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Can Biometric Signals Capture Mental Tension
During Golf? A Pilot Study Using ECG and

Wearable Pulse Sensors

MIE UNIVERSITY

Background

Golf is a sport that demands delicate technique and intense mental focus, and a player's

psychological state during play can significantly affect performance.
The detrimental impact of psychological pressure on athletic performance is a common challenge faced by athletes across all sports.
(Tanaka, M. (Year). An Experimental Study on Golf Putting under Psychological Pressure: Symptoms and Coping Strategies, p.1)*

During competition, athletes are particularly prone to acute stress, such as pre-shot tension or
post-error frustration.

Due to psychological pressure, players often miss critical putts, resulting in outcomes that fall short of expectations.
(Tanaka, M. (Year). An Experimental Study on Golf Putting under Psychological Pressure: Symptoms and Coping Strategies, p.2)

Purpose

This study aims to clarify how emotional states and stress fluctuate during golf play, and how
these changes influence heart rate variability (HRV) indices and performance.

In this pilot study, we aimed to investigate whether biometric signals can capture mental tension
during golf play. Four healthy male participants were monitored while playing a full round of golf.
We used a Holter ECG and a wearable pulse wave sensor to collect physiological data, including

three-axis acceleration, R-R intervals (RRI), and heart rate variability (HRV) indices such as SDNN,

LF, HF, and LF/HF ratio.
Measurement method
* measurement devices

* Holter ECG

* wearable pulse wave sensor
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* Holter ECG...Measurements were conducted using the three-lead
configuration shown in the right figure.
+ wearable pulse wave sensor ... Measurements were taken with ©
the device attached to the left arm.
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The device was worn continuously from before to after the golf round,

and heart rate variability (HRV) indices were calculated from the recorded data.

* Measurementindices
RRI, Three-axis
acceleration

kin temperature,
etc

* Three-axis acceleration
Acceleration was calculated using
the following equation.

Composite acceleration

= Jx24+y2 4z

Holter ECG

wearable pulse
wave sensor

* Measurement duration

part1 part2 part3 part4 parts Part1... Pre-play
Part2... Front nine
L | | | | | Part3... Lunch break
[ | | | | | Part4... Back nine
11:00 13:34 15:00 17:4617:56  Part5... Post-play

* HRV Indices: Frequency and Time Domains

VLF Influenced by parasympathetic activity
LF Influenced by both sympathetic and parasympathetic activity

HF Primarily sympathetic, with partial parasympathetic influence
LF/HF Influence of sympathetic function

Stress tends to decrease HF and increase LF, reflecting heightened autonomic nervous system
activity.

Stress is defined as a state in which the autonomic nervous system is dominated by sympathetic activity (arousal),
whereas relaxation corresponds to parasympathetic dominance.”

(Mori, Matsumoto, & Jiangwei, 2004, p.114)
In this study, stress was assessed using the LF/HF ratio

MEAN Indicates basic heart rhythm; higher values reflect lower heart rate and rest
SDNN Reflects autonomic activity; higher values indicate greater cardiac flexibility
RMSSD Reflects parasympathetic activity; sensitive to short-term HRV

NN50 Indicates parasympathetic activity; higher values reflect a relaxed state
PNNS50 Parasympathetic index
TP Index of stress resilience and intrinsic vitality

Survey

+ A brief questionnaire was administered after each hole to examine the relationship between
subjective ratings and performance scores.

1D.004 holeNo:1
Question Notatall ~ Slightty ~Moderately ~ Very  Extremely
0 1 2 3 4

* Didyou enjoy playingthis hole?
* Didyou feel ritated after playing this hole?

- Did you el surprised after playing this hole?

* Did youfeel relaxed whie playing this hole?

- Did youfind this hole boring?

- Did youfeel physicall tired after playing this hole?

* Did youfeel nervous while putting?

* Didyou ke this hole?

* Please describe any other thoughts or feelings you had.

Emi Yuda (Mie University / Tohoku University) Koushi Hattori (Mie University)

Measurement results

player2
MEAN  SDNN  RMSSD NNsO  PNNso TP VLF LF HF LF/HF
Part] 81343 83239 38208 21 18261 6114700 21495 3207.623 1446129 22181
Part2 823 92456 33556 40 12945 8326954 5184974 2975288 993.5541  2.9946
Part3 73335 13363 32052 18 10.651 1223247 7114343 6284.183 780.734  8.0491
Partd 66476 12024 28691 33 99099 1542816 1358068 2315302 3348717 6914
Parts 62383 56005 18415 0 0 9903183 1581683 366.0653 511.6349 07154
player2
MEAN  SDNN  RMSSD NN5O  PNNso TP VLF LF HF LF/HF
Partl 81343 38.208 21 18261 6114700 21495 3207.623 1446.129 22181
Part2 823 92456 33556 40 12945 8326954 5184974 2075.288 993.5541  2.9946 Holter ECG Results
Part3 73335 13363  32.052 18 10651 1223247 7114343 6284183 780734  8.0491
Partd 66476 12024  28.691 33 99099 1542816 1358068 2315302 334.8717 6914
Parts 62383 56005 18415 0 0 9903183 1581683 366.0653 511.6949  0.7154
player3
MEAN  SDNN  RMSSD NNSO  PNNso TP VLF LF HF LF/HF
Partl 66852 74174  15.39% 0 0 9649865 2081154 6384712 237433  2.6891
Part2 6197 44476 13716 4 12045 2215767 1322307 1052861 1536645  6.8517
Part3 55335 41011  6.6349 0 0 1091049 480128 61.0037 145955  4.179
Partd 51369 58496  9.1767 0 0 1076028 939.2811 178.2517 421902 4225
parts 6226  19.884 1287 0 0 1614946 229672 541991  87.415 062
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Results from the wearable pulse wave sensor(blank fields indicate missing data and uncalculated values).
* From the Holter ECG
* SDNN, RMSSD, and PNN50 tended to be higher during non-playing periods,
indicating increased parasympathetic activity.
* During play, VLF and LF tended to increase while HF decreased, resulting in a higher LF/HF ratio,

which indicates a state of stress or heightened arousal.
* After play, the LF/HF ratio markedly decreased, indicating a relaxed physiological state.
* From the wearable pulse wave sensor

During play, RRI tended to decrease, indicating sympathetic dominance and elevated stress levels.
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Hole Hole
Athole 16, acceleration increased and RRI gradually increased in the latter half of the session.

all players recorded poorer scores.

* SD,LF,HF,LF/HF ( Calculated based on RRI values for each hole. )
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Selected Survey Results
Discomfort Discomfort Fatigue Discomfort Fatigue

Fatigue

Results, Discussion, Conclusion

* Result 1: Relationship Between Subjective Ratings and Performance Score
- Holes with lower scores were associated with higher subjective discomfort ratings,
indicating a link between performance and perceived stress.

The results indicated a correlation between poor scores and higher subjective stress ratings. This
may be due to the fact that the questionnaire was administered after each hole, suggesting that
players who performed poorly may have retrospectively perceived the experience as more unpleasant.
However, there were also instances where high discomfort was reported despite relatively good scores.
Therefore, administering the questionnaire after each shot, rather than after each hole, may allow
for a more accurate assessment of the relationship between subjective stress and performance.
* Result 2: Relationship Between Performance Score and Biometric Indicators
+ Anincreased number of strokes was observed on holes where physiological indicators
reflected elevated stress.
Analysis showed that increased acceleration, as captured by physiological sensors, was associated
with worse scores. This suggests that acceleration may serve as a predictive marker for performance
outcomes.

The results of this study suggest that stress experienced during golf play is associated with performance.
However, due to the small sample size—three participants for heart rate variability (HRV) data and four
for subjective evaluations—further research with a larger cohort is needed to examine this relationship
in greater depth.
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