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Introduction  
The golf swing is a complex sport-specific movement that requires the coordinated motion of multiple body segments to transfer 

energy from the body and club to the ball in a consistent manner. Two important aspects of golf swing performance are shot distance 

and accuracy. While there are many swing and biomechanical factors (e.g. club head velocity, kinematic sequencing, and ground 

reaction force production) that affect these golf performance outcomes, one understudied factor is club path. Club path is defined as 

the direction that the club head’s geometric center is moving relative to the target line at impact (TrackMan Blog 2017). A positive 

club path indicates the club is moving to the right of the target line at impact (in-to-out swing); whereas a negative club path indicates 

the club is moving to the left of the target line at impact (out-to-in swing). Previous research has identified club path as a main 

determinant of the initial direction of ball flight (Sweeney et al. 2013) and that club path differs significantly with medial-lateral ball 

position at address (SE Kim et al. 2018). Determining the biomechanical factors related to golf swing metrics like club path may help 

coaches and trainers identify modifiable swing characteristics related to shot shape and accuracy. However, few studies have 

investigated the biomechanics of the golf swing in relation to club path. Hip mobility and pelvis motion in the swing have been shown 

to influence golf swing mechanics and be related to performance, but hip kinematics have not been studied in relation to club path (SB 

Kim et al. 2015, Lynn et al. 2014). Therefore, the purpose of this study was to investigate the relationship between hip kinematics and 

driver club path in the golf swing.  

 

Methods  
Fifty-two healthy golfers (27.5 ± 13.7 yrs, 1.75 ± 0.10 m, 76.1 ± 17.7 kg, 26 males/26 females, 49 right-handed/3 left-handed) ranging 

in skill level from recreational to professional completed 5 driver swings for assessment in a biomechanics laboratory. 3-D kinematic 

data was collected from 10 optical motion capture cameras recording at 300 Hz (Qualisys AB, Gothenburg, Sweden) with the 

Qualisys Golf Performance markerset. A TrackMan 4 launch monitor (TrackMan, Vedbæk, Denmark) was set up according to 

manufacturer specifications and used to collect club path data. The Sanford Health Institutional Review Board approved this study and 

all golfers consented to their participation in the study. Hip kinematic variables chosen for assessment were peak and minimum lead 

and trail hip angles, the lead and trail hip range of motion (ROM), and the lead and trail hip angles at discrete time points of address 

and top of backswing (TOP). All angles and ROM were assessed in three planes, for a total of 30 hip kinematic variables. Kinematic 

and club data from each participant was averaged across all 5 driver swings. A stepwise linear regression model was used to determine 

which kinematic variables were significantly related to club path. Significance was set a priori at p < 0.05.  

 

Results and Discussion  
The final regression model included three kinematic variables. Lead hip rotation at TOP, trail hip rotation at TOP, and trail hip 

adduction at TOP were significantly related to club path (p < 0.05, Table 1). The mean and standard deviation of club path was -0.93° 

± 4.12°. For the golfers in our dataset, less lead hip external rotation and less trail hip internal rotation at TOP was associated with a 

greater out-to-in club path, while more lead hip external rotation and more trail hip internal rotation at TOP was associated with a 

more in-to-out club path. Additionally, more trail hip adduction at TOP was associated with a greater out-to-in club path. Therefore, 

increasing the amount of transverse plane hip mobility and decreasing the amount of trail hip adduction at TOP may help golfers that 

are struggling to achieve an in-to-out club path. However, it is important to note that the three kinematic variables chosen by the 

regression only explained 26.8% of the variance surrounding club path, indicating that there are many other factors that influence club 

path outside of a golfer’s hip kinematics.  

 

Significance  
The findings of this study provide some basis for the role that hip kinematics play in determining a golfer’s club path at impact. While 

there are likely a number of factors that affect club path, increasing hip rotation and decreasing trail hip adduction at TOP may be 

beneficial for improving golf performance, especially for golfer’s with a greater out-to-in club path looking to have a more neutral or 

in-to-out club path. Future investigations should determine the effects that other biomechanical variables have on club path in an effort 

to identify modifiable swing characteristics that can help a golfer achieve their desired shot shape. 

Table 1. Descriptive Statistics and Stepwise Linear Regression Model Results for Significant Hip Kinematic Variables 
Variable Value (Mean ± SD) Model Estimate P-value 

Intercept  -1.6730 0.200 

Lead Hip External Rotation ° 24.03 ± 14.00 -0.0900 0.025* 

Trail Hip Internal Rotation ° 9.66 ± 9.61 0.1390 0.018* 

Trail Hip Adduction ° 14.43 ± 7.40 -0.1916 0.011* 
Note: All variables are at top of backswing  
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Introduction 

Manipulating the structure of practice by switching between movement tasks creates contextual interference (CI), this is the interference 

between the motor preparation for each task created by the switching. Sequential repetition of the same task in practice (chip, chip, chip, 

chip, pitch, pitch, pitch, pitch), creates a low CI practice compared to a more random structure which leads to a higher CI practice (chip, 

pitch, chip, chip, pitch, chip, pitch, pitch). Considerable work in both sport and laboratory movement tasks suggests that a high CI 

random structure to tasks in practice is superior for skill learning compared to a low CI or commonly terms blocked structure. Research 

has found that random practice can lead to greater increases in performance in golf chipping (e.g. Aiken & Genter, 2018) but many of 

these studies have not measured the level of CI used, have used novice rather than experienced golfers, or have not been carried out in 

ecologically valid settings (lab c.f. golf facility). The current study sought to address these issues by measuring the CI level of practice, 

using experienced golfers and a naturalistic golf setting. 

 

Methods 

Following ethical approval, a between groups repeated measures design was used to assess the effect of differing levels of CI on golf 

short game performance. After providing written informed consent participants (n=36) completed a golf short game performance test 

modified from Pelz (2000). Performance was measured by the proximity of the finishing location of the ball to the hole, with points 

awarded in 1-foot increments with 16 points for holing out and 0 points for shots over 15-feet from the hole. Participants were randomly 

assigned to one of three CI groups (High n=12, Medium n=10, Low n=9). Participants completed 10 practice sessions, before a post-

test 48 hours after the last session and a retention test 5-7 days after this. Each practice sessions consisted of 50 short game shots with 

the 50 shots being made up of 5 shot types that were each repeated 10 times. The order of shots in a session was structured using an 

algorithm to create different levels of CI for each group. CI for each session, measured according to Farrow and Buszard (2017), fell in 

the following ranges: Low 0.1-0.3, Medium 0.5-0.7, High >0.9. Proximity to the hole was measured on the tenth shot of each shot type 

in a session. Testing and practice took place outdoors on the short game practice area of a local golf club. Participants used their own 

golf clubs and were free to select the club that they deemed most appropriate for the shot that they were playing. Practice and testing 

were carried out using Titleist Pro V1 golf balls. Performance test data were analysed using a 3 (test) x 3 (group) mixed factorial 

ANOVA. Where significant differences were found post-hoc Tukey tests were used to identify individual pairwise differences. 

 

Results and Discussion 

31 of the 36 participants completed the testing and practice sessions. A significant main effect of test was found (F(2) = 6.9, p= .002, 2 

= .06) This was reflected in all groups increasing their scores in the performance tests after practice, post-hoc tests (Tukey) showed 

significant differences existed between the pre compared to the post (p=.005) and retention tests (p= .02).  There was no main effect of 

group (F(2) = 2.8, p= .08, 2 = .11) nor an interaction effect between test and group (F(4) = .42, p= .80, 2 = .001). 

 
The lack of significant differences in the performance improvement between groups calls into question the use of higher CI practice in 

experienced golfers. These findings differ from Aiken and Genter (2018) who have shown that random practice in beginners learning 

to chip lead to improved learning, however this was found using a performance test with random shot order rather than the blocked 

design here. As well as these golfers being skilled compared to Aiken and Genter’s (2018) beginners, a further possible explanation for 

the current findings is that the difficulty level of the skills used was high and that this resulted in the functional task difficulty being too 

high for some of the golfers leading to practice being too challenging and that this reduced the potential benefit of higher CI (Guadagnoli 

& Lee, 2004). The current work shows that golfers can improve their short game performance using practice with a task structure leading 

to low, medium, or high CI. Further work is needed in this area to understand the role of practice task structure and functional difficulty 

in refinement of performance. 

 

Significance 
In skilled golfers short game performance can be improved through low, medium, or high levels of CI in practice but further work is 

needed to explore this. Coaches should be mindful of the difficulty of tasks used in practice in relation to skill ability and develop 

approached to assess the challenge or difficulty of practice so that it can be optimized for an individual. 

 

References 

Aiken, C. A., & Genter, A. M. (2018). The effects of blocked and random practice on the learning of three variations of the golf chip 

shot. International Journal of Performance Analysis in Sport, 18(2), 339-349. doi:10.1080/24748668.2018.1475199 

Farrow, D., & Buszard, T. (2017). Chapter 5 - Exploring the applicability of the contextual interference effect in sports practice. In M. 

R. Wilson, V. Walsh, & B. Parkin (Eds.), Progress in Brain Research (Vol. 234, pp. 69-83): Elsevier. 

Guadagnoli, M. A., & Lee, T. D. (2004). Challenge Point: A Framework for Conceptualizing the Effects of Various Practice 

Conditions in Motor Learning. Journal of motor behavior, 36(2), 212-224. doi:10.3200/JMBR.36.2.212-224 

Pelz, D. (2000). Dave Pelz’s putting bible. New York: Doubleday. 

 



 

23 
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Introduction  
Most biomechanics research in golf has been carried out on flat artificial surfaces. A slope of 2.25° has been shown to be enough for 

golfers to alter their setup (Linde, 2005), which has been found to be 50% of all tee-to-green shots (Peters, Smith and Lauder, 2015). 

Coaching literature (Leadbetter, 1993) and a review of online coaching videos (Nolan, Blenkinsop and Hiley, 2022) show that the 

advice, specifically when playing from uphill/downhill shots, is to position the ball forwards/backwards in the stance, which may 

cause the clubface angle at contact to be more closed/open. Golfers are also advised to orientate their spine perpendicular to the slope 

they are on. The current study aimed to quantify differences between uphill, downhill, and flat shots and compare this to current 

coaching advice. It was hypothesized that alterations in the golfers’ spine angle and ball position at address would occur, with changes 

to the clubface direction at impact.  

 

Methods  
Right-handed mid-handicap (10-15) and low-handicap (<5) golfers were recruited. Analysis of four golfers was completed in this 

ongoing study, with two from each handicap group (mid 1 & 2; age 29 & 60, height 1.85 & 1.9 m, mass 85 & 95 kg and handicap 10.6 

& 11.9; low 1 & 2; age 21 & 18, height 1.83 & 1.75 m, mass 73 & 82 kg and handicap +1.9 & 4.1). Eight randomly ordered shots 

were played on the flat and each slope at 5°, produced by a Stewart platform. Golfers were instructed to hit a full shot that would 

finish on the aiming line, applying their usual adjustments. Club and body kinematic data were collected with 61 retro-reflective 

markers using 3D motion capture (Vicon), labelled, and exported to MATLAB for further analysis. To adjust for changes in aim 

direction, ball position was calculated by projecting the ball marker perpendicularly onto a line between the two heel markers and 

given as a percentage of that distance (0% = left heel 100% = right). Three markers on the clubface were used to determine its angle 

relative to the target line at contact, where contact was set as the time where the plane of the clubface reached the radius of the ball. 

Spine angle (left/right lean) was determined using the C7 and T10 markers in relation to the global coordinate system. An average of 

the 8 shots per condition was calculated for each variable.  

 

Results and Discussion  
All golfers moved the ball position backwards on downhill shots by an average of 5%. However, the mid-handicap golfers also moved 

the ball backwards during the uphill trials by 4%, contrary to coaching advice. One low-handicapper (low 1) moved the ball noticeably 

forwards on the uphill (35%), and backwards on the downhill (47%) compared to the flat shots (43%), perhaps suggesting that a 

strategy had been developed for these shots. On average, the spine angle of the golfers followed the coaching advice, with a slight lean 

to the right on uphill slopes (5.2°) and relative lean to the left on downhill slopes (1.5°) compared to the flat (4.2°). However, these 

angle changes are less than the angle of the slope (5°), so the advice to orientate the spine perpendicular to the slope was not followed. 

The average clubface angles on the flat ranged between 3.2° closed to 4.8° open. There was no noticeable pattern for three of the 

golfers, however one low-handicapper (low 1) impacted the ball with a more closed face (3.5°) and a relatively more open face (1.5°) 

compared to the flat (3.2°). This was the same golfer with the noticeable ball position movements which may explain the change in 

clubface angle at impact. The results indicate that there may be strategies used by golfers to set up differently to uphill/downhill 

slopes. These adjustments may lead to changes in impact characteristics that would affect the subsequent ball flight, however more 

research is needed to verify these links.  

 

Significance  
This work provides new information in a significant part of the game where little research has been carried out. The results suggest 

that some golfers may have strategies in their setup to cope with uphill/downhill slopes, flowing coaching advice, whereas others seem 

to make no adjustments, thus highlighting the need for individual and group analysis in future. Research can now assess how the 

adjustments can change the outcome of the shot, which can lead to evidence based coaching strategies.  

 

Acknowledgments  
The authors would like to thank all golfers who took part in the research.  

 

References  
Leadbetter, D. (1993). Faults and Fixes. London: Collins Willow.  

Peters, R., Smith, N. and Lauder, M. (2015). Quantifying the gradients exposed to a professional golfer during a round of golf. In 

ISBS-Conference Proceedings Archive.  

Linde, D. (2005). Benchmarking golf course conditions throughout New Zealand. In ASA-CSSA-SSSA International Annual Meetings 

(November 6-10, 2005). ASA-CSSA-SSSA.  

Nolan, C., Blenkinsop, G. and Hiley, M. (2022) What do Golf Coaches Say? An Analysis of Coaching Videos on Playing from Slopes. 

[Submitted to 2022 World Scientific Congress of Golf]. 

  



 

24 

Practice tee swing and First Tee Swing: Bridging the Gap 

Tim Mahoney 

 

The purpose of the test was to determine the biggest swing change from the Practice Tee to the First Tee.  Golf is the only sport that 

you practice and play on different fields.  Having coached for over 40 years I wanted to determine the difference between a practice 

tee swing and the first tee swing.  Data was collected utilizing the Trackman 4, Sports Box AI and 3 IOS Video Devices.  

Grid/Fairway was 32 yards wide.  Participants hit the grid 70% of the time on the practice tee and 50% of the time on the first tee.  

Eighty percent of the participants had a decrease in the Range of Motion on the first tee, compared to the practice tee. Pelvis turn, shift 

and lift the largest change.  Knee flexion increased in 80% of the participants.  The decrease in fairway/grid hit was an effect of a 

misaligned clubface at impact due to decrease in ROM of the backswing and an incorrect forward swing sequence. 

 

Stand Tall in the knees and bend at your hips for First Tee Success!  Perfect your set-up!  
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Introduction  
The majority of golf biomechanics research has been carried out using flat artificial surfaces. Peters, Smith and Lauder (2015) found 

that 50% of all tee-to-green shots were performed on a slope of at least 2.25°, which was deemed to be significant enough for golfers 

to want to adjust (Linde, 2005). Coaching literature (Leadbetter, 1993) and a review of online coaching videos (Nolan, Blenkinsop and 

Hiley, 2022) show that the advice, specifically when playing from ball above/below feet (sidehill) lies, is that the ball should 

draw/fade, whilst the swing plane should shallow/steepen as the ball gets higher/lower, and golfers should adjust their aim 

accordingly. The current study aimed to quantify differences between sidehill and flat shots, and compare this to current coaching 

advice. It was hypothesized that there would be alterations in golfers’ aiming direction, with changes to the impact characteristics and 

subsequent ball flight.  

 

Methods  
Right-handed golfers were recruited for a mid-handicap (10-15) and low-handicap (<5) group. In this ongoing study, analysis on four 

golfers was completed, with two from each group (mid 1 & 2; age 29 & 60, height 1.85 & 1.9 m, mass 85 & 95 kg and handicap 10.6 

& 11.9; low 1 & 2; age 21 & 18, height 1.83 & 1.75 m, mass 73 & 82 kg and handicap +1.9 & 4.1). Eight shots were played in 

random order on the flat and each slope at 5°, produced by a hydraulic platform. Golfers were instructed to apply their usual 

adjustments so a full shot would finish on the aiming line. Shot data were collected with a GC2 launch monitor and exported into 

Microsoft Excel. Club and body kinematic data were collected with 61 retro-reflective markers using 3D motion capture (Vicon), 

labelled, and exported to MATLAB for further analysis. A swing plane was fitted to the clubhead trajectory from mid-downswing to 

ball contact to give the direction and steepness of the swing. The line through the heel markers was used to define the direction of aim. 

An average of the 8 shots per condition was calculated for each variable.  

 

Results and Discussion  
Both mid-handicappers faded the ball on the flat (513 & 640 rpm) and both low-handicappers drew the ball (267 & 308 rpm). 

Although there were noticeable differences in the sidespin between the flat and sloped shots, no pattern was seen. The low-

handicappers were more consistent, with lower standard deviation values throughout. As expected, compared to the flat (58.1°), the 

swing plane became shallower/steeper during ball above (54.5°) and below (60.1°) feet trials. There were no patterns found in the 

direction angle, however one golfer (low 1) produced a more out-to-in plane during ball above feet shots (4.5° out-to-in) compared to 

flat (0.9° out-to-in), perhaps contributing to their increased fade, both contrary to coaching information. Average aim angles ranged 

from 2.3° left to 2.9° right during flat shots for all golfers. Three golfers aimed further right at address on ball above feet shots, 

following coaching advice. However, the other golfer (low 2) produced the largest aim variance on ball above feet shots (±2°) and 

several of the angles were further right than the flat shots, potentially indicating a lack of strategy. Other than consistency, there were 

few noticeable differences between the two handicap groups, however a larger sample size may provide clearer results. As expected, 

there were differences in all variables when playing from sidehill slopes compared to flat, which provides a knowledge base to further 

investigate the changes and how or why they are produced.  

 

Significance  
This work provides new information within an often-overlooked area of golf, that can improve knowledge of a significant part of the 

game. Although carried out on a small sample size, the results suggest that all players do not follow the traditional pattern of 

movement and subsequent ball flight characteristics. This can impact coaching practice, whereby an individual approach may be 

necessary depending on the golfers’ natural tendencies when playing from sidehill lies. The work will hopefully encourage golfers, 

with the help of coaches, to study and develop their own technique and performance, which can impact significantly on their game.  
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Introduction  
Golf instructors use a variety of tools to perceive 3D motion; perceptual mental models acquired from years of teaching experience, 

two-dimensional (2D) video apps (V-1 Sports), optical motion capture system (mocap; Gears Sports), and wearable sensor systems (4-

D Golf, K-Vest). Instructors annotating 2D video to communicate desired alterations to a golfer’s swing pattern has become 

ubiquitous due to smart devices. 2D video applications are used to identify key points on the body and club to infer three-dimensional 

(3D) human pose estimation (HPE) and club trajectories during the swing. However, there are many challenges to inferring 3D space 

from 2D videos. These challenges include: (a) depth ambiguity, (b) occlusion, (c) convergence, and (d) parallax, leading to incorrect 

assumptions about a golf swing. Mocap is considered the gold standard in capturing 3D motion and offers an insight into a golfer’s 

performance that cannot be achieved with 2D video solutions. However, there are some limitations to mocap that prohibit instructors 

from using it, including: (a) initial cost, (b) difficulties while using in bright sunlight, and (c) marker stability. Hard wearable sensor 

technology is comprised of inertial measurement units (IMUs), consist of accelerometers to derive acceleration, gyroscopes to derive 

angular rotation, and magnetometers to assist in location, have their own inherent challenges including drift, placement, and sensor 

management. This survey illustrates the technical challenges involved in developing a golf specific 3D analysis tool and proposes a 

work-in-progress hybrid approach that combines machine learning, computer vision, and hard and soft sensor technology that will 

enable human motion capture comparable to optical motion capture systems.  

 

Methods  
From 2014 to 2022, there is a paucity of peer reviewed publications regarding HPE, wearable sensors, and golf. In a computerized 

literature survey using EBSCO discovery service at Mississippi State University (MSU) with key words “human pose estimation” 

AND “golf” produced 11 results, with eight peer-reviewed articles chosen for review after removing duplications, theses, and 

dissertations. Exploring “golf” AND “wearable sensors” using the EBSCO discovery service at MSU, produced a total of 37 peer-

reviewed publications, after removing duplicates, theses, dissertations, and non-golf and body papers, five articles were used for 

review. Furthermore, under Mississippi State University’s Institutional Review Board study #21-258, researchers have collected 

outdoor 2D video and 3D optical motion capture data of 29 golfers (2 females, 27 males) hitting 5 balls each with a driver, 7-iron, and 

wedge. 2D videos were captured using three Apple devices: an iPhone X and two iPad Pros, second generation. One iPad Pro was 

positioned perpendicular to the golfer, with the additional devices positioned approximately 25 degrees to each side of the center 

device and set to record at 240 frames per second. 3D data was captured using Motive Software (OptiTrack) Motion Capture Solution.  

 

Results and Discussion  
Survey results identified five key challenges in both golf HPE networks and wearable sensors. Challenges in HPE include: (a) the 

manual labeling of human skeletal keypoints, (b) lack of high-speed training data, (c) depth ambiguity, (d) occlusion, and (e) 

background clutter. There is lack of golf specific datasets due to the time and cost of acquiring, manually annotating, and reviewing 

the required high volume of videos for machine learning. Annotation inaccuracies are due to different anthropometrics, difficulty 

identifying joints under clothing, occlusions, camera angle, motion blur, and depth ambiguity. Occlusion is prevalent in the golf swing 

due to self-occlusion of limb segments covering other joints. Challenges in hard wearable sensors include: (a) too much noise in the 

data, (b) the number and placement of sensors to attach, (c) difficulties in managing the sensors, (d) inertial measurement unit (IMU) 

drift, and (e) repeated calibration steps from sensor movement. To overcome these challenges, the development of a hybrid approach 

combines stereo vision HPE with soft sensors which reduces the number of IMU sensors required to capture the full body and club 

and improves two measurement features: wrist movements and ground pressure reaction, that are major challenges for HPE models. 

To optimize the adoption and diffusion of this hybrid approach, understanding and managing the instructor’s expectations and 

experiences is necessary for overall satisfaction, word of mouth recommendations, and repeated usage.  

 

Significance  
The benefits of understanding the difficulties and limitations in developing a 3D golf swing capture system will reduce the time and 

cost of research, and lead developers to generate cost-effective artificial intelligence (AI) solutions. These AI solutions can help golf 

instructors improve their coaching techniques by acquiring and understanding human movement in 3D space. Moving from 2D to 3D 

kinematic and kinetic assessments will change how golf instruction is delivered, how instructors establish individualized models of 

performance, and provide insight to movement patterns that may mitigate injuries. 
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AN EXAMINATION OF THE 15-BALL DRIVER SHOT TEST FOR PREDICTING GOLF PLAYERS’ SCORES 
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Introduction 

Patterns of body movements and golf club head movements are specific to an individual player. With the increasing reliability of Doppler 

launch monitors, it has now become possible to compare parameters related to club head movement at ball impact from a common 

evaluation. However, analysis to the prediction of golf scores in previous studies has often used independent variables such as money 

prize and distance, which was a regression analysis model that amateur golfers (AG) and skilled golfers (SG) could not utilize. Our 

study aims to establish a statistical model that can evaluate golfing performance by analyzing the relationship between club head 

movement data from 15 driver shots corresponding to one round’s worth and the golf scores of AG versus SG. 

 

Methods 

This study included 28 subjects of whom 14 were AG (height: 165.6±28.9 cm; weight: 72.6±10.6 kg; average score: 94.2±6.3 strokes), 

and 14 SG, (height: 175.4±7.6 cm; weight: 73.9±8.3 kg; average score: 74.6±2.9 strokes). The study was initiated after explaining the 

nature of the experiment to the subjects, obtaining their written consent, and approval from the Academic Research Ethics Review Board 

of Tokyo International University (2018-15). Subjects aimed at a cross-shaped target 3 m away, and used their own driver to conduct 

three sets of five swings per set, with a one-minute rest in between, leading to a total of 15 shots. The data from these 15 shots were 

measured at an indoor facility using a Flight Scope X3 (Flight Scope USA, Ltd), a Doppler launch monitor measuring device. The 

subjects were instructed to carefully assess and hit the target accurately in each shot, as if they were playing a tee shot on an outdoor 

course. The results of the shot data were not shared with the subjects until all measurements were completed to prevent influencing the 

outcome of the remaining shots. Several parameters of the club head at the time of impact were evaluated, such as club head speed 

(CHS) (m/s), face-to-target angle (°), club path angle (°), face-to-path angle (°), and attack angle (°). We tested the significance of the 

five clubhead movement readings for AGs and SGs using unpaired t-tests on each group’s combined results from mean data of 15 shots. 

Then, to predict the Average stroke from those five parameters, we performed a forward-backward stepwise selection method with the 

Average stroke as the dependent variable. The statistical significance level was set at 5%, and IBM SPSS Statistics (IBM Japan, Ltd) 

version 27 was used for all statistical data analyses and processing. 

 

Results and Discussion 
Table 1 shows the results of unpaired t-tests performed between AG and SG. For SG, the CHS and attack angle tended to be significantly 

larger than those of AG, whereas the face-to-target and face-to-path angles tended to be significantly smaller. For AG, the club-path 

angle tended to be smaller than that of SG. The result of two-factor ANOVA for Face-to-target only showed significant interaction 

between Condition and Group. SG values were smaller than AG as every SET condition. In addition, the post hoc test was applied 

among SET condition respectively, also the discrepancy at SET 2 and SET 3 between AG and SG were getting larger. No significant 

difference was observed in the CV of clubhead movement between the AG and SG groups. The multiple regression analysis returned a 

significant regression line with five independent factors, which was model as following [Y = 153.17 + (-1.51x1) + (0.67x2) + (-0.45x3) 

+ (-0.47x4) + (0.33x5), (x1: CHS, x2: Face-to-target, x3: Attack angle, x4: Club path, x5: Face-to-path), F = 126.75, p = 0.000]. These 

five independent variables were a significant predictor of the dependent variable (Average stroke), and it explained 60% of the dependent 

variable (R = 0.778). The standard error of the estimate was 6.94 strokes. To summarize, 56% of the average score can be explained by 

the CHS across 15 shots, in addition, the results of Face-to-target suggested that consistent face control when using a driver for tee shots 

is important for controlling one’s average stroke. 

 

Significance 
We found significant differences between the AG and SG of clubhead movement data in this study. SG achieving extremely accurate 

face control during multiple hits with a high CHS. We concluded that this fact will provide a model for coaches and players in the 

future to understand the results of Doppler ladder monitor in a common view. 

 

Table 1. Unpaired t-test for mean values of clubhead movement across 15 shots and average score between AG and SG  
  AG   SG         95% Cl ES 

  M SD   M SD   t(418) P AG vs SG LL UL Cohen's d 

CHS (m/s) 41.6 4.3  48.8 2.2  -21.72  .00  AG < SG -7.88 -6.57 -2.12 

Face to target (deg) 3.5 2.4  2.3 1.8  5.71  .00  AG > SG 0.78 1.59 0.56 

Club path (deg) 3.1 2.4  3.8 2.4  -3.12  .00  AG < SG -1.20 -0.27 -0.30 

Face to path (deg) 4.1 3.4  2.5 1.9  6.05  .00  AG > SG 1.11 2.18 0.59 

Attack angle (deg) 3.3 2.1  4.8 2.6  -6.33  .00  AG < SG -1.89 -0.99 -0.62 

Average score (strokes) 94.2 6.3   74.6 2.9   40.97  .00  AG > SG 18.63 20.51 4.00 

Note. AG = amateur golfer (n =14), SG = skilled golfer (n = 14)       

Cl = confidence interval; LL =lower limit; UL = upper limit. ES = effect size; CHS = club head speed   
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Introduction  
Golf has been experiencing a sustained evolution at the mental, tactical, and physical levels of performance. However, current training 

approaches seem to be not aligned with such evolution, since training methods are based on a repetitive approach (Aiken & Genter, 

2018). However, current training practices have been suggesting practicing different skills practice with variations (Santos et al., 

2018). In fact, it has been highlighted the role of movement variability by the means of differential learning in improving performance 

and movement adaptability (Santos et al., 2018). Despite the widely recognized benefits of variability, research exploring its effects in 

individual sports, such as golf, is scarce. Therefore, this study explored the effects of a training program grounded on variability on the 

pitching performance of golf athletes using the trackman 4 data.  

 

Methods  
A total of 29 practitioners were divided into two groups (experimental, n=15, age: 15.9±2.62 and control, n=14, age:16.6±1.15). Each 

group was exposed to 10 training sessions in which they played for three distances, i) 20m; ii) 35m; and iii) 50m. The control group 

performed 9 trials on each distance (n = 27 trials per session) in a repetitive way, while experimental group performed the same 

number of trials but in which the distance varied at every trial in combination with the manipulation of additional constraints (e.g., 

using an eye patch, varying the surface type, and others). Players were tested in a pre-post test design, consisting of 10 trials on each 

distance, and the hitting performance was measured with the Trackman 4. Players and their parents were informed of the aim and 

procedures and signed a consent form to participate. The protocol followed the guidelines stated by the local Institutional Research 

Ethics Committee and the recommendations of the Declaration of Helsinki.  

 

Results and Discussion  
In general, the intervention grounded on differential learning was more effective in improving players performance, mainly at the 50m 

distance. Accordingly, higher face angles and attack angles were found in the experimental group for the 20m distance (small effects, 

p ≤ .05), 35m distance (moderate effects, p ≤ .05) and 50m distance (moderate effects, p ≤ .05). In contrast, higher values of dynamic 

loft were found in the control group for the 35m and 50m distances (moderate effects, p ≤ .05). The experimental group also improved 

performance (small effects, p < .001), club speed (small effects, p < .01) and carry distance (small effects, p < .01) compared to the 

control group. These results suggest that introducing variability into the training session is especially beneficial to the pitching 

performance for longer distances. The variability allows the athlete to explore new movement possibilities that may enhance the 

movement adaptability according to the environmental demands.  

 

Significance  
Firstly, it may shed light on the role of adding variability during practice routines to improve technical performance and movement 

adaptability (e.g., technical adaption to weather or surface conditions). While the experimental group showed higher improvements, 

the effects were clearer at longer distances (i.e., 50m). In addition, by using variability in the training practice, coaches may promote 

adaptations at the level of the attack angle and dynamic loft. Secondly, by using a wide spectrum of variations, it is likely that all 

athletes would face challenging’s and proper tasks that would enhance their performance. In this respect, adopting practices grounded 

on variability may be useful to shape athletes’ swing technique, mainly at longer distances.  
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Figure 1. Standardized differences (Cohen’s d) between the training groups for different distances (20m; 35m and 50m).   
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Introduction 

Dynamic balance in the golf swing is essential for golf shot control and allows individuals to move without falling over. Researchers 

have used changes in ground reaction pressure when assessing static and dynamic balance. Golf instructors can use several tools to 

measure these kinetic forces during the golf swing, including force plates and pressure mats. However, there are significant differences 

in data output and cost between force plates and pressure mats and measuring kinetic forces during a round of golf would be very 

challenging using these tools. Several new wearable solutions offer the opportunity to collect pressure pattern changes during the golf 

swing on the golf course: Salted and Humo Golf. Salted has designed insoles with four pressure sensors and an electronics module under 

the arch of the insole. Humo Golf, in partnership with Sensoria, uses three resistive pressure sensors encapsulated into a sock with an 

attached puck as its electronics module (see Fig. 1). Previous studies have examined differences in golf swing changes in pressure on a 

slope versus flat ground based on age, center of pressure, club head speed, professional versus amateurs, and other variables; however, 

these studies were conducted on a driving range or in a laboratory. It appears that this pilot study will be the first of its kind to conduct 

golf swing changes in pressure analysis during a round of golf.  

 

Methods 

Under Mississippi State University's Institutional Review Board study #21-258, researchers collected outdoor 2D video, changes in 

sensor pressure, 3D markerless kinematic data, and golf club data from a local private country club's club champion on the driving range 

(practice session) and three golf holes using a driver, 7-iron, wedge, and putter. An iPad Pro captured 2D video at 240 frames per second, 

Humo smart socks captured changes in sensor pressure at 100hz, SportsBox AI mobile app provided 3D kinematic analysis of 2D video, 

and ForeSight GC2 & HMT launch monitor captured club head and ball flight data. The practice session included a warm-up and five 

shots, each with the driver, 7-iron, wedge, and putter. The entire swing practice session took place on the driving 

range, and the practice putting session took place on the course green. Five 10' putts on different slopes include: (a) 

straight uphill, (b) straight downhill, (c) right to left side hill, (d) left to right side hill, and (e) straight flat putt. 

Results showed the differences between percentage pressure change timings and peaks between full swings with 

the driver, 7-iron, and wedge on the range versus swings performed on the golf course.  

 

Results and Discussion 
This pilot study identified four critical outcomes in practice sessions and on-course play. 

These key outcomes include: (a) percent difference in pressure timing between clubs, (b) 

percentage pressure timing differences between a practice session and on-course play, (c) 

percent change in pressure compared to pelvis and chest sway during the full swing, and (d) 

percent change in pressure for the heel and forefoot on the lead and the trail foot during golf 

swings and putts. Figure 2 indicates the percentage sensor pressure differences between the 

range and the golf course wedge full swings. Figure 3 demonstrates that the early changes in 

pressure and sway towards the golfer's lead leg halfway in the golfer's backswing (position 2 

in the horizontal axis) is a critical teaching element that influences the golfers' ability to make 

solid contact. To improve ball striking, Dr. Luczak will use these findings to train the golfer on 

new torso alignments and pressure timing patterns relative to the swinging of the golf club.   

 

Significance 
Wearable technology allows tracking of golfers over time on challenging topographies such 

as those found on golf courses. The results of this pilot study highlight the importance of 

ground reaction timing patterns during on-range practice and on-course play. Instructors and 

golfers can use ground pressure data to change full swing and short game movement patterns. 

In addition, longitudinal data collection of percentage change in pressure may recognize 

movement patterns that cause injuries and serve as baseline timing for optimal performance.  

 

  

Figure 1. Humo Golf smart 

sock powered by Sensoria. 

Figure 2. Results of changes in sensor 

pressure and clubhead data during wedge full 

swings. 

Figure 3. Amount of Pelvis and Chest sway 

during wedge full swings. 
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Introduction 

For amateur golfers, there are multiple ways to transport their clubs during a round while covering the course distance. Golf bags 

specifically when carried by means of a double strap have been shown to attenuate perceived effort and physiological demands compared 

to carrying a bag with a single strap over one shoulder. Countermovement vertical jumps (CMVJ) are often used to predict club head 

speed in golfers of varying skill. Further, kinetic measures during these jumps such peak force production and the rate of force production 

are common measures associated with lower body power and athleticism. These kinetic measures are also associated with club head 

speed, and previous research has suggested that vertical jump performance decreases when carrying external loads such as a golf bag. 

However, there is a dearth of literature on golf bag carriage technique and its effects on lower body kinetics during a vertical jump. 

Therefore, the purpose of the current study was to determine how different golf bag transportation styles affected unloaded vertical jump 

kinetics.  

 

Methods 

Recreational male and female golfers (n=10; f=6, m=4) completed the study. Participants completed a 3 mile walk along a designated 

path within the biomechanics laboratory while donning each load carry condition (no bag, push cart, single strap, dual strap high, dual 

strap low). At each quarter mile completed, participants removed the bag (if applicable) and completed vertical jump testing on a force 

plate. Jump testing consisted of three two arm, countermovement jumps. For each jump concentric peak force was calculated, as well 

as time to peak concentric force. The kinetic variables were averaged over the three jumps and the average was used for analysis. 

Dependent variables of interest were analyzed using a 5 x 13 (Load [No bag, single strap, dual strap above sacrum, dual strap below 

sacrum, push cart] x distance [Pre, .25M, .5M, .75M, 1.00M, 1.25M, 1.5M, 1.75M, 2.00M, 2.25M, 2.5M, 2.75M, 3.00M]) repeated 

measures analysis of variance. Significant main effects were further examined using a Bonferonni correction factor and for interactions, 

simple effects were calculated to examine the nature of the interaction. All analyses were conducted with an a priori alpha level of 0.05, 

and partial eta squared were calculated as measures of effect size.   

 

Results and Discussion 

Analyses comparing concentric peak force revealed a statistically significant interaction (F(48,432) = 1.395, p = 0.047, 2 = 0.134). 

Post-hoc comparisons between load types and distance suggest that throughout the walking protocol the push-cart had significantly 

greater peak force than all other loaded conditions but not greater than the no bag condition. Further, after half of a mile the 

differences between the push cart and single strap condition were no longer significant and following 1 mile the differences between 

the push cart and low bag were no longer significant. Additionally, while the peak forces in the high bag condition remained 

significantly lower than the push cart, during the final mile the high bag peak forces were also significantly lower than all other load 

conditions and the no bag condition at 3 miles. The results comparing load conditions and distance for time to peak force also revealed 

a significant interaction (F(48,432) = 1.750, p = 0.002, 2 = 0.180). Follow up analyses for the time to peak force suggest that, similar 

to the concentric peak forces, the push cart had significantly lower (faster) times compared to the other load conditions but not the no 

bag condition through the first 1.5 miles of the walk. Following the 1.5 mile mark, there were no statistically significant differences 

between any conditions.  

 

Significance 

Amateur golfers are provided multiple options to transport their clubs during a round, and the choice is generally not made with potential 

performance alterations considered. With the countermovement jump being a common method used to assess clubhead speed and lower 

body force and power development, the current study examined whether common bag carry methods influence kinetics during the 

vertical jump while transporting the bag for 3 miles, equivalent to approximately 9 holes. Our findings in the current study suggest that 

vertical jump peak force was greater throughout the walk in the push cart condition and that those peak forces were produced faster. 

This may suggest that lower body force production capacity is maintained longer when the external load is transported via cart instead 

of being carried. The current findings of the higher bag position causing negative effects is contradictory to literature. However, the load 

carriage literature on bag placement commonly examines strain on the upper body (neck, shoulders, and back) instead of the lower 

extremity examined in the current study. It is possible the higher bag location decreased whole body stability putting the lower 

extremities under a greater workload while walking which affected jump kinetics. Our findings support the use of amateur golfers using 

a push cart to transport their clubs when possible in order to maintain lower body force production throughout the round.  
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Introduction 

Within the realm of golf science, the specificity of force generation and the relationship to club head speed (CHS) capability has been 

frequently investigated. Past studies have identified that performance on both field (e.g. countermovement jump) and gym-based tests 

(e.g. strength) are correlated with CHS; however, the general extrapolation of data from these tests to predict CHS may be overstated 

given the movement strategies and specific time components of the respective movements are not considered. Recently, positive 

relationships between force generation capability and CHS during an isometric mid-thigh pull (IMTP) have been reported in golfers. 

The IMTP is a reliable and valid test to obtain both magnitude of force and rate of force development (RFD) that may be reflective of 

the force generation capabilities during the golf swing, but studies have not yet identified the contributions from the lead and trail legs 

and their relationship to CHS. Given that the golf swing requires the use of both lead and trail legs, identifying leg-specific contributions 

will further our understanding on the utilization of appropriate tests that more accurately predict CHS. The purpose of this study was 

two-fold: 1) to determine differences in force generation capability during an IMTP between the lead and trail legs, and 2) identify force 

generation predictors of CHS from an IMTP test. 

 

Methods 

Eighteen Division II golfers (male=10; female=8; age: 20±1 y; height: 171.4±4.7 cm; mass: 69.7±17.5 kg; experience: 11±5 y; personal 

best round: 66±2 strokes) volunteered and completed the study. Participants completed a total 10 stock swings on a FlightScope Mevo+ 

in an indoor environment with their driver. On a separate day, 3 trials of a 5 second isometric mid-thigh pull (IMTP) with a barbell was 

completed on a dual-force platform system sampling at 1000 Hz. Vertical ground reaction force (GRF) data from the force platform was 

used to identify peak vertical GRF and rate of force development (RFD) at 50, 100, 150, and 200 milliseconds (ms) during the IMTP 

trials from both the lead and trail legs. Cumulative averages from the 3 IMTP trials were computed and the average of the 5 highest 

CHS from driver were used in the analysis. A stepwise regression model using backward elimination was computed to identify 

significant predictors of CHS. Furthermore, dependent variables from the IMTP were also compared between the lead and trail legs 

using a dependent samples t-test (p<0.05) and the magnitude of differences were evaluated using Cohen’s D effect sizes. 

 

Results and Discussion 

Average CHS from the sample for driver was 105.5±11.9 mph. The trail leg generated significantly greater peak vertical GRF (p=0.023; 

ES=0.40), RFD at 150 (p=0.004; ES=0.004), and RFD at 200 (p<0.001; ES=0.039) compared to the lead leg. The stepwise regression 

model identified 5 variables that were significant predictors of driver CHS: (1) trail leg RFD at 50 ms (p=0.001; r=0.646), (2) lead leg 

RFD at 50 ms (p<0.001; r=0.514), (3) trail leg RFD at 100 ms (p=0.014; r=0.650), (4) lead leg RFD at 100 ms (p=0.006; r=0.514), and 

(5) trail leg RFD at 200 ms (p<0.001; r=0.739). These variables explained a combined 88% of the variance in driver CHS. Greater peak 

vertical force and RFD at 150 and 200 ms suggests that the lead and trail legs exhibit significantly different force generation capabilities 

during an IMTP. While the differences between lead and trail legs could be the result of many factors, both lead and trail leg RFD at 50 

and 100 ms appear to be significant predictors of CHS.  

 

Significance 

Past studies have identified that the downswing occurs within 280 ms with impact occurring around 100-150 ms. The first 100 ms of 

the IMTP resulted in equal contribution of both the lead and trail leg and RFD during this time window were identified to be significant 

predictors of CHS. Based on our data, implementing programs that emphasize rapid force generation could be beneficial to increasing 

CHS rather than the magnitude of force generation alone. It may be worth examining other functional tests in the time domain to further 

strengthen the predictability of CHS. This would help identify specific parameters to more accurately predict a golfers CHS potential 

that are reflective of the temporal characteristics of the golf swing. 

 
Descriptive data from the IMTP (mean±SD) 

 Peak GRF RFD 50 RFD 100 RFD 150 RFD 200 

Lead Leg 424.6±165.1 2472.1±1833.5 1964.2±1080.7 1230.4±671.8 977.9±610.6 

Trail Leg 488.5±153.9 2281.1±1400.1 2067.4±1070.4 1446.4±789.1 1243.7±755.1 

P value 0.023 0.305 0.326 0.004 0.001 

ES 0.40 0.12 0.10 0.30 0.39 

Stepwise linear regression model summary: R R2 Adj.R2 SEE p value 

Club Head Speed (mph) = 78.5 + (0.26)TL50 – (0.23)LL50 – (0.22)TL100 + 

(0.23)LL100 + (0.21) TL200 
0.938 0.88 0.830 4.92 0.010 
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Introduction 

During a round of golf, players will typically transport their clubs and subject themselves to the external load while covering the course 

distance. Research on load carriage has illustrated loads positioned closer to the center of mass will elicit decreased energy cost and 

perceived strain. Further, golf bags specifically when carried by means of a double strap have been shown to attenuate perceived effort 

and physiological demands than that of a single strap. Countermovement vertical jumps (CMVJ) are often used to predict club head 

speed in golfers of varying skill. Additionally, CMVJ height and force production are associated with club head speed, and previous 

research has suggested that vertical jump performance decreases following load carriage tasks. However, no evidence exists to determine 

which golf bag carriage technique presents minimal influence on vertical jump performance and perception of carrying the bag. 

Therefore, the purpose of the current study was to determine how each golf bag transportation mode affected perception of the prolonged 

carrying task and unloaded vertical jump performance.  

 

Methods 

Recreational male and female golfers (n=10; f=6, m=4) completed the study. Participants completed a 3 mile walk along a designated 

path within the biomechanics laboratory while donning each load carry condition (no bag, push cart, single strap, dual strap high, dual 

strap low). At each quarter mile completed, participants removed the bag (if applicable) and completed vertical jump testing and reported 

ratings of perceived exertion (RPE). Jump testing consisted of three two arm, countermovement jumps with the highest jump height of 

the three used for analysis. RPE was reported using a BORG 6-20 scale. All dependent variables of interest were analyzed using a 5 x 

13 (Load [No bag, single strap, dual strap above sacrum, dual strap below sacrum, push cart] x distance [Pre, .25M, .5M, .75M, 1.00M, 

1.25M, 1.5M, 1.75M, 2.00M, 2.25M, 2.5M, 2.75M, 3.00M]) repeated measures analysis of variance. Significant main effects were 

further examined using a Bonferonni correction factor and for interactions, simple effects were calculated to examine the nature of the 

interaction. All analyses were conducted with an a priori alpha level of 0.05, and partial eta squared were calculated as measures of 

effect size.   

 

Results and Discussion 

The repeated measures ANOVA for vertical jump height revealed a significant interaction (F(48,432)=1.699, p=0.003, η2=0.159). 

Follow-up analyses for the vertical jump height suggest that the dual strap low bag condition had significantly higher jump heights 

compared to the unloaded conditions (no bag and push cart) during the first mile. However, after the 1 mile mark there were no further 

statistical differences between any of the load conditions. Analyses for RPE suggest a significant interaction. There were no significant 

differences between any load conditions at the start of testing. At the 1.5 mile mark the single strap condition RPE was significantly 

higher than the no bag, dual strap low bag, and push cart condition. Further, the dual strap high bag condition was greater than the no 

bag and push cart condition. At the 3 mile mark, the single strap condition RPE was significantly higher than the no bag, dual strap low 

bag, and push cart conditions. The dual strap high bag condition was also greater than the no bag condition and push cart condition.  

 

Significance 

The method in which many amateur golfers transport their clubs during a round is primarily chosen based off personal preference with 

little regard to whether it may influence performance. With the countermovement jump being a common method used to assess clubhead 

speed and lower body force and power development, we examined whether common bag carry methods influence this vertical jump 

performance as well as subjective measures of exertion while transporting the bag for 3 miles, equivalent to approximately 9 holes. Our 

results tell an interesting story with initial greater jump heights in the dual strap low bag condition while also having lesser RPE 

throughout the walk compared to other carry conditions. This may suggest that carrying the bag in the lower position for the initial mile 

may improve performance while not increasing exertion, however, beyond the first mile, this position no longer results in improved 

performance despite RPE still be less than other carry methods. Our findings of the single strap condition showing increased perceived 

exertion levels throughout the walk are corroborated by previous findings that suggested that carrying a golf bag acutely did increase 

energy expenditure and exertion compared to that of a dual strap carry. We expand on that here with a much more prolonged walk more 

similar to what a player would actually experience during a round as well as with comparisons to unloaded conditions such as the push 

cart, which players may utilize. Based upon alterations to jump performance and subjective exertion levels our findings suggest that 

players should attempt to use a push cart when possible to unload themselves while transporting their clubs. Though, if players do choose 

to carry their clubs they should attempt to use dual straps, and wear the bag lower on the back to mitigate perceived exertion during the 

round.  
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Introduction  
Countermovement vertical jumps (CMVJ) are often used to predict club head speed (CHS) in golfers of varying skill. Past studies 

have established relationships between some CMVJ metrics and CHS; however, the CMVJ is a complex motor skill that is highly 

dependent on experience level and execution (e.g. jump strategy and force application). The lack of consideration for these factors in 

past studies could provide false-positives for CHS predictability and limit the utility of CMVJ tests in golfers. In this study, we sought 

to: (a) identify CMVJ phase-specific characteristics that distinguish ‘good’ and ‘poor’ jumpers defined by reactive strength index (RSI 

= jump height divided by jump time) and (b) compare CHS between golfers that are ‘good’ and ‘poor’ jumpers based on the RSI 

criteria. 

 

Methods  
Division II male and female golfers (n=18; age: 20±1 y; height: 171.4±4.7 cm; mass: 69.7±17.5 kg; experience: 11±5 y; personal best 

round: 66±2 strokes) completed the study. Participants completed 5 stock shot swings on a FlightScope Mevo+ in an indoor 

environment with their pitching wedge (PW), 6 iron (6i) and driver to determine CHS. On a separate day, 3 trials of a CMVJ were 

completed on a force platform. Vertical ground reaction force (GRF) data from the force platform was used to identify the unloading, 

eccentric yielding, eccentric braking and propulsion phases of the CMVJ. Rate of force development (RFD), vertical GRF, and phase 

times were computed for each of the respective phases. Jump height, jump time, center-of mass depth, vertical stiffness and vertical 

momentum were also assessed. Participants were then separated into ‘good’ (n=9; male=5, female=4) and ‘poor’ (n=9; male=5, 

female=4) jumpers based on a median RSI value of 0.32 from the sample. Dependent variables from the CMVJ and CHS were then 

compared between groups (‘good’ vs. ‘poor’) using an independent samples t-test (p<0.05) and differences between groups were 

evaluated using Cohen’s D effect sizes (ES large > 0.80).  

 

Results and Discussion  
‘Good’ jumpers exhibited significantly greater jump height (p=0.047; ES=1.04) and RSI scores (p=0.005; ES=1.64) compared to 

‘poor’ jumpers with large-magnitude differences. Vertical GRF and RFD during the unloading, eccentric yielding and eccentric 

braking phases were all significantly greater in ‘good’ jumpers (p<0.010; ES>1.10) with large-magnitude differences. No statistical 

differences were observed for any other CMVJ metrics between groups (p>0.05). Furthermore, no statistical differences were 

observed between ‘good’ and ‘poor’ jumpers for CHS with PW (p=0.852), 6i (p=0.783), or driver (p=0.938). Our results suggest that 

the CMVJ can distinguish between with ‘good’ and ‘poor’ jumping ability and highlights the force application strategies related to 

CMVJ performance in Division II golfers. Conversely, no differences in CHS across clubs between the ‘good’ and ‘poor’ jumpers 

indicates that CMVJ ability may not be truly representative of CHS capability.  

 

Significance  
The origin and application of a golfer’s ability generate force and transfer energy to the golf club is often debated. Many practitioners 

frequently use CMVJ tests to identify CHS capability in golfers given the reported relationships between CMVJ performance and 

CHS. While this approach certainly practical, CMVJ performance is highly dependent on experience level and execution. The high 

variability in CMVJ ability across varying levels of golfers may not truly be representative of the relationship between CMVJ 

performance and CHS capability. Specifically, CMVJ tests are often over-simplified for ease of data collection and interpretation, but 

this does not allow for the identification of specific movement patterns (e.g. jump strategy and force application) so that appropriate 

extrapolation of data can be used to evaluate a golfers true CHS potential. We recommend the use other functional tests to eliminate 

any technical bias resulting from a lack of experience and that CMVJ ability, jump strategy and force application be evaluated to 

provide a comprehensive assessment to more accurately predict an individuals CHS capability 
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Introduction  
Marker-based, fast optical capture and analysis systems such as the PING FOCAL system are widely used in golf research and club 

engineering environments for both, full-swing and impact analysis. Prominent impact parameters relate to the clubhead delivery at the 

time of first ball contact. However, the accuracy of these measurements is not well reported. Knowing the error of measurement is key 

to understand the capabilities and limitations of measurement systems. A study by Leach et al. [1] reported the accuracy of launch 

monitors. In this work, a study was conducted to validate the clubhead delivery at impact obtained by the PING FOCAL system.  

 

Methods  
A high-speed stereo-camera system capturing the clubhead-ball impact at 20000 fps was set up alongside the PING FOCAL system. 

The study was approved by the ethical committee at Loughborough University and subjects gave their informed consent for taking 

part. In total, 500 shots were recorded from 18 players hitting driver and 7-iron. The software GOM Correlate by gom GmbH 

(Braunschweig, Germany) was used for the analysis of the high-speed videos reconstructing clubface path and orientations in three 

dimensions [1,2]. Three angular parameters (delivered loft, lie, face angle), three velocity parameters (clubhead speed, path, attack 

angle), and horizontal and vertical impact location were considered for analysis, for which the error was calculated as difference 

between FOCAL and GOM. The proportion of data points falling into research grade tolerance [1] was used to assess the accuracy of 

the PING FOCAL system.  

 

Results and Discussion  
For angular parameters 92-99 % of all shots fell into the research grade range of ± 1° (see Table 1). For horizontal and vertical impact 

location, respectively, 95 % and 97 % of the shots fell into the research grade range of ± 0.15 inch. For clubhead velocity 75 % of all 

shots fell into the research grade range of ± 1 mph. Clubhead velocity measures outside the research grade were predominantly iron 

shots with ground contact before ball impact, for which clubhead velocity was overestimated. This problem will be addressed in future 

studies.  

 

Significance  
While launch monitors can resolve clubhead delivery parameters with research grade accuracy only in 29-66% of shots [1], the PING 

FOCAL system measures 75-99% of shots with research grade accuracy. The PING FOCAL system is therefore favorable over launch 

monitors for measuring clubhead delivery parameters.  
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Table 1. Impact parameter definitions, research grade tolerances [1] and proportion of datapoints falling into the research grade. All parameters are 

calculated at or with respect to the geometric clubface center. 

 Impact parameter  Definition  Research Grade  Proportion  

Delivered Lie  Angle between toe-heel vector and the global, horizontal plane  ± 1°  98 %  

Delivered Loft  Angle between clubface normal vector and the global, horizontal plane  ± 1°  95 %  

Face Angle  Angle between clubface normal vector and a vertical plane through the 

target line  

± 1°  99 %  

Clubface Speed  Magnitude of clubface velocity vector  ± 1 mph (± 0.45 m/s)  75 %  

Path Angle  Angle between clubface velocity vector and a vertical plane through the 

target line  

± 1°  97 %  

Attack Angle  Angle between clubface velocity vector and the global, horizontal 
plane  

± 1°  92 %  

H. Impact Location  Toe-heel impact location  ± 0.15 in (± 4 mm)  95 %  

V. Impact Location  Sole-crown impact location  ± 0.15 in (± 4 mm)  97 %  
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Introduction  
Variable inertia speed training has become a common method for golfers to increase clubhead speed. Variable inertia speed training 

involves swinging a golf club-like implement that either increases the loads applied to the grip by the golfer (overload training), or the 

speed with which the club is swung (overspeed training). TheStack™ is a golf club-like implement, with an adjustable weight system 

at the clubhead end, which allows for the implementation of both overload and overspeed conditions. Counterweighting – adding 

weight to the grip end of the club – may offer a unique training stimulus for the golfer. The purpose of this study was to investigate the 

influence of counterweighting TheStack™ on golfer applied loads and swing speed.  

 

Methods  
Following a thorough warm-up, 25 golfers executed three near-maximum effort swings with each of 6 conditions: Driver, 195g Stack 

with no counterweight, 195g Stack with 100g counterweight, 95g Stack with no counterweight, 95g Stack with 100g counterweight, 

and 280g Stack with no counterweight. An 11-camera motion capture system operating at 500 fps was used track the position of 

reflective markers attached to the club. A biomechanical analysis was performed to determine the club kinematics and golfer applied 

kinetics1. Repeated measures ANOVAs with follow-up adjusted Tukey tests were used to determine significant differences across 

conditions for select dependent variables (α = .05). Research ethics approval was obtained, and participants gave their informed 

consent.  

 

Results and Discussion  
Adding 100g of counterweight to either the 95g or 195g condition had no statistically significant influence on clubhead speed, max 

force applied to the grip by the golfer, or the max torque applied to the grip by the golfer. The 195g conditions yielded clubhead 

speeds within ~1% of the Driver, which would not result in a meaningful overspeed stimulus. However, the 195g conditions yielded 

max grip forces that were ~19% greater than the Driver (p < .001), which would represent a meaningful overload stimulus. Similarly, 

the 280 g condition yielded torques that were ~23% greater than the Driver (p < .001), which would represent a meaningful overload 

stimulus.  

 

Significance  
These findings suggest that counterweighting may not provide a novel training stimulus over that which can be achieved by 

manipulating the weight added to the end of a training club. There are three inertial properties of a club that can influence how it is 

swung by a golfer: mass, center of mass location, and moment of inertia. Adding a counterweight increases the mass, which would 

tend to create an overload condition. However, adding a counterweight also moves the center of mass location closer to the hands, 

which would tend to create an overspeed condition.  
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Figure 1. (A) Max speed during the downswing of a virtual point representing the center of the face on a 45” long driver. (B) Max 

value of the force applied by the golfer to grip during the downswing. (C) Max value of the couple applied by the golfer to the grip 

during the downswing. Each bar is the average of all participants and error bars are standard error of the mean.   
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Introduction  
When fitting a player for a driver, the search for the longest drive and highest ball speed nearly always considers shaft length and 

flexibility, and driver head size and forgiveness (measures of the moment of inertia, or MOI). An often-overlooked parameter, with 

very little discussion or experimentation in the field, is the mass of the driver head itself and its effect on performance. Theoretical 

calculations propose there is an optimal driver mass for energy and momentum transfer, but the few published experimental results are 

conflicting: one study1 proposed that a light driver head would benefit every type and caliber of player, while another study2 proposed 

that a heavy driver head performs better for players with faster swing speeds. To clarify these results, this work used both player 

testing data and computer simulation to investigate the effects of driver head mass variation, including the variations in driver head 

MOI that accompany changes in head mass.  

 

Methods  
Players with a range of handicaps (-4 to 9) and average club head speeds (93 to 116 mph) hit a standard 206-gram driver and collected 

ball flight and swing data using a Foresight GC2 launch monitor and Vicon motion capture system. An impulse momentum model of 

impact was used with controlled swings/inputs from experiment to verify the standard driver’s ball speed values for varying impact 

locations with patterns confirmed in literature3. After validation, this model used the collected player and club data to simulate a 

player test with a range of driver head masses (and adjusted MOI) to generate ball speed, carry distance, offline distance, backspin, 

and sidespin rates, among other metrics. Finally, a sensitivity analysis quantified parameter dependence and determined the 

applicability to club fitting and design processes in general.  

 

Results and Discussion  
The preliminary investigation verified patterns of ball speed across the club face and validated the method. The simulated player test 

demonstrated that optimal driver head mass depends mainly on two parameters: the player’s sensitivity of club head speed to changes 

in driver head mass, and club head speed with the standard driver. The player’s standard club head speed determines the relationship 

(positive or negative correlation, peak location, etc.) between club mass and ball speed for given club head speed sensitivity values, 

which in a separate test ranged from a 0.6 to 1 mph decrease in club head speed per 10-gram increase in club mass. Figure 1 illustrates 

these findings: the opaque green trendlines in (A) and (B) show a 95 mph swing produces a maximum ball speed at 206 grams while a 

115 mph swing produces a maximum at 226 grams when accounting for impacts around the face. These are slightly higher optimal 

weights than would be found when only looking at center strikes; additionally, ball speeds are reduced by 3-5 mph (see Figure 1: 

translucent versus opaque trendlines).  

 

Overall, if a player’s club head speed is not very sensitive to the mass of the driver head, then regardless of their standard driver club 

head speed, a heavy driver head is optimal. This result is intuitive; if a player is able to swing a heavier club with relatively little 

difference to the standard driver, the greater energy and momentum from the heavier driver yields greater ball speed and distance. This 

conclusion, though, may pose problems when considering factors such as playability, fatigue, overall set cohesion, and consistency, 

which weren’t considered in this study but are suitable topics for further investigation.  

Significance  
Results from this study clarify previous reports on 

the optimal driver head mass for a player and 

provide useful insights for assessing driver models 

and configurations. Results can be used in various 

applications in both the club design and fitting 

processes.  
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Introduction 

Competing in hot/humid conditions is a significant challenge for many athletes. This environmental stress is a common scenario in golf, 

especially during the summer when most tournaments are played. Additionally, elite-level golfers routinely spend upwards of four hours 

on the course or play multiple rounds in a single day of competition. Heat stress cannot only diminish performance it can threaten a 

golfer’s wellbeing and safety. The combination of environmental stress, physical workload and compensatory sweat losses of fluid and 

electrolytes may be too much for some golfers to handle, even if they prepare well and attempt to manage fluid/electrolyte intake 

optimally. Unfortunately, there is limited data to guide golfers and their support teams on implementing the most optimal hydration 

strategy. Anecdotal evidence clearly indicates that certain golfers are much less tolerant to playing 18 holes of golf in the heat than their 

peers and often succumb to the strain of the excessive physiological demands, especially in response to consecutive days of play. 

Performance decrements due to physiological factors in golfers was examined by Smith et al. who demonstrated that low-handicap 

golfers with acute mild dehydration suffered both physical and cognitive impairment in sport-specific tasks [1]. With the ongoing 

popularity of golf across all ages and growing populations and events in hot climates, there is increased need to obtain evidenced-based 

information about thermoregulatory responses and behavior during play so that golfers can continue to compete effectively and safely. 

 

Methods 

Thirteen healthy (injury-/illness-free in the past 7 days), elite-level golfers (19-62 yrs; 3 males, 10 females) completed a 60-minute 

exercise bout (treadmill walking protocol) in a hot/humid (35°C, 50-60%rH) environment while consuming water ad libitum. During 

the bout, core body temperature (Tc), heart rate (HR), hydration status, fluid intake, sweat rate, electrolyte loss and selected perceptual 

measures (i.e., perceived exertion and overall perception of heat stress) were measured. Descriptive statistics were calculated for 

physiological variables of interest including Tc, peak HR, sodium loss rate, sweat rate, pre/post-exercise hydration status and 

pre/postexercise 

body weight. This study was exploratory in nature and as such, no hypotheses were made or statistically analyzed. The Sanford 

Health Institutional Review Board approved this retrospective data review. 

 

Results and Discussion 

Nine of the thirteen golfers were properly hydrated (urine specific gravity [USG]: 1.005-1.019) prior to the start of exercise, as 

determined by their pre-exercise hydration status (𝑥 = 1.014). The highest recorded USG was 1.024 (moderately dehydrated). The 

largest body weight deficit during the one-hour walking protocol was -0.97%, well below 2% body weight deficit threshold that has 

been shown to negatively influence athletic performance (increased fatigue, elevated HR, diminished concentration, etc.). It is important 

to note, however, that subjects only exercised for 1 hour and progressive dehydration would be expected over longer durations. Four 

subjects also gained weight during the 60-minute exercise bout (mean = 0.59%), which is also not recommended. Average sweat rate 

and sodium loss rate amongst the golfers was 0.95 L/hr (range: 0.57-1.28 L/hr) and 1164 mg/hr (range: 416-1901 mg/hr), respectively. 

Average RPE amongst the golfers at the end of the exercise bout was 14.6 (6-20 RPE scale). Average peak Tc was 38.59°C with three 

individuals obtaining Tcs greater than 38.94°C. The average peak HR amongst the group was 165 bpm (range: 128-193 bpm), with one 

individual reaching a peak HR of 193 bpm. Peak Tc and HR were highly correlated (R-value = 0.67; P = 0.011), as was pre-exercise 

body weight and sweat rate (R-Value = 0.82; P < 0.001). These highly correlated variables illustrate that golfers and their support teams 

may want to monitor HR during a round of golf as a surrogate indicator of heat strain and have a hydration plan developed based on 

body weight so that appropriate mitigation efforts can be administered to effectively compete in hot/humid environments. 

 

Significance 

The findings of this lab-based study provide novel insight into heat strain that golfers may experience while playing golf in similar 

hot/humid conditions in a natural, outdoor environment. This research has important implications in determining appropriate 

evidencebased 

guidelines for maintaining hydration during play and providing knowledge that can be used by golfers (young and old), coaches 

and golf governing bodies worldwide to develop better heat-illness prevention and performance strategies. Golfers or coaches who want 

to minimize the risk of heat-related illness or performance impairment should consult with a trained exercise physiologist such that an 

individualized hydration and performance plan can be implemented in training and competition. Data from this study may also aid in 

the development of more comprehensive research studies that can further evaluate physiological responses in other environmental 

conditions and golfing populations (e.g., recreational, youth, collegiate and professional) and explore their potential relationships to 

performance. The ultimate goal is to reduce the risk of heat-related illness and associated impairment on the course while helping to 

optimize health and performance for all golfers. 
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Introduction  
Maximizing driver distance is an important part of lowering golf scores. At the amateur level, lower handicaps are correlated with 

longer driving distances. On the PGA Tour, Broadie estimated that increasing driving distance by 20 yards lowers scores by 0.7 

strokes1. This abstract specifically focuses on what launch conditions would allow golfers to maximize their driving distance potential. 

From a trajectory model perspective, high launch and low spin clearly is optimal for distance. However, many very successful golfers 

have much lower launch and higher spin than is suggested by a trajectory model. This abstract looks at how an impact model and 

trajectory model can be combined to determine more practical driver launch and spin recommendations for all golfers.  

 

Methods  
An impulse momentum model is used to predict launch conditions for a given club delivery2. A trajectory model then uses the launch 

conditions from the impact model to predict carry and total distance for the simulated golf shot3. The loft of the simulated club can 

then be adjusted to determine the loft and resulting launch and spin that maximizes distance. Figure 1 shows an example for a player 

with 113 club speed and -1.5° angle of attack (AoA); their carry distance is maximized at 10.4° launch angle and 2,760 rpm spin. This 

process is then repeated for 80-180 mph ball speeds (club speed is assumed to be ball speed / 1.49) in 10 mph increments and -10° to 

+10° attack angles in 1-degree increments.  

 

Results and Discussion  
Figure 2 shows the driver optimal launch and spin values predicted from the impact and trajectory models. The takeaway for fitters is 

that the optimal spin rate is primarily driven by a golfer’s angle of attack. For example, at -10° AoA and 120-180 mph ball speed, each 

optimal spin rate is between 3,450 and 3,550 rpm. The optimal launch angle depends on both angle of attack and ball speed. At 0° 

AoA, a shift from 80 to 180 mph ball speed changes the optimal launch from 18.8° to 10.4°. Similarly, at 150 mph ball speed, a shift 

from -10° to 10° AoA changes optimal launch from 6.2° to 19.3°. Therefore, when fitting for driver loft, there is no single launch and 

spin prescription for everyone; variations in ball speed and angle of attack are the two primary variables that determine each golfer’s 

unique optimal solution. Further refinement to the recommended optimal launch and spin depends on the golfer’s playing conditions 

such as temperature, altitude, fairway firmness and carry vs. total distance preference.  

 

Significance  
Results from this study provide useful guidelines for fitters and golfers to understand optimal launch and spin on drives. This abstract 

addresses a common misconception that everyone needs high launch and low spin. Surprisingly, low launch and high spin is the 

optimal solution for golfers with negative angles of attack.  
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Figure 1: Simulated launch angle vs. carry distance          Figure 2: Optimal launch and spin guidelines for different ball speed and AoA   
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Introduction  
The ability to rapidly develop force or produce power should be one of the objectives of strength and conditioning programs designed 

for golfers. Lower body power production and pelvic rotational power production appear to be contributors in the ability to generate 

club head speed (CHS). The countermovement jump (CMJ) is often used to assess lower body muscular power. Rotational power at 

the pelvis during a simulated golf swing can be assessed with a linear positioning transducer. In order to design strength and 

conditioning programs to specifically increase CHS in golfers it is important to know what performance measures are best correlated 

to CHS and are considered to be predictors of CHS. Therefore, the purpose of this study is to determine the correlation of lower body 

power produced during a CMJ and pelvic rotational power produced during a simulated golf swing with normal CHS (NCHS) and fast 

CHS (FCHS). NCHS is the CHS generated during a swing typically taken off the tee by the golfer and FCHS is the CHS generated by 

the player when instructed to swing as fast as possible.  

 

Methods  
11 collegiate male golfers participated in this study (n = 33; age; 21.31 ± 1.70 years, height; 69.97 ± 3.47 in, body mass; 183.69 ± 

34.62 lbs). The CMJ was utilized to assess the jump height. With their hands by their sides, participants began the CMJ by test by 

performing a fast countermovement of their lower limbs to the 90-degree position and then jumping as high as possible. Participants 

were allowed to use a backward arm swing as they flexed their knees to the 90-degree position and forward as they extended their 

knees into the jump. Participants were instructed to land in the same point of takeoff. Measurements were collected with the JustJump 

Mat® (Probotics Inc., Huntsville, AL) and closely follow valid and reliable methodological approaches utilized within previous 

research (Kucic et al., 2020).The best attempt of three attempts was recorded for jump height. Pelvic rotational power was recorded 

using a linear positioning transducer (Tendo Sport, Tencin, Slovak, Republic) at three different loads (12%, 15%, and 18% of body 

mass) entered into a Keiser Functional Trainer (Keiser Corporation, Fresno, CA) with the cable from the Keiser attached to a What’s 

That Strap (Progressive Resistance Inc.)) to allow for a simulated golf swing and measurement of power at the pelvis. Data was 

analyzed using IBM SPSS statistics (Version 24.0; IBM Corporation, New York, NY). Descriptive statistics were calculated in order 

to summarize results from the dataset 

.  

Results and Discussion  
Results from this study revealed that CMJ (24.17 ± 2.74 in) performance was within the normal range and comparable to most other 

athletic populations. The average peak power (PP) in Watts for 12%, 15%, and 18% of body mass (BM) were 555.59±382.04W, 

681.12±487.78, and 779.03±515.07W respectively. Peak Power for each participant was recorded as the highest power generated out 

of three simulated swing attempts at each load (12%, 15%, and 18% of BM). Correlation analysis between the CMJ height and pelvic 

rotation PP to FCHS and NCHS were examined and the results indicated that there was no significant (p>0.05) correlations found 

between the CMJ height, 12%BM PP, 15%BM PP, or 18%BM PP and FCHS. However, for the correlations between CMJ height, 

12%BM PP, 15%BM PP, and 18%BM PP and NCHS there was a significant (p<0.05) correlation found between 18%BM PP and 

NCHS and no significant (p>0.05) correlations found between CMJ height, 12%BM PP and 15%BM PP and NCHS. The results 

indicate that for the most part, the lower body power and pelvic rotational power measures did not significantly correlate with FCHS 

or NCHS. It is important to know that even though significant correlations were not found, with the exception of 18%BM PP and 

NCHS at this time, this is ongoing research. The collection of more of this data is planned and will provide a better sample from which 

to derive comparisons.  

 

Significance  
Competitive golfers today are much more focused on fitness, strength, and power than ever before. This is clear by simply watching 

professional and collegiate golf in person or on TV. The potential to hit the ball further due to increased development of a player’s 

strength and power is known along with improvements with ball and club technology and individualized instruction. Golf specific 

strength and conditioning programs are important for player performance and identifying physical strengths and weaknesses a player 

may possess. If weaknesses exist we can adjust programming to strengthen that particular measure.  
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Introduction 

Minimal research and understanding about golf grips has led to many players using worn grips. Golf Pride® provides tips on how to 

recognize wear and suggests changing your grips every year or after 40 rounds of golf [1]. Professionals within the golf industry have 

assumptions and observations from individual players on how worn grips influence their game [2, 3]. However, there has not been 

large quantitative studies conducted to determine performance changes when using worn grips. Therefore, the objective of this study is 

to investigate realistic, environmentally worn grip conditions and quantify players performance and comfort levels.  

 

Methods 

Participants used an identical set of 3 standard length (37”) Titleist fitted irons with Project X (F-Flex) shafts and a singular MB fitted 

iron head. Each shaft had 3 different Golf Pride® tour velvet standard size grips. One new grip, and 2 exposed to ultraviolet (UVA/B) 

light. The UVA/B exposed grips were placed in a QLab QUV Accelerated Weather Tester chamber [4] for 8hrs (UV1), and 24hrs 

(UV2). Tests were conducted in the Fitting Studio at Golf Pride® headquarters in Pinehurst, NC, USA. Participants hit 10 shots with 

each grip into a simulator on an artificial turf surface. TrackMan© 4 launch monitor was used to collect performance data. After every 

6 players, a new set of grips were put on the test clubs. Participants were asked to sign a consent form and were given a survey to 

gather information about their demographic and golf background. After each grip was swung, players were asked to rate on a scale of 

1 to 4, how secure the grip felt in their hands. Significant difference was demonstrated when p<0.05.   

 

Results and Discussion 

Seventeen (17) right-handed male golfers aged 24-40, with handicaps below 5, participated in this study. The new Golf Pride® tour 

velvet grips had an average coefficient of friction (CoF) of 8.2. The 24hr (UV2) tested grips had an average CoF of 2.5. A new Golf 

Pride® tour velvet grip was installed on a mandrel and exposed to natural sunlight with an average UV rating of 8.5. After 60hrs of 

exposure, the CoF measurement matched that of the 24hr (UV2) tested grip (CoF=2.5). When players used a new Golf Pride® tour 

velvet grip compared to the UV2 grip, their average ball speed (avg: 121.6 mph) increased by 1.3 mph (p=0.04) and the average carry 

length (avg: 168.6 yards) increased by 2.3 yards (p=0.02). The face impact location of the UV2 grip compared to the new grip showed 

a dispersion increase of 11% and 10% in the x-axis and y-axis, respectively. This demonstrates the possible slippage or rotation of the 

UV2 grip in the players hands during their swing. Eighty two percent (82%) of the participants felt the new grip was secure to very 

secure. Whereas for the UV2 tested grip, only 24% said the grip felt secure to very secure. The main take away from this test is grips 

exposed to UVA/B light negatively influence players performance and confidence level during their golf swing. Over 80% of players 

do not regrip their clubs every year. If this population were to replace their worn grips with new Golf Pride® grips, they would see an 

increase in consistent face impacts leading to performance gains.  

 

Significance 

Many players do not understand the benefits of new grips or when to replace them. This research will benefit players, coaches, and 

fitters enabling them to recognize when and why players need to regularly change their golf grips. Identifying environmental and 

physical grip wear will no longer be solely subjective. Research based golf grip performance will influence when a player should 

change their grips. This will greatly benefit the golf community and provide a new understanding of grip material performance.  
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Introduction  
Golf requires athletes to possess adequate levels of flexibility, hydration, and muscular strength along with vertical, horizontal, and 

rotational power. All of these measures are likely important when it comes to generating club head speed (CHS) which determines the 

distance a ball travels. Furthermore, the majority of golf research has focused on male performance with less research focusing on 

female performance. Therefore, the purpose of this study was to provide an in depth descriptive and performance profile of National 

Collegiate Athletic Association (NCAA) female golfers.  

 

Methods  
Data for 10 NCAA Division I female golf athletes were assessed on a number of performance variables as well as descriptive data for 

this particular team. Body composition was assessed by measuring height (m), weight (kg), and body mass index (BMI; m/kg2). 

Vertical power was assessed using a countermovement jump (CMJ; cm) with peak power (PP Watts) calculated based on CMJ 

performance. Horizontal power was measured with a lateral bounding task from the dominant (D-LB) and non-dominant (ND-LB) 

limbs. The ‘Sayers Equation’ was utilized to estimate peak power output from jumping tasks (Peak Anaerobic Power Output = (60.7 x 

jump height (cm)) + (45.3 x body mass (kg)) – 2055). Pelvic rotational power was recorded using a linear positioning transducer 

(Tendo Sport, Tencin, Slovak, Republic) at three different loads (12%, 15%, and 18% of body mass) entered into a Keiser Functional 

Trainer (Keiser Corporation, Fresno, CA) with the cable from the Keiser attached to a What’s That Strap (Progressive Resistance 

Inc.)) to allow for a simulated golf swing and measurement of power at the pelvis. Normal CHS (NCHS) and fast CHS (FCHS) was 

determined using a Trackman. NCHS is the CHS generated during a swing typically taken off the tee by the golfer and FCHS is the 

CHS generated by the player when instructed to swing as fast as possible. 

  

Results and Discussion  
Overall, NCAA female golfers on this team have normal to slightly above average BMIs, excel at expressing power vertically (29.48 

W/kg), horizontally (58.83 W/kg), and in the transverse plane (3.14 W/kg). The specific gravity measure of hydration was within the 

normal range, the hand grip strength was above average for the dominant and non-dominant hand, sit and reach flexibility was 

excellent and the normal CHS and fast CHS were equal to players on the LPGA tour.  

 

Significance  
Male and female competitive golfers today are aware of the role that fitness plays in performance. They participate in strength and 

conditioning on a regular basis in order to delay the onset of fatigue, hit the ball further, and manage the tasks required to be 

successful on the course. For college golfers the load carriage is also something to consider as they are responsible for their own bags. 

No caddies or carts are allowed. Furthermore, golf specific strength and conditioning programs assist in limiting physical weaknesses 

a player may possess. The collection of more of this data is planned and will provide a better sample from which to derive 

comparisons. 
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Introduction 

Recently we have presented data on the effects of systematically adapted strong, weak and neutral grip positions (GPs) on driving 

performance outcomes showing that (1) amateur recreational golfers reveal asymmetrical performance differences in driving distance 

and accuracy when using stronger and weaker GPs, respectively, and (2) weak GPs produce significantly worse outcomes than neutral 

or strong GPs (D`Arcy et a, 2021). For the first time, we now discuss the data from the respective study with respect to the impact of 

GP on optimal driver loft selection. 
 

Methods 

Twenty-eight amateur recreational golfers (driver clubhead speed range between 120 km/h and 153 km/h) were recruited. All subjects 

carried out five sets of nine drives using five pre-defined GPs ranging in 15-degree increments from +30° (very weak) to −30° (very 

strong). Driver shafts with identical specifications were fitted with moulded pre-defined GPs to a single driver head from Titleist 

series 915 D 3, loft 10.5°. Data on attack angle (AA), dynamic loft (DL), vertical launch angle (VLA) and spin rate (SR) were 

collected using a TrackmanTM Doppler radar device (Trackman TMA3B, ISG Company, Denmark). The data were analysed using 

SPSS IBM Statistic version 28 (28 Subjects*9 shots; 252 drives per GP). Repeated measures analyses of variance were carried out to 

calculate the effects of GP on club movement parameters and ball flight outcomes. All subjects signed a consent form approved by the 

Ethics Commission. 
 

Results and Discussion 

Table 1. Attack angle, dynamic loft, vertical launch angle and spin rate (means and (standard deviations)) for each grip position 

 

Grip 

Position 

Attack  

Angle 

(degree) 

Dynamic 

 Loft  

(degree) 

Vertical 

Launch 

Angle 

(degree) 

Spin 

Rate 

(rpm) 

-30° 0.03 

(3.78) 

14.13 

(5.09) 

12.35 

(4.50) 

2425.2 

(949) 

-15° -0.27 

(3.65) 

15.15 

(4.94) 

13.10 

(4.41) 

2695.1 

(1060) 

  0° -0.24 

(3.85) 

14.96 

(4.95) 

12.84 

(4.29) 

2769 

(1187) 

15° -0.72 

(3.32) 

17.32 

(5.20) 

14.43 

(4.49) 

3564.1 

(1263) 

30° -1.41 

(3.58) 

20.09 

(5.87) 

16.54 

(5.28) 

4221.6 

(1308) 

                                                                                                            Figure 1. Grip positions and experimental set-up.  
 

The repeated-measures analyses produced significant main effects for all four dependent variables tested: attack angle: F(4, 104) = 

6.464, p <.001, ηp2 = .199; dynamic loft: F(4, 108) = 31.437,  p < .001, ηp2 = .538; vertical launch angle: F (2.884, 77.86) = 20.074, p 

< .001, ηp2 = .426; spin rate: F(2.265, 31.708) = 15.912, p < .001, ηp2 = .532. Pairwise comparison showed an asymmetrical effect 

produced by symmetrical manipulation of GP. The descriptive results showed that the strongest GP (−30°) produced a mean AA 1.43 

degrees more positive (up), a mean DL 5.96 degrees less than, a VLA that was 4.1 degrees lower than and an average spin rate (SR) 

that was 1797 rpm less than its weak GP counterpart (+30°). These results suggest that amateur recreational golfers may be using a GP 

that does not optimise their launch angle to spin rate relationship (Tuxen, 2008). Our results further suggest that in the case of players 

with identical clubhead speeds, the player with a stronger GP should select a driver with less loft than players using a weaker grip to 

achieve optimal distance performance. 
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Introduction  
To excel on a golf course, players need to master swing skills in a certain direction. Right-handed swingers occasionally utilize left-

handed swinging training to suppress excessive asymmetry in any given direction. However, there is no clarity regarding the 

fundamental shot data of dominant and non-dominant golf swings. Thus, to analyze the differences between dominant right-handed 

swings and non-dominant left-handed swings, this study investigated the differences in club head speed (CHS) between amateur 

golfers (AG) and professional golfers (PG).  

 

Methods  
This study included 30 right-handed male golfers. Of these, 20 were AG (height: 170.7±5.0 cm; weight: 70.9±7.4 kg; age: 52.4±8.8 

years; mean round score: 94.3±9.7) and 10 were PG (height: 174.1±6.5 cm; weight: 71.9±8.0 kg; age: 40.7±9.8 years). The study was 

initiated after explaining the nature of the experiment to the participants and obtaining their written consent and approval from the 

Academic Research Ethics Review Board of Tokyo International University (2018-15). After 5–10 minutes of warm-up exercises and 

practice shots, measurements were conducted on 20 driver shots, which included 10 right-handed (R) shots followed by 10 left-handed 

(LS) shots. The parameters measured included CHS on R and L shots, as well as the laterality index (LI), to derive the relative left-

right difference (LI= Left CHS/Right CHS). Measurement of golf swing data was performed using TrackMan (TrackMan Denmark, 

Ltd) with information on clubhead movement and ball direction. All significance levels were set to 0.05, and statistical analysis was 

performed using SPSS version 27.0 software (IBM Japan, Ltd).  

 

Results and Discussion  
For the CHS, the PG scored significantly higher than the AG [R: 39.15±3.04 (AG) < 44.82±3.99 (PG), L: 34.29±4.59 (AG) < 

39.35±4.95 (PG)]. In addition, both AG and PG tended to score significantly higher for R shots than for L shots (Figure 1). The 

difference in CHS values between the L- and R-shots highlights the imbalance in the golf swing. Although the mean LI was 

approximately 88%, we observed a wide variation across individuals, ranging from approximately 66% to 101%. Moreover, the CHS 

of the L and R shots demonstrated a strong positive correlation, indicating that the CHS of the non-dominant side could predict the 

CHS of the dominant side by approximately 59%. This suggests that increasing the CHS of the non-dominant side may improve the 

CHS of the dominant side.  

 

Significance  
• Because the mean LI is approximately 88%, improving one's laterality index may contribute to prevent the onset of motor 

dysfunction and swing skill bias.  

• A strong correlation between L and R CHS suggests that increasing CHS on the non-dominant side may increase CHS on the 

dominant side.  

• Two players in AGs had an LI >100%, suggesting a potential role for LI in diagnosing left-right aptitude at the beginner stage itself. 

They are both right-handed in daily life and may consider converting golf shots to a reversed stance. 
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Introduction 

Technological improvement in golf equipment design means golfers can hit the ball longer and straighter, making many golf 

courses – even Augusta National – “too easy.” (Beaton, 2022) Even at amateur levels, improved equipment can reduce the 

difficulty of a particular hole, especially when coupled with players using forward tees. Many facilities have responded by 

lengthening holes, resulting in larger, longer courses that are more expensive and environmentally intensive. We argue that in 

response to technological improvement, golf courses should pursue other adaptations. Using the PGA’s Strokes Gained data, 

we show that adjustments to hole difficulty can be as effectively achieved via modification to fairway width, penalty areas, 

and green size as via adding length. The specific details of how to best redesign any particular hole can be modified for the 

local geographical features of the course. The modifications we examine will also aid courses in achieving positive 

sustainability outcomes, and may also connect courses to new revenue streams. We offer a quantitative approach to 

estimating the scoring impacts of design modifications, in turn helping courses better understand implications of renovation. 

 

Methods 

We conduct a Monte Carlo simulation to demonstrate how alternatives to lengthening can change the difficulty of a golf hole. 

Our analysis relies on the use of the extensive PGA Strokes Gained data, following Broadie (2014), building on data on the 

average number of strokes to hole out from various distances and various lies. Following Broadie (2008), we assume that 

golfers aim at the middle of the fairway and have a symmetrical shot pattern with a “directional error” mathematically 

represented by the standard deviation of the angle between the aim and shot. We construct simulated holes and estimate the 

average number of strokes to hole out given various types of modification, and compare these to modifying by length alone. 

 

Results and Discussion 

Our analysis shows that any golf hole can be made more difficult through modification to fairway width, penalty areas, and 

green size and that these modifications are score-equivalent to simply adding length. Figure 1 provides a visual summary of 

our approach and main findings. This is a valuable finding for three reasons. First, narrower and/or more penal holes can 

reduce renovation and/or maintenance costs. Second, the modifications we outline open the door to a wider variety of clubs 

attracting and retaining users ranging from elite professionals and scratch amateurs to men, women, elderly, and young 

players of all skills and abilities. Third, the modifications we outline are an “on ramp” to improving courses’ sustainability 

impacts, particularly in areas of water management, biodiversity/habitat restoration, and climate change issues. 

 

Significance 

Golf has experienced a boom in popularity in recent years. As many embrace (or return to) the game, courses will be 

expected to continuously provide new challenges suitable for a wide range of ages and skills. Our research shows that 

focusing on length alone is not at all necessary to provide additional difficulty. An approach to modification that eschews 

length in favor of width, penalty area, and green size means that a greater number of courses can achieve “championship”  

levels of difficulty. Also, courses without this particular ambition can think more creatively about renovation to better serve 

older, younger, skilled, and novice golfers alike with holes that are challenging and fun, in a way that results in lower costs 

and enhanced sustainability impacts. 
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Introduction 

There is a growing body of evidence regarding both the benefits of physical activity and the risks of physical inactivity, which has been 

identified as the fourth-largest cause of mortality worldwide (Kohl et al., 2012). The benefits of physical activity include reduced rates 

of many conditions such as stroke, type 2 diabetes, depression and falls (Lee et al., 2012). Like many other physical activities, golf has 

been studied in terms of the health benefits of participating. A recent scoping review identified the health benefits of playing golf, as 

well as noting the lack of evidence concerning the health effects of playing golf on specific conditions (Murray et al., 2017). One 

common age-related condition in which golf might be beneficial is frailty, which makes older people are more vulnerable to additional 

stressors and increases the risk of adverse outcomes such as falls (Abellan van Kan et al., 2008). Frailty can be classified into different 

severity levels, with a greater likelihood of recovery occurring at lower frailty levels, such as mild frailty (Frost et al., 2017). In a recent 

opinion piece, it was recommended that community-embedded exercise should be prescribed for frail older people (Merchant, Morley 

and Izquierdo, 2021). Given the prevalence of mild frailty in England is estimated at 32% (Fogg et al., 2022), this would equate to more 

than three million older people who could benefit from exercise prescription. The current policy of the National Health Service (NHS) 

in England requires all older people aged 65 and above to be routinely screened for frailty using their electronic health records, with 

mildly frail older people recommended to increase their physical activity. In Luton, rather than offer recommendations, a pilot study has 

begun in which physical activity sessions are offered free of charge to mildly frail older people. Golf has been included as one of the 

activities provided in the 2022 version of the program. Accordingly, the aim of this study is to evaluate whether golf has an effect on 

physical function and quality of life in mildly frail older people. 

 

Methods 

This pilot study used a quasi-experimental study design with no control group. Participating general practices in Luton used the 

electronic Frailty Index (eFI) to screen all older people aged 65 years as robust or with mild, moderate or severe frailty (Clegg et al., 

2016). People identified as mildly frail were sent an invitation letter in which they were offered free participation in an exercise program, 

with golf one of the options available. People who responded to the invitation were given details about the exercise programs available 

and if they agreed to participate, were asked to give their informed consent. Ethical approval for the study was obtained from the Institute 

for Health Research Ethics Committee of the University of Bedfordshire (IHREC956). 

The golf intervention was designed in consultation with a PGA Professional, with participants given two one-hour sessions of golf each 

week over a 16-week period. In addition to the PGA Professional, who delivered the sessions, physiotherapy and occupational therapy 

students assisted at each session of 12 participants. The golf training began with a two-week focus on putting, then chipping, before 

pitching was introduced by the fifth week of exercise. Participants transitioned from the short-game practice area onto a short-course 

from the seventh week of activity. This gradual introduction was used to minimize the risk of injury in this mildly frail population. Each 

exercise session finished with a competition for all participants, followed by a social activity session in the clubhouse. 

Data was collected at baseline for physical activity levels, physical function, as well as for golf-specific balance and performance 

measures. Follow-up tests were undertaken after 8 and 16 weeks of the intervention. 

 

Results and Discussion 

Data collection is currently ongoing. Results will be presented on the attractiveness of golf in comparison to the other physical activities 

offered, the adherence of participants to the program, as well as the changes observed in both physical function and quality of life. 

 

Significance 

This study is the first time frail older people have been prescribed golf. This study could provide evidence of the increasing potential 

for golf clubs to position themselves in the healthcare sector as a way of generating additional revenue streams as well as providing 

support to their local community. 
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Introduction 

There are many types of impacts on ecosystem services, on human health, and on social issues that golf can make, both 

positive and negative. In this project we focus in particular on the relationships between golf courses and biodiversity. We 

first review existing research studies linking biodiversity and golf. Next, we identify key ecological principles at play when 

considering the potential for golf courses to impact (positively or negatively) biodiversity. Then, we develop a set of criteria 

that can be used to evaluate the biodiversity impacts for any golf course, regardless of biome, climate, or geographic location, 

with an eye towards devising a “biodiversity index” or score that can be used to assess any course. We believe that this 

biodiversity index score could be a useful new component of any framework for assessing the overall sustainability impacts 

of golf courses. We conclude that golf courses can be a positive force for biodiversity, and that given this potential, course 

owners and operators should take biodiversity factors into consideration when designing or renovating courses. 

 

Methods 

We conduct a literature review of existing studies linking biodiversity and golf. Through a systematic assessment of the 23 

peer-reviewed research studies that have been published since 1987, we identify research trends and also gaps in examining 

the relationships between design, development, and management of golf courses and the growth (or decline) of different plant 

and animal species. Next, we identify and articulate the general ecological concepts that are “at play” in assessing the 

biodiversity performance of a golf course, drawing from expertise and experience in the field of ecology. Our goal is to 

identify the key pieces of biodiversity theory and practice that are most salient for the unique physical environments that golf 

courses represent. We combine these to propose a set of criteria that will be key to assessing the biodiversity impacts of any 

particular golf course, with the intention of creating an actionable framework for those who design and manage golf facilities. 

 

Results and Discussion 

Our analysis shows that studies linking biodiversity and golf over the past approximately 30 years have yet to develop any 

sort of unified, cohesive theory about the drivers of biodiversity gain or loss on golf courses. Most studies have been focused 

on a particular species and/or a limited geographic region with little attempt to generalize findings. Studies have examined 

many different types of both plant and animal species. With regard to ecological concepts, we find that the ecological 

concepts of fragmentation (how “continuous” is the landscape of the course?), spatial context (what is around the golf 

course?), and internal diversity (what types of habitats are found on the course itself?) are central to determining the positive 

or negative nature of contributions towards biodiversity that courses are making. We propose a scoring system that can be 

used to assess biodiversity on any course and be included as a part of assessing a course’s overall sustainability performance. 

 

Significance 

Many corners of society have received greater scrutiny with regard to environmental performance in the past few years, and 

the world of sport has not escaped this analysis. Few sports have as intimate a relationship with the landscape as golf, as the 

physical territory is a vital aspect of the game. It is well-known that golf course design, development, and management can 

cause negative environmental impacts including the destruction of habitat for all types of plant and animal species. However, 

we believe that golf can also be a very positive force for environmental protection and the enhancement of biodiversity 

outcomes. Our research illuminates one way in which golf courses can make contributions in this arena. 
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Introduction 

Amateur and professional golfers have a recognized high incidence of low back pain. This is due to dramatic changes in posture and 

rotation during the swing which are proposed to cause strain on low back soft tissue (i.e. muscles, tendons and fascia)1.Motion 

analysis techniques are effective at measuring skeletal motion during the swing however alternative methods are required to measure 

possible soft tissue strain. Techniques such as digital-image-correlation (DIC) may be an appropriate method to quantify strain of soft 

tissue in the low back2. Therefore, the purpose of this study was to develop a method using DIC and motion analysis that would 

quantify dynamic low back surface strain and golfer kinematics during the golf swing. 

 

Methods 

A single golfer gave informed consent to participate in the study which was granted ethical approval by the University ethics 

committee. Initial DIC preparation included applying a random speckle pattern to the golfer’s low back before attaching fourteen 

retroreflective markers to define and compute thorax and pelvis kinematics using a Vicon motion analysis system (500Hz, Fig. 1a). 

Two high speed video cameras (500 Hz) were synchronized with Vicon and positioned to capture images of the speckle pattern during 

the backswing and early downswing. A single driver shot was analyzed for this abstract. GOM Correlate software was used to 

combine high speed video images and compute compressive (minor) and tensile (major) strain across the low back relative to the 

address position (Fig 1c.). Strain measurement errors were quantified using calibrated speckle pattern images. Axial rotation of thorax 

relative to the pelvis was computed and compared to percentage of compressive/tensile strain. 

 

Results and Discussion 

Strain measurement error was approximately 0.52%. For this golfer, the magnitude of compressive and tensile strain increased 

throughout the backswing which coincided with the increase in thorax vs. pelvis axial rotation (Fig 2). Peak compressive and tensile 

strains (≈15% and 24%) also appeared closely aligned with peak thorax vs. pelvis rotation. Compressive and tensile strain displayed 

variation across points on the low back, as captured in the standard deviation in Fig 2. This possibly suggests that the method was able 

to distinguish differences which may relate to the underlying musculoskeletal system, however this cannot be confirmed as strain was 

measured on the skin surface. 

 

Significance 

This method could prove useful for two purposes: (i) to identify links between swing technique and possible overloading/strain of soft 

tissue and (ii) to quantify the amount of strain and stored elastic energy in low back during different swing techniques. 
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Fig 1 Stages of the data collection and analysis including (a, b) Speckle pattern for DIC measurements and marker positions for computing thorax and pelvis segment 

kinematics and c) percentage of compressive and tensile strain following DIC analysis (colors highlight regions of high (red) and low (blue) strain). 

  

 

 

 

 
 
Fig 2 Representative thorax relative to pelvis axial rotation (blue line) (i.e. X-factor) against mean ± SD compressive (green) and tensile (red) strain during the 

backswing (MDBK=mid-backswing, TB=top of backswing) and early downswing. 
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Introduction 

This talk concerns the trajectory of a golf ball as it rolls across a tilted, planar putting surface, which is often a reasonable 

approximation within 10-15 feet of the hole. The talk is summarized as two results. The first is that all possible trajectories can be 

represented mathematically in terms of a single universal trajectory, which greatly simplifies the calculation of putt trajectories. This 

mathematics is then used to discover families of putts which share a common target. Understanding how putts can be organized into 

families which share a common target suggest intuitive, non-mathematical methodologies both to practice making short, breaking 

putts and to better read putts while playing golf. This talk extends the work previously reported in a previous paper by this author, 

“Geometry of Putting on a Planar Surface” [1], and in the video at [2]. 

 

Methods 

This paper is based on mathematical analysis of the equations of motion of a ball as it rolls across a tilted, planar surface subject to a 

constant drag force. This is often a reasonable approximation to that of a golf ball rolling across a putting green, especially when near 

to the hole. The non-linear equations of motion which describe this problem are well known [3] and are usually solved by numerical 

integration. In this talk, an analytic solution to these non-linear equations of motion is described which reveals that all possible putt 

trajectories are derived from a single universal trajectory. This trajectory is shown to depend only on the ratio of two forces: the 

gravitational force projected into the plane, and the drag force of rolling friction. 

 

Results and Discussion 

The mathematics of the universal trajectory greatly simplifies the calculation of putt trajectories. Using this tool, the talk revisits H.A. 

Templeton’s original idea that all putts equidistant from the hole share a common target [3]. Indeed it is found that putt trajectories on 

a tilted surface can be organized into families of putts which share a common target and which are meant to roll the same distance past 

the hole. The properties of these families of putts are summarized as follows: 1) the target points are located directly uphill a distance 

T from the hole; 2) all putts which share this target point are reasonably approximated to originate on a circle; and 3) the center of the 

circle is located downhill a distance 1.5-2T from the hole, depending on how far past the hole the ball is meant to roll. Knowing only 

these facts, there is an intuitive, non-mathematical protocol for discovering this geometry on a putting green and then using it to 

practice putting, as is demonstrated in [2]. An advantage of this methodology is that the golfer obtains immediate feedback on the 

reason for a missed putt; whether it was the wrong initial direction, or incorrect initial speed, or both. Finally, this understanding 

informs a methodology for reading putts while playing golf. In particular, instead of just considering the putt at hand, the golfer should 

also consider adjacent putts along an arc roughly +/- 30 degrees from the actual putt. By making a best guess as to the target point for 

several putts in this family of putts, and then taking the average target point from this sample, the golfer should be able to reduce the 

standard error in the prediction of the target point. 

 

Significance 

This talk takes a deeply mathematical observation about putt trajectories on tilted, planar surfaces and reduces it to intuitive, 

nonmathematical methodologies for practicing short, breaking putts and for reading putts while playing golf. 
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Introduction 

The National Golf Foundation estimates that the total US Golf Participation rates are up more than 17% over the last five years, with 

the current estimate being there are 37.5 million people over the age of 6 years old participating in a golfing activity1.  With this large 

increase in golf participation, clinicians need better guidelines in advising golfers when it is safe to return to golfing following injury or 

surgery.  Several studies have quantified the loading of the large lower extremity joints during the golf swing2,3,4, but no studies have 

compared these loads to other activities of daily living in the same population.  Therefore, this study will compare the knee and hip joint 

loading during the golf swing with loading during gait and sit-to-stand tasks. 

 

Methods 

Twenty-two healthy males participated in the study (age: 62±8 years, height: 1.8±0.1m, mass 89.1±10.9kg).  All participants signed an 

informed consent document approved by the university.  Participants were outfit with motion tracking markers to collect kinematics 

data (Vicon, Oxford, UK), and stood with each foot on a separate force plate (AMTI) for golf swing trials.  Marker data were collected 

at 100 Hz, force plate data were collected at 1000 Hz.  After appropriate warm-up/practice swings, eight 6-iron shots were recorded for 

analysis. A Trackman (Vedbæk, Denmark) radar launch monitor collected club head speed (CHS). Two more tasks were also performed: 

gait and sit-to-stand (STS) testing.  For gait trials, subjects walked on 10-meter walkway at their preferred pace.  Three successful trials 

(subject’s foot landed entirely on the force plate without targeting it) were used to analysis.  For STS testing, subjects sat on a standard 

height chair (46 cm) with each foot on a separate force plate.  They were instructed to continuously stand up and sit down as many times 

as possible for 30 seconds with their arms extended in front of them.  Three consecutive repetitions of STS in the middle of the 30 

second trial which had the most consistent peak sternal marker velocities were selected for analysis.  Knee and hip joint moments in the 

sagittal and frontal planes were calculated in all tasks using custom MATLAB code.  Peak net joint moments during each movement 

were then extracted from the curves and normalized to body mass. A repeated measures ANOVA was then used to determine differences 

in peak moments between the three movements (golf – lead and trail leg, gait, STS).  Significance level was set at p<0.05.  

 

Results and Discussion 
The mean 6-iron CHS for the group was 33.5 ± 4.3 m/s.  Mean net joint moment data are shown in Table 1. Golf joint loads are 

significantly different than gait/STS for the internal hip extension, hip adduction (both legs) and knee flexion (trail leg) moments, as 

well as for the external valgus knee moment (lead leg).  The internal moment differences reinforce previous work examining muscular 

activations during the golf swing5.  The external valgus moment on the lead knee during golf support the abnormally large load on the 

ACL & lateral compartment of this knee in golf 2. 

 

Significance 
Clinicians should focus on improving the functioning of the hip extensors & adductors, as well as the trail side hamstring to ensure a 

safe return to golf after injury/surgery. Those with lateral side knee joint or ACL pathologies in the lead knee should also take extra 

precautions when returning to golf as the swing can place abnormally large loads on these tissues.   

 

References 

(1)National Golf Foundation, 2021; (2) Lynn & Noffal, 2010; (3)Gatt et al., 1998; (4) Kanwar et al., 2021; (5) Marta et al., 2015. 

 

Table 1.  Mean joint moments for the different movements. All are internal moments except for the frontal plane knee moments.  

 Gait STS Golf Lead Leg Golf Trail Leg 

Varus Knee  0.395(0.134) 0.125(0.058) a 0.527(0.212) 0.517(0.133) 

Valgus Knee -0.165(0.146) -0.117(0.969) -0.552(0.359) a -0.271(0.270) 

Knee Extension 0.445(0.166) 0.898(0.275) a 0.595(0.275) 0.465(0.259) 

Knee Flexion -0.334(0.141) a -0.098(0.078) b -0.410(0.339) a -0.682(0.192) c 

Hip Abduction 0.728(0.141) 0.294(0.091) a 0.696(0.302) 0.794(0.240) 

Hip Adduction -0.124(0.83) a -0.110(0.142) a -0.878(0.541) b -0.436(0.308) c 

Hip Extension 0.411(0.187) a 0.783(0.169) b 1.16(0.385) c 1.458(0.254) d 

Hip Flexion -0.683(0.162) a -0.219(0.234) -0.269(0.147) -0.405(0.285) 
- Moments presented as Mean (SD) in Nm/kg.  Different superscript letters = statistical differences at p<0.05. 
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Introduction  
Knee injuries are some of the most frequently experienced by golfers, with prevalence comparable to that seen in some high-impact 

sports. While the literature regarding loading of the knee joint and related injury risk in golfers is inconclusive, it is theorized that the 

complex set of conditions occurring in the knee during the swing, and cumulative load placed on the joint, may contribute to acute 

injuries as well as degenerative processes with resulting injury. Given the paucity of research investigating joint loading in golfers and 

its relation to injury risk, it is valuable to investigate what factors affect knee joint loading during the golf swing in order to inform 

technique and return to sport criteria. Previous studies have investigated the knee joint load experienced during the swing and how 

different stances affect loading. However, many of these studies have small sample sizes or limit their investigation to study 

participants of a single sex or the use of one club. Using a database collected on both 6-iron and driver swings from golfers of all ages, 

skill levels and both sexes, this study investigates how knee joint loads differ between sexes and when using different clubs. We 

hypothesized that swings with a driver would result in significantly greater knee joint loads than swings with an iron, and that there 

would be no difference in knee joint loads between males and females after controlling for golfer mass.  

 

Methods  
The Sanford Health Institutional Review Board approved this study and all golfers consented to their participation in the study. Fifty-

seven healthy golfers (26.7 ± 12.5 yrs, 1.75 ± 0.10 m, 75.5 ± 15.8 kg, 29 males/28 females, 54 right-handed/3 left-handed) ranging in 

skill level from recreational to professional completed up to 15 6-iron swings followed by up to 10 driver swings for assessment in a 

biomechanics laboratory. 3-D kinematic data was collected from 10 optical motion capture cameras recording at 300 Hz (Qualisys 

AB, Gothenburg, Sweden) with the Qualisys Golf Performance markerset, while force plate data was collected simultaneously at 1200 

Hz (Bertec Corp. USA). A Trackman 4 launch monitor was used to collect club speed data, and the five fastest swings from both the 

iron shots and driver shots were used for analysis. Peak frontal plane knee joint moments normalized to bodyweight for the lead leg 

were calculated in Visual 3D for each swing, averaged across the five shots for iron and driver, and exported for analysis. Paired T-

tests were used to determine differences in knee joint moments between clubs, and unpaired T-tests were used to determine 

differences in knee joint moments between males and females. Significance was determined a priori to be 0.05.  

 

Results and Discussion  
Results across all golfers showed that while the peak lead knee abduction moment with the driver was significantly greater than with 

the 6-iron, the peak lead knee adduction moment with the iron was significantly greater than when using the driver. This pattern held 

when the groups were stratified by sex. While our hypothesis was partially correct in that abduction moment with the driver was 

greater than when using the 6-iron, the peak abduction moments as a group were considerably smaller in magnitude across all golfers 

and with both clubs than peak adduction moments, and thus may be of less practical significance regarding injury risk and prevention. 

After controlling for golfer mass, males had significantly greater peak lead knee abduction and adduction moments when using both 

drivers and 6-irons.  

 

Significance  
The use of shorter clubs is commonly recommended to reduce swing intensity, joint loading, and injury risk. However, when 

participants in this study used a shorter club, while their lead knee abduction moment did decrease, they actually experienced an 

increase in the adduction moment. Furthermore, the finding that males experience greater peak knee moments than females was in 

contrast to our hypothesis, and suggests that factors other than increased body mass, such as technique or swing speed, may contribute 

to the load experienced in the knee during the golf swing. These findings suggest that a golfer’s sex and the type of club used affect 

knee joint loads experienced during the swing, and should therefore be considered when assessing injury risk and when designing 

return to sport programs for golfers following a knee injury. Additionally, the laterality of knee pathology should be considered in 

golfers with chronic injuries or when returning to sport, as different clubs were found to affect medial-lateral knee loading differently. 

 

 

 

mailto:luke.adams@sanfordhealth.org


 

51 

Junior Golfers on the Autism Spectrum: Parents Perspectives on Their Children Playing Golf 
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Presentation Description  

Purpose of this presentation is to discuss the meanings parents of children who are on the autism spectrum ascribe to their children 

participating in golf using social ecological model.  

Proposal  

Physical activity can positively impact overall health and decreases in health-related issues (Centers for Disease Control and 

Prevention [CDC], 2020). Participating in sports is an important area of community inclusion and physical activity for people with 

disabilities, including for children with autism spectrum disorder (Ryan et al., 2018).  

Golf offers physical activity participation opportunities and lifelong sport for people of all ages, and the popularity of the game of golf 

has been expanding throughout the years (United States Golf Association [USGA], 2020). In 2020-2021, golf showed a remarkable 

surge of 14% increase in participation and rounds played as it provides outdoor, socially distanced, and safer options compared to 

other sports to participate in sports despite COVID-19 pandemic (National Golf Foundation [NGF], 2021).  

The golf industry in the United States strives for increasing accessibilities to comply with the Americans with Disabilities Act (USGA, 

2020). To date, the depth of adaptation for individuals with disabilities who participates in golf has not been documented. 

Therefore, the purpose of this study was to analyze the meanings parents of children on the autism spectrum ascribe to their children 

participating in golf using social ecological model. Researchers answers to the following research questions. 1)what meanings do 

parents ascribe to the children on the autism spectrum participating in golf? 2)what is, according to parents, the benefits of their child 

whose on the autism spectrum participating in golf? 3)what concerns, if any, do parents have about their child on the autism spectrum 

participating in golf? 4) does the golf industry provide accommodations for players on the autism spectrum? If so, what 

accommodations? 

The research design is interpretative phenomenological analysis (IPA). The objective of IPA is to elaborate on individuals' 

involvements in detail and reveal how they build perceptions about their individual and social worlds (Smith & Eatough, 2007). 

Therefore, the shared meanings underlying the phenomenon experienced by the participants can be discovered (Baker et al., 1992). 

Participants will be the parents of children are diagnosed as autism spectrum disorder and who participated in golf play at least 12 

times in their lifetime. Five parents were recruited for this study using criterion sampling method (Patton, 1990). Autism spectrum 

disorder is a neurodiverse condition where the spectrum can range from gifted to severely challenged (CDC, 2020). By using the 

criterion sampling method, researchers will identify and understand informative cases (Patton, 2002).  

The primary data sources to analyze were two to three face-to-face in person or online Zoom recorded semi-structured interviews 

conducted by the lead researcher and transcribed. The field notes were used abstractly return to the interview setting through data 

analysis phrase (Bogdan & Biklen, 2007), and the field notes were shared among collaborators to analyze the contexts (Rodham et al., 

2015). 

The audio recordings will be taken during the interviews. The lead researcher transcribed all interview data and used transcribing 

software. In addition, all researchers independently complete the steps of reading transcripts and coding along with the first author's 

field notes. The coding transcripts included highlighting and adding labels and structural descriptions, sorting by category. Then, 

organized by preliminary themes and generating themes and subthemes. The researchers discussed the findings to confirm the 

common themes until a mutual understanding is reached. 

In the presentation, the initial theme emerged from the first four interviews will be discussed and some implication for the golf 

industry to welcome and accommodate junior golfers whose on the autism spectrum in the future.  

This research is supported by an “I’m an Athlete grant” of $500, and it will be used to pay for participant incentives and transcribing 

software services 
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Introduction  
The purpose of this research study was to assess collegiate golfers for injury inducing golf swing mechanics using the Titleist 

Performance Institute (TPI) Level 1 physical screen and the K-Motion system. Epidemiological studies have shown that low back pain 

is regarded as the most common golf injury and physical assessment and swing analysis of collegiate golfers would indicate any 

deficiencies. This debilitating injury affects younger and older golfers by not only limiting playing time but impacting performance 

and technique. Proper screening and evaluation of golfers of any age group is necessary to help prevent injury and golf-swing faults 

from occurring.  

 

Methods  

Participants in this study the completed the TPI Level 1 physical screen and 10 golf swings using the K-Motion system. Participants 

attend three separate sessions at the beginning, middle, and end of the season to complete the TPI screening and one session for the K-

Motion System. Data collected from the TPI screening over the three sessions was analyzed through a repeated measures ANOVA to 

note any significant change and a post hoc T-Test to identify where the change occurs. Data collected from the K-Motion Capture was 

used to compare results from TPI Screen.  

 

Results and Discussion  
Results from this TPI screen predominantly indicated a deficiency in the S-Posture, Early Extension and Loss of Posture swing faults 

for the participants in this research. Additionally, Flat Shoulder Plane, Reverse Spine Angle, and C-Posture were additional 

deficiencies noted in the findings. K-Motion System data supported the from the TPI screen swing faults and provide kinematic 

sequence data for each participant. Speeds from the hip, thorax, lead arm, and hand were used to observe deficiencies in the golf swing 

movement compared with professional golfers. With a limited sample size, data collected from this study provided insight into swing 

faults and timing deficiencies amongst collegiate golfers. Future areas of inquiry from this work would include using these 

assessments to create corrective exercises, swing, and speed training.  

 

Significance  

This study is significant to golf as it focuses on screening and assessment of collegiate golfers and identifying their swing deficiencies 

throughout a competitive season. As research has focused on several different populations, this study intended to provide a deeper 

perspective with collegiate golfers leading to further areas of inquiry including the development of specific intervention programs to 

be implemented during a competitive season. 
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Introduction  
Golf coaching can take many forms, from specialized individual coaching to general advice for a population. Recently, there has been 

an increase in the amount of general advice given online, and golfers can now receive information from YouTube coaching videos. 

Many videos advise golfers on how to play from sloping lies, however, the information will be based on the coaches’ experience, as 

there is currently little scientific evidence in this area. The aim of this study was to select and review popular coaching YouTube 

videos to identify key biomechanical parameters for playing golf from sloping lies. This information will be used to inform future 

research into golfers’ technique and performance when playing these shots. No hypothesis was set, as it was important to start without 

any preconceived ideas of the outcome (Corbin and Strauss, 2008).  

 

Methods  
Ten videos were selected for each of the 4 sloping lies: uphill, downhill, ball above feet, and ball below feet. A total of 26 videos were 

assessed, as some contained advice for multiple slopes. The criteria for selection were that a PGA certified coach was giving advice on 

a full golf shot on one of the isolated slopes (no slope combinations), with the top 10 most viewed videos for each slope selected 

(ranging from 10,938 to 878,639 views at the time of analysis). Ten clips for each slope allowed for a good range of coaching 

knowledge and was considered enough for reoccurring themes to be identified. Verbal information within each video was transcribed 

and any gestures that were deemed to be important were described and added to the transcription. Transcriptions for each slope were 

imported into NVivo for further analysis. Categories and sub-categories were created that identified specific areas of focus from the 

coach (Corbin and Strauss, 2008). Occurrences of each category and sub-category were counted, key concepts were established, and 

video quotes which gave a good representation of the advice were highlighted in each sub-category. Lesser mentioned concepts or 

contradictory advice were also noted.  

 

Results and Discussion  
Each piece of information fell into one of three categories: ball, body, or club. Two sets of sub-categories were established for the two 

directions of slope, as there were differences in the key parameters between the uphill/downhill and ball above/below feet slopes 

(Table 1 & 2). An example of a quote regarding the most popular sub-category, draw/fade, was “With the ball below the feet, you can 

be guaranteed that the ball will always go slightly left to right”, which was similar in most videos. However, contradictory information 

was given in others describing the same shot, such as “If you're in balance and you're swinging through the golf ball, the ball will 

always go straight”. These results show a consensus on several key aspects when playing from slopes, identifying variables that can be 

investigated in future work. However, differing opinions remain within the coaching industry regarding the effect of slopes and how to 

adapt to them, again highlighting areas for future research.  

 

Significance  
This work has provided an overview of golf coaching advice when playing from slopes, from a highly popular resource, YouTube. 

Millions of golfers around the world watch these channels and, presumably, try to improve their game using the advice. Although 

some advice for playing golf shots on slopes is widely agreed upon, there are still differing opinions and conflicting advice given 

within these videos. Now that key variables have been identified, biomechanical analysis can begin and look to provide some evidence 

to support or refute the claims made in these videos, which can impact the advice given by coaches in the future. As much of the 

biomechanical analysis in golf is performed on flat lies, this work also highlights the need to consider sloping lies in subsequent work.  
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Introduction 

Almost all golfers, regardless of age, gender, or skill level, have a desire to hit a golf ball farther in hopes that it will lower their golf 

score. This study investigated improvement in club head speed, distance, launch angle, and smash factor in three middle-aged golfers, 

ages 43, 43, and 60, following specialized swing training. More specifically, the study measured the impact of speed stick, impact bag, 

and orange whip training. 

 

Methods 

Participants for this project were three adult males. Subject 1 was 43 years old, 5’8” tall, and weighted 150 pounds. His average golf 

score is about 100 and he plays golf about once a week. Subject 2 was 60 years old, 5’10” tall, and weighted 170 pounds. His average 

golf score is about 100 and he plays golf about two times a week. Subject 3 was 43 years old, 5’ 11” tall, and weighted 190 pounds. His 

average golf score is about 100 and he plays golf twice a week. Two subjects trained for 14 weeks while one trained for six weeks. 

Baseline data were collected 2 and 3 days prior to the beginning of the swing training using Swing Caddie. Equipment used in this study 

included a Swing Caddie SC 300i launch monitor, three differently weighted (20% lighter than a normal driver, 10% lighter than a 

normal driver, 5% heavier than a normal driver) super speed sticks, a smash bag, and an orange whip with a 47” flexible shaft attached 

to a 1.75 lbs. weighted orange ball. The Swing Caddie was used to track golf metrics that included distance, club head speed, ball speed, 

launch angle, apex, smash factor, and spin. Upon University Institutional Review Board approval, subjects were recruited for the study. 

 

Results and Discussion 
Subject 1 increased his total driving distance by 21 yards (11%), subject 2 by 13 yards (9.4%), and subject 3 by 17 yards (9.2%). Subject 

1 increased his 5-iron distance by 10 yards (9.4%), subject 2 increased from baseline to level 1 testing but then decreased from the end 

of level 1 testing to final testing. During final testing he was suffering from a sore back. Subject 3 increased his 5-iron distance by 16 

yards (9.1%). Subject 1 increased his 9-iron distance by 3 yards (approximately 1%), subject 2 again increased from baseline to level 1 

testing but then decreased from the end of level 1 testing to final testing. Subject 3 increased his 9-iron distance by 25 yards (23%). 

Subjects 1 and 3 increased their club head speed by 2 and 4mph, respectively, while subject 2 appeared to maintain his club head speed. 

The launch angle increased with the driver for subjects 1 and 2 and decreased with the 5 and 9 irons. The launch angle for golfer 3 

decreased with his driver and increased with the 5 and 9 iron. The apex for all three subjects moved closer to the desired 90’. Smash 

factor improved for subjects 1 and 2 but not for subject 3. There were variable changes in spin rate for all three clubs. Subjects increased 

their total driving distance by 11%, 9.4%, and 9.2%. Subjects 1 and 3 increased their club head speed by 2 and 4mph, respectively, while 

subject 2 appeared to maintain his club head speed. The launch angle increased with the driver for subjects 1 and 2 and decreased with 

the 5 and 9 irons. The launch angle for golfer 3 decreased with his driver and increased with the 5 and 9 iron. Further research should 

involve experimental studies in which a control group along with experimental groups are trained.  

 

Significance 
Many golf training aids are little researched, but still accepted as effective training tools, mostly through antidotal evidence. As 

mentioned in the introduction, speed sticks, the orange whip, and smash bags have been determined to be three of the best golf training 

aids. Previous research (Barba, 2019, 2020; Chaney, 2020) has shown, and these current findings concur, that speed stick training will 

result in greater club head speed, and as a result, greater hitting distance. Not researched however, is the impact that orange whip and 

smash bag training might have on golf swing metrics. In the present study, club head speed increased but so did smash factor. Was the 

smash factor increase a result of the speed stick training or the smash bag training or the orange whip training? Or was it the result of a 

combination of these training aids? Similarly, launch angle decreased with the 5 and 9 irons, was that the result of the smash bag training? 

Further research should involve experimental studies in which a control group along with experimental groups are trained. The 

experimental groups could be speed stick training only, speed sticks and smash ball only, speed sticks and orange whip only, and orange 

whip and smash bag only.    
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Introduction  
Globally, golf is one of the most popular sports. In order to achieve optimal levels of performance, modern golf athletes generally 

possess adequate levels of flexibility, muscular strength and power, and rotational power (Smith, 2010). Recently, interest in 

investigating mechanisms which contribute to muscular power production within the competitive golf population and how they 

influence golf performance (e.g., club head speed, ball speed, and drive distance) has grown. Across sport, the countermovement jump 

(CMJ) and squat jump (SJ) are commonly utilized to assess muscular power. When combined, the CMJ and SJ can be extrapolated to 

assess the eccentric utilization ratio (EUR) and stretch-shortening cycle percentage (SSC%) which provides the practitioner with more 

in-depth information regarding mechanisms utilized to complete jumping tasks within the sagittal plane (McGuigan, et al., 2006; 

Secomb, et al., 2015). To our knowledge, no study has been conducted to assess the EUR characteristics of collegiate male golf 

athletes. Thus, the purpose of this investigation was to assess underlying mechanisms which contribute to muscular power expression. 

It was hypothesized that little variation would be observed in CMJ and SJ performance, while greater variation would be observed 

when mechanisms which influence muscular power were assessed.  

 

Methods  
10 collegiate male golfers participated in this study (n = 23; age; 21.31 ± 1.70 years, height; 70.05 ± 3.56 in, body mass; 185.79 ± 

34.80 lbs). The CMJ was utilized to assess the stretch-shortening cycle during the coordinated whole-body locomotion. With their 

hands by their sides, participants began the CMJ by test by performing a fast countermovement of their lower limbs to the 90-degree 

position and then jumping as high as possible. Participants were allowed to us a backward arm swing as they flexed their knees to the 

90-degree position and forward as they extended their knees into the jump. The SJ was utilized toa assess the contractile ability of the 

lower extremities. SJs were performed with the participant flexing the knee to approximately 90 degrees with the hands on the hips to 

reduce upper extremity contribution to lower-extremity power production. Participants remained stabilized in the 90-degre position for 

2-seconds prior to performing the jump. The stabilization in the 90-degree position restricted the use of elastic energy in the muscles. 

In both the CMJ and SJ, participants were instructed to land in the same point of takeoff. All measurements were collected with the 

JustJump Mat® (Probotics Inc., Huntsville, AL,USA) and closely follow valid and reliable methodological approaches utilized within 

previous research (Kucic et al., 2020).The best attempt of three attempts for both, the CMJ and SJ were utilized to calculate the EUR 

and SSC%. In accordance with previous research, EUR was calculated as follows; (CMJ height/SJ height). SSC% percentage was 

calculated as follows (CMJ height – SJ height)/SJ height (McGuigan, et al., 2006). Data was analyzed using IBM SPSS statistics 

(Version 24.0; IBM Corporation, New York, NY). Descriptive statistics were calculated in order to summarize results from the 

dataset.  

 

Results and Discussion  
Results from this study revealed expected and unique findings in regard to muscular power production within the collegiate golf 

population. As expected, CMJ (23.94 ± 2.85 in) and SJ (21.45 ± 2.54 in) performance were within normal ranges and comparable to 

most other athletic populations. However, observations from our sample revealed unique characteristics with regard to the EUR (1.12 

± 0.90) and SSC% (11.97 ± 8.91). As observed, there seems to be little deviation in the EUR within this specific golf sample. 

However, there appears to be a fair amount of deviation in SSC% which may be useful and cost-effective method for further 

understanding mechanisms which contribute to muscular power on an individual level.  

 

Significance  
The purpose of this investigation was to assess underlying mechanisms which contribute to muscular power expression within the golf 

population. Findings revealed greater variation in mechanisms utilized to produce muscular power when compared to general 

muscular power abilities. Based on these findings, it may be useful to further consider how golfers generate muscular power and 

which individualized approaches may be best suited for the enhancement or maintenance of these qualities. 
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Introduction 

Technology advancements over the years have allowed both researchers and golf coaches to characterize various aspects of the golf 

stroke, club delivery, and ball flight.  The accurate characterizations of these elements have allowed golf instruction and club fitting to 

advance at a very rapid pace when compared to the technical and equipment analysis in other sports.  One of the biggest gaps in 

information accessible to golf instructions relates to the connection between the golfer and club.  The ability to characterize the how, 

where, and when the golfer applies force to the club has the opportunity to significantly advance the golf instruction world.  A relevant 

example of this would be the advancement in pitch design in baseball.  By applying the knowledge gained from Launch Monitors to 

varying grip types for the baseball pitchers have been able to strategically alter the magnitude and direction of applied forces to create 

a new arsenal of pitch types. Here is an article from Driveline as a reference: https://www.drivelinebaseball.com/2017/11/pitch-grips-

changing-fastball-spin-rate/ 

 

Methods 
In this exploratory study of Low vs High handicaps we used Gears full body motion capture for body movements, Foresight GCQuad 

Camera based tracking system for club delivery and ball flight, and a prototype SensorEdge instrumented grip to quantify lead and 

trail hand pressure application in a total of 20 golfers.  There were ten golfers with Handicaps below 10, and 10 golfers with 

Handicaps above 15.  All golfers went through a standard intake process where they signed off on their anonymous data being part of 

the study, had their index from Golf Canada recorded at the time, and grip strength tested using a dynamometer.  From there each 

golfer would proceed to take 10 shots with a 3 wood where all devices would simultaneously capture their respective data sets.  A 3 

wood was used as it is the lowest lofted and longest shafted club to be used primarily off the ground, our reasoning is that this would 

create a greater performance gap between the low and high handicappers therefore providing a more meaningful data set. 

 

Results and Discussion 
The results of this study yielded two main conclusions: 

 High handicap players exhibited showed nearly 40% more variability in their pressure application swing after swing than did 

the low handicap group 

 High handicappers were up to three times more likely to have greater pressure with the trail hand at impact than low handicap 

golfers 

While examination of Group Data yielded significant difference, it became more interesting as we looked at individual golfers and a 

combination of their body position at impact, club delivery, and pressure application patterns.  The High Handicap group displayed 

significantly less ability to control both the Loft at Impact and Face Angle.  Examining the data from the multiple technology sets 

made it very clear from a coaching perspective if better results would be achieved through a modification of Body Position in 3D 

space, or changing applied pressure to the grip. 

 

Significance  
The significance of this study is that it has immediate impact on the option a golf instructor has to change club delivery.  This 

information opens up a whole new world of constraint-based training that revolves around the physical attachment to the club.  To 

now have guided direction about how to increase or decrease the amount of pressure, or alter the timing of pressure application will 

give greater specificity to the learner as to what they actually need to do differently in order to achieve their desired result. 
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Introduction 

Participation in sport by persons with a vision impairment has numerous benefits for health and wellbeing. The aim of this study was to 

identify the facilitators and barriers for participation in golf for individuals with vision impairment (VI). 

 

Methods 

Semi-structured interviews were conducted with 12 VI golfers, 10 guides, and 5 novices during the British VI Golf Open tournament in 

Northern Ireland in August 2021 (see figure 1). Content analysis of the interview data identified the benefits, facilitators, challenges 

playing VI golf, the role of guides, and future developments of the sport. Ethical approval was granted by the Vision and Hearing 

Sciences Departmental Research Ethics Panel at Anglia Ruskin University in Cambridge, UK (FSE/FREP/20/988). The study adhered 

to the tenets of the Declaration of Helsinki. 

 

Results and Discussion 

Content analysis of the interview data identified the benefits, facilitators, challenges playing VI golf, the role of guides, and future 

developments of the sport (see figure 2). The benefits extend beyond those related to health, including personal development and a sense 

of purpose for players, and of reward for guides. Facilitators were largely organisational and having appropriate support and a guide. 

Challenges to playing and guiding were largely practical, financial, and logistical. The need to attract a more diverse range of players 

along with a reconsideration of the eligibility criteria were central to the perceived sustainability of VI golf. 

 

Significance 

These results highlight the practical, financial, and logistical challenges contributing to VI golf activity limitations. Due to the health, 

personal, and psychosocial benefits, ways of providing practical, financial and support networks to facilitate engagement in VI golf 

should be sought. 
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Figure 1: A VI golfer and their guide preparing for a shot 

 

 

 

 

 

 

 

Figure 2: The main categories and subcategories generated from the interviews regarding the benefits, facilitators, challenges, use of a guide, and future developments  
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Introduction 

A significant amount of research has been conducted to date on the potential performance benefits golfers may experience 

when utilizing pre-shot routines in golf. Over the past 40 years, researchers and practitioners in the field have been 

researching the pre-shot routine processes of golfers of all ability levels, which has led to a better understanding of the 

necessary elements that should be included in a golfer’s pre-shot routine. Recently, Cotterill, Collins, and Sanders (2014) 

found that no individual pre-shot routine model had been developed to date that had been universally adhered to and 

suggested the need to develop a template “working at the psychological level” that underpins the routines in golf and allows 

golfers to naturally develop their own pre-shot routines within these psychological constructs. Based upon this suggestion for 

future research and in an attempt to develop a universally accepted pre-shot routine model for golf; the researchers of this 

study set out to develop a new pre-shot routine model that was informed by the research that had been conducted to date and 

allowed golfers to naturally develop their own pre-shot routines within the psychological constructs that have been found to 

benefit golf performance. 

 

Methods 

The STOP S.L.O.W. GO Pre-Shot Routine Model for Golf featured in Table 1 was developed to present a new pre-shot 

routine template that could be utilized by both researchers and practitioners in the field. In an attempt to validate the STOP 

S.L.O.W. Go Pre-Shot Routine Model for Golf, a two-round delphi study was conducted to gather expert feedback via 

approval from the Institutional Review Board (IRB) of North Dakota State University. In total, 514 collegiate-level golf 

coaches working at the NCAA Division I level were identified in this sampling frame as potential participants for the study. 

Surveys were distributed in which a 70% agreement level was required in order to generate expert consensus. 

 

Results and Discussion 

Based upon the results of the Delphi study, the usefulness of the STOP S.L.O.W. GO Pre-Shot Routine Model for Golf was 

validated amongst college golf coaches working at the NCAA Division I level by having achieved a 72.73% consensus 

agreement level. When removing participants who “Neither agreed nor Disagreed” as to the usefulness of the model, a 100% 

consensus agreement rate was achieved. Additionally, all six steps of the model achieved a 100% consensus agreement rate as 

to their usefulness outside of Step 4, which received a 90% usefulness agreement rate. Based upon these results, it can be 

determined with a high level of consensus that the STOP S.L.O.W. GO Pre-Shot Routine Model for Golf is a useful tool that 

college golf coaches in the United States can utilize in their instruction of college golfers. Based upon the results of the 

findings, it is suggested that future practitioners and researchers further examine the efficacy and future adoption rates of the 

STOP S.L.O.W. GO Pre-Shot Routine Model for Golf amongst golfers of all ability levels. 

 

Significance 

The results of this study are significant in that the STOP S.L.O.W. GO Pre-Shot Routine Model for Golf has been validated 

by experts in the field as to its overall usefulness, with all six steps being deemed as useful when conducting pre-shot routines 

in golf. Furthermore, the results of the research answer the call by Cotterill et al. (2014) to develop a template at the 

psychological level that underpins the routines in golf and allows golfers to naturally develop their own pre-shot routines 

within these psychological constructs. To date, this study marks the first pre-shot routine model that has been validated as to 

its usefulness amongst college golf coaches working at the NCAA Division I level. 
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Introduction 

There is little research on the contemporary PGA Tour player assessment of what makes a good caddie, which seems odd given the 

growth and subsequent compounded pressures of the 21 century PGA Tour. Over the last 30 years, the Tour has experienced 

exponential prize money increases, more events, aggressive improvements to golf equipment, and improved course conditions, which 

has attracted better quality players. As a result, the caddie’s role, and their influence on PGA Tour players from a strategic positive 

influence, tactical advice on judgements, and the output-guidance for judgement accuracy and its well-being effect (Wayne & Ferris, 

1990; Yaniv 2004; Hong et al. 2021), has intensified (because the competition standards are higher). A pilot study of this nature has 

merit because it seeks to convey positive qualities to current and future Tour caddies and improve player performance.   

 

Method 

Utilizing semi-structured interviews, respondents reflected on what they believe makes a good caddie. A three-pronged line of inquiry 

framework of, 1) the caddie as a remedial screening instrument to enhance golfer performance, 2) the caddie as a person who can 

reveal the very best version of the golfer’s skill, and 3) the caddie as a belief system “coach” that fits the full throttle PGA Tour 

environment, was used to gather data. Qualitative open-ended data revealed thoughts, feelings, and beliefs that were gathered to assess 

for themes. Themes were identified using a progression of a) data familiarization, b) generating data codes, c) investigating for 

themes, d) reviewing themes against the interview question, e) defining and naming themes, and f) producing further information to 

help those who this study seeks to serve. Study approval was granted by university ethics. The study was author funded. There were 

no conflicts of interest to perform this study. 

 

Results and Discussion 

Eight (8) respondents identified five (5) good caddie themes including, 1) caddies execute routines and rituals as calming actions to 

maintain normal player behavior in stressful environments, 2) caddies function as a rhythm of mental performance over a sustained 

period, which is a synchronized mathematical model for optimizing performance, 3) caddies are a chameleon in that they must 

become a player-personality surrogate, 4) caddies help to ensure the golfer has as few thoughts as possible when executing golf shots, 

and 5) caddies promote a ‘leave it all out there’ mind set to mitigate the ‘up all night afraid of what the future might bring’ thinking. 

Considering the themes, the good caddie connects with the player (in a shared reality) to benefit player performance. 

 

Significance 

This study provides current tour player insights of what they believe makes a good caddie. Given the assessment context, it is 

suggested that a good caddie coherently evaluates, translates, and communicates insights over a sustained period so the player can 

process information cognitively, and then systematically execute it. Future research on this topic and its themes is recommended.  
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Introduction 

For most professions, career progression follows an orderly, structured process, with entry at the lowest level and gradual upward 

progression associated with the development of skills, experiences, and knowledge. A reported contributing factor impacting upon 

successful career development is work readiness. This relates to holding the necessary intellectual abilities, practical abilities, work 

attitudes and habits that allow for successful career entry and development. Professional sports careers appear to develop 

unsystematically, however. Moreover, most transitions into professional sports are unsuccessful, leading to short career durations. 

 

Explanations for this are limited though, with the importance of work readiness in the making of a professional sports career still to be 

examined. Establishing a career as a professional golfer is exceedingly challenging. Attrition rates are alarmingly high, particularly in 

the preliminary career period. Montague & Milne (2014) claim that more than ninety percent of those that enter professional golf 

withdraw within three years. Out-with the notional understanding of failing to be competitive, the reasons for this remain unexplored. 

This qualitative, interpretive investigation examines the importance of work readiness to successful early career transition in 

professional golf. It considers the subjective experiences of golfers that transited from amateur to professional status. It provides a 

contextualized athlete perspective of the adaptation process and how athletic and non-athletic factors were considered and managed 

during transition. Consideration is given also to how work readiness status impacts upon professional golfers’ career durations. It 

draws upon seminal and contemporary work in the areas of career construction, career adaptability, and career transitions in sport. 

 

Methods 

An interpretive, narrative inquiry was selected to gain an ‘inside view’ on lived experiences and to help explore nuance and meanings 

that participants gained from their tour golf experiences. A series of narrative interviews were conducted with a purposive sample of 

eight professional golfers that held divergent amateur careers and early professional career transition experiences. Four respondents 

had constructed successful professional playing careers, having played on the DP World Tour or the erstwhile European Tour 

continuously for 6 years or more. The other four respondents had withdrawn from competing within three years of entering 

professional golf. More than 40 hours of interview data was transcribed and analyzed using the Biographic-Narrative Interview 

Method (BNIM) that enabled exploration and integrative interpretations of psychodynamics and socio-dynamics. 

 

Results and Discussion 

Whilst the study did not set out to establish a singular approach towards successful transition into professional golf, results indicated 

that early career success originated in timing rightly the transition phase in line with the maturity of those in transition. Attainment in 

elite world level amateur competition for a sustained period is significant, as is the need to hold mastery of a plethora of performance 

skills required to meet the technical challenges that typical professional golf event venues present. This is important because little 

opportunity exists outside of competition for novice professionals to work on game improvement during their initial transition into 

professional golf. Furthermore, holding better understandings of the daily attitudes, behaviors, and routines displayed by successful 

professional golfers, and how they cope with the continuous and unyielding burdens the game places on them, proves significant in 

relation to building a successful career. Inevitably, successful career construction in professional golf involves players acknowledging 

their personality traits, developing their self -concepts, and recognizing and understanding the social contexts they inhabit. Being able 

to reinforce newly developed insights and learn more about themselves and their capabilities appear important in this regard. 

 

Significance 

The dominant themes that emerge from these stories can be used to support professional practice. The findings can be used to better 

inform players, coaches, service providers, program managers and sports agents on the prerequisites of professional golf and the 

higher level demands placed on players as they transition into it from the amateur game. This information can be used to help 

determine whether players are ready to make a successful entry into professional golf and help practitioners support rookie 

professional golfers as they adapt to their new competitive environments. 
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Introduction: 

The Dutch Yips Studies is the PhD-research of Dutch neurologist Erik van Wensen (Gelre Hospitals/Sports Dystonia Centre, 

Apeldoorn, the Netherlands). The cornerstone of his PhD-research is trying to prove that the Yips is a neurological movement 

disorder. To better understand the origin and nature of the phenomenon, the Dutch Yips Study part I, a survey among recreational 

golfers, was performed at the Rosendaelsche Golf Club in 2018. During the presentation at the WSCG 2022 the results of the DYS-I 

will be shown and also other Dutch Yips Studies will briefly be discussed. 

 

Background  

The yips in golf is currently regarded as a task-specific movement disorder, with variable phenomenology and of unclear etiology. 

There is some overlap with task-specific dystonia (TSD), which has also been reported in other sports. The objective was to further 

characterize the yips in terms of its prevalence and related factors. 

 

Methods 

Recreational golfers from one of the larger golf clubs in the Netherlands aged 18 years or older, filled in an anonymous, web-based 

questionnaire with items on demographic, medical and lifestyle factors, specific yips-relevant items, as well as fanaticism, familial 

presence of yips, obsessive-compulsive traits, and a dystonia questionnaire. 

 

Results 

In total, 234 golfers (26%) completed the questionnaire, among whom 52 (22%, 95% CI: 17–28%) reported to suffer from the yips. In 

comparison to their non-yips counterparts, the yips group was characterized by a larger proportion of men, more current or past 

smoking, better golf skills, longer history of playing golf, and more familial yips occurrence. 

 

Discussion 

Golfer’s self-reported yips may be very frequent in a group of responding amateur golfers and associated factors seems to include 

male gender, current or past smoking, extensive golf experience and skills, and a positive family history of the yips. Further work to 

better understand the origin and nature of the yips is needed. 
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