (upper torso) arc recorded between the third and the fourth stave
lines. The basic signs used and their manipulation are identical to those used for the
head.

Hip (pelvic) movements are recorded similarly between the second and the
third stave lines. Figure 3.5 illustrates the method for recording these main body
parts.

The notation explained so far can provide the record of any static posture and
a series of postures can record a movement. But actual movement often consists of
very smooth motion. Benesh notation makes use of movement lines to record
continuous smooth movements. A movement line traces the path of movement in
space from the starting position to the final position and summarizes an infinite
number of intermediate positions. It is attached to a sign at its final position but not
at the starting point, its inception, thus giving direction to the movement as shown in
Figure 3.6. [f the moving limb travels in a forward or backward curve from its
starting point, the movement lines are qualified using the qualification signs:

I the forward-most displacement {in front of the coronal plane)

[ the back-most displacement (behind the coronal plane)
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Figure 3.5. Main body signs.
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Figure 3.6. Movement lines,
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The forward-most or back-most displacement of a movement is indicated by a short
straight line segment intersecting at right angles to the movement line at the point of
maximum forward displacement, or a dot on the movement line drawn at the point of
maximum backward displacement, respectively. No qualification is necessary for
movements within the coronal plane or within a plane parallel to the coronal plane.

For movements in which the body leaves the ground (jumips), the movement
path is treated as a special case. The movement line may span scveral frames. It
begins under the take-off position, is attached to the fanding position, and is drawn
between the first stave line and the leger line below it. The frames between the
take-off and landing positions, if any, describe movements in the air. The recorded
movement line is a mirror-like reflection of the actual movement path about the first
stave line, as shown in Figure 3.7.

Figure 3.7. Jumps.
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Benesh notation uses direction signs to state the orientation of the performer
relative to the observer. The eight basic direction signs are shown below:

I facing the audience (upsiage)
l facing backward (downstage)
— facing stage right

facing stage left

—
/ \ / \ facing other directions

Shades of effort, changes of effort and other qualities of movement are recorded
using the expression marks of music. Tn music loudness is indicated by the letters f
(forte), ff, p (piano) and pp. These letters are used in the Benesh system to indicate
the degree of effort in movement. The seven scales of effort are:

ppp completely relaxed

p very soft .

P soft

nothing normal

f strong

I very strong

§iia maximum strength

Changes in effort are shown in the same manner as in music: diverging lines indicate
increasing effort while converging lines indicate decreasing effort. Letters at the
beginning and end indicate effort at these points as shown in Figure 3.8. The degree
of effort is recorded above the stave lines.

f

124 Effort decreasing from strong to very soft.

f <]f Effort increasing from strong to very strong.

I >P<f> p Effort swinging between soft and strong.

Figure 3.8. Changes in effort.
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In past centuries musicians have developed technical terms to describe the
character, mood and specd of music. Benesh notation has adopted these terms to
describe the prevelant quality of movement [Ryman 82b].

TEMPO
Lento
Largo
Adagio
Grave
Larghetto
Andante
Moderato
Allegretto
Andantino
Allergo
Vivace
Presto
Vivicissimo
Prestissimo

slow

broad

“at ease”, slow, drawn out
heavy, serious

not so broad as Largo

“going”, “walking”, medium slow
moderate

less fast than Allegro

an Andante of small proportions
fast

lively

very fast

even livelier than Vivace

cven faster than Presto

MANNER OF PLAYING

Ad Libitum
Agitato
Cantabile
Dolce
Dolente
Sforzando
Grandioso
Legato

Marcato
Pesante
Saltando
Scherzando
Sostenuto
Staccato

at liberty

apitated

in a singing fashion

sweetly

sadly, grieving

“forced, accented”

grandly

smoothly, slurred end of one note meeting begin-
ing of next

in a marked or emphatic manner
heavily

leaping (strings and springing bow})
jokingly, playfully

sustained

detached, short each note sperate

So far we have considered movement in isolation. To link movement to
rhythms and phrases we divide the stave into bars consisting of beats. In Figure 3.9,
the number appearing in the top left corner of the stave corresponds to the musical
time signature. 1t indicates the number of beats to a bar.  All signs for movement
rhythm appear above the stave and indicates whole beats or fractions of beats. They
do not indicate the duration of time, but rather the precise moment when a position
is reached. The basic rhythm signs are:
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(# pulse beat specifies “the count”, ¢.g. one, two, etc.
\.\ ie specifies 1/4 beat after the count

+ an specifies the beat halfway between counts

/ ) specifies 1/4 beat before the count

“ dai specifies the beat 1/3 of the way between counts
{ dee specifies the beat 2/3 of the way between counts

Finally, Appendix B shows a sample Benesh score. The above explanation is
only a summary of the basic Benesh notation system. It can be logically extended to
capture the movements of eye, hand and fingers, which are very important in dance
styles like the Bharat-Natyam. For a more complete description of the Benesh no-
tation and its extensions the reader is referred to [Benesh 56, 77, Causley 67; Parker
82; Ryman 82b] and to the Choreologist a technical journal of the Institute of
Choreology, England, London.

[ time signature /_ Rhythm sign

ey T —-1# [ !

'
2 [ [

¥+

__}-_____

N - Lo 1 1

\——starting position \—Bar end marker

Figure 3.9. Time signature and bars



4. THE EDITOR

“Intelligence ... is the faculty ofmaking artificial objects,
especially tools to make tools.”

- H. Bergson

The basic unit of information in Benesh Movement Notation is the frame. Un-
like a line of text, which is made up of symbols (characters) written at discrete points
in a one-dimensional space, the Benesh frame records body information by means of
symbols in a con