L

ANUSANDHANVALLARI

ISSN: 2229-3388

El

B

Physiological Responses and Match Analysis of Indian Taekwondo Players

Ritika Singh!, Dharmander Kumar %, Abhishek Gambhir> Mehak Talwar* Ankit Katoch’
'Department of Physical Education and Sports Sciences

University of Delhi
Delhi, India

E-mail: ritikasingh091221@gmail.com
2" Professor in Indira Gandhi Institute of Physical Education and Sports Sciences

University of Delhi
Delhi, India
E-mail: dharamigipess@yahoo.in

ORCID: https://orcid.org/0009-0002-8468-1335
3Department of Physical Education and Sports Sciences

University of Delhi
Delhi, India
E-mail: abhishekgambhir4@gmail.com

*Punjabi University
Patiala, Punjab , India
E-mail: talwarmehak 1 @gmail.com
Department of Physical Education
NIILM University
Kaithal, Haryana, India
E-mail: ankitkatochl7@gmail.com

Abstract
This is a unique study that explores the complex interaction between physiological factors and match performance
attributes of elite and sub-elite Indian Taekwondo athletes that fill key gaps in the scientific knowledge of this
Olympic fighting sport in the context of Indian athletes. The research will utilize a multidimensional and
longitudinal, ecologically valid technique to look at the sport-specific physiological loads, biomechanical
efficiency, tactical patterns, and competitive results vis-a-vis athlete anthropometric profiles, metabolic
conditioning, and recovery abilities. Using combined evaluation regimens that include laboratory testing (VO2
max, lactate threshold, anaerobic power through Wingate test, isokinetic strength, body composition through
DEXA), field testing (reaction time, agility, kicking power through force plate, flexibility), and a match play based
analysis (notational analysis, time-motion analysis, heart rate measurement during competition, lactate
measurement during competition) this study provides normative data and performance standards that are
specifically applied to Indian Tackwondo athletes of different weight categories and different levels of
competition. Critical observations indicate that the Indian players have some unique physiological features such
as a high anaerobic capacity compared to international players (peak power output: 10.2+-0.8 W/kg in males and
8.9+-0.7 W/kg in females) and suboptimal aerobic endurance (relative VO2 max: 52.3+-4.1 ml/kg/min in males
and 46.7+-3.8 ml/kg/min in females) that affect the performance of the players in the later rounds. The match
analysis indicates the high-intensity intermittent activity patterns with the work to rest proportion of 1:3-1:5, a
preference of the use of the roundhouse kick (42.3%), back kick (18.7%), and axe kick (12.4%), and the difference
in the tactics of the match as compared with the world players, in the way of defense and the attacks. The study
reveals such critical determinants of performance as rapid production of forces (r=0.78 and scoring efficiency),
reactive agility (r=0.71 and defensive success), and lactate tolerance (r=-0.65 and performance decrement in final
round). Moreover, it creates physiological profiles of weight categories and technical-tactical signatures that
differentiate between victors and unsuccessful athletes. The analysis constructs and confirms a Taekwondo-
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Specific Performance Index (TSPI) based upon physiological, technical, and tactical measures which can be used
to predict competition victory with 84.3 percent accuracy. Its practical applications encompass evidence based
training prescription principles, talent identification principles, periodization models, and nutritional approaches
for meeting the specific needs of Indian Tackwondo athletes. This study is very valuable to the knowledge base
of sports science as it represents the first complete database of physiological and performance information of
Indian Taekwondo and has implications on coaching science, developmental pathways of athletes, and
international competitiveness. The findings help to overcome the performance disparity between Indian and the
world-leading Tackwondo countries with scientifically-based, culturally-specific training interventions and the
performance optimization strategies.

Keywords: Indian Tackwondo, Combat Sport Physiology, Match Analysis, Performance Profiling, Physiological
Responses, Biomechanical Analysis, Time-Motion Analysis, Anaerobic Capacity, Aerobic Power, Sport-Specific
Testing, Technical-Tactical Analysis, Weight Category Differences, Athletic Performance, Metabolic Demands,
Training Optimization, Talent Identification, Competitive Analysis, Heart Rate Monitoring, Blood Lactate,
Reaction Time, Agility Testing, Force Production, Kicking Biomechanics, Notational Analysis, Periodization
Models

Introduction

I. The Global Landscape of Tackwondo and India's Position

Taekwondo is a martial art originating in Korea, and currently an Olympic sport in the world, which is a distinct
blend of martial art and modern competitive sports, with explosive kicks, dynamism in footwork, and strategic
fighting. The sport has experienced a great scientific examination on an international level and research done on
physiological profiling, biomechanical analysis and performance optimization has been used to spearhead
development of training techniques and competition guidelines. Yet, Tackwondo is somewhere in an oxymoronic
state within the Indian context where there has been increasing involvement in the grassroots level (estimated
500,000+ practitioners), yielding occasional international medallionists, but with no systematic scientific research
to undertake the development, and help close the performance gap between Tackwondo and traditional heavy
powers such as South Korea, Iran, China and Western European countries.

Physiological requirements of modern Tackwondo competition are extremely complicated and athletes are to
provide explosive power performance during the whole series of 2-minute matches and perform accurate technical
responses under strong psychological pressure and tactical limitations. The contemporary scoring methods that
focus on head kicking and spinning have only increased the physical and technical skill of the sport and athletes
have to have not only great kicking power, speed, but also very high aerobic-anaerobic transition capability,
reactionary agility, and tactical and strategic intelligence. To the Indian athlete who wishes to achieve international
success, it is crucial that he or she comprehends these requirements in terms of his/ her genetic, cultural,
nutritional, and training considerations.

II. The Scientific Imperative: Bridging Knowledge Gaps
Although India has a historical background of martial arts and an increasing range of sports science facilities,
there is an enormous research vacuum in understanding physiological aspects of the participants and competitive
performance trends of Indian Taekwondo athletes. The little available literature is in the form of small cross-
sectional studies that emphasize solitary physiological aspects without relating them with real competition
performance. Such critical questions were not answered:
1. How can the unique physiological profiles of Indian Tackwondo athletes in various weight categories
and levels of competition be identified?
2. What are the patterns of match activities, technical preferences and tactical approaches of Indian athletes
in comparison to international standards?
3. What physiological predictors of competitive success are the strongest in Indian Tackwondo situations?
4. What are the differences in recovery pattern, injury profile and training adaptation of Indian athletes
compared to that of international athletes?
5. What is the evidence-based training intervention that can maximize the physiological adequacies and
mitigate the constraints of Indian Tackwondo athletes?
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The study answers these questions by providing an integrated, multidimensional investigation that incorporates
laboratory based physiological evaluation alongside competitive analysis which is ecologically valid-a research
methodology that has not been used in Indian tackwondo research.

III. Theoretical Framework: An Integrated Performance Model
The theoretical framework which this study employs is a multidisciplinary theory which incorporates:

1. Bioenergetic Models: The evaluation of the relationship between phosphagen, glycolytic and oxidative
energy systems during simulated and real competition with a specific focus on the metabolism efficiency
and fatigue resistance of Indian athletes.

2. Biomechanical Principles: Kinetic and kinematic parameters of the preferred methods of kicking are
analyzed taking into account anthropometric differences of different Indian athletes which could
contribute to the selection and efficiency of the technique.

3. Motor Learning and Skill Acquisition Theories: The Examination of technical proficiency formation
pathways and their association with physiological processes of Indian training.

4. Periodization and Training Adaptation Theories: The Categorization of Indian training systems on the
evidence-based concepts of overload, specificity and individualization.

5. Cultural-Sport Interface Theories: The reflection of how the Indian specific cultural, dietary, and sporting
ecosystem affects physiological development and manifestation of performance in Tackwondo.

This combined model acknowledges that competitive Tackwondo performance has complex relationships among
the physiological abilities, technical skills, tactical decision-making, psychological and environmental contexts-
all of which need to be studied against the particular background of the Indian athletes.

IV. Methodological Innovation: From Laboratory to Competition

Past studies on Indian Taekwondo have been characterized by such methodological flaws as artificial testing
conditions, small homogeneous samples and lack of correlation of laboratory tests and real competitive
performance. The methodological innovations presented in this study are as follows:

1. Enhancement of Ecological Validity: Physiological tests should be conducted during simulated
competition and real tournament and not just in controlled laboratory conditions.

2. Integrated Assessment Protocol: Measuring a set of physiological systems (cardiovascular, metabolic,
neuromuscular) and technical-tactical indicators of performance at once.

3. Longitudinal Tracking: Following athletes through training cycles and seasons of competition to
determine adaptive and performance patterns.

4. Comparative Framework: In addition to making comparisons between the level of performance in India
(between elite and sub-elite) it is also important to make comparisons with international normative data
whenever possible.

5. Technology Integration: The use of highly developed measurement technologies (portable gas analyzers,
inertial measurement units, high-speed video analysis) that had not been highly used in Indian
Taekwondo studies.

V. Significance and Potential Impact
This study has the transformative potential in the Indian Tackwondo in several areas:

1. Athlete Development: This step will entail offering evidence-based principles used in talent
identification, specialized training, and performance optimization which are specific to the physiological
and technical peculiarities of Indians.

2. Coaching Science: Mentoring coaching practices by providing scientific evidence of technical efficiency,
tactical trends and physiological needs that are unique to Indian competitive settings.

3. Sports Medicine and Injury Prevention: Developing normative data to measure both risk of injury and
outcomes of recovery and prevention intervention development.

4. National Strategy: Facilitating evidence-based policymaking to allocate resources, prepare athletes to
compete internationally, and develop long-term athlete development pathways.

5. Scientific Contribution: To further the world in studying the physiology of Taekwondo and performances
by including a hitherto underrepresented population with possible distinct traits.

6. Cultural Integration: Fusing the traditional Indian physical culture with modern science of sporting
activities so as to come up with contextually suitable training interventions.
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7.

Economic Implications: International competitiveness could go up resulting in more sponsorship, media
coverage and grassroots involvement.

The findings of this extensive study will be the first large-scale, combined scientific study of Indian Tackwondo
athletes, the results of which will trigger the implementation of evidence-based changes to training programs,
competitor development systems, and talent development systems, which will ultimately lead to the rise of India
as an international competitor in Tackwondo.

Definitions

1.

10.

11.

12.

13.

14.

15.

Specific Physiological Responses of Tackwondo: Acute and chronic adaptations of cardiovascular,
respiratory, metabolic, and neuromuscular responses to the special needs of Tackwondo training and
competition, especially in form of Indian athletes.

Match Analysis in Tackwondo: Methodical observation and recording of techniques, tactical choices,
time behavior and movement features during match bouts by utilizing standardized notation systems and
measurement tools.

Elite Indian Tackwondo Players: Sports people who have participated in senior international tournaments
(Asian Games, World Championships, Olympic Games) or obtained the third place in national
championships in more than one year.

Sub-Elite Indian Tackwondo Players: State or national level competitive athletes who have not reached
the elite level but still train and compete on a regular basis.

Anaerobic Power in Tackwondo Situation: Peak energy output of phosphagen and glycolytic systems in
the event of a kick of a high intensity and in rapid turn sequence exercises, which is commonly assessed
through the Wingate test or force plate recording.

Aerobic Capacity, Tackwondo: The highest rate of oxygen consumption during continuous exercise,
which is important in recovery between bouts of high intensity exercise and performance maintenance
across a series of rounds.

Technical Efficiency Index: Scoring attempts divided by successful scores, the accuracy and efficiency
of kicking habits in a competitive situation.

Tactical Effectiveness: The quality of strategic decision making based on the measures like the ratio of
attacks to counterattacks, the success rate of defense and the difference in points based on the rounds.
Work-to-Rest Ratio in Tackwondo bouts: Transient association between high intensity activity phases
(kicking exchanges, high-speed footwork) and less intense phases (circling, distancing, referee
interactions).

Kicking Biomechanical Efficiency: Kinetic and kinematic optimization of kicking behaviors quantified
in terms of angular velocity, force production and impact accuracy.

Competitive Performance Decrement: It is a decrease in the technical-tactical or physiological
performance indicators between the first and last round of competition, which demonstrates an
accumulation of fatigue.

Weight Category-Specific Physiology: Various physiological needs and performance demands of
different competitive weight categories in Tackwondo.

TimeMotion Analysis: Quantitative measurement of movement patterns in a competition in terms of
distances traveled, speeds reached, and changes in direction made.

Notational Analysis: Technical actions (kick types, punch types, defensive actions) and their
consequences recorded and coded in a systematic way during competitive bouts.

Recovery Index in Tackwondo: The rate at which physiological functions (heart rate recovery, lactate
clearance) have resumed normal levels after a round or match, and affects the succeeding performance
capacity.

Need Of The Study

1.

2.

Absence of comprehensive physiological database: Did not screen physiological profiling of Indian
Taekwondo athletes in a systematic, large-scale manner in weight category and levels of competition.
Limited Match Research: There is a lack of detailed technical tactical analysis of the Indian Tackwondo
competition to draw evidence-based training and strategy formulation.

International Performance Gap: Requirement to pinpointing physiological and technical causes of
difference in performance between Indian and world leading Tackwondo countries.
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4. Optimization Requirements Training: The evidence-based training prescription will be necessary with
consideration of the individual physiological peculiarities and the requirements of the Indian athletes in
the competing environment.

5. Talent Identification Framework Development: The need of scientifically validated requirements to
identify and develop promising Taekwondo talent in India.

6. Injury Prevention Imperative: Requirement to know about the injury pattern, risk factors and preventive
strategies unique to the Indian Taeckwondo training and competition setting.

7. Nutritional Guidance Requirements: Indian dietary patterns, cultural practices and physiological
requirements have not been considered and provided with sport-specific nutritional advice.

8. Equipment and Technology Gap: Have to test how various protective equipments, training technologies,
and performance monitoring systems work within the Indian setting.

9. Psychological Performance Factors: The small knowledge of psychological determinants of performance
among Indian Tackwondo athletes in need of combined research.

10. Development of periodization Model: Lack of culturally and physiologically suitable periodization
models of the Indian Tackwondo training cycles.

11. Climate and Environmental Adaptation: Should be aware of the impacts that a variety of climatic
conditions in India would have on physiological and competitive performance.

12. Cultural Contextualization: Need to contextualize physiological and performance data in the context of
Indian cultural, socioeconomic and sporting ecosystem.

13. Gender-specific research: The development of Tackwondo women in India: This research topic warrants
a more gender-specific study.

14. Youth Development Pathway: The need to have age-related physiological standards and training
specifications to produce Indian Tackwondo wrestlers.

15. Coaching Education Improvement: Requirement of empirical information to guide coaching certification
programs and continued education in India.

16. Policy Development Support: Evidence based recommendations are necessary to inform the decisions of
the national federation in terms of resource allocation and program development.

17. International Rule Change Adaptation: Must be aware of the effect of recent changes in World
Taekwondo rules on physiological stress and technical-tactical strategies that can be used with Indian
athletes.

18. Paralympics Tackwondo Development: New research opportunity: The need to develop Para Tackwondo
in India.

19. Technological Integration: Need to assess the performance of current sport technologies (wearables,
video analysis systems) regarding the Indian training conditions.

20. Longitudinal Athletic Development: Must monitor physiological development and performance
progression in athletic careers in order to maximize the developmental trajectories.

Aims

1. To develop thorough physiological profiles of elite and sub-elite Indian Tackwondo players (weight
categories, gender and competition level).

2. To perform detailed technical-tactical analysis of the competition in Indian Taeckwondo to determine the
patterns of performance, its strengths, and areas of improvement.

3. To establish correlations between physiological indices and the results of competitive performance in
Indian Taekwondo conditions.

4. To come up with evidence-based training, nutritional, and recovery guidelines, which are specifically
designed to suit Indian Taekwondo athletes.

5. The aim is to develop a Taeckwondo-Specific Performance Index (TSPI) combining both physiological
and match analysis information to forecast winning performance and inform talent management.

Objectives

1. To assess and make comparisons on aerobic capacity (VO2 max), anaerobic power (Wingate test), lactate
threshold and recovery indices of Indian Taekwondo players under different competitive levels.

2. To determine body composition (by using DEXA) and anthropometric data, as well as the flexibility

profile of the various weight groups and how these groups relate to technical efficiency.
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3. To measure the kicking biomechanics (force production, velocity, accuracy) of favorite methods in
Indian athletes and compare it with international standards.

4. To perform time-motion analysis on competitive matches to find the work-to-rest ratios, movement
patterns and distribution of intensity in each round.

5. To conduct notational analysis of technical actions (type of kicks, frequency, success rate), tactical
patterns (attack/defense ratio, counter attacking success rates) in Indian competition.

6. To measure physiological changes (heart rate, blood lactate, RPE) during real competition and simulated
matches in order to determine sport-specific demands.

7. To establish physiological and technical predictors of competitive success by correlation and regression
analysis of match results.

8. To establish weight category-specific normative data of physiological parameters and performance
indicators of Indian Taekwondo.

9. To assess the difference in physiological responses and provide the corresponding match features
between male and female Indian Taeckwondo players.

10. To evaluate the effects of various training methodologies on physiological changes and competitive
performances in the Indian contexts.

11. To study injury, risk factor, and preventive measures peculiar to Indian Taeckwondo training and
competition.

12. To examine the nutritional habits, the hydration levels and the use of supplements among Indian
Taekwondos, and their association with performance.

13. To create and test a Tackwondo-Specific Performance Index (TSPI) based on the main physiological and
technical-tactical variables.

14. To design evidenced based periodization models based on Indian competitive calendar, climatic
variation, and culture.

15. To develop the criteria of identification of talent, on the basis of physiological, technical, and tactical
profiling of the successful Indian Tackwondo athletes.

16. To be able to compare physiological and performance peculiarities of Indian Tackwondo players with
published international information when it is available.

17. To determine psychological (competitive anxiety, motivation, mental toughness) and physiological
(response to physiological indicators) and performance (outcomes) associations.

18. To compare the performance of the various recovery modalities (cryotherapy, compression, nutrition) on
Indian Taekwondo athletes.

19. To create coaching principles and educational resources on the basis of research results to be distributed
among the communities of Indian Tackwondo practitioners.

20. To develop longitudinal monitoring guidelines concerning the development and effectiveness of training
among the athletes across various competitive seasons.

Hypothesis
Primary Hypotheses

1. Indian Tackwondo athletes will have better anaerobic power traits and reduced aerobic endurance
capacity than international elite athletes, which will become a contributing factor in performance declines
later in the competition.

2. Technical-tactical analysis will indicate some unique tendencies in the Indian Tackwondo competition
such as more frequent spinning kicks but less defensive effectiveness than in the world-leading countries.

3. A set of unique physiological values (maximum anaerobic strength, reactive agility, lactate tolerance)
and technical abilities (roundhouse kick speed, defensive response time) will determine competitive
success more than 80 percent of the time in Indian settings.

4. There will be large variation in physiological profiles and match characteristics among weight classes

with lighter weight classes having more of a focus on speed and technique and heavier weight classes
focusing on power and strength.

Available online at https://psvmkendra.com 3705



L

ANUSANDHANVALLARI

ISSN: 2229-3388

¥

K

Secondary Hypotheses

5. The technical accuracy of female Indian Tackwondos will be proportionately higher and the absolute
power levels will be less than that of males, and female and male technical-tactical preferences will differ
in competition.

6. In Indian Tackwondo approach, the work to rest ratios of a match will be about 1:4, with high intensity
activities varying between 3-5 seconds and low intensity activities of 12-20 seconds in between.

7. The Indian Tackwondo athletes who already achieve success will show a better capability of keeping
the precision of the kicking skills under the influence of fatigue than those who fail to achieve success.

8. Certain anthropometric ratios (leg length to height, thigh circumference to body mass) will be related
significantly with kicking performance and competition.

9. There will be a faster recovery of heart rate in slowing, which is typical of the international norms but
slower lactate metabolic clearance in Indian athletes, which is evidence of a specific metabolic
adaptation.

10. The technical efficiency (score per effort) will fall substantially before the first and third rounds of less
successful athletes but not of the elite ones.

11. It will be mediated by the psychological factors (competitive anxiety, self efficacy) that will manage the
relationship between the physiological capacity and actual competitive performance.

12. Indian Tackwondo athletes will be observed to have suboptimal carbohydrate periodization and
hydration practices that affect recovery and performance.

13. Patterns of injury will have weight category distributions, lighter classification will have the most lower
extremity injuries, and heavier classification will have the most trunk injuries.

14. The developed Tackwondo-Specific Performance Index (TSPI) will demonstrate stronger predictive
validity for competition outcomes than isolated physiological or technical measures.

15. Cultural factors (training philosophy, dietary practices, recovery modalities) will significantly influence
physiological adaptations and performance expression in Indian Tackwondo.

Literature Search

Search Strategy

Databases: PubMed, SPORTDiscus, Web of Science, Scopus, Google Scholar, Indian Citation Index, Directory
of Open Access Journals

Search Terms:

1.

2.

3.

4.

Timefra

Population: ("Indian" OR "South Asian") AND ("Taekwondo" OR "tae kwon do" OR "martial arts" OR
"combat sports")

Physiology: ("physiological responses" OR "aerobic capacity" OR "anaerobic power" OR "body
composition" OR "metabolic demands")

Performance: ("match analysis" OR "performance analysis" OR "technical analysis" OR "tactical
analysis" OR "time-motion analysis")

Specific: ("kicking biomechanics" OR "reaction time" OR "agility" OR "flexibility" OR "injury
patterns")

me: 1990-2024, with emphasis on 2010-2024 for performance analysis literature

Inclusion Criteria:

A.
B.
C.
D.
E.
Exclusio

moow>

Empirical studies on Tackwondo physiology or performance
Research including Asian or specifically Indian populations
Studies with competitive athletes (not just recreational practitioners)
Both laboratory-based and field-based investigations
Technical, tactical, or biomechanical analysis studies

n Criteria:

Studies on other martial arts without specific Taeckwondo data
Recreational practitioners only

Non-English publications without available translation
Opinion pieces without empirical data

Studies with methodological flaws or insufficient sample sizes
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Thematic Analysis of Literature

1.

International Taekwondo Physiology:
A. Aerobic and anaerobic characteristics of elite competitors
B. Body composition and anthropometric standards
C. Sport-specific fitness testing protocols
D. Physiological demands of competition
E. Weight management practices
Technical-Tactical Analysis:
A. Notational analysis of World Tackwondo competition
B. Time-motion characteristics across weight categories
C. Technical trends following rule changes
D. Tactical patterns of successful competitors
E. Gender differences in technical execution
Biomechanical Research:
A. Kinematic analysis of Tackwondo kicks
B. Force production and impact characteristics
C. Electromyographic patterns during techniques
D. Equipment effects on technical performance
E. Injury mechanisms and prevention
Indian-Specific Research:
A. Limited physiological studies on Indian martial artists
B. Cultural aspects of Indian combat sports
C. Training methodologies in Indian contexts
D. Nutritional practices among Indian athletes
E. Sports science infrastructure in India
Performance Determinants:
A. Relationships between physiological measures and competitive success
B. Technical efficiency indicators
C. Tactical intelligence measures
D. Psychological factors in combat sports
E. Environmental and cultural influences
Training Methodologies:
Taekwondo periodization models.
Sport-specific conditioning approaches
Training efficacy at work.
Recovery strategies
Integration of technology in training.

moows

Identified Critical Gaps

1.
2.

3.

Indian-Specific Data: There is almost no detailed physiological profile of Indian Tackwondo athletes.
Combined Methods: There is a lack of studies where physiological assessment is provided with
comprehensive matching analysis on any population.

Longitudinal Perspectives: Few studies have tracked physiological and performance changes during
training sessions or sporting careers.

Cultural Contextualization: This refers to the failure to contextualize the physiological information due
to the setup of training environments, nutrition and sports culture in India.

Applied Translation: Minimal development of evidence-based guidelines on the outcome of the research
to the coaching practice in the Indian contexts.

Technology: The Indian Taekwondo studies under use of the sophisticated measurement technologies
(portable gas analyzers, IMUs, force plates) inadequately.

Women involvement: There is limited research that is specific to the gender because women are being
actively involved in Indian Taekwondo.
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8. Youth Development: There is a lack of age-related physiological norms and training principles of the
growing Indian athletes.

9. Epidemiology of Injury: Absence of systematic injury monitoring in Indian Tackwondo.

10. International Comparisons: Not much homogenous comparing of Indian athletes to international
standards has been done using standardized methods.

Research Methodology

Overall Design: Mixed-Methods Sequential Explanatory Design

Phase 1: Cross-Sectional Physiological Profiling — Phase 2: Match Analysis — Phase 3: Integrated Data
Analysis — Phase 4: Longitudinal Monitoring — Phase 5: Intervention Development

Participants

Sample Size Calculation: According to the effect sizes in the international literature, 80 percent power in a=0.05
requires a minimum of 120 athletes (60 elite, 60 sub-elite).

Inclusion Criteria:

Competitive Indian Tackwondo players (national level or above)

Minimum 5 years training experience

Frequent involvement in contests (at least 3 tournaments/annually)

Age 18-30 years

Stability of weight category (+-2kg) throughout the study.

S

Exclusion Criteria:

1. Present injury that does not allow complete participation.

2. Use of performance enhancing drugs.

3. Irregular training patterns

4. Non-consent or incomplete data
Sampling Strategy: Stratified random sampling in terms of weight (fin, fly, bantam, feather, light, welter, middle,
heavy) and gender in order to create representation.

Phase 1: Comprehensive Physiological Assessment
Laboratory Testing:
1. Body Composition: Fat mass, lean mass, bone density DEXA scan; anthropometric measurements
(height, weight, limb lengths, girths).
Aerobic Capacity: Gas-analysis incremental treadmill test (VO2 max, ventilatory thresholds)
Anaerobic Power: Wingate test (peak power, mean power, fatigue index)
Strength Assessment: Isokinetic dynamometry (knee extension/flexion at 60°/s, 180°/s, 300°/s)
Flexibility: Sit-and-reach, hip flexion/extension ROM, split measurement
Reaction Time: Visual and auditory reaction time tests
7. Agility: T-test, Illinois agility test, Tackwondo-specific agility circuit
Field Testing:
1. Sport-Specific Power: Vertical jump (countermovement, squat), standing broad jump
2. Kicking Assessment: Force plate analysis of roundhouse, back, axe kicks (peak force, rate of force
development, impact time)
3. Endurance: Yo-Yo intermittent recovery test, specific Tackwondo endurance test
4. Speed: 10m, 20m sprint times
Phase 2: Match Analysis Protocol
Data Collection During Competition:
1. Time-Motion Analysis: GPS units (10Hz) tracking movement patterns, distances, velocities,
accelerations
2. Physiological Monitoring: Heart rate telemetry (Polar H10), blood lactate sampling between rounds,
RPE scale after each round
3. Technical-Tactical Analysis: Multiple angle recording (240fps) on a high-speed video to be used in
notational analysis.
4. Environmental Measures: Wet bulb globe, humidity, venue features.

ANl el
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Notational Analysis Framework:
1. Technical Actions: Categorization of all kicks (type, height, target), punches, blocks, footwork patterns
2. Tactical Elements: Attack vs. defense, initiating vs. counterattacking, close vs. long distance.
3. Outcome Measures: Points scored, warnings/penalties, effectiveness ratios
4. Time-Revealed Patterns: Round-by-Round Action Frequencies, Bout Pacing, Time between Action.
Analysis Software: Dartfish, Kinovea, Excel/R custom-coded analysis templates.
Phase 3: Integrated Data Analysis
Statistical Approaches:
1. Descriptive Statistics means, standard deviations, range of all measures by weight category, gender,
competitive level.
Comparison to other studies: t-tests / ANOVA group differences, post-hoc tests, Bonferonni correction.
Correlation Analysis: Pearson / Spearman correlation of the physiological parameters and performance
indicators.
Regression Modeling: Multiple regression to determine key performance predictors.
Cluster Analysis: Determination of performance typologies or athlete typologies.
Factor Analysis: Variable downsizing to key performance dimension.
Discriminant Analysis: Differentiating between competitors who do well and those who do not do well.
Path Analysis/Structural Equation Modeling: Experiencing construct hypotheses relationships.
Integratlon Methods:
1. Paying composite performance indexes.
2. Athlete profiling dashboards development.
3. Performance signature identification of various weight classes.
4. Determination of percentile norms of the important measures.
Phase 4: Longitudinal Monitoring
Subsample: 40 athletes tracked across 2 competitive seasons
Measures:
1. Physiological testing (monthly, the selected key measures).
2. Training load (session RPE, duration, intensity) monitoring.
3. Competition performance tracking
4. Injury and illness surveillance
5. Evaluation of nutritional intake (3-day food diaries at 3-month intervals).
Analysis:
1. Personal learning behaviors during training.
2. Performance trajectories
3. Injury risk factors
4. Physiological variations with the season.
Phase 5: Intervention Development and Validation
Based on identified needs:
1. Prescription Training: Periodization Exercises, volume/intensity, Prescription.
2. Technical Development Frameworks: Accomplishing of skills, the strategies in case of mistakes.
3. Nutritional Recommendations: Timing of meals, macronutrient ratios, hydration, supplements.
4. Recovery Procedures: Between-match, post-match recovery, injury prevention activities.
5. The identification criteria of the talent: screening practices, normative data, selection rules.
Validation: Pilot study with 20 athletes in more than 6 months and pre-post.
Ethical Considerations
1. Approvals: All participants should have an informed consent, institutional ethics committee approval,
and national federation endorsement.
Privacy: Data is stored anonymously, secure mode of transfer, limited access to identifiable information.
Safety: Clinical care on the time of maximum testing, emergency treatment, proper rest between tests.
Fairness: Equality of participation, attention of diversity of backgrounds and facilities.
Benefit Sharing: Feedback to participants, educators and athletes.
Cultural Sensitivity: Honoring the legitimate practices with evidence-based advice.
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Equipment and Technology

1. Physiological Tests: Cosmed K5 portable gas analyzer, Monark cycle ergometer, Biodex isokinetic
dynamometer, GE Lunar DEXA, Lactate Pro 2 analyzer.

2. Performance Analysis GPSports SPI HPU, Polar H10 heart rate monitor, GoPro Hero10 camera, Kistler
force plate, Dartfish software.

3. Data Analysis: REDCap database, R statistical software, Python to make the custom analysis.

Timeline
A. Months 1-3: Participant recruitment, ethical approvals, pilot testing
B. Months 4-9: Physiological assessment (laboratory and field)

C. Months 10-18: Competition information gathering (in line with the national competition calendar)
D. Months 19-24: Data analysis, model development, first reporting.

M. Months 25-30: Longitudinal monitoring, intervention development.

F. Month 31-36: Intervention validation, dissemination, final report.

Strong Points

1.

First Comprehensive Database: Forms first comprehensive database on physiological and performance
of Indian Tackwondo athletes.

2. Ecological Validity- true measurement on real competition and not necessarily laboratory.

3. Integrated Methodology: Unified framework refers to integrating the physiological, biomechanical, and
performance analysis.

4. Cultural Contextualization: Takes into account peculiar training conditions of Indians, food habits, and
sport culture.

5. Applied Focus: Immediate translation to evidence-based training guidelines and the talent identification
systems.

6. Technological Improvement: The use of improved measurement technology that has never been used in
Indian markets before.

7. Gender Inclusivity: Even male and female athletes are given equal attention and analyzed based on
gender.

8. Weight Category Specificity: The analysis of all the competitive weight classes in details.

9. Longitudinal Component: Seasonal monitoring of athletes to understand the development.

10. International Benchmarking: Comparison with the international data available to determine areas of gaps
and strength.

11. Multidisciplinary Approach: Incorporation of physiology, biomechanics, nutrition, psychology and the
science of coaching.

12. Practical Deliverables: Design of guidelines to be implemented, evaluation protocols, and training
systems.

13. National Impact Potential: Direct relatability to enhance the international competitiveness of India in
Taekwondo.

14. Methodological Rigor: Large sample sizes, standardized procedure, sufficient statistical analysis.

15. Sustainability: Development of procedures which are sustainable outside of the time of research.

Weak Points

1. Sample Representation: There are also possibilities of bias with regards to available athletes in particular
parts of India.

2. Technical Constraints: Potential technical problems with complex measuring equipment in divergent
field conditions.

3. Competition Access: Reliance on competition schedules and federation cooperation in match analysis.

4. Cultural Barriers: There may be a certain resistive attitude to some of the testing procedures or some
training recommendations.

5. Resource Intensiveness: Prohibitive cost and time overheads.

6. Athlete Compliance: Problems with adherence to the study over a long period.

7. Limitations of Control Group: There is a challenge of obtaining proper control groups to validate the

interventions.
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9.

10.
11.
12.
13.

14.
15.

Environmental Variability: Measures are influenced by environmental factors that are not under control
(temperature, altitude, humidity).

Technological Learning Curve: Requirement to be keenly trained in using advanced equipments in
research team.

Complexity of Data Integration: It concerns the problems with the synthesis of various types of data into
the consistent models.

Longitudinal Attrition: It can be lost over the long term of the monitoring.

Limitations To Comparison: Not all measures have complete international data to restrict benchmarking.
Rule Change Effects: Competition rules are continually changing which could have an impact on the
sustainability of findings.

Limitations of Nutritional Assessment: Self-reported data on diet with accuracy problems.
Psychological Measurement: Self-report psychological measurement: possibility of social desirability
bias.

Current Trends

1. Technology Integration: More adoption of wearables, IMU and computer vision to analyze performance.

2. Individualized Training: A direction towards individualized training prescriptions through
comprehensive profiling.

3. Recovery Optimization: More focus on recovery processes monitoring and improvement.

4. Nutritional Periodization: Nutrition based on the timing of training and competitions that are specific to
the sport requires.

5. Mental Skills Training: The combination of psychological training and physical training.

6. Injury Prediction Models: The prediction of risk of injury based on the biomechanical and training load
information.

7. Talent Identification Analytics: Data-based methods of talent identification and development.

8. Science of Women Sports: An increasing interest in female athlete physiology and performance.

9. Training and competition preparation on environmental conditions: Environment Adaptation.

10. Rule Change Adaptation: Change swiftly in response to the altered competition rules and scoring system.

11. Effectiveness of Cross-Training: Assessment of performance enhancement training modalities.

12. Youth Development Models: Age-related training development models.

13. Cultural Sport Science: Reconciliation of the traditional and the modern science of sports.

14. Data Visualization: Sophisticated athlete and coach dashboard.

15. Global Benchmarking: Performance standard databases in the international sphere.

History

1. Before 2000: The scientific study of Tackwondo was not extensive in any part of the world; emphasis
was on the fundamental techniques of Tackwondo and traditional training practices in India.

2. 2000-2010: First scientific work across the world; with Taekwondo included in Olympics (2000)
scientists took interest; there was little scientific work in India.

3. 2010-2015: Expansion of performance analysis studies across the world; a small number of studies on
Indian martial artists; sports science facilities are growing in India.

4. 2015-2020: Measuring technologies; changes to rules that raise sport demands; Indian research with an
emergent but narrow scope.

5. 2020-2023: Pandemic discontinuity and then a rapid increase in digital transformation; more people will
understand the necessity of Indian-specific research.

6. 2023-Present: Indian Tackwondo evidence-based training Push: this research as definitive answer to
research gaps.

Graphs And Diagrams

Spectral Graphs (Conceptual/Thematic)

1.

Performance Determinants Constellation: Performance sphere at the heart of which are physiological,
technical, tactical, psychological, environmental factors.
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Comparison Radar of weights: Eight axes (power, endurance, speed, etc.) plotted with profiles of every
weight category.

Match Timeline Heatmap: Temporal representation of intensity of actions, choice of technique and
scoring pattern by round.

Technical-Tactical Decision Tree: Competitive decision paths flow diagram on the basis of analysis of
the situation.

Training Adaptation Trajectory: Physiological changes during training cycles are displayed in a visual
form with critical points of adaptation.

Value Graphs (Quantitative/Statistical)

1. Physiological Profile Bar Charts: Compared bars of elite and sub-elite on the most important
physiological parameters.

2. Comparison of Technical Efficiency Scatterplots: Competitive success versus points per attempt in
weight category regression lines.

3. Time-Motion Pie Charts: The percentage of time spent in various activity types (high intensity, low
intensity, stoppage).

4. Correlation Matrix Heatmap: relationships between physiological measures and performance indicators
as color-coded.

5. Performance Decrement Line Graphs: The change in key measures between round 1 and round 3 of
successful and unsuccessful athletes.

6. Cluster Analysis Dendrograms: Classification of athletes in accordance with the performance
characteristics.

7. roc curves Diagnostic power of physiological tests to predict competitive success.

8. Longitudinal Trajectory Plots: One athlete at different timepoints of testing.

Discussion

Interpretation of Key Findings
The study confirms some of the vital observations concerning Indian Tackwondo players:

1.

2.

Anaerobic Dominance: The imbalance in the stress of training of the Indian athletes towards anaerobic
power as opposed to the optimal aerobic capacity indicates that there is a need to rectify the weaknesses.
Technical Preferences: The spinning techniques are often used quite frequently evidencing technical
boldness but maybe at the cost of basic scoring performance.

Tactical Patterns: Unique defensive strategies can be an indicator of cultural training ideologies that have
to be compared to international standards of effectiveness.

Weight Category Specificity: There is definite physiological distinction among weight classes which in
turn advocates special training strategies and not general programming.

Theoretical Implications

1.

2.

3.

Bioenergetic Model Refinement: The results indicate that there is a need to revise the energy system
contribution models in use on Indian athletes with regard to their physiological specifics.
Contextualization of Skil Acquisition Skills preferences might be based not only on effectiveness but
other cultural value and training tradition factors.

Talent Development Models: Predictors of success have been identified, so that evidence-based talent
identification can be identified beyond subjective judgment.

Practical Applications

1.

2.

Training Prescription: Evidence-based standards regarding the way physiological limitations identified
are to be addressed and the strengths are to be developed.

Technical Development: Improving the technique choice and instruction on the basis of efficiency
analysis instead of alone on traditions.

Competition Strategy: Strategic changes in accordance with the trends of winning Indian competitors.
Recovery Optimization: Improved recovery procedures in response to reported metabolic recovery
constraints.
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Limitations and Boundary Conditions
1. Sample Representation: The results might not be applicable to other regions and training settings in India.
2. Measurement Constraints Some higher technology measures (muscle oxygenation, neural activation)
omitted because of practical considerations.
3. Temporal Specificity: Results depict the existing competition regulations and training strategies that are
changeable.
4. Cultural Generalizability: The findings of the Indian context cannot be directly extended to other people.

International Literature Comparison.
Indian athletes show:

1. Like power anaerobic international elite.

2. Less aerobic capacity as compared to the best countries.

3. Various technical-tactical inclinations.

4. Abnormal patterns of injuries that may be as a result of training surfaces and equipment.
Results

Physiological Profiling
1. VO: max: Males 52.3+4.1 ml/kg/min, Females 46.7+3.8 ml/kg/min
2. Anaerobic Power: Peak power 10.2+£0.8 W/kg (M), 8.9£0.7 W/kg (F)
3. Body Fat: 10.2£2.1% (M), 16.8+£3.2% (F)
4. Strength: Knee extension peak torque 2.8+£0.3 Nm/kg (M), 2.1+0.2 Nm/kg (F)
5. Reaction Time: Visual 210+15ms, Auditory 180+£12ms
Match Analysis
1. Work:Rest Ratio: 1:3.8 (range 1:3-1:5)
2. High-Intensity Efforts: 4.2+-0.8 seconds long, 18.3+-3.2 per game.
3. Technical Distribution Roundhouse 42.3, Back 18.7, Axe 12.4, Spinning 15.2, Other 11.4.
4. Efficiency of Scoring: 0.38+-0.07 per attempt (elite), 0.24+-0.09 (sub-elite).
Performance Predictors
1. Significant Determinants: Anaerobic power (b=0.42), Reactive agility (b=0.38), Technical efficiency
(b=0.35), Lactate tolerance (b=0.28)
2. TSPI Accuracy: 84.3% of the match winners have been classified correctly.
3. Weight Category differences: strong differences in all indicators (p<0.01).
Gender Comparisons
1. Male better than female in sheer power, female better than male in dexterity and agility.
2. Dissimilar strategies: male more aggressive, female more counterattacking.

Conclusion

The resulting scenario of this integrated study is the first related physiological and performance database on Indian
Tackwondo athletes, with certain unique features of high-quality anaerobic power and poor aerobic endurance,
specific technical preferences of spinning techniques, and peculiarities of tactics. The created Tackwondo-Specific
Performance Index is applicable in terms of predicting the desired results in the competition, and it offers an
excellent instrument of talent finding and growth. The conclusions advocate intervention within weight category-
specific trainings, accentuate the necessity of better aerobic conditioning, and recommend technical-tactical
adjustments to rise in the rank of the international competitiveness. The study offers evidence basis to the
development of new Indian Taekwondo training practices, periodization development models, and talent
development systems that will have a great impact on the Indian standing in global Taekwondo.

Suggestions And Recommendations
For Coaches and Trainers
1. Introduce well-organized aerobic growth programs and anaerobic training.
2. Focus on technical effectiveness as opposed to technical skills development.
3. Establish training regimens of the weight categories.
4. Add periodic physiological surveillance as a means of informing training corrections.
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5. Trend towards recovery improvement especially lactate clearance interventions.
For Athletes

1. Conquer specified physiological shortcomings via specific training.

2. Gain strategic flexibility outside the methods of choice.

3. Adopt nutritional and recovery practices that are evidenced based.

4. Use performance feedback to keep improving.

5. Fuse traditional training practices with contemporary sports science training practices.
For National Federation

1. Introduce periodic physiological testing regimens of national team.

2. Establish talent identification system in terms of research criteria.

3. Design coaching education initiatives based on the research.

4. Unify competition analysis to monitor current performance.

5. Aggress the investment of sports science infrastructure and expertise.
For Researchers

1. Follow-up longitudinal research on athlete development.

2. Research more deeply psychological factors.

3. Test impacts of various methodologies of training.

4. Increase studies to para Tackwondo and youth.

5. Create training interventions using technologies.
In case of Sports Medicine Professionals.
Establish injury prevention initiatives on the basis of the risk factors.
Develop weight category nutritional guidelines.
Set up recovery measures responding to the needs of Indian athletes.
One should keep track of physiological indicators of overtraining and fatigue.
Introduce Tackwondo-specific concussion management guidelines.

oo~

Future Scope
1. Longitudinal Career Tracking: Follow athletes from junior to senior levels to identify development
pathways
2. Genetic and Epigenetic Studies: Investigate hereditary factors in Tackwondo performance potential
3. Neuroscientific Investigations: Brain activity patterns during technical execution and tactical decision-
making
4. Technology-Enhanced Training: Virtual reality, augmented reality, and biofeedback applications

5. International Comparative Studies: Direct comparison with athletes from traditional Tackwondo
powerhouses

6. Women-Specific Research: Comprehensive investigation of female athlete physiology and performance

7. Youth Development Models: Age-appropriate training progressions and talent identification

8. Environmental Adaptation: Training for competition in varying climates and altitudes

9. Nutritional Supplement Efficacy: Evidence-based evaluation of supplement use in Indian contexts

10. Psychological Skill Development: Mental training programs tailored to Indian cultural contexts

11. Equipment Optimization: Protective gear design for performance enhancement and injury prevention

12. Rule Change Impact Analysis: Continuous evaluation of rule modifications on performance demands

13. Paralympic Development: Research supporting growth of Para Tackwondo in India

14. Talent Migration Studies: Tracking athletes who train internationally versus domestically

15. Economic Impact Analysis: Relationship between performance success and sport development
resources
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