Pre prints.org

Article Not peer-reviewed version

A Choreographic Approach to Golf
Swing Dynamics: Bridging
Biomechanics and Laban Movement
Analysis

Wangdo Kim i , Albert H. Vette , Wanda Ottes , Colleen Wahl

Posted Date: 13 June 2024
doi: 10.20944/preprints202406.0935.v1

Keywords: Laban Movement Analysis; Inertial Tensor; Biomechanical Analysis; Screw Algebra; Motion
Tracking Sensors; Neurorehabilitation

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/1499293
https://sciprofiles.com/profile/1390067
https://sciprofiles.com/profile/3585522
https://sciprofiles.com/profile/3549900

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 June 2024 d0i:10.20944/preprints202406.0935.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

A Choreographic Approach to Golf Swing Dynamics:
Bridging Biomechanics and Laban Movement
Analysis

Wangdo Kim 1*, Albert H. Vette 234, Wanda Ottes 5 and Colleen Wahl ¢

! Ingenieria Mecanica, Universidad de Ingenieria y Tecnologia— UTEC, Lima, Pert

2 Department of Mechanical Engineering, University of Alberta, Edmonton, Alberta, Canada;
vette@ualberta.ca

3 Department of Biomedical Engineering, University of Alberta, Edmonton, Alberta, Canada

* Glenrose Rehabilitation Hospital, Edmonton, Alberta, Canada

5 Danstec, Den Horn, The Netherlands; ottes015@planet.nl

¢ Alfred University, Integrated Movement Studies, Alfred, New York, USA; wahl@alfred.edu

* Correspondence: mwdkim@utec.edu.pe

Abstract: This study explores the application of the Laban/Bartenieff Movement System (® LBMS), particularly
its Effort component, to analyze the biomechanical dynamics of the golf swing. Focusing on the initiation of
the downswing, this paper investigates how the instantaneous screw axis (ISA) with rotational and linear
motions contributes to subsequent movements, such as the hip turn. We propose that the physical forces
generated by the golf club, characterized by mass moment inertia, extend beyond the body's boundaries, such
as through the hand grip. A skilled golfer’s ability to 'allow' these forces to influence body dynamics without
opposing them is analyzed through the lens of LBMS's Free Flow Effort, suggesting an indulgent and expansive
use of movement energy.
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1. Introduction

Golf is a sport that requires a complex interplay of physical, technical, and strategic skills.
Among these, the biomechanical analysis of the golf swing stands out due to its critical role in
performance enhancement and injury prevention. The golf swing is a dynamic movement that
involves the entire body in a coordinated sequence, with the downswing phase being particularly
crucial for the generation of speed and power. Traditionally, research in this area has focused on
kinematic and kinetic aspects, such as body alignments, joint angles, and the forces exerted during
the swing [1,2]. Researchers have reported on the kinematics and kinetics of the golf swing in terms
of the relative contribution of each of the anatomical structures that are involved [3-8]. However,
these mechanical descriptions often do not fully capture the qualitative aspects of movement fluidity
and efficiency that distinguish skilled golfers.

Laban Movement Analysis offers a rich framework for the qualitative analysis of human
movement. Developed by Rudolf Laban and colleagues, LMA describes body movements in terms
of Body, Effort, Shape, and Space, collectively known as the Laban/Bartenieff Movement System
(LBMS) [9]. Effort, or what Laban referred to as the dynamics of movement, involves understanding
the dynamic intention and energy behind movements. The Effort category addresses the energetic
expression of movement through four factors: Weight, Time, Space, and Flow, each with two
polarities. For example, Flow can be either 'Free' or 'Bound', depicting how movement energy is either
indulgently released or carefully controlled [10,11]. This effective aspect of movement analysis can
provide novel insights into the qualitative aspects that make an efficient or powerful golf swing.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Despite the comprehensive nature of biomechanical models, there remains a research gap in
how these models integrate qualitative movement descriptors that can differentiate between skill
levels and identify movement efficiency. The application of LBMS, particularly its Effort component,
offers a promising avenue to fill this gap. By analyzing golf swings through the lens of Effort qualities
such as the Free or Bound nature of Flow, researchers can explore how these dynamics correlate with
traditional biomechanical measurements, such as the instantaneous screw axis (ISA), which describes
the rotation and translation of body segments [12]. One form of representing the club’s motion is the
Instantaneous Screw Axes (ISA) [13,14].

Despite the potential applicability of LBMS in sports sciences, very few studies, if any, have
utilized this rich analytical framework to understand and enhance the biomechanics of golf swings
or other sports activities. This represents a significant research gap, as LBMS can provide novel
insights into the qualitative aspects that make an efficient or powerful golf swing. Notably, the
incorporation of LBMS into sports biomechanics remains largely unexplored, marking this study as
a pioneering effort to integrate these qualitative descriptors with quantitative biomechanical models.

The current research aims to bridge this gap by applying LBMS’s Effort theory specifically to the
biomechanical context of golf swings. By focusing on how the physical forces generated by the golf
club (e.g., mass moment of inertia) are managed and utilized by the golfer, this study seeks to uncover
the underlying dynamics that contribute to more efficient and powerful swings, particularly during
the critical phase of the downswing [7]. This novel approach not only promises to enhance our
understanding of the biomechanical aspects of golf swings but also opens the door for broader
applications in sports science and rehabilitation.

2. Materials and Methods
2.1. Laban’s Effort Actions Theory to Refine and Communicate the Quality of Movement of the Golf Swing

Laban's Eight Effort Actions, also known as Laban Effort Drives, are a key part of Rudolf Laban's
system for understanding and notating dance and movement, known as Laban Movement Analysis
(LMA) [15,16]. These Effort Actions are used to describe the quality of movement and are organized
according to Laban's Effort-Shape theory, which considers both the inner intention and the outer
shape of the movement. The eight Effort Actions are categorized into four pairs of opposite qualities,
with each pair representing one of the factors of motion: Weight, Time, Space, and Flow (Figure 1(a)).
The graph shows how these polarities interact to create various movement qualities, such as Gliding
(Light, Sustained, Direct), Flicking (Light, Sudden, Indirect), Pressing (Strong, Sustained, Direct), and
Wringing (Strong, Sustained, Indirect). Each combination represents a unique effort and intention in
movement. (Adapted from Laban's original work on movement analysis.)

This Effort graph was created by Laban to delineate his organization of inner intent or
motivation behind a movement. Light and Strong are the two polarities of Weight Effort, Sustained
and Sudden are the two polarities of Time Effort, Direct and Indirect are the two polarities of Space
Effort, Free and Bound are the two polarities of Flow Effort. In refining the understanding of the golf
swing, this study applies Rudolf Laban’s Eight Effort Actions, part of the Laban Movement Analysis
(LMA), which characterizes movement through dynamic qualities. Each of these actions corresponds
to a combination of Effort elements—Weight, Time, Space, and Flow —depicting how movement can
be experienced and executed with varying intensities and intentions [16].

The golf swing, a sophisticated biomechanical action, encapsulates these Effort elements in its
execution. The swing begins with a preparatory phase where the golfer aligns with the target,
transitioning to the backswing, culminating in the powerful downswing. Each phase can be mapped
to Laban's Effort Actions, offering a qualitative lens through which to analyze and refine movement
(Figure 1(b)).

Figure 2. illustrates the application of Laban's Effort Cube and dimensional analysis to the
phases of a golf swing. The Effort Cube, along with the three primary planes of motion (horizontal,
vertical, and sagittal), provides a comprehensive framework for analyzing the qualitative aspects of
movement. The figure includes various components that highlight the spatial and dynamic aspects
of movement, aligning with Laban's Effort Actions. By expanding the explanation of Figure 2 with
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these detailed Table 1, we provide a comprehensive context that clarifies the data and enhances the
reader's understanding of the application of Laban's Effort Actions to the golf swing. This integrated
approach allows for a deeper analysis of both the qualitative and biomechanical aspects of the
movement, ultimately improving performance and understanding.

Table 1. Mapping Laban Effort Actions to Golf Swing Phases. This table illustrates the association
between specific phases of the golf swing and the corresponding Laban Effort Actions (see Figure 1(a)
for the signs of the four different phases). Each phase is characterized by distinct Effort qualities,
providing a comprehensive understanding of the movement dynamics involved.

Laban Effort

Golf Swing Phase Action Effort Qualities Description

Preparatory Phase Float Ligl'qt, Sustained, A.lignivng body and mind with the target
Indirect direction.

Backswing Glide Light,. Direct, Smoothly lifting the club, building
Sustained potential energy.

Transition to Slash Strong, Indirect, Converting potential energy into kinetic

Downswing Quick energy.

Flui i
Downswing Free Flow Free Flow uid, coordinated movement to

maximize impact efficiency.

The initial phase of the swing mirrors the 'Float' Effort Action—light, sustained, and indirect—
where the golfer prepares, aligning body and mind with the intended direction and outcome. As the
backswing progresses, the 'Glide' Effort Action—light, direct, and sustained —comes into play,
signifying a smooth and controlled buildup of potential energy (Figure 3). As the golfer transitions
into the downswing, the Effort Actions shift towards more dynamic qualities. The 'Slash’ Effort
Action—strong, indirect, and quick—aptly describes the initiation of the downswing. Here, the
stored potential energy is released into kinetic energy, demonstrating the efficient and powerful
execution of the swing. Throughout the swing, minimizing unnecessary muscular tension is vital. A
'Free Flow' Effort quality ensures that movements are executed with minimal restraint, allowing for
better coordination and fluidity. This quality is particularly critical during the downswing, where
excessive tension can lead to a disrupted kinetic chain and inefficient energy transfer.
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Figure 1. a). Laban's Effort Graph. This Effort graph, created by Rudolf Laban, illustrates the
organization of inner intent or motivation behind a movement. The graph delineates the polarities of
the four Effort qualities: Weight, Time, Space, and Flow. Each Effort quality has two opposing
characteristics: Weight Effort: Ranges from Light to Strong, indicating the force exerted in a
movement. Time Effort: Ranges from Sustained to Sudden, reflecting the speed and acceleration of a
movement. Space Effort: Ranges from Direct to Indirect, representing the focus and clarity of the
movement's path. Flow Effort: Ranges from Free to Bound, describing the continuity and control of
the movement.
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Figure 1. b). Mapping Laban's Effort Actions to the Golf Swing. This figure illustrates the application
of Laban's Effort Actions to the phases of a golf swing. The golf swing, a sophisticated biomechanical
action, encapsulates these Effort elements in its execution. The swing begins with a preparatory phase
where the golfer aligns with the target, transitioning to the backswing, and culminating in the
powerful downswing. The diagrams show the integration of these Effort qualities within the spatial
constructs (three planes: vertical, horizontal, sagittal) and the icosahedron, illustrating the complex
and dynamic nature of the golf swing. The A-scale inclinations demonstrate the specific body
alignments and movements that correspond to the different phases of the swing. The visual
representations provide a qualitative lens through which to analyze and refine movement, enhancing
both performance and understanding of the biomechanics involve.

Effort quality in the context of the swing also directly impacts efficiency and timing. For instance,
a 'Free Flow' in the Effort Action Press'—strong, direct, and sustained —can be seen in the even
application of force through the impact with the ball, maximizing transfer of energy without
unnecessary resistance. The implementation of LBMS in this context serves as an innovative method
to convey the complex biomechanical and qualitative nuances of the golf swing. The inclusion of
these Effort Actions within training regimens can enhance a golfer’s understanding of the physical

and psychological elements at play, potentially leading to improved performance and a deeper
appreciation for the subtleties of the sport.
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Figure 2. This is the basic model Laban used to find his Effort Graph diagram with the three
dimensions: (a) high/deep or the weight plane; (b) side-to-side or the space plane; (c)
forward/backward or the time plane; (d) represents a two-dimensional projection of the Effort Cube,
focusing on the movement within a single plane to simplify the analysis of dynamic qualities; (e) an
X-marked schematic within the bounds of the Effort Cube, suggesting the intersection and interaction
of Effort elements across different dimensions; (f) a clear view of the Effort Cube, emphasizing its
structure and the confinement of movement dynamics within its boundaries; (g) displays a radial
layout of various Effort elements and actions, illustrating the spectrum of possible movements and
their classifications under Laban's system; and (h) integrates the Effort Cube with a human figure,
mapping the movement dynamics to the body, illustrating how different Effort actions can be
expressed physically within the three-dimensional space of the cube.

As such, in this study, we seek to further explore these qualitative descriptors provided by
Laban’s Effort Actions theory and apply them methodologically to analyze the intricate movements
of the golf swing. Through this analysis, we aim to provide actionable insights that can be used to
refine golf techniques and inform teaching and coaching practices.
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Figure 3. This figure illustrates Laban's Effort Graph diagram, which integrates three key dimensions
of movement: (a) high/deep or the weight plane, representing vertical movements and the
distribution of weight; (b) side-to-side or the space plane, depicting lateral movements and spatial
orientation; (c) forward/backward or the time plane, indicating movements related to timing and
progression. (d) shows a two-dimensional projection of the Effort Cube, simplifying the analysis by
focusing on movement within a single plane. (e) Presents an X-marked schematic within the bounds
of the Effort Cube, highlighting specific movement patterns and the intersections of the three
dimensions. This figure is crucial for understanding how the dynamic qualities of movement are
analyzed and interpreted using Laban's framework. .

This study employs screw theory [17,18] as a foundational mathematical framework to describe
the spatial vector quantities relevant to the golf swing. Screw theory facilitates the representation of
the six degrees of freedom of a rigid body (three translational and three rotational) in a unified
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manner. By defining the instantaneous screw axis (ISA) of the golf club, we capture both the rotational
and translational dynamics essential for analyzing the complex movements in golf.

We use Pliicker coordinates [19] to represent these ISAs, allowing us to model the line of action
and the moment around which the club rotates and translates during the swing. This approach
provides a comprehensive understanding of the mechanical interactions between the golfer and the
club, crucial for evaluating performance and technique.

The spatial inertia tensor [20], a key concept from dynamics, is utilized to map the spatial
acceleration space to the force space. Analogous to the error covariance tensor in estimation theory,
this tensor encapsulates the inertia and mass properties of the golf club relative to the wrist joint,
which is critical for understanding how golfers perceive and control the club during a swing. By
decomposing the spatial inertia tensor into its geometric and constitutive components, we address
complex eigenvalue problems that describe how different elements of the club's inertia influence the
swing dynamics. This decomposition allows us to explore the interaction between the golfer's
biomechanical inputs and the physical responses of the club. In this section of our paper, therefore,
we present a method of free-vector decomposition for the spatial rigid-body inertia tensor. The linear
map from the spatial acceleration space to the spatial force space was defined as the spatial inertia
tensor. This spatial inertia (of a rigid body) has been successfully represented by means of a set of
principal screws of inertia [20]. Consider the situation in Figure 4: A club has a mass, m; its center of
mass, Cu, is given by the position vector, C; and the inertia tensor about its center of mass is J. The
club is at rest, and experiences a force, f, acting along a line passing through the center of mass, and
a couple, zc. The resulting acceleration is determined by an angular acceleration, «, along an axis
passing through the center of mass (Cwm), the linear acceleration, ac, on Cm.

We present results that apply our modeling approach to the inertia tensor that was obtained by
geometric scaling [21], from a previously published dataset [22]. Specifically, we did not directly
measure the inertia tensor; rather, we used data obtained from a club made by the same
manufacturer. Therefore, the inertia matrix included in Figure 4 is a result of our own calculations
based on these established methods and datasets. As such, the matrix is our original work, derived
from the referenced data. The mass moment of inertia of the club was geometrically scaled by
assuming that the moments of inertia of each segment are proportional to the mass times a linear
dimension squared, as detailed by Zatsiorsky (1998). We then tuned segment parameters for a sample
(including mass, location of center of mass, inertia) as described by MacKenzie & Sprigings (2009), to
match the specific club used in our experiment.
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Due to its special 6x6 form, the screw inertial tensor at ‘O’

0.788 0 0 0 -29.241 -1.001 |
(ml H) 0 0.788 0 20.241 0 1.108
M, :l 01 } =l o 0 0788 1001 ~1.108 0
0 29.241 1.001 2855.908 -5.206 123.719
—20.241 0 -1.108 —5.206 2859.116 111.823 |
-1.001 1108 0 123.719  111.823  20.900 |

Figure 4. This figure illustrates the grip reference frame attached at the center of the end of the club
shaft. The spatial inertia tensor, computed with reference to the origin of the grip coordinate system,
is depicted showing its principal axes and moments of inertia. This representation highlights how the
inertia tensor transforms at any point along the wrist joint axis ‘A’, emphasizing the consistent
eigenvalues irrespective of the positioning. The spatial arrangement allows us to explore how the
inertia impacts the golfer’s control over the club during dynamic movements. The original values of
quantities below the anatomical sketch that were originally published by [4] are used by permission

of professor Sasho MacKenzie and are represented relative to the grip reference frame. (units in
nj-mo°).

The equation of motion is considered as a mapping from the twist-like screw acceleration to a

wrench space [23].
f ml 0)]a,
= )
Tc 0 J)la

where ml= m =M, and 1 is the 3x3 identity matrix.
m

Since all of the spatial quantities are referred to with respect to the center of mass, the linear and
angular components of motion are decoupled — the linear acceleration being entirely due to the force,
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and the angular acceleration being a result of the couple. To transform Equation 1 into the origin of

the joint axis (Figure 4), we obtain
f ml H)| a,
=y @)
T, H 1)«

where H=C x M, [ =]+CxMCx", and Cx is the anti-symmetric skew matrix corresponding to C.

0 -C. C,
Cx=|C. 0 -C, @)
C, C. 0

Due to its special 6x6 form, the spatial inertial tensor

ml H
M, = H 1 4)

is expected to have special eigen structures.
The spatial inertia tensor Mo represented at the origin is a symmetric, positive definite tensor
and transforms to any point ‘A’ by the spatial Jacobian, @, according to

W

4 3 4 3
P = p %)
D —U.,, % 4 R —u .. X 4
V4
L 4 3
where y =grD and ® =
—U., % 4

The eigenvalue problem provides a unique decomposition of Mo as
' 3 W
p4 K 1 3|p, 3|z 3

=& = 6
KWMPR173pyr;/ ©)

where myand my are representing the eigen values of mass and mass moment of inertia, respectively
(following the common notational tactics for the principal axes of inertia, we use 1, /1 /4 for myand,

to the corresponding principal moment of inertia, 7, <7, <1, fory).

One might wonder whether the decomposition based on the solution for the free-vector
eigenvalue problem would be different at another point A. We apply the transformation rule
(Equation 5) to the above decomposition (Equation 6):

r r W w

4 3 2 3 p 3 i 3 4 3
__%yex 4 e 7

3
= )
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which shows that M4 is decomposed by the same eigenscrews in the same manner, just represented
at B. That is, no matter where the problem is posed, the same eigenscrews form the basis of the
decomposition.

2.3. Instrumentation and Data Analysis

In this study, rather than collecting new empirical data, we utilized an existing dataset from
previous research that detailed the golf swings of two female golfers with different skill levels [23]
(Table 2). This dataset was chosen for its comprehensive capture of biomechanical movements using
high-precision motion capture technology and ground reaction force measurements, making it highly
suitable for our analysis.

The original data were collected using a sophisticated array of twelve high-speed Qualisys
cameras, which accurately recorded the three-dimensional positions of reflective markers attached to
the golfers and their clubs. This setup was designed according to the standards of the International
Society for the Advancement of Kinanthropometry, ensuring that the biomechanical analysis adhered
to high measurement accuracy and reliability (Figure 5). Ground reaction forces were measured using
a Kistler force plate, providing essential data on the biomechanical forces exerted during the swings.

___L&E-I-Illlllll

Figure 5. Displayed here are the positions of reflective markers on a golfer at the moment the club
addresses the ball. This setup was used to capture the biomechanical data originally recorded,
detailing the anatomical landmarks critical for analyzing movement dynamics. The separate panel
shows detailed placements on the hand, essential for understanding the grip dynamics and the
resultant force transmission through the golfer's body during the swing.

By reusing this existing dataset, we were able to directly apply our analytical models without
the variability and resource constraints associated with new data collection. This approach also
allowed us to focus on in-depth analysis using established data, ensuring that our study was both
resource-efficient and grounded in reliable biomechanical metrics. The dataset included detailed
annotations of each golfer's movements and the corresponding biomechanical outputs, which
facilitated a nuanced analysis of the swing mechanics. In total, twenty-four reflective markers and
four marker clusters were used for the reconstruction of eight body segments (i.e., the trunk, pelvis,
thighs, shanks, and feet). Additionally, specific markers were placed on the club and wrist joint to
define their respective reference frames. Marker coordinates for the period between the beginning of
the downswing of a golf swing and up to the instant before impact were then acquired.
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Motion capture was undertaken using an optoelectronic system of twelve Qualisys cameras
(type: Oqus-300, Qualisys AB, Sweden) operating at 300Hz. The collected data were processed using
Qualisys Track Manager (QTM) software to ensure accurate tracking and reconstruction of the
marker trajectories. For the club, markers were placed at specific points along the shaft and clubhead
to capture its motion accurately. The wrist joint was defined using markers placed on anatomical
landmarks around the wrist to establish a local reference frame.

Table 2. This table provides demographic and golfing background information for the two female
golfers participated in the study. It includes age, height, mass, golf handicap, experience, and annual
rounds played, offering context for understanding the differences in their biomechanical data and
performance outcomes.

Participant Age Height Mass Handicap Experience Rounds
(years) (cm) (kg) (years) (per year)

A 17 167 54 32 1 10

B 51 165 55 8 15 110

Using the predefined anatomical coordinate system from the original study, which was based
on key landmarks identified on the golfer and the club, we analyzed the motion data to extract the
instantaneous screw axes (ISA) and their evolution during the downswing phase. This previously
recorded data provided a robust basis for exploring how biomechanical properties such as the ISA
correlate with golfer skill level and technique efficacy.

Reusing data from a well-designed previous study can enhance the efficiency of the research
process and contribute to the sustainability of research practices by utilizing existing resources. This
method helps to ensure that findings are based on previously validated data, which can support the
reliability of the conclusions drawn from the analysis.

3. Results

3.1. A 'Free’ Flow Versus a 'Bound’ Flow Based on Laban’s Effort Theory

Our analysis of the previously collected data revealed distinct differences in the golf swing
mechanics between skilled and novice players, particularly in how they manage the physical forces
during the downswing. One skilled golfer exhibited a profound synchronization between the
instantaneous screw axis (ISA) and the dynamic forces exerted by the golf club's inertia. This
synchronization suggests a voluntary and strategic compliance with the natural forces, allowing these
forces to guide the swing without opposition.

Figures 6 and 7 in this manuscript are adapted from Figures 5 and 6 in our previous publication
in the International Journal of Golf Science [23]. The original study, titled "Haptic Perception-Action
Coupling Manifold of Effective Golf Swing," provided foundational results that are further analyzed
and expanded upon in this current research.

Figure 6 provides a dynamic visualization of the ISA paths during a novice golfer’s swing. The
trajectories depicted by the solid lines and contrasted against the principal axes of inertia (dashed
lines) illustrate a lack of alignment between perceived inertia and actual movement paths. This
indicates a struggle with effective force management and synchronization, which is particularly
evident from the disjointed ISA paths that exhibit abrupt changes in movement direction and speed.
These perturbations suggest a resistance or a lack of coordination in allowing the inertia of the club
to influence their body dynamics.
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Figure 6. This figure presents a three-dimensional spatiotemporal view of the ISA (solid lines) and
the principal axes of inertia (e3 dashed lines) during a novice golfer’s swing. The paths projected onto
the medial and superior sides illustrate the motion dynamics, showing the lack of alignment between
perceived inertia and actual movement paths, indicative of the novice’s struggle with effective force
management and synchronization. The arrow indicates where the subsequent axes have migrated at
every 0.0333 second of time step (units in cm). Adapted from Kim et al. (2013), "Haptic Perception-
Action Coupling Manifold of Effective Golf Swing," International Journal of Golf Science, 2(1), 10-32.

Conversely, Figure 7 illustrates the proficient golfer's ability to synchronize her swing dynamics
effectively. The alignment between the ISA (solid lines) and the e3 (dashed lines) demonstrates adept
perception-action coupling, allowing her to voluntarily harness the club’s inertia to optimize swing
mechanics and energy flow. This contrasted with the novice’s disjointed motion paths reveals
significant insights into the qualitative differences in swing mechanics between different skill levels.
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Figure 7. Showcased here is the proficient golfer’s ability to synchronize her swing dynamics
effectively, as evidenced by the alignment between the ISA (solid lines) and the e3 (dashed lines). This
alignment demonstrates her adept perception-action coupling, allowing her to voluntarily harness
the club’s inertia to optimize swing mechanics and energy flow, contrasted with the novice’s
disjointed motion paths. Adapted from Kim et al. (2013), "Haptic Perception-Action Coupling
Manifold of Effective Golf Swing," International Journal of Golf Science, 2(1), 10-32.

The movement patterns of skilled golfers demonstrated that their swings were not only
synchronized in terms of timing but also optimized for energy utilization. The ISA paths in skilled
golfers were smoother and showed a consistent alignment with the club's inertia forces throughout
the swing. This alignment allowed one skilled player to maintain an efficient kinetic chain that
enhanced both the power and fluidity of the swing, indicative of her ability to harness and modulate
the club's inertia effectively.

In contrast, one novice golfer displayed multiple deviations from the ideal ISA path, with these
deviations manifesting as abrupt changes in movement direction and speed. These perturbations
indicate a resistance or a lack of coordination in allowing the inertia of the club to influence her body
dynamics. The novice swings were characterized by a 'Bound' Flow, where the energy seemed
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restrained and movements were less fluid, likely resulting from a conscious or unconscious
opposition to the inertia forces.

The spatiotemporal representation of the swings, especially the ISA paths, provided a vivid
illustration of how the swing dynamics unfolded over time. For the skilled golfer, the ISA and the
perceived inertia (e3 pathways) were closely aligned, suggesting a high degree of perceptual-motor
integration. This integration enables proficient golfers to anticipate and adapt to the physical
demands of the swing, allowing the natural progression of movement influenced by the club's inertia.
Conversely, the novice golfer's e3 and ISA paths showed misalignment, indicating less effective
perception-action coupling and a disjointed adaptation to the dynamic forces.

These results underscore the critical role of allowing physical forces to act naturally across the
golfer's biomechanical system, highlighting a fundamental difference in skill levels. The ability to
voluntarily allow and adapt to these forces is a hallmark of proficiency in golf, reflecting a deeper
kinesthetic awareness and a more refined control over the complex dynamics of the golf swing.

Figure 8 encapsulates the concept of gathering/scattering as a shaping movement in golf, akin to
Dell’s description of accommodating the plastic character of objects and molding space like a sculptor
with clay [18]. The sequence from phases 1 to 4 demonstrates the golf club's dynamic downswing,
where the club's motion is adapted and refined in response to the forces and trajectory required for
an effective strike. Each line traces the club's path, illustrating the adaptation of form and the creative
interaction with space, capturing the expressive and sculptural qualities inherent in skilled sports
movements.

350
300 —
250 —
200 —

180 —

100 —

50 —

0 T T T T T 1 1
0 50 100 150 200 250 300 350

Figure 8. This image embodies the application of Laban's Body-Effort-Space-Shape framework,
illustrating how the golfer's body dynamically adapts to the contour of the club's inertia envelope
during the downswing. The red dashed contour marks the principal axis of inertia of the club, serving
as a guide that the golfer's movements mold around. This adaptive process, akin to a sculptor
intuitively shaping clay, highlights the profound integration of body form with the evolving physical
forces of the club, showcasing a sophisticated synchronization of movement and inertia for optimal
swing efficiency.

Sequential visualization of a golf club's downswing, highlighting the dynamic envelope of club
inertia. Phases 1 to 4 illustrate the progressive motion of the club: starting from the initial downswing
position (1), moving through the increasing acceleration (2, 3), and culminating in the final swing
phase (4) where maximum velocity is achieved. The contour lines represent the club's path,
emphasizing how the inertia influences the trajectory and speed across the swing.
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3.2. Transition from Biomechanical Measures to LBMS Qualitative Types

In our biomechanical analysis, as revealed in Figure 8, we demonstrate how the perception of
the disposition of touch surfaces, such as the contour of the club's inertia envelope, is influenced by
the golfer's body positioning. The sensitivity of a trained golfer to the geometric pattern of their body,
its members, and extremities illustrates the precision of their perception of pose or disposition. This
sensitivity is particularly precise in disciplines like ballet, as captured by LBMS. Choreographers have
analyzed the movements and pauses of the human body in efforts to establish a dance notation (see
Figures 2 and 3). This rich notation system is fundamental to understanding the detailed perception
of skeletal movement.

In our study, we propose a simplified coordinate disposition of the golfer's limbs, depending on
the distribution of matter in the club. This approach allows us to bridge the gap between quantitative
biomechanical data and the qualitative analysis provided by LBMS. Figure 8 visually illustrates this
transition by showing the sequential phases of the golf swing, each annotated with the corresponding
biomechanical data and the mapped LBMS Effort elements. This figure demonstrates how the golfer’s
actions (quantified through biomechanical measures) shape their perception of movement quality
(described through LBMS).

In conclusion, this detailed mapping from biomechanical measures to LBMS qualitative types
provides a comprehensive framework for understanding the dynamic and expressive qualities of the
golf swing. By integrating quantitative and qualitative analyses, we offer a richer, more nuanced
perspective on movement, enhancing both theoretical understanding and practical applications in
biomechanics and movement studies.

The enveloping shape of the inertia surface in Figure 8, depicted by the red lines, illustrates how
the club's inertia changes dynamically throughout the swing. This aligns with the Labanotation's
depiction of movement qualities, emphasizing the interplay between physical forces and movement
efficiency. Trained athletes perceive these dynamic changes and adjust their posture and muscle
engagement accordingly. The gray discrete lines showing the specific locations of the club in Figure
8 can be mapped to the phases illustrated in the Labanotation of Figure 9, providing a visual
alignment between the qualitative and quantitative analyses. This alignment helps trained golfers or
dancers to understand and visualize the precise positioning needed for optimal performance.

3.3. Motif Writing using Laban Movement Analysis and its Notation are Tied Closely to the Depiction of the
Golf Swing

Figure 9 presents the golf swing represented through Labanotation, a graphical system for
recording and analyzing movement. This figure serves to bridge the biomechanical analysis with the
qualitative descriptions provided by the Laban/Bartenieff Movement System (LBMS). Here, we
explain the transition from the previous figures to Figure 9 and address its applicability to different
skill levels of golfers.

Building upon this biomechanical foundation (Figure 8), Figure 9 translates these parameters
into the qualitative movement language of Labanotation. This system captures the essence of the
movement by notating the spatial, temporal, and dynamic aspects of the golf swing. The Effort sign
(Figure (a)) “Strong” for the Effort Factor Weight, meaning “resolute with power” when returning
from the backswing to impact (touching the ball). Vertical bows (Figure 9(b)) show that actions are
done simultaneously, show phrasing, include body parts or add specific aspects to the movement.
"Phrasing in movement" refers to how a sequence of movements is structured and connected, much
like phrasing in music or language. It involves the flow and continuity of movements, highlighting
the transitions and the relationship between different parts of the movement sequence. In the context
of Laban Movement Analysis (LMA) and Labanotation, phrasing helps to understand the dynamics,
timing, and expressiveness of movement. Basic form of the bow for "touch" (Figure 9(c)) - something
is touching something

Figure 9 is designed to be valid for analyzing both skilled and novice golfers, though the
notations will differ based on the individual's movement patterns. In skilled golfers, the notation will
show more refined and controlled movements, with smooth transitions and efficient use of force. The


https://doi.org/10.20944/preprints202406.0935.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 June 2024 d0i:10.20944/preprints202406.0935.v1

16

dynamic qualities will likely reflect a balanced and coordinated effort, with clear directional intent
and fluid motion.

For novice golfers, the notation may reveal more erratic and less controlled movements, with
abrupt transitions and less efficient use of force. The dynamic qualities might show variability in
effort, with more frequent changes in direction and flow.

The differences between skilled and novice golfers can be identified through the patterns and
symbols used in the Labanotation , if further developed: Skilled golfers will exhibit consistent and
smooth notations, indicating well-coordinated movements. In contrast, novice golfers may show
inconsistent notations with frequent disruptions in flow.

The depicted Labanotation score is not merely a static representation but a dynamic blueprint
that outlines the essential phases of a golf swing. It visually encodes the golfer’s posture, the
sequential flow of the swing, the directionality of the club, and the shifting weight and balance of the
golfer's body through space and time.

By applying both the Labanotation and Bartenieff Fundamentals to the golf swing, the analysis
becomes a living, evolving process. The systems work both separately and in unison, providing tools
to capture and enhance the expressivity and functionality of the golfer’s movements. They enable a
deeper investigation into how the golfer's body engages with and navigates through the
biomechanical demands of the swing, aiming for efficiency, power, and harmony. Thus, Figure 9
does not merely depict the mechanical sequence of the golf swing but embodies a deeper dialogue
between the golfer and the swing—a synthesis of kinetic elegance and biomechanical precision,
continually evolving as our understanding of movement deepens. In conclusion, by incorporating
Labanotation and Motif Writing into the analysis, Figure 9 provides a comprehensive visual
representation of the golf swing's dynamics and Effort qualities. This detailed explanation bridges
the gap between previous figures and Figure 9, clarifying its application for different skill levels.

L) \

Figure 9. Golf swing notation. This figure illustrates the golf swing using Labanotation. The notation

AL

:
o,
A

captures successive postures of the body and the movements between these postures. Symbols
represent various body parts and are read from the bottom up, in time. The center line indicates the
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midline of the body, while the columns represent the legs, arms, and other body segments. This
method, originating with Rudolf Laban, can become highly detailed. The accompanying sketches and
notes provide context and clarity for those unfamiliar with the notation (Appendix A).

4. Discussion

The present study aimed to integrate Laban Movement Analysis (LMA) with biomechanical
analysis to provide a comprehensive understanding of the golf swing. By combining qualitative and
quantitative methods, we sought to enhance the analysis and refinement of movement in golf.

Our approach utilized Labanotation to represent the phases of the golf swing, capturing the
dynamic and spatial aspects of movement. Labanotation is an effective tool for visualizing and
analyzing complex movements, as it provides a detailed depiction of movement qualities such as
direction, effort, and flow. The biomechanical analysis, on the other hand, offered quantitative data
on the path, velocity, and inertia of the club head throughout the swing.

Figure 9 illustrated the golf swing using Labanotation, depicting key phases such as the setup,
backswing, transition to downswing, downswing, and follow-through. This qualitative
representation was complemented by Figure 8, which provided a biomechanical analysis of the golf
swing, showing the club head's path and velocity, and how it envelops the inertia surface.

4.1. Detailed Analysis of the Golf Swing

Setup Position:

In the setup position, the golfer aligns their body with the target. This phase is critical for
establishing a solid foundation for the swing. The Labanotation in Figure 9 shows the initial
orientation, while the biomechanical data in Figure 8 depicts the club head's position relative to the
body.

Backswing;:

The backswing involves lifting the club upward and backward, rotating the torso and building
potential energy. Labanotation captures the smooth, sustained, and indirect qualities of this
movement, while the biomechanical analysis shows the path trajectory and velocity changes.

Transition to Downswing:

This phase marks the change in direction from backswing to downswing. It is characterized by
a quick, strong, and indirect effort. The Labanotation highlights the dynamic shift, and the
biomechanical analysis shows the corresponding acceleration of the club head.

Downswing:

The downswing is the most powerful phase, where the stored potential energy is released. The
strong, direct, and quick qualities are captured in the Labanotation, and the biomechanical data
shows the peak velocity and the enveloping inertia surface.

Impact and Follow-Through:

The impact and follow-through involve the club striking the ball and the subsequent
continuation of the swing. The Labanotation represents the fluidity and control of this phase, while
the biomechanical analysis provides data on the deceleration and final positioning of the club head.

4.2. Practical Implications and Applications

The integration of LMA with biomechanical analysis offers several practical benefits for golfers
and coaches:

Enhanced Movement Analysis:

By combining qualitative and quantitative data, we can gain a deeper understanding of the
intricacies of the golf swing. This comprehensive analysis helps identify areas for improvement and
optimize performance.

Training and Rehabilitation:

The detailed representation of movement can be used in training programs to teach proper
techniques and in rehabilitation settings to correct faulty movement patterns and prevent injuries.

Customization and Personalization:
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The approach allows for personalized feedback based on individual movement patterns.
Coaches can tailor training programs to address specific needs and goals of each golfer.

While the integration of LMA and biomechanical analysis provides valuable insights, there are
limitations to consider. The study focused on a specific group of golfers, and the findings may not be
generalizable to all skill levels or demographics. Additionally, the complexity of Labanotation may
require specialized training to fully understand and utilize its benefits.

Future research should explore the application of this integrated approach to different sports
and movement disciplines. Further studies could also investigate the long-term effects of using this
method in training and rehabilitation programs.

By examining the Effort elements and biomechanical data of a golfer's swing, we provided a
comprehensive analysis that bridges the gap between qualitative and quantitative methods. This
integrated approach enhances our understanding of the golf swing, offering practical applications
for improving performance and reducing the risk of injury. The findings underscore the importance
of considering both the dynamic qualities of movement and the underlying biomechanics to achieve
optimal results in sports and physical activities.

5. Conclusions

This study has demonstrated the value of integrating Laban Movement Analysis with
biomechanical analysis to achieve a comprehensive understanding of the golf swing. By bridging
qualitative and quantitative methods, we have provided a robust framework that enhances both the
analysis and refinement of movement. The practical applications of this approach offer significant
benefits for training, performance improvement, and injury prevention. Future research should
continue to build on these findings, expanding their application and exploring new areas of study.

Coaches can use the detailed movement analysis to develop more effective training regimens
that focus on improving specific aspects of the golf swing. This approach helps golfers understand
the intricacies of their movements and make precise adjustments. The integration of LMA and
biomechanical analysis can identify and correct faulty movement patterns that may lead to injuries.
Rehabilitation programs can be tailored to address specific issues, promoting safer and more efficient
recovery.

Future studies should explore the application of this integrated approach to other sports and
movement disciplines. This will help determine its versatility and effectiveness in various contexts.
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