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ABSTRACT

Article Info- Kata is contested in arenas saturated with visual and auditory
' distractions that competitors must filter while holding precise postures. This
Received: 19 August 2026 study examined whether core endurance is related to dual-task performance
Accepted: 5 November 2026 during Taikyoku Shodan.
gs‘;’;‘smd: 15 November This cross-sectional study included 108 competitive kata athletes (55
men, 53 women; aged 15-32 years). Core endurance was assessed using four
McGill trunk endurance tests. Athletes performed Taikyoku Shodan under
single-task, auditory, and visual Stroop dual-task conditions. Movement quality
was scored using a seven-item scale (0-21), with good scoring agreement (ICC
= 0.84-0.89). Dual-task cost was calculated as the proportional reduction in
movement quality.
} i Movement quality was highest without a concurrent task (17.24 + 2.25)
Martial arts, Physical and fell under auditory (14.68 * 2.44) and visual (13.71 + 2.46) loading (both p
Eg&ir;r’l%‘i;;ﬁiitg;ﬁask < 0.001). Overall dual-task cost averaged 17.56 + 8.75%. Composite endurance
performance and analysis, (234.4 + 38.7 s) was inversely correlated with overall cost (r = -0.413, 95% CI
Athletic performance -0.558 to -0.243, p < 0.001). In an adjusted model, endurance (§ = -0.419) and
baseline Stroop performance ( = -0.251) were independent correlates. The
association persisted with independent ratings (r = -0.327, p < 0.001).
Athletes with lower trunk endurance lost proportionally more kata
movement quality under concurrent cognitive load. The cross-sectional design,
convenience sample, an unvalidated instrument, and non-blinded scoring
preclude causal inference, and the findings should be regarded as hypothesis-
generating.
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Introduction

Karate is among the most widely practised combat sports in the world and is contested in two
formats: kumite, a regulated sparring discipline, and kata, an individually adjudicated form in which
the athlete performs a codified sequence of stances, blocks, strikes and transitions against imagined
opponents (1). Kata places predominantly alactic and aerobic demands on the athlete yet produces
considerable cardiorespiratory and neuromuscular strain despite its short duration (1, 2). Injury
surveillance at World Karate Federation championships shows that injuries cluster at the head,
upper limb and lower limb (3). As kata does not involve direct contact between opponents,
performance depends heavily on neuromuscular, postural and attentional factors. Judges score kata
on stance stability, correct execution of technique, transitional control, rhythm, timing, breathing
and overall coherence (4). Judging is comparative and margins are narrow, so slight losses of
postural precision can cost points. High-level kata specialists have demonstrated better postural
regulation than kumite specialists and untrained controls (5), but this advantage has been
demonstrated under controlled laboratory conditions. Competition presents a different setting,
since crowd noise, adjacent-tatami activity, sideline coaching and camera flashes can all compete for
the athlete's attention.

The dual-task paradigm is an established method for quantifying performance under such
conditions. When a motor task and a cognitive task are performed together and both draw on limited
central attentional resources, performance on one or both tasks may deteriorate; the magnitude of
that deterioration, expressed as dual-task cost, indexes cognitive-motor interference (6, 7). Dual-
task cost varies with the complexity of the cognitive load, the automaticity of the motor skill and the
attentional demands of the postural task itself (6, 8). Systematic review evidence indicates that
concurrent cognitive loading can acutely degrade sport-specific motor output and that repeated
dual-task training may reduce these decrements (9, 10). Yet the method has been applied
predominantly to gait, balance platforms and open-skill team sports; closed-skill, aesthetically
judged martial arts forms remain relatively understudied.

Trunk musculature plays an important role in athletic function. The core anchors the proximal end
of the kinetic chain, and its capacity to maintain segmental stiffness influences how efficiently forces
are transferred between body segments (11). Trunk endurance is an important component of
functional stability, and the isometric field battery introduced by McGill and colleagues is widely
used to assess it, with published normative values (12) and evidence of measurement reliability (13,
14). Trunk muscle training can yield small-to-moderate improvements in sport-specific
performance (15, 16), and a controlled trial in youth karateka reported gains in balance, agility and
strength (17, 18). Similar findings have been reported in other martial arts: six weeks of core stability
training improved balance and competitive performance in male tackwondo athletes (19), and core
stability work produced greater gains in static and dynamic balance than trampoline training in
female athletes with chronic ankle instability (20). These studies suggest that trunk conditioning can
improve balance under conditions without concurrent cognitive tasks; however, they did not
examine whether trunk endurance is related to performance when attention is divided.

Taikyoku Shodan, the first kata of Shotokan karate, was chosen as the motor task. Funakoshi codified
itas a deliberately simplified teaching form intended to distil the fundamental mechanics of the style
(21). Twenty movements are executed along an I-shaped performance line, or embusen, using one
stance, one block and one strike, with eight changes of direction and two prescribed kiai (21, 22).
Containing no kicks, jumps or advanced hand techniques, it allows the assessment of competencies
of interest here, namely sustained trunk control through repeated weight transfer, controlled
rotation about the vertical axis and reproducible segmental timing, while minimising the technical
complexity associated with advanced kata. As a basic Shotokan kata, it provides a relatively
standardised motor task, although familiarity with the form may vary according to athletes' training
backgrounds and styles. Karate practice is itself neurocognitively demanding, and practitioners have
demonstrated enhanced attentional control and executive function (24-26); kata requires retrieval
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of a movement sequence from procedural memory, online postural regulation and suppression of
distractors, the last of which relates to the construct assessed by the Stroop colour-word task (27,
28). A clear gap therefore remains. Core endurance contributes to postural stability and force
transfer, and cognitive load can degrade motor performance, but whether baseline trunk endurance
is associated with the magnitude of performance loss when attention is diverted has not been
established. This study determined the association between core muscle endurance and dual-task
performance in competitive kata athletes by quantifying composite trunk endurance, movement
quality under single-task, auditory dual-task and visual dual-task conditions, and the resulting dual-
task costs. The endurance-cost association was examined both before and after adjustment for age,
training experience, body mass index and cognitive performance. We hypothesised an inverse
association that would persist after multivariable adjustment.

Methods

Subjects

This single-centre, cross-sectional analytical study assessed each participant in one session and is
reported in accordance with the STROBE statement (29). It was registered with the Clinical Trials
Registry-India (CTRI/2026/02/103742). Registration took place after participant recruitment had
commenced and was therefore retrospective; no claim of prospective registration is made. The
eligibility criteria, outcome measures and analytical plan were fixed in the protocol approved by the
institutional ethics committee on 5 January 2026, before any participant was assessed, and were not
altered thereafter; the registry entry records these prespecified elements retrospectively rather than
establishing them. No interim analysis was conducted and no outcome was defined or selected after
inspection of the data. Data were collected at affiliated karate clubs and dojos across Belagavi,
Karnataka, India, on the athletes' habitual training surface to preserve ecological validity, in areas
standardised to a minimum clear floor space of 4 m x 4 m.

Eligible participants were male and female competitive kata athletes aged 15 to 35 years with at
least two years of continuous kata training, a minimum of two kata events contested, and the ability
to execute a complete standardised sequence appropriate to their grade. Athletes were excluded for
any musculoskeletal injury, or neurological, vestibular or balance disorder, within the preceding six
months; any cardiovascular or respiratory condition contraindicating moderate-to-vigorous
activity; or uncorrectable visual or auditory impairment. Colour vision was screened with Ishihara
plates, since normal colour discrimination is a prerequisite for the visual interference task.
Recruitment used non-probability convenience sampling through club heads and chief instructors.
Competitive standard was defined by the eligibility criteria themselves, namely at least two years of
continuous kata training and competition and a minimum of two kata events contested. National or
international ranking was not an inclusion requirement and was not used to stratify the sample. The
cohort therefore comprises regularly competing club- and regional-standard athletes; the descriptor
“elite” is not applied to this sample anywhere in the manuscript, and the terminology “competitive
kata athletes” is used throughout. The observed age range of the enrolled sample was 15 to 32 years,
within the 15 to 35 year eligibility window. Sample size was estimated for a two-tailed test of a single
Pearson correlation using the Fisher z transformation, n = [(Za/2 + ZB) / C]? + 3, where C = 0.5 x
In[(1+p) /(1 -p)]- The anticipated correlation of p = 0.31 was set a priori as a moderate association
of the order reported for trunk conditioning and sport-specific performance (15, 16); it was not
taken from a single prior study, since no published investigation had examined the endurance-dual-
task relationship directly. With p = 0.31, a = 0.05 (Za/2 = 1.96) and 90% power (Zf3 = 1.2816), the
minimum requirement was 106; the target was set at 108 to allow for unusable records, and the final
analysed sample was 108 with no missing values. At n = 108 the smallest correlations detectable at
two-tailed o = 0.05 were |r| = 0.27 with 80% power and |r| = 0.31 with 90% power.

Shah et al. Core Muscle Endurance and Dual-Task Performance in Karate Kata Athletes. ] Sport Biomech. 2027;12(4):882-918. 884



Journal of

Procedure

Ethical approval was obtained before the study began, and written informed consent, or parental
consent with the minor's written assent, was obtained from every participant along with separate
consent for video recording and anonymised publication. The standardised motor task was Taikyoku
Shodan, selected because it is common to the syllabus of every participating athlete and because its
restricted technical vocabulary allows movement quality to be scored without confounding by
technical difficulty. The form comprises twenty counted movements along an I-shaped embusen:
eight executions of gedan barai and twelve of oi-zuki at middle level, performed throughout in
zenkutsu-dachi, with three ninety-degree turns, three one-hundred-and-eighty-degree pivots, two
two-hundred-and-seventy-degree rotations, and kiai on the eighth and sixteenth movements.
Athletes opened from yoi in hachiji-dachi and returned to it on the command yame, breathing to the
conventional Shotokan pattern with controlled exhalation on completion of each technique and no
breath-holding. The order of the three conditions was counterbalanced using a computer-generated
Latin square to control for order, learning and fatigue effects. Participants could not be blinded to
condition. All performances were exported as anonymised, code-labelled video files and scored as
described in the “Movement Quality” subsection, which also sets out the blinding arrangements. Each
session opened with a standardised ten-minute warm-up. Demographic and anthropometric data
were recorded (height to the nearest 0.1 cm, body mass to the nearest 0.1 kg), followed by seated
single-task baselines for both cognitive tasks and then the four endurance holds in fixed order with
five-minute inter-test rest. After ten minutes of recovery, athletes completed two submaximal
familiarisation repetitions at approximately 70% of competition intensity and then the three scored
performances, separated by three-minute passive rest. A single performance lasted 30 to 40 seconds
and total session duration was 45 to 60 minutes. Scored trials were performed at maximal technical
effort with full kime, with Borg CR10 ratings recorded after each. Sessions were supervised on
certified tatami by an instructor of at least third-dan grade and a physiotherapist with postgraduate
training in sports physiotherapy, and any trial with an aborted sequence, abandoned concurrent task
or inadequate video was repeated after five minutes of additional rest.

Outcome Measures

Four outcome domains were measured: core muscle endurance, movement quality, cognitive task
performance and dual-task cost. The calculation of each is set out below.

Core Muscle Endurance

Anterior, lateral and posterior trunk endurance were assessed with four isometric holds adapted
from the McGill protocol: the prone forearm plank, the left and right side planks, and the modified
Biering-Sgrensen extensor hold. Each hold was maintained until volitional fatigue, defined as the
inability to sustain the prescribed alignment despite one verbal correction, with timing stopped at
the second deviation. Holds were administered in fixed order with five minutes of rest between
them, and each time was recorded in seconds. Composite core endurance was calculated for each
athlete as the arithmetic sum of the four hold times (composite = prone plank + modified Biering-
Sgrensen + left side plank + right side plank). It therefore contains no cognitive or other non-
endurance variable; in this sample it ranged from 155 to 350 s. The battery is the reference field
standard, with published normative targets (12) and intraclass correlation coefficients of 0.93 to
0.97 (13, 14). An unweighted sum preserves the original metric (seconds) and remains comparable
with normative values (12), but it gives the longer extensor hold proportionally greater influence; a
composite of standardised (z) hold times was therefore analysed as a sensitivity analysis
(“Reliability and Sensitivity Analyses” subsection).

Movement Quality

Movement quality was scored with the Modified Karate Movement Quality Scoring Sheet (MKMQS),
a seven-item observational instrument adapted from the Movement Competency Screen framework
and published kata analysis templates (4). The items are postural control, balance stability,
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coordination, rhythm and timing, technique precision, power dynamics, and focus and
concentration, each scored 0 to 3 for a total of 0 to 21, a higher score indicating better movement
quality. All seven items were adapted by rewriting the 0-3 anchors to the stances, blocks, strikes and
direction changes of Taikyoku Shodan; no item kept its original anchors, and no formal item-by-item
derivation table was constructed. The MKMQS has not been formally validated. No criterion,
construct, convergent or discriminant validity evidence exists, and the present study establishes
internal structure only, so scores are treated as a provisional index of kata movement quality. [tem-
level descriptive statistics are given in Supplementary Table S1. Performances were recorded
simultaneously from frontal and sagittal cameras at 60 frames per second. Before any study scoring
began, two assessors with postgraduate training in sports physiotherapy and at least three years of
clinical experience in movement analysis completed a standardised training programme on the
MKMQS (Table 1). Scoring was then carried out by two assessors of complementary expertise: the
principal investigator, a postgraduate in sports physiotherapy, whose domain covers postural
control, balance, coordination and segmental timing; and an independent karate coach of at least
third-dan grade with national coaching accreditation, whose domain covers technical correctness,
kime, power dynamics and kata-specific execution. Each of the 324 recordings (108 athletes x 3
conditions) was viewed by both assessors, who applied the anchors item by item and discussed any
divergence until a single agreed score was entered for each item. Because the assessors were
selected for different expertise rather than as interchangeable raters, consensus scoring allowed
both perspectives to contribute to every score, and the consensus score was the unit of analysis.

Because the consensus procedure produced no parallel ratings, the karate coach subsequently re-
scored all 324 recordings alone, without access to the consensus scores, the endurance data or
participant identities. Agreement between the consensus and independent ratings was quantified
with two-way random-effects, absolute-agreement intraclass correlation coefficients for single
ratings, ICC(A,1), and averaged ratings, ICC(A,k), each with 95% confidence intervals. Because the
re-scoring assessor had contributed to the consensus ratings, recall of the agreed scores cannot be
excluded, and the coefficients are an upper bound on the agreement a wholly independent assessor
would achieve. The independent ratings were also substituted for the consensus scores in a full re-
analysis (“Reliability and Sensitivity Analyses” subsection). With regard to blinding, videos were
exported as anonymised, code-labelled files (for example V_001_A, V_001_B, V_001_C for the three
conditions of participant 001) without participant, condition or session information. This did not
conceal the task condition, which is evident from the audio and from the stimulus display within the
recorded field of view; recordings were not muted or cropped because rhythm, timing, breathing

Table 1. Assessor training and calibration before study scoring

Stage Duration Activities Purpose
Item-by-item instruction on the seven MKMQS
items with written 0-3 anchors and descriptors;

study of the Movement Competency Screen Establish a shared
1. Conceptual Week 1 framework and published kata analysis understanding of each
phase templates; slow-motion video of correct item and its scoring
execution (level 3), common errors (levels 0-1) anchors.

and intermediate performances (level 2) by kata
athletes outside the study sample.
Scoring of twenty standardised training clips ~ Align the application of
(none from study participants) performed by the anchors between
athletes of varying ability; scores compared after the two assessors;

2. Practical . . . . . . .
Weeks 2-3  each clip and divergences discussed against the training continued until

calibration . - s
written anchors, with feedback from a certified the anchors were
kata instructor with fifteen years of competitive  applied consistently to
experience. the training material.

Note: MKMQS, Modified Karate Movement Quality Scoring Sheet.
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and postural stability are scored items. Neither assessor was therefore blind to condition. The karate
coach took no part in recruitment, testing or data handling and was blind to athlete identity,
endurance results and trial order. The principal investigator administered the testing sessions and
was not blind to identity or endurance results. The statistician was blinded to participant identity
during analysis.

Cognitive Task Performance

Two cognitive tasks were used, each as a concurrent task during the kata and as a seated baseline
test. In both dual-task conditions the stimulus stream began on the command hajime and ended at
yame, so that presentation overlapped the entire motor sequence. In the auditory condition, a pre-
recorded list of thirty phonetically neutral monosyllabic words was delivered through a speaker
positioned approximately 1 m lateral to the performance area at floor level, at one word per second,
so that the list spanned approximately the first 30 s of the performance. Playback volume was set
before testing to a level clearly audible above ambient dojo noise and held constant, but the sound
pressure level was not verified with a calibrated meter. Encoding was therefore concurrent with the
kata and retrieval delayed: free verbal recall was requested during the 30 s immediately after yame.
The task loads working memory throughout the performance but imposes no concurrent response
demand. In the visual condition, approximately twenty standardised colour-word interference cards
were presented in sequence, each displayed for about two seconds, on a fixed stand approximately
1.5 m directly ahead of the athlete's starting orientation. The athlete named the ink colour of each
card aloud while performing the kata, so that this condition imposed a continuous concurrent
response demand. Because the stand was fixed, the display left the athlete’s field of view during turns
away from the starting orientation and was reacquired on returning to it, so stimulus exposure was
intermittent. The card-based implementation departs from standard administration of the Stroop
paradigm (28). Before kata testing, each athlete completed seated, rested baselines of both tasks.
The auditory baseline was free recall of a thirty-word list, scored as the number of words correctly
recalled (range 0-30). The visual baseline was a 45-second colour-word (Stroop) test, scored as the
number of ink colours correctly named in the 45 s (no fixed maximum; observed range 44 to 77).
These baseline scores indexed each athlete's cognitive capacity and were used as covariates. The
Stroop baseline score is unrelated in scale to the roughly twenty cards shown during the kata: the
cards served only to impose concurrent load and were not a scored test, whereas the baseline score
counts the namings completed in 45 s of seated testing. Performance on the concurrent tasks during
the kata could not be analysed. Free recall was requested after the auditory dual-task kata, but those
scores are not available for analysis, and responses during the visual dual-task kata were not
recorded. Dual-task cost in this study is therefore a motor cost only, and engagement with, and
prioritisation of, the concurrent tasks could not be verified (see the limitations in the Discussion).

Dual-Task Cost

Dual-task cost was the proportional decrement in movement quality from single-task to dual-task
performance, following Plummer and Eskes (7). Auditory dual-task cost (%) = [(single-task score -
auditory dual-task score) / single-task score] x 100; visual dual-task cost was calculated analogously,
and overall dual-task cost was the mean of the auditory and visual costs. Positive values denote
deterioration and negative values facilitation. The two costs were averaged because both derive
from the same motor outcome, scored with the same instrument, and differ only in the modality of
the concurrent load; the modality-specific costs are nonetheless reported separately, and the
internal consistency of the overall index is given in the “Reliability and Sensitivity Analyses”
subsection. Negative values, which denote a higher score under dual-task than single-task
conditions, were retained without truncation or transformation.

Statistical Analysis

Analyses were performed in Python 3 (pandas, NumPy, SciPy, statsmodels) with a set at 0.05, two-
tailed. Distributions were examined with the Shapiro-Wilk test and histograms. Continuous

887 Shah et al. Core Muscle Endurance and Dual-Task Performance in Karate Kata Athletes. ] Sport Biomech. 2027;12(4):882-918.



Journal of

variables are summarised as mean * standard deviation (SD) with range, and categorical variables
as frequencies and percentages. Differences in movement quality between conditions were
examined with paired-samples t tests (confirmed with the Wilcoxon signed-rank test) and are
reported with 95% confidence intervals and Cohen d, interpreted as small (0.20), moderate (0.50),
large (0.80) and very large (1.20). Associations were quantified with Pearson coefficients with
Fisher-z 95% confidence intervals and checked with Spearman coefficients, interpreted as negligible
(< 0.10), weak (0.10-0.39), moderate (0.40-0.69), strong (0.70-0.89) and very strong (= 0.90).
Independence of the endurance-cost association was examined in four exploratory multiple linear
regression models with overall dual-task cost as the dependent variable: Model 1, composite
endurance alone; Model 2, composite endurance with years of kata training, age, body mass index,
baseline auditory recall and baseline Stroop score; Model 3, Model 2 with sex added; and Model 4,
composite endurance with years of kata training, age, baseline recall, baseline Stroop score, sex,
stature and body mass, the last two replacing body mass index so that body size entered as separate
terms. Assumptions were verified with variance inflation factors, the Durbin-Watson statistic, the
Jarque-Bera test and Cook's distance. Sensitivity analyses repeated the primary correlation with a
composite of standardised (z) hold times, within men and within women, in athletes aged 18 years
and over, after excluding high-influence cases (Cook's D > 4/n), and with the independent re-scoring
in place of the consensus scores; Model 2 was also refitted with heteroscedasticity-consistent (HC3)
standard errors. Internal consistency of the MKMQS was quantified with Cronbach alpha (0.70 or
above regarded as acceptable), factorability with the Kaiser-Meyer-0Olkin measure and Bartlett's
test, and dimensionality by principal component analysis; the consistency of the two-component
overall cost index was quantified by the Spearman-Brown corrected correlation between the
auditory and visual costs. The dataset was complete, so no imputation was required. The analysis
script that reproduces every reported statistic is provided as Supplementary Data File 2.

Results

Participants

All 108 athletes (55 men, 53 women) were assessed and analysed, with no withdrawals and no
missing values. Participant characteristics, endurance times and baseline cognitive scores are given
in Table 2. Men and women differed in stature and body mass (both p < 0.001) but not in age, training
history, any endurance measure or either baseline cognitive score. Composite core endurance
averaged 234.37 £ 38.65 s (range 155-350 s; Fig. 1).

Number of athletes
T L R I
©O N B O ® O N R O
L L L L L L 1 L L

150 180 210 240 270 300 330
Composite core endurance (s)

Fig. 1. Distribution of composite core endurance (sum of the four hold times) across the study sample (n =
108); mean 234.4 s, SD 38.7 s, range 155-350 s. Bars show the number of athletes in 15-s bins.
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Table 2. Participant characteristics, endurance times and baseline cognitive scores (n = 108)

. All (n=108) Men (n = 55) Women (n= p (menvs
Variable Mean * SD Range Mean * SD 53) Mean + SD women)
Age (years) 2294+ 476 15-32 22.87 +4.86 23.02 +4.69 0.874
Kata training (years) 521+221 2-10 5.15+2.16 5.28+2.29 0.749
Stature (cm) 168.17 +8.84 146-188.7 17439+6.00 161.70£6.30 <0.001
Body mass (kg) 64.72 £9.99 42-87.3 70.73 £ 8.48 58.48 + 7.27 <0.001
BMI (kg/m?) 22.83+2.62 16.9-29 23.26 £ 2.57 22.38+2.61 0.080
Prone forearm plank (s) 58.03+11.19 32-88 5836+10.84 57.68+11.63 0.753
Modified Biering-Sgrensen (s) 79.09 + 15.85 48-120 79.02+1597  79.17 +15.87 0.961
Left side plank (s) 4796 +9.84 27-75 49.31+10.41 46.57 +9.10 0.148
Right side plank (s) 49.29+10.01 29-74 51.00 +10.42 47.51+9.33 0.069
Composite core endurance (s) 234.37 £38.65 155-350 237.69+39.18 230.92+38.16 0.365
?5‘_‘1;8?’ recall seatedbaseline 51334415 12-30 2124427 2143405 0806
Stroop, seated 45-s baseline 6053675  44-77 6024630 6083724 0651
(correct responses)

Note: Values are mean + SD, with the range for the whole sample. The composite is the sum of the four hold times. p values
are from Welch t tests comparing men and women.

Movement Quality and Dual-Task Cost

Movement quality was highest in the single-task condition and fell under both dual-task conditions
(Table 3; Fig. 2). Single-task scores exceeded auditory scores by 2.56 points (d = 1.39) and visual
scores by 3.53 points (d = 1.84), and visual loading was more disruptive than auditory loading (0.96
points, 95% CI1 0.61 to 1.32; £(107) =5.37; p < 0.001; d = 0.52). Overall dual-task cost averaged 17.56
+ 8.75%. Three athletes had a negative cost on each index (overall cost -3.58% at most); the
corresponding gains were at most two points under auditory loading and one point under visual
loading. Eight athletes (7.4%) scored the 21-point maximum in the single-task condition.

: 17.24 + 2.25 14.68 + 2.44 13.71 = 2.46
hn' 21+ o0 @ )
e @OWD e@ o
o @ op ap °o® eo
o 18- eam
g ® ®
> omP T @
* 15
© amoe ©
z
_E 12 <}
5 ° oo 00
E ]
o 91 e o
>
3 @
=
6 T T T
Single task Auditory Visual
dual task dual task

Fig. 2. Kata movement quality (0-21) under the single-task, auditory dual-task and visual dual-task conditions
(n =108). Points are individual athletes (offset horizontally for visibility); diamonds with bars show the mean
+ SD, and the values above each condition give the mean # SD.
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Table 3. Movement quality and dual-task cost by condition (n = 108)

Measure Single task Auditory dual task Visual dual task
Movement quality score (0-21), mean *
D 17.24 £2.25 14.68 + 2.44 13.71+2.46
Range 11-21 8-20 8-21

. . o
g;s)ductlon from single task, mean (95% _ 2.56 (2.21 to 2.92) 3.53 (3.16 to 3.89)
t(107); p; Cohen d - 14.48;<0.001; 1.39  19.08; < 0.001; 1.84
Dual-task cost (%), mean + SD - 14.71 +10.22 20.39 + 10.55
Range of dual-task cost (%) - -14.29 to 46.67 -5.88t043.75
Athletes with negative cost, n - 3 3

Note: Auditory versus visual dual task: mean difference 0.96 points (95% CI 0.61 to 1.32), t(107) = 5.37, p< 0.001, d = 0.52.
Overall dual-task cost (mean of auditory and visual cost): 17.56 + 8.75% (range -3.58 to 34.21). Dual-task cost (%) = (single-
task score - dual-task score) / single-task score x 100.

Core Endurance and Dual-Task Cost

Composite core endurance correlated positively with movement quality in every condition, more
strongly under dual-task conditions (r = 0.504 auditory, 0.486 visual) than in the single-task
condition (r = 0.305), and inversely with all three cost indices (Table 4). The primary association,
between composite endurance and overall dual-task cost, was r = -0.413 (95% CI -0.558 to -0.243;
p <0.001; Spearman p =-0.379, p < 0.001), so that 17.1% of the between-athlete variance in overall
cost was shared with composite endurance (Fig. 3). Among the individual holds, the prone plank
showed the strongest association with overall cost (r = -0.463) and the side planks the weakest (r =
-0.245 left, -0.254 right).

Multivariable Regression

In the unadjusted model (Model 1), composite endurance accounted for 17.1% of the variance in
overall cost (adjusted R?* = 0.163; B = -0.094 per second, 95% CI -0.133 to —-0.054). In the adjusted
primary model (Model 2; Table 5), F(6, 101) = 6.24, p < 0.001, R? = 0.270, adjusted R* = 0.227,
composite endurance remained independently associated with overall cost (B = -0.095, 95% CI
-0.136 to -0.053; B =-0.419; p < 0.001), so that each additional 10 s of composite endurance
corresponded to 0.95 percentage points lower overall cost. Baseline Stroop performance was also
independently associated with overall cost (B = -0.325, 95% CI -0.598 to -0.053; $ = -0.251; p =
0.020), whereas age, years of training, body mass index and baseline auditory recall were not (all p
> 0.068). Adding sex (Model 3) and replacing body mass index with sex, stature and body mass
(Model 4) did not change this: the coefficient for composite endurance was -0.096 (p < 0.001) and
-0.087 (95% CI -0.130 to -0.043; p < 0.001), and sex was not associated with cost in either model
(p=0.556 and 0.133). Variance inflation factors were below 2.7 in all models. Full output for all four
models is given in Supplementary Table S3.

Reliability and Sensitivity Analyses

Agreement between the consensus scores and the independent re-scoring was good for the total
score in every condition: ICC(A,1) = 0.874 (95% CI 0.805 to 0.917) for the single task, 0.888 (0.841
to 0.922) for the auditory dual task and 0.837 (0.768 to 0.886) for the visual dual task, with a pooled
coefficient of 0.900 (0.875 to 0.920) across all 324 observations. Item-level coefficients were lower,
from 0.547 to 0.803 (Supplementary Table S1). When the independent ratings replaced the
consensus scores, movement quality again fell from 16.87 + 2.20 (single task) to 14.61 * 2.56
(auditory) and 13.40 * 2.73 (visual), with visual loading again the more disruptive (d = 0.53), and
composite endurance remained inversely associated with overall dual-task cost (r = -0.327, p <
0.001; Model 2 coefficient B = -0.097, 95% CI -0.154 to -0.039, = -0.332, p = 0.001; adjusted R? =
0.116). The association was weaker with the independent ratings than with the consensus scores (r
= -0.413). The primary association was otherwise insensitive to the analytic choices tested (Table
6). Internal consistency of the seven-item MKMQS was acceptable to good in every condition
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(Cronbach o = 0.746 single task, 0.827 auditory, 0.808 visual; 0.910 pooled over twenty-one items).
The item set was suitable for dimensionality analysis (Kaiser-Meyer-0lkin 0.873; Bartlett x*(210) =
834.65, p < 0.001), and a dominant first component accounted for 36.2% of standardised variance,
with all items loading positively (0.473 to 0.749). These figures describe internal structure only and
are not evidence of construct validity. The auditory and visual costs correlated at r = 0.420, giving a
Spearman-Brown corrected value of 0.591 for the overall cost index.

Table 4. Pearson correlations of endurance measures with movement quality and dual-task cost (n = 108)

Endurance measure Singl\l/f: (-ztask gﬁg}t&g Visu;llleual Au]()ijlf((:)ry Visual DTC OB?S i
Prone forearm plank 0.27** 0.54*** 0.46%** -0.44*** -0.34***  -0.46***
Modified Biering-Sgrensen ~ 0.32*** 0.49%** 0.45%** -0.32%** -0.30** —-0.37%**
Left side plank 0.22* 0.31** 0.34%** -0.18 -0.23* -0.24*
Right side plank 0.15 0.26** 0.32%** -0.16 -0.26** -0.25%*
Composite core endurance 0.30** 0.50%** 0.49%** —(.35%** —-0.35%**  —(.41%**

Note: MQ, movement quality; DTC, dual-task cost. *p < 0.05; **p < 0.01; ***p < 0.001. The full correlation matrix is given in
Supplementary Table S2.

40 - r=-0.413, p < 0.001
n =108

35+
30+
25
20 -
15 -
10 -

5 =

Overall dual-task cost (%)

0 -

=54 T T T T T T T T
150 175 200 225 250 275 300 325 350
Composite core endurance (s)

Fig. 3. Association between composite core endurance and overall dual-task cost with the least-squares
regression line (solid) and its 95% confidence limits (dashed) (n = 108). Positive cost denotes deterioration of
movement quality under dual-task conditions.
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Table 5. Multiple linear regression models for overall dual-task cost (n = 108)

Predictor Model 1 B (95% CI) p Model 2 B (95% CI) p Model 3 B (95% CI) p Model 4 B (95% CI) p

Composite core endurance -0.094 (-0.133 to -0.095 (-0.136 to -0.096 (-0.138 to -0.087 (-0.130 to

©) £0.054) <0.001 ~0.053) <0.001 ~0.054) <0.001 ~0.043) <0.001

Kata training (years) - - _0'2732;%)984 to 0.448 _0'26;_5};%)981 to 0.459 _0'283'[[}_2%';994 to 0.429
0.319 (-0.025 to 0.319 (-0.025 to 0.296 (-0.048 to

Age (years) 0.662) 0.068 0.664) 0.069 0.640) 0.091
-0.007 (-0.598 to -0.034 (-0.633 to

BMI (kg/m?) - - 0.&284) 0.981 0.!(566) 0912 - -

Auditory recall, baseline - - _0'143 g_z%fll to 0.537 _0'14; g_z(()))f)14 to 0.534 _0'133 :()’;%)600 to 0.565

Stroop, baseline score - - _0'32_50(6;)'35)98 to 0.020 _0'32_20(62;9%96 to 0.021 _0'31_20(6265)84 to 0.025

Sex (male = 1) ~ ~ B B 0.8933_(5;341)09 to 0.556 3.4077Fé61.7(;52 to 0133

Stature (cm) - - - - - - _0'143 5_2%)413 to 0.300

Body mass (kg) - - - - - - _0'063.5_5(;')282 to 0.553

R? 0.171 0.270 0.273 0.289

Adjusted R? 0.163 0.227 0.222 0.232

F (df) 21.79 (1, 106) 6.24 (6,101) 5.36 (7,100) 5.03 (8,99)

Model p <0.001 <0.001 <0.001 <0.001

Note: B is the unstandardised coefficient (percentage points of overall dual-task cost per unit of the predictor) with its 95% confidence interval; - indicates that the predictor was not in the
model. Model 1, composite endurance alone; Model 2, primary adjusted model; Model 3, Model 2 plus sex; Model 4, sex, stature and body mass entered in place of body mass index. Standard
errors, standardised coefficients, t statistics and diagnostics are given in Supplementary Table S3.
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Table 6. Sensitivity analyses for the association between composite core endurance and overall dual-task cost

Analvsis I r (composite vs Model 2 coefficient for
Y overall DTC) P composite endurance

Primary analysis (consensus scores) 108 -0.413 <0.001 B=-0.095;p<0.001

Lr;g;;)endent re-scoring (assessor 2 108 ~0327 <0.001 B =-0.097; p < 0.001

Standardised (z-score) composite 108 -0.403 <0.001 -

Men only 55 -0.314 0.019 -

Women only 53 -0.518 <0.001 -

Athletes aged = 18 years 89 -0.386 <0.001 -

Excluding 6 high-influence cases _ )

(Cook's D > 4/n) 102 0.444 <0.001 B=-0.087;p <0.001

Model 2 with robust (HC3) standard 108 _ B B =-0.095;95% CI -0.137 to

errors -0.052; p<0.001

Note: Model 2 coefficient: B for composite endurance (percentage points per second) in the primary adjusted model. HC3,
heteroscedasticity-consistent standard errors; Cook's D, Cook's distance.

Discussion

This study asked whether core muscle endurance is related to how much kata movement quality is
lost when attention is divided. Two findings emerged. First, concurrent cognitive load degraded
movement quality in Taikyoku Shodan in almost every athlete, and visual loading was more
disruptive than auditory loading. Second, athletes with lower composite trunk endurance lost
proportionally more movement quality under load. This association was moderate, was stronger
under dual-task than single-task conditions, and persisted after adjustment for age, training history,

body size, sex and baseline cognitive performance. Baseline Stroop performance was also
independently associated with dual-task cost, whereas baseline auditory recall, age and training
years were not.

Cognitive Load and Kata Movement Quality

The deterioration under concurrent load is consistent with capacity-sharing accounts, in which a
secondary task competes with the attentional resources that regulate posture and movement (6, 7),
and with reviews reporting acute degradation of sport-specific motor output under cognitive load
and larger costs as the cognitive task becomes more complex (8-10). Most of that evidence comes
from gait, balance platforms and open-skill team sports. The present result suggests that a closed-
skill, aesthetically judged form that every athlete had automatised remains sensitive to divided
attention, although the size of the cost is probably specific to this simplified kata and these tasks.
Two readings of the greater cost under visual loading are possible, and the design cannot separate
them. A structural reading holds that kata orientation, directional accuracy through changes of
direction and gaze anchoring depend on visuospatial processing, which a visual task contests more
directly than a verbal auditory task, while the Stroop paradigm adds suppression of a prepotent
reading response (28). A procedural reading holds that the visual condition required a continuous
spoken response and a display that left the field of view during turns, whereas the auditory condition
required no response until after the kata. Studies that match response demands across modalities
would be needed before the ordering of the two modalities is generalised.

Core Endurance and Dual-Task Cost

Lower trunk endurance accompanied larger dual-task cost. One interpretation, consistent with
postural-control theory, is that greater endurance of the trunk musculature, which anchors the
proximal end of the kinetic chain and governs segmental stiffness (11), reduces the attentional
resources the athlete must devote to maintaining posture and leaves more available for the
concurrent task (6). On this reading, athletes with less endurance would have a smaller attentional
reserve. The pattern across conditions fits this idea, since endurance related only weakly to
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movement quality without a concurrent task but more strongly to quality under load. The
interpretation remains a hypothesis; the present data cannot show that endurance determines the
attentional demand of posture. Comparison with earlier work should be made cautiously. Trunk
training improves balance and sport-specific performance in controlled studies of youth karateka,
taekwondo athletes and athletes with chronic ankle instability (15-17, 19, 20). Those studies tested
interventions, in different populations, with balance or physical-fitness outcomes measured without
a concurrent cognitive task. The present study is cross-sectional, in athletes already competing, and
its outcome is the change in observer-scored kata quality under load. The studies therefore agree in
showing that trunk capacity and balance-related performance are linked, but none of them, and not
the present one, tests whether training trunk endurance changes performance under divided
attention. Among the four holds, the prone plank correlated most strongly with cost and exceeded
the composite, and the side planks correlated least. These comparisons are exploratory, were not
corrected for multiple testing, and should not be taken to identify a preferred test.

Several alternative explanations cannot be excluded. Athletes with greater endurance may have been
less physiologically taxed by the kata, so that the cost partly reflects exertion rather than attention.
Endurance may also mark general fitness, training quality or motivation not captured by years of
training. Finally, the principal investigator who contributed to the consensus scores was not blind to
endurance results, so rater expectancy could have strengthened the association; the weaker, though
still significant, association with the independent ratings is compatible with this possibility, with
measurement error in a single-rater score, or with both. Baseline cognitive capacity was also related
to the cost: athletes with higher baseline Stroop scores lost proportionally less movement quality,
independently of endurance, whereas baseline auditory recall was not an independent correlate.
This is consistent with the view that inhibitory and attentional capacity contributes to dual-task
performance (7, 28) and with reports of enhanced attentional control in karate practitioners (24-
26). The finding was not an a priori hypothesis, the baseline test was taken seated and rested, and it
should be treated as exploratory. It does show that endurance and cognitive capacity are separable
correlates of dual-task cost and that models omitting cognitive capacity would overstate the
contribution of endurance.

This study has several limitations. The primary outcome was scored with an instrument that has not
been formally validated, and its internal consistency does not show that it measures movement
quality as judges or biomechanists would define it. Neither assessor was blind to task condition, so
expectancy could have inflated the measured dual-task costs, and the size of the condition effects
cannot be separated from any such bias. The principal investigator, who contributed to every
consensus score, was not blind to identity or endurance results. The independent re-scoring by the
coach, who was blind to identity and endurance results, addresses this only partly: the coach had
also contributed to the consensus ratings, so the agreement coefficients are an upper bound, and
item-level agreement was only moderate for several items. Eight athletes reached the maximum
single-task score, which truncates the upper end of the single-task distribution. Validation against
expert panel or competition scores, with condition-blinded scoring, is needed before the estimates
are relied upon. The two dual-task conditions were also not structurally equivalent. The auditory
task required no response during the kata, whereas the visual task required continuous naming, and
the card display left the field of view during turns, which may have altered head and gaze orientation
and thereby degraded movement by a mechanical route. Playback volume was constant but not
measured with a calibrated meter. Performance on the concurrent tasks during the kata was not
available for analysis, so engagement and task prioritisation could not be verified, and the cost
reported is a motor cost only.

Physiological arousal is a further concern. Cognitive baselines were taken seated and rested,
whereas the concurrent tasks were performed during a kata that raises heart rate and metabolic
demand. The decrement attributed to attentional interference cannot be cleanly separated from the
effects of exertion and arousal, and athletes with greater endurance may have been less taxed. A
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matched physical control condition would be needed to isolate the attentional component; none was
included, and perceived-exertion ratings, although recorded, only partly address this. The sample
and the task also constrain the findings. Athletes were recruited by convenience from one district
and were club- and regional-standard competitors, which limits generalisability. Ages spanned 15 to
32 years, and 19 athletes (17.6%) were under 18 years; the association was similar in athletes aged
18 years and over, but a linear age term may not capture developmental differences in executive
function. Sex, stature and body mass were adjusted for, but the study was not powered for sex-
stratified analysis, and sleep, menstrual cycle phase, anxiety and prior-day training load were not
recorded. Taikyoku Shodan is a beginner's kata with a restricted movement vocabulary; it was
chosen because every athlete had automatised it, but competition kata are more complex, and the
magnitude of the association should not be assumed to generalise to them. Finally, the design is
cross-sectional, so the study can show that greater trunk endurance accompanies smaller dual-task
cost but not that it protects against interference or that increasing endurance would reduce cost. The
regression models are exploratory, leave roughly three quarters of the variance in cost unexplained,
and the single-hold comparisons were not adjusted for multiplicity. The composite is an unweighted
sum in which the longer extensor hold has more influence, although a standardised composite gave
a similar result. The overall cost index averages two costs with only moderate internal consistency.

Conclusion

Among 108 competitive kata athletes, movement quality in Taikyoku Shodan fell under concurrent
cognitive load, more under visual than auditory loading, and athletes with lower composite trunk
endurance lost proportionally more. This association persisted after adjustment for age, training
experience, body size, sex and baseline cognitive performance. The study was exploratory and cross-
sectional, and its movement-quality instrument has not been validated and was not scored blind to
condition, so the findings are hypothesis-generating and do not support recommendations for
training. Future controlled studies are needed, using validated movement-quality assessment tools,
condition-blinded scoring, matched response demands across modalities and recorded cognitive
performance, to evaluate cognitive-motor interference and the role of trunk endurance more
rigorously.
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