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Objective: The purpose of this study was to examine the effects of real-time visual feedback weight shift training during golf
swinging on golf performance.
Design: Repeated-measures crossover design.
Methods: Twenty-sixth amateur golfers were enrolled and randomly divided into two groups: The golf swing training with real-time feedback on weight shift (experimental group) swing training on the Wii balance board (WBB) by viewing the center of
pressure (COP) trajectory on the WBB. All participants were assigned to the experimental group and the control group. The general golf swing training group (control group) performed on the ground. The golf performance was measured using a high-speed
3-dimensional camera sensor which analyses the shot distance, ball velocity, vertical launch angle, horizontal launch angle, back
spin velocity and side spin velocity. The COP trajectory was assessed during 10 practice sessions and the mean was used. The golf
performance measurement was repeated three times and its mean value was used. The assessment and training were performed at
24-hour intervals.
Results: After training sessions, the change in shot distance, ball velocity, and horizontal launch angle pre- and post-training were
significantly different when using the driver and iron clubs in the experimental group (p<0.05). The interaction time×group and
time×club were not significant for all variables.
Conclusions: In this study, real-time feedback training using real-time feedback on weight shifting improves golf shot distance
and accuracy, which will be effective in increasing golf performance. In addition, it can be used as an index for golf player ability.
Key Words: Golf, Sensory feedback, Weight bearing

Introduction
Golf uses various clubs to hit balls into the hole cups, and
a regular golf course consists of 18 holes. Golf has increased
in popularity with economic growth, and this popularity and
interest has led golfers to pursue improved performance.
The motion of hitting the ball is divided into three steps:
swinging the club, head to ball affect energy transfer in collisions, and ball flight. A set of golf clubs typically consists of
wood, at least 1 hybrid, seven iron, at least one wedge, and
a putter. The golfer selects the appropriate club according to
the condition of the course and distance from the hole [1].

The effects on the performance of the golfer require specific strength, swing stability, shot distance, mental power,
judgment, and equipment [2,3]. The goal of the golfer is to
send the golf ball far and accurately in the game, which has
a significant impact on game outcome. In particular, the
strength of the golfer plays an important role in increasing
the shot distance in the process of performing the golf shot.
The muscle strength of the trunk are related to club head
speed [4], and lower extremity and shoulder muscle strength
have been reported to affect handicap and target accuracy [5].
An understanding of forces and torques applied by the
feet to the ground during the golf swing is vital for achieving
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proper mechanics and optimal performance. Several key
factors for improving golf performance have been identified.
Skilled players with lower golf scores and swing analyzed
had higher club head velocity, higher ball vertical launch angle, lower standard deviation of ball velocity, and faster
body-twist angular velocity [3]. The golf swing is a complex
movement which, to a large extent, is influenced by the action of the feet. To better understand proper swing mechanics, a number of researchers have studied the reaction between the golfer and the ground [6]. During the golf swing,
the body is subjected to weight shift with rotational motion,
and this weight transfer ability is used as a tool for golf players to evaluate their performance [7]. In particular, amateur
golfers need training in stability and accuracy as well as
swinging practice. Compared with elite golfers, amateur
golfer showed a difference in static balance and weight
transfer ability [8,9]. Analysis of the swing of the Professional Golfers’ Association golfer and the elite golfer, the center of pressure (COP) trajectory was different from the amateur golf player and the COP trajectory range in the anteroposterior posterior (AP) was lower [9,10].
Previous studies on weight shifting have studied the use
of prop exercises or games for balance training and use of a
force plate that receives COP information on the body
weight [11,12]. Feedback training is to correct performance
for effective outcomes for during exercise and training, and
the method of the feedback is provided by verbal command,
hand contact, visual information or auditory signals [13-15].
Visual feedback can be integrated with afferent information
coming from the vestibular and somatosensory senses, contributing to and improving postural control [16]. In the previous study, as a result of comparing with or without visual
feedback, the amount of COP trajectory decreased with
feedback [17].
The importance of weight shifting during golf swinging
has been studied, but studies using weight shift training and
observing the movement of the COP are lacking. Therefore,
the purpose of this study was to investigate whether the golfer’s swing performance was effective by applying real-time
visual feedback training on weight shifting to amateur
golfers.

golfers with more than one year of experience at Daejeon.
Thirteen amateur golfers were enrolled and randomly divided into two groups. Subjects were included with the following criteria: (1) scoring average between 80 and 90, (2)
driver shot distance greater than 200 m. The exclusion criteria were (1) problems with musculoskeletal pain and function during golf swinging.
All participants were informed about the tests and the use
of the results and were asked to sign a written statement in
which they formally consented to the inclusion of the study.
This study was conducted with the approval of the
Institutional Review Board of Daejeon University (IRB No.
1040647-201706-HR-024-03).
Procedure
Using a repeated-measures crossover design, subjects
were randomized to receive two sessions for two days of either a real-time visual feedback training (experimental) or
general golf swing training (control), followed by a one
training session on the first day, after which participants received the other training.
Prior to training, all subjects performed a 5-minute swinging practice session with a driver and iron club in the most
comfortable addressing position to relax the tension and activate the muscles used during the golf swing. Drivers
(1-wood) are used for long-distance fairway. Irons were the
most versatile class and are used for a variety of shots. The
driver and 7-iron club training and measurements were also
randomly selected for each group. For the training of the experimental group, the Wii balance board (WBB) was placed
under the subject and the monitor was placed 1 m ahead for

Methods
Participants
The subjects of this study were selected as adult amateur

Figure 1. Real-time feedback setting during golf swing. COP: center of pressure.
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visual feedback (Figure 1).
Subjects were instructed to move the COP trajectory
within 5 cm of the anterior and posterior on the front monitor
screen during golf swing training on the WBB. After 10
practice sessions, they performed golf performance measurement on the ground [9]. The COP trajectory was assessed
including all 10 practice sessions and the mean value was
used. The golf performance measurement was repeated three
times and its mean value was used, and both assessment and
training sessions were performed at 24-hour intervals. The
control group training session was performed in the same
procedure without real-time visual feedback by each subject's own way. The control group performed self-guided
learning using video feedback of his swing.
Outcome measures
COP trajectory
The COP trajectory measurement was assessed when the
subjects were instructed to stand on the WBB while the subject swung. The WBB provides COP information which was
collected continuously through the road-cells in the four corners of the WBB, and the data was collected through a computer device connected via Bluetooth. Sampling rate of the
collected data was controlled by the associated software. In
this study, data on COP velocity average (cm/s), COP path
length (cm), the medial lateral (ML) distance (cm), AP distance (cm), ML range (cm), and AP range (cm) were all collected and measured. All data was sampled at 100 Hz and
performed at a 10 Hz low-pass filter [18]. The collected data
was analyzed with the Balancia program (Mintosys, Seoul,
Korea).
Golf swing performance
In this study, the golf performance was measured using
T-up Pro (Maumgolf, Seongnam, Korea). The high-speed
3D camera sensor measures ball and club movements up to
3,800 frames and physically analyzes the shot distance (m),
ball velocity (m/s), vertical launch angle (o), horizontal
launch angle (o), backspin velocity (rpm), and side spin velocity (rpm).
Data and statistical analysis
For this study, the PASW Statistics ver. 22.0 (IBM Co.,
Armonk, NY, USA) was used for data analysis. Parametric
distributions of the outcome were conﬁrmed using the
Shapiro-Wilk test. Statistical analyses of primary outcomes
were performed using a mixed-model ANOVA, with main
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factors of time (pre- vs. post-testing), club (driver, iron), and
training method (real-time visual feedback training, general
golf swing training). Parameters during training were compared between pre- and post-training using paired t-tests or
Wilcoxon signed rank as appropriate. The significance level
was set at α=0.05.

Results
The general characteristics of those who completed the
training sessions are provided (Table 1), with no differences
between participants who initially received experimental
versus control group training sessions.
After training, the change in shot distance, ball velocity,
and horizontal launch angle value in pre- and post-training
were significantly different in both the driver and iron clubs
in the experimental group. In the control group, the change
in ball velocity, backspin rate, and side spin rate were significantly different only in the driver club. The mixed-model
ANOVA performed for the golf swing performance measures a signiﬁcant main effect of time for shot distance, ball
velocity, horizontal launch angle, backspin rate, and side
spin rate. There were no significant differences in group by
time interaction and club by time interaction for all variables.
The subjects were trained using a driver club in which
there was a significant change in the shot distance in the experimental group between pre- and post-training values
(p<0.05), and the mean change was significantly different
between groups (p<0.05). The ball velocity showed a statistically significant change in the experimental group and
the control group (p<0.05), and the mean change was significantly different between groups (p<0.05). The horizontal launch angle and side spin velocity changed significantly
in experimental group between pre- and post-training values
(p<0.05), and the mean changes were significantly different
between groups (p<0.05).

Table 1. General characteristics of subjects
Characteristic
Age (yr)
Sex (male/female)
Height (cm)
Weight (kg)
Golf career (yr)
Handicap

(N=13)
Value

50.00 (4.24)
13/0
172.15 (5.76)
76.23 (12.08)
5.31 (4.82)
81.45 (6.16)

Values are presented as number only or mean (SD).

Change

Pre-training

Change

221.15 (16.75)
3.10 (14.67)
66.12 (6.00)a
1.57 (2.62)
11.54 (2.88)
1.59 (2.90)
4.21 (1.85)
0.11 (3.24)
1,450.04 (617.62)a −778.01 (804.60)
375.56 (254.62)a −192.69 (239.42)

Post-training

142.82 (15.73)
145.43 (20.22)
2.61 (7.59)
47.10 (4.26)
48.21 (5.38)
1.09 (2.02)
18.32 (2.68)
18.88 (2.72)
0.57 (1.24)
2.47 (1.32)
2.58 (1.76)
0.11 (1.67)
5,278.83 (1,189.35) 4,973.31 (1,340.52) −305.55 (792.33)
707.18 (451.43)
455.32 (269.13)a −251.96 (332.46)

231.64 (15.67)a
17.17 (12.95)b
218.05 (19.03)
a
68.76 (6.67)
5.38 (4.68)b
64.55 (5.28)
11.38 (3.09)
0.78 (2.63)
9.95 (4.01)
2.84 (1.34)a
−1.07 (1.72)b
4.12 (1.75)
1,705.54 (715.26) −239.69 (1,015.02) 2,228.05 (657.47)
480.03 (193.90)a −204.84 (132.36)b
568.25 (190.58)

Post-training

137.42 (18.70)
148.44 (15.67)a
11.02 (8.97)b
a
46.26 (4.75)
48.33 (4.25)
2.09 (2.19)
18.61 (4.14)
19.94 (4.38)
1.35 (3.13)
3.52 (1.85)
2.74 (1.62)a
−0.79 (2.00)
5,267.57 (1,070.92) 5,023.94 (1,146.00) −192.99 (717.81)
881.14 (356.24)
438.50 (155.82)a −442.64 (319.99)b

214.51 (24.45)
63.42 (5.78)
10.59 (3.12)
3.90 (2.11)
1,945.19 (895.05)
684.87 (221.50)

Pre-training

Control group

Values are presented as mean (SD).
a
b
Significant difference between pre-training and post-training (p<0.05). Significant difference compared with the control group (p<0.05).

Driver club
Shot distance (m)
Ball velocity (m/s)
Vertical launch angle (o)
Horizontal launch angle (o)
Back spin velocity (rpm)
Side spin velocity (rpm)
Iron club
Shot distance (m)
Ball velocity (m/s)
Vertical launch angle (o)
Horizontal launch angle (o)
Back spin velocity (rpm)
Side spin velocity (rpm)

Variable

Experimental group

Table 2. Pre-training and post-training data between two groups

0.132
0.258
0.992
0.142
0.386
0.688

0.132
0.258
0.992
0.142
0.386
0.688

0.657
0.372
0.857
0.831
0.489
0.405

0.657
0.372
0.857
0.831
0.489
0.405

Time × Time ×
Group Club

p-value
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Table 3. COP parameters comparison between two groups
COP parameter
Driver club
COP velocity average (cm/s)
COP path length (cm)
ML max distance (cm)
ML min distance (cm)
ML range (cm)
AP max distance (cm)
AP min distance (cm)
AP range (cm)
Iron club
COP velocity average (cm/s)
COP path length (cm)
ML max distance (cm)
ML min distance (cm)
ML range (cm)
AP max distance (cm)
AP min distance (cm)
AP range (cm)

Experimental group

Control group

p-value

28.50 (7.40)
67.83 (13.50)
11.66 (5.88)
−6.38 (14.76)
19.85 (9.58)
3.93 (1.11)
−3.41 (0.85)
7.34 (1.55)

32.39 (5.65)
72.19 (15.29)
10.26 (4.21)
−10.35 (5.21)
20.61 (8.97)
6.44 (2.31)
−6.59 (3.88)
13.02 (6.02)

0.147
0.448
0.494
0.369
0.835
0.002a
0.008a
0.003a

29.32 (5.86)
69.11 (14.01)
9.70 (4.75)
−9.69 (5.13)
19.39 (9.53)
3.81 (1.06)
−3.92 (1.02)
7.74 (1.56)

32.34 (7.12)
73.12 (13.87)
10.19 (4.75)
−10.60 (5.24)
20.79 (9.62)
6.08 (1.53)
−5.45 (3.56)
11.53 (4.86)

0.248
0.470
0.797
0.657
0.713
0.001a
0.150
0.013a

Values are presented as mean (SD).
COP: center of pressure, ML: medial lateral, max: maximum, min: minimum, AP: anterior posterior.
a
Significant difference compared with the control group (p<0.05).

When using an iron club, the shot distance changed significantly in experimental group between pre- and posttraining (p<0.05), and the mean change was significantly
different between groups (p<0.05). There was a significant
change in ball velocity in the experimental group and the
control group (p<0.05). The side spin velocity was a statistically significant in the experimental group and the control
group (p<0.05), and the mean change was significantly different between groups (p<0.05) (Table 2).
Comparing COP parameters between groups, there was a
significant difference in AP max distance, AP min distance,
and AP range when using the driver club. During training
sessions using the iron club, there was a significant difference in AP max distance and AP range (Table 3).

Discussion
The purpose of this study was to measure the improvement of the performance of golfers through real-time visual
feedback training on golf player's weight shift movements
during golf swinging. The main findings of the study showed
significant improvements in shot distance, ball velocity, and
horizontal launch angle and side spin rate after the swing
training with real-time visual feedback.
In this study, WBB was used to provide visual feedback in

real-time. Vision is the most sensitive form of human motion
and it is the most dependent sense when performing body
movements. The sense of sight is the best external receptor
for accepting exteroceptive information, which is required
for motion planning and motion control. Learning through
vision, which is the exteroceptor for motor planning and
control, is said to be useful because it represents motion in
memory through visual information [19].
It is commonly believed that specific strength and conditioning programmes may be able to maximize the distance
of a golf shot and thus, to improve performance in golf. In relation to golf performance enhancement, the major proposed
benefit of a conditioning programme is thought to be increased shot distance (especially of the drive) through increasing the joint range of motion [20], muscle strength,
power and balance [21], and muscular and aerobic endurance [22]. In this study, shot distance increased as a result of
weight shift training, which indicates that training is also
necessary to improve golf performance and shot distance.
After training, the experimental group showed significant
changes in horizontal launch angle and side spin velocity,
which influenced shot accuracy improvement. The aerodynamic flight of the golf ball is dependent on the initial velocity of the ball and the spin of the ball as it travels through the
air. While the initial velocity is most important for the total
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distance the ball flies with greater velocity producing greater
distance, it is the spin of the ball which has the most interesting effects on its flight path. The Magnus effect of the spin of
the ball produces both lateral and upward lift forces during
its flight [23,24]. The direction and velocity of side spin affects the sideways motion of the ball during its flight. As
viewed from the top, clockwise spin causes the ball to ‘slice’
to the right and counter-clockwise spin causes the ball to
‘hook’ to the left as shown. Sometimes side spin is intentionally applied to the ball to produce a particular trajectory but
in general, side spin has an undesirable effect on the shot and
decreases the distance the ball will fly [25].
The typical strategy for golf training consists of high volume repetition with an emphasis on a large variety of isolated swing characteristics. The student is frequently instructed to maintain consistent performance in each swing
with absolute invariance. Based on dynamical systems and
motor control schema perspectives, it is argued that golfers
can learn a more reliable swing by exploring swing parameters and focusing on higher order control principles that reduce the vast number of degrees of freedom [26]. In addition, as a proficient golf swing is a key element of success in
golf, many golfers make significant effort in improving their
stroke mechanics.
During a golf swing, only 5%-19% of the golfer's weight
is supported on the right foot during backswing, and the rest
of the weight weight is moved to the left foot. Thus, an efficient swing cannot be achieved without the ability to maintain stable balance or proper weight shift ability. In order to
transmit the maximum momentum of the head to the golf
ball, the center of the ball and the club head must match in
the exact impact position and direction [27]. Amateur golfers have higher muscle activity and 50% more swing torque
than professional golfers during swing, but the swing is irregular so that they do not create the exact impact moment
[28]. The professional golfers had superior dynamic balance
ability, achieved by controlling the COP excursion to compensate for the increased variation of the center of mass,
leading to a more stable swing mechanism than that of the
amateur golfers. This study provides quantitative information for the evaluation of dynamic balance control during
the golf swing [29].
Limitations of this study were an indoor driving range
training, and only using driver and 7-iron clubs. Future studies will be needed in various environments and other clubs.
It is also necessary to study kinematics and kinematical variables through electromyography and motion analysis.

In this study, real-time feedback training using weight
shifting movement improved golf shot distance and accuracy, which will be effective in increasing golf performance.
It can also be used as an index for golf player ability.
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