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Abstract

Karate exhibits characteristics of several movement forms. This study investigated and compared cerebral
oxygenated hemoglobin (AoxyHb) levels, an indicator of brain activity, during form performances in Karate
beginners. Significant increases in AoxyHb levels in the frontal region of the brain were observed during the
performance of Karate Forms A, B, and C, as well as a radio exercise. Increases during Forms A and B were
significantly greater than those during Form C and radio exercise. Rated perceived exertion (RPE) increased
from Karate Forms A to C, with radio exercise exhibiting the lowest RPE. Although previous studies have
suggested that cerebral AoxyHb tends to increase with rated perceived exertion, the relatively smaller AoxyHb
change observed during Form C might be interpreted as reflecting greater cognitive effort and motor control
demands in beginners. The modest AoxyHb response during the radio exercise might be related to higher
motor familiarity and reduced cognitive requirements. Overall, these observations may imply that Karate
practice is capable of engaging frontal brain regions in beginners, and that the degree of activation might be
influenced by cognitive effort, motor control load, and familiarity with the movements.
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1. Introduction

Karate is a martial art involving both defensive and offensive movements. Practitioners perform intense physical
actions using their empty hands while engaging in complex intrinsic activities. Karate has two main components: form
(Kata) and sparring (Kumite). Forms are movement patterns set against an imaginary opponent while Kumite is
sparring with a partner to apply these techniques in real-time. Although Karate performance affects body physiology
and metabolism (Chaabene et al., 2012; Rossi, 2021), research has also examined its effects on brain activity. A study
obtained brain wave measurements during cognitive tasks and found that the Karate athlete group demonstrated higher
alpha wave activity than the control non-athlete group (Duru & Assem, 2018). Furthermore, brain stimulation studies
have shown shorter motor-evoked potential latencies in Karate groups than in control groups (Monda et al., 2017;
Moscatelli et al., 2016). Karate performance affects brain activity involved in the motor function. Most studies have
attempted to clarify the characteristics of karate athletes’ brain networks using cross-sectional studies to compare
karate athletes and non-athletes. However, few longitudinal studies have been conducted. Thus, the effect of karate
performance on the brain activity of non-athletes, including beginners, remains unclarified.

A wearable optical topography (WOT) system has been used to non-invasively monitor brain activity and measure
changes in cerebral blood flow. These systems have been developed to be small, light, and wearable (Atsumori et al.,
2009). The modified Beer—Lambert Law quantifies the WOT data for changes in oxygenated hemoglobin (oxyHb),
deoxygenated hemoglobin (deoxyHb), and total hemoglobin levels. Of these, oxyHb levels, considered the most
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sensitive to task-related changes in brain activity, have been used as an index of brain neuronal activity (Hoshi et al.,
2001). DeoxyHb levels do not necessarily reflect neuronal and metabolic activities in the brain; however, they are
also affected by brain neuronal and metabolic activities. When neuronal activity increases, oxyHb levels usually
increase and deoxyHb levels decrease (Meidenbauer et al., 2021) or do not change (Kenville et al., 2017).

Frontal oxyHb levels increase during attention-demanding walking tasks (Atsumori et al., 2009). A preliminary study
revealed increased blood flow in the prefrontal region of veteran practitioners and beginners during Tai Chi Chuan
performance (Kokubo et al., 2008). In Tai Chi Chuan, the co-activation of oxyHb levels in the frontal and sensory-
motor areas occurs significantly less in the expert group than in the beginner group (Wang & Lu, 2022). Furthermore,
this co-activation changes with Tai Chi exercise (Xie et al., 2019).

Changes in brain activation in beginners during the performance of Karate Forms remain unclear. Therefore, we
conducted WOT measurements on beginners during their Karate Forms practice. To our knowledge, this study is the
first to investigate changes in the brain activity of beginners during Karate performance and examine how Karate
practice affects brain activity.

2. Methods

2.1. Participants

This study included 11 Japanese individuals (three females). Their mean age was 21.0 years (SD = 5.4, range 8-26).
They had no Karate or other martial arts training experience. Thus, they were defined as beginners of Karate.
Participants were recruited from an elementary school and a university. Their Leisure Score Index (LSI), assessed via
the Japanese version of Godin Leisure Time Exercise Questionnaire (GLTEQ) (Godin & Shephard, 1985), was 29.9
(SD = 13.2, range 15-54). The Edinburgh Inventory (Oldfield, 1971) found that all participants were right-handed.
None had any neurological abnormalities. Informed consent was obtained from all the participants. Two minors
participated in the experiment. They were provided an explanation of the experiment in simple terms and presented
with actual measuring instruments and illustrations. Consent was obtained from the minors and also their guardians.
This study was approved by the Human Experimentation Committee of Kyushu Institute of Technology (approval
number: 22-08).

2.2. Karate Form Performance

Karate has many Forms. In this experiment, we selected three basic Karate Forms that covered fundamental karate
movements. These Forms involved only arm movements and minimized the influence of body motion on brain activity
measurements. This allowed us to accurately evaluate how Karate-specific physical movements affected brain activity.

The three selected Forms were: 1) Seiken Chiidan tsuki (Forefist Middle-level straight punch) as shown in Fig. 1A:
"Seiken" means forefist, "Chudan" refers to the mid-level target, and "tsuki" means punch. This punch focuses on
delivering powerful strikes to vital areas, emphasizing correct hip rotation and proper stance stability. This
fundamental punching technique involves a straight punch to the middle section with the right and left hands.
Participants alternated left and right punches. The punch serves as the foundation for offensive techniques in Karate.
2) Seiken Jodan-Chiidan-Gedan tsuki (Forefist upper-, middle-, and lower-level straight punches) as shown in Fig.
1B: This technique involves straight punches at three different heights: upper, middle, and lower levels. "Jodan" refers
to the upper body, Seiken Jodan-tsuki refers to a straight punch aimed at the upper level, typically targeting the
opponent’s face or head, and "Gedan" means lower level. Although less commonly used than Jodan and Chiidan
punches, a “Gedan” punch can be effective for close-range attacks and destabilizing the opponent. This technique
requires full extension of the arm while keeping the wrist straight and striking with the first two knuckles. It combines
offensive techniques to prepare practitioners for various situations. 3) Jodan Age-Uke, Chudan Soto-Uke, Chiuidan
Uchi-Uke, Gedan Barai, and Gyaku Tsuki (upper-level rising block, middle-level outer block, middle-level inner block,
lower-level sweep, and reverse punches) as shown in Fig. 1C: "Age" means rising or lifting, "Uke" means block,
"Soto" means outside, "Uchi" means inside, and "Barai" means sweep or parry. Thus, Jodan Age-Uke is an upward
block used to defend against an opponent’s attacks aimed at the upper level (head or face). Chiidan Soto-Uke is an
outward block aimed at protecting the middle section, typically the torso. Chiidan Uchi-Uke is an inward block
targeting middle-level attacks. Gedan Barai, also called Gedan Uke, is a downward sweeping block used to defend
against low-level attacks, such as kicks to the groin or lower abdomen. Gyaku Tsuki is a reverse punch performed
with the arm opposite the front leg in a stance. This form includes defensive techniques, such as upper-level rising
blocks, middle-level outer and inner blocks, lower-level sweeps, and counterattacks using a reverse punch, all
fundamental defensive and counterattack techniques unique to Karate. These three forms are referred to as Karate
Forms A, B, and C. Participants were instructed not to move their heads or shoulders while performing these Karate
Forms. These forms were selected because they provided an appropriate level of difficulty for beginners and reflected
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the essential elements of Karate's offensive and defensive movements.
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Fig. 1. Physical movements of the three types of Karate Forms A, B, and C, and the radio exercise.

In addition to the above forms, participants also performed a radio exercise (Rajio Taisd) that they had previously
experienced. Radio exercises comprise several types. Each participant performed one exercise. First, they opened their
arms to the side and used momentum to return them to the starting position. They then swung their arms downward
in front of the body and rotated them forward (Fig. 1 radio exercise). Radio exercises were limited to arm movements,
similar to the three Karate Forms. Participants were asked not to move their heads; they were not asked for any other
requests different from the Karate Form performances.

During Karate Forms and radio exercise practice, the Karate master (one of the authors, J. T.) stood in front of the
participants, and they could see the master’s example. Participants performed the Karate Forms and a radio exercise
simultaneously with the master in front of them. The master presented the sample.

The duration of each performance, including both the Karate Forms and radio exercise, was standardized to 30 sec.
The participants repeated the performances for 30 sec. The order of the three Karate forms and radio exercise was
pseudo-random for each participant to eliminate order effects and ensure a fair comparison. Furthermore, participants
were allowed sufficient rest between performances to prevent fatigue or loss of concentration from affecting the results.

Rated perceived exertion (RPE) value was measured after each performance using the Borg scale (Borg, 1982). Two
participants did not submit the scale questionnaire.

2.4. Measurements of oxyHb and deoxyHDb levels at the frontal region of the brain

We measured the cerebral oxyHb and deoxyHb levels. OxyHb levels indicate brain activity during the performance
of the three Karate Forms and radio exercise. DeoxyHb levels indicate changes in oxygen consumption and provide
complementary information about neural activity during these performances. OxyHb and deoxyHb levels were
measured in the frontal region of the brain using a wearable optical topography equipment (WOT-HS; NeU Co., Japan).
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Fig. 2. Configuration of the measurement points in the probe unit (top). White squares represent measurement
points; numbers are measurement channel numbers. The black thick square (top) represents the channels analyzed.
Corresponding area is indicated in the red broken line area (bottom). Measurement channel placement is shown at

the bottom. Measurement channels were mounted on an elastic measurement channel cap.

The WOT-HS has 34 channels (including 3 X 11 channels and a reference channel), as shown in Fig. 2. Sampling
frequency was set at 10 Hz. Among the 34 channels, the oxyHb and deoxyHb levels in 16 channels (channels 10-25)
covering the frontal region of the brain (Fig. 2, top) were analyzed. Pre-processing involved: 1) manual deletion of
the channels with oversaturated and signal-dropout light intensity during the performance, 2) use of the spline
interpolation method (Scholkmann et al., 2014) to perform motion artifact correction, and 3) low-pass filtering of the
oxyHb and deoxyHb levels with a cut-off frequency of 1 Hz to remove system and physiological noise. Onset of the
performance was defined as 0 sec. Baseline was defined as the levels between -5 and 0 sec. Difference between
baseline and performance oxyHb (AoxyHb) and deoxyHb levels (AdeoxyHb) were calculated. These levels were
normalized to the standard deviation of the baseline. We did not observe a significant difference in the change in
AoxyHb level among 16 channels and three regions (mean value between channels 10-16, 17 and 18, 19-25 and in
right, center, and left regions, respectively). Thus time—channel-averaged AoxyHb and AdeoxyHb levels from the 16
channels during the performances were analyzed.

2.5. Statistical analysis

Significance probabilities were calculated via the open-source statistical software JASP (https://jasp-stats.org/). A
significant difference was defined as a p < 0.05. Prior to conducting the analysis of variance (ANOVA), assumptions
of normality and sphericity were assessed. When sphericity was violated, Greenhouse—Geisser correction (¢ = 0.59)
was applied to adjust the degrees of freedom.

3. Results

3.1. RPE for the karate forms performances and the radio exercise

Mean RPE for the radio exercise and Karate Forms A, B, and C were 7.6 (SD =1.6), 11.4 (SD=2.8), 13.9 (SD = 1.7),
and 16.2 (SD = 2.5), respectively, as shown in Fig. 3. RPE for radio exercise was the lowest among all the
performances. RPE increased in Forms A to C. Form C exhibited the highest RPE. RPE values were significantly
different among the three forms and radio exercise (as determined by one-way repeated measures ANOVA): F(1.8,
14.2) = 25.84, p < 0.001, n*, = 0.764). Post-hoc tests with Holm’s method revealed significant differences between
the groups (t(8) = -3.12, Cohen’s d = -1.09, p = 0.036, Forms A vs. B; t(8) =-3.23, d = -2.14, p = 0.036, Forms A vs.
C; t(8) =-3.23,d=-2.14, p = 0.034, Form A vs. radio exercise; t(8) =-3.13,d=-1.05, p = 0.036, Forms B vs. C; t(8)
=-7.76,d =-2.84, p <0.001, Form B vs. radio exercise; t(8) =-8.33, d =-3.89, p <0.001, Form C vs. radio exercise).
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Fig. 3. RPE for the performance of the Karate forms and radio exercise for beginners.

3.2. Change in OxyHb levels (AoxyHbD) and DeoxyHb levels (AdeoxyHbD) during Karate form performances

Fig. 4A to C illustrate the representative AoxyHDb levels for a beginner performing Karate Forms A, B, and C. Increase
during Form A was the largest, followed by that during Form B. Increase during Karate Form C was the lowest.
AoxyHb levels also increased during the radio exercise (Fig. 4D), and was smaller than those in Karate Forms A and
B. Fig. 5 left panel shows the statistical results. Mean AoxyHb levels during the radio exercise and Karate Forms A,
B, and C performance were 1.8 (95% CI [0.9, 2.7]), 5.0 (CI [3.6, 6.4]), 5.3 (CI [4.0, 6.6]), and 2.8 (CI [1.8, 3.8]),
respectively. All 95% ClIs for oxyHb during the performance did not include zero. Thus, AoxyHb levels significantly
increased (p < 0.05). Furthermore, AoxyHb levels during the performance of Forms A and B were significantly higher
than those during Form C and radio exercise (as determined by one-way repeated measures ANOVA and Tukey’s post-
hoc test: F(3, 30) = 7.63, p < 0.001, n%, = 0.034; t(10) = 2.629, d = 0.28, p = 0.043, Forms A vs. C; t(10) = 3.6, d =
0.41, p = 0.002, Form A vs. radio exercise; t(10) = 3.0, d =0.33, p = 0.013, Forms B vs. C; t(10) =4.0,d =0.45, p <
0.001, Form B vs. radio exercise). Conversely, AdeoxyHb levels did not change substantially during all performances
(Fig. 4). Fig. 5 right panel shows the statistical results. Mean AdeoxyHb levels during the radio exercise and Karate
Forms A, B, and C performance were -1.0 (CI [-2.1, 0.1]), -2.6 (CI [-3.6, -1.6]), -1.3 (CI [-2.3, -0.3]), and 0.2 (CI [-
1.3, 1.7]), respectively. 95% ClIs for AdeoxyHb levels during performing Karate Forms A and B did not include zero,
although those during Karate Form C and radio exercise included zeros. Thus, AdeoxyHb levels did not change
significantly during Karate Forms C and radio exercise. However, AdeoxyHb levels significantly decreased during
Karate Forms A and B (p < 0.05). AdeoxyHD levels during the performance of Form A were significantly decreased
compared with that during Form C (as determined by one-way repeated measures ANOVA and Tukey’s post-hoc test:
F@3,30)=3.78, p=0.01, 17 =0.02; t(10) = -3.35,d = -0.37, p = 0.0047, Forms A vs. C).
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Fig. 4. Representative AoxyHb levels during the performance of Karate Forms and radio exercise by a beginner.
AoxyHb levels during the performance of Karate Forms A, B, C, and radio exercise are shown as orange lines in
panels A, B, C, and D, respectively. Zero second indicates the onset of the performance. AdeoxyHb levels (blue
lines) indicate the time course of AdeoxyHb levels.
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4. Discussion
Performances of the radio exercise and Karate Forms A, B, and C in beginners in this study had average RPE values
of 7.6, 11.4, 13.9, and 16.2, respectively. Hence, the exertion required for the performance of radio exercise was
extremely light. Furthermore, exertions for the performance of Karate Forms A, B, and C were light, somewhat hard,
and hard (heavy), respectively. Compared with the radio exercise, which was performed unconsciously, Karate Forms
require conscious effort to keep the head and shoulders still, thereby increasing intensity. Among Karate Forms, Form
C was the most difficult to perform.

Mean RPE values reached approximately 16 during Karate Form C for 30 sec. While RPE 16 is typically classified as
"hard" on Borg's 6-20 scale, such ratings are generally observed during vigorous, sustained, whole-body exercise
(Doherty et al., 2001). Doherty et al. (2001) recorded mean RPE = 16 after two minutes of treadmill running at 125%
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VO:max with a 10.5% incline, a severe-intensity effort near exhaustion. The participants in the present study reported
unexpectedly high RPE levels, as shown in Fig. 3. This discrepancy suggests that the RPE values may have reflected
not only physical exertion but also mental effort, attentional demand (Lohse & Sherwood, 2011), or performance
anxiety associated with reproducing the master's movements sample under observation. Elevated RPE when
performing Karate Form C may index cognitive-perceptual load in addition to physical exertion.

Karate beginners in this study had higher oxyHb levels in the frontal region of the brain when performing Karate
Forms A and B than when performing Form C and the radio exercise (Fig. 4, and left panel in Fig. 5). Increase in
levels while performing the radio exercise was as high as that while performing Karate Form C. Furthermore, increase
in AoxyHb levels while performing Karate Forms A and B differed significantly from that during the radio exercise
(Left panel in Fig. 5). AdeoxyHb levels during the performances significantly decreased during performing Karate
Forms A and B; however, they did not change during Karate Form C and radio exercise (Right panel in Fig. 5). When
beginners performed Karate Forms A and B, AoxyHb levels increased, and AdeoxyHb levels decreased. Those
responses can reflect increases in neuronal and metabolic activity in the brain (Meidenbauer et al., 2021). Conversely,
when AoxyHb levels increased, and AdeoxyHb levels did not change as observed when performing Karate Form C
and a radio exercise, neuronal and metabolic activities would increase and the increase may be small (Kenville et al.,
2017). Brain activity includes both neuronal and metabolic activities. In addition, increase in AoxyHb levels during
Karate Form C and a radio exercise was smaller than those during Karate Forms A and B. Hence, the obtained results
suggest that activity in the frontal region of the brain will increase during performing Karate Forms A and B. However,
it will not increase as much during performing Karate Form C and a radio exercise.

A previous study clarified that oxyHb levels in the frontal region of the brain increase depending on the RPE (Ishii et
al., 2018). In this study, increase in AoxyHb levels during the performance of Form C was smaller than that during
the performances of Forms A and B; although the RPE values monotonically increased in Forms A to C. Participants
could easily mimic the master’s example with their “cognitive efforts” and “motor control capacities” when
performing Forms A and B. Consequently, the performances were rated as light or somewhat hard according to their
RPE values. As previously discussed, the performance of Form C would require physical exertion and also mental
effort and attentional demand. In addition, their performance on Karate Form C may have induced anxiety to reproduce
the master's movement sample. Consequently, it would be difficult for the beginners to mimic the master’s example,
and AoxyHb levels at the frontal region would decrease compared with those during the performance of Karate Forms
A and B. During Form C, activation in other brain regions that process mental effort and attentional demand may lead
to a decrease in the activation of the frontal brain region.

Increase in AoxyHb levels at the frontal region during radio exercise was significantly smaller than those during
performing Karate forms A and B (left panel in Fig. 5). Furthermore, AdeoxyHb levels did not change during the
performance. Japanese individuals often perform a radio exercise starting from elementary school. Thus, the
performance of a radio exercise was familiar for Karate beginners, while that of Karate Forms was novel. A previous
study reported that oxyHb levels decreased as motor adaptation progressed (Polskaia et al., 2023). Thus, increase in
AoxyHb levels during performing a radio exercise by Karate beginners may be lower than those during performing
Karate Forms A and B due to the performance familiarity.

During performing three Karate Forms and radio exercise, all performances significantly increased AoxyHb levels in
the frontal brain region of Karate beginners. Among the Karate Forms, Forms A and B significantly increased AoxyHb
levels more than Form C and a radio exercise. RPE values increased monotonically from Karate Forms A to C. RPE
values of the radio exercise were the lowest. Increase of AoxyHb levels in the frontal brain region of Karate beginners
during performance might be modulated by “cognitive effort,” “motor control load,” and performance familiarity as
well as physical exertion.

5. Future Works

These results were obtained from participants defined as Karate beginners (see Section 2.1). Their LSI values were
relatively low compared to those of the average population (Bengoechea & Spence, 2002). Future studies should
investigate whether Karate beginners who have higher LSI values exhibit similar results. AoxyHb levels at the frontal
region should be measured when beginners develop sufficient body control without “cognitive effort,” “motor control
load,” and anxiety after repetitive practice of Karate Form C. In addition, recruitment of Karate practitioners will
enable us to stratify participants based on their Karate belt rank and years of experience. Subsequently, we can compare
and examine the relationship between AoxyHb response at the prefrontal cortex and RPE, as well as activation changes
in Form C, among beginners, intermediate practitioners, and advanced practitioners. Tai Chi, another martial art,
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affects cognitive abilities (Wayne et al., 2014). Thus, Karate performance may also affect them. Further studies are
necessary.

6. Conclusions

We examined the effects of Karate Forms and radio exercise performances on the change in AoxyHb at the frontal
brain region. RPE values monotonically increased from Karate Forms A to C. Value for the radio exercise was
significantly smaller than those for the Karate Forms. AOxyHb levels at the frontal brain region of Karate beginners
increased during all the performances. Magnitudes of the increase during Karate Forms A and B were significantly
larger than those during Form C and radio exercise. These results indicate that Karate Forms can increase frontal
AoxyHb levels in the frontal brain. Karate Forms matched with the participants’ “cognitive efforts” and “motor control
capacities” may result in a larger increase in AoxyHb levels. Karate Forms with high “cognitive effort” and “motor
control load” may result in a smaller increase. Frontal AoxyHb levels in the brain of beginners might be modulated
by “cognitive effort” and “motor control load” and performance familiarity as well as physical exertion. The
hypothetical effects of Karate forms on AOxyHb levels at the frontal region of the brain should be clarified by the
further study.
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