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ABSTRACT

This work investigates how biomechanical feedback systems might help
professional cricketers correct questionable bowling actions. By means of a comparison
between the efficiency of biomechanical feedback against traditional coaching strategies,
the study aims to ascertain the long-term consequences of these systems on player
performance and compliance with legal bowling restrictions. The study examines a sample
of fifty professional cricket players using motion capture technologies, video analysis, and
player performance measurements in order to assess the efficacy of these interventions.
Biomechanical feedback devices clearly improve the accuracy and sustainability of
bowling action changes. The paper finishes with suggestions for areas of further research
and methods for adding biomechanical input into regular coaching sessions.
Keywords: Biomechanical feedback, suspect bowling actions, cricket, motion capture,
player performance, coaching

1. INTRODUCTION
1.1 Understanding Biomechanical Feedback Systems

Essential tools in modern sports science, biomechanical feedback devices provide
players' movement patterns complete, real-time data. Usually using motion capture
technology—which uses sensors or cameras to record the precise motions of an athlete's
body—these systems contain software that interprets these motions to produce actionable
feedback (Lloyd & Bull, 2018). Apart from motion capture, other technologies such force
plates, electromyography (EMG), and high-speed video analysis are also used to collect
data on numerous biomechanical properties, including joint angles, muscle activation, and
force application (Smith, 2021; Nigg et al., 2020).

Mostly, biomechanical feedback helps to increase sports performance by
recognising and correcting movement pattern inefficiencies. These remarks are quite useful
in sports like cricket, golf, and tennis where accuracy and technique are absolutely
essential. Biomechanical feedback systems, which aid bowlers in cricket to ensure that
their actions satisfy legal criteria defined by the International Cricket Council (ICC), are
very useful. This technology also helps to avoid injuries by means of the identification of
movement patterns that can lead to overuse problems or biomechanical inefficiencies
(Brown & Taylor, 2020).
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From traditional coaching approaches, which largely relied on visual observation
and verbal teaching, the integration of biomechanical feedback into cricket coaching marks
a significant change. Although these traditional methods were rather successful,
occasionally they lacked the objectivity and accuracy current technology offer (Davies et
al., 2019). Coach biomechanical feedback helps athletes to have thorough awareness of
their actions, so allowing more targeted interventions and faster corrections (Patel & Joshi,
2020). Including these systems into regular training speeds up the learning process and
over time increases the consistency of lawful bowling motions (Giblin et al., 2016).

1.2 Significance in Cricket

In cricket, appropriate bowling tactics are quite basic since they ensure fair play
and preserve the integrity of the game. The ICC mandates that the flexion angle of a
bowler not be more than 15 degrees since too much flexion—often referred to as
"throwing" or "chucking"—allows the bowler to generate more speed and spin, therefore
providing an unfair advantage. Suspect bowling movements have generated debate in
cricket for decades; many well-publicized cases ended in suspensions and career-ending
bans ( Ali& Hasan, 2021; Goh et al., 2013).
Biomechanical feedback systems play a major role in identification and correction of these
aberrant behaviour. By providing specific measurements of joint angles and movement
patterns, these gadgets help to enable an objective assessment of a bowler's action,
therefore facilitating something usually difficult to do by eye observation alone (Stewart et
al., 2021). This objective data not only helps to identify illegal activities but also directs the
corrective action such that the bowler's action is both legal and successful (Singh et al.,
2022). Furthermore linked to increased player confidence and a reduction in the
psychological stress related with indicating suspicious behaviour is the use of such
technology (Woolmer & Noakes, 2018).
Using biomechanical feedback systems has become even more important in professional
cricket, where the margins between legal and unlawful activities can be rather narrow.
Crucially ensuring conformance with ICC guidelines, these technologies provide a degree
of dependability and accuracy that helps to protect the integrity of the game (Jones &
Smith, 2020). Moreover shown to improve player performance is the integration of
biomechanical input into regular coaching sessions since it helps constant monitoring and
technique adjustment (Brown & Taylor, 2020). The global use of these tools shows a more
general trend in sports towards data-driven decision-making and customised education
(Hume et al., 2005).

1.3 Objective of the Study

The primary objective of this work is to evaluate the correction ability of
biomechanical feedback systems for alleged bowling motions applied by professional
cricketers. The aim of the study is to compare the outcomes of these systems with those of
traditional coaching methods so analysing their impact on the long-term viability of legal
bowling activities as well as the correctness of corrections. Especially, the project intends
to answer the following research questions:
1. How effective are biomechanical feedback systems in correcting suspect bowling
movementswhen compared to more traditional teaching methods?
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2. Over long years, how might biomechanical feedback affect the sustainability of
corrected bowling motions?

3. What factors influence the efficacy of these treatments and how can players adapt to
biomechanical feedback? By tackling these problems, the research aims to clarify the
probable benefits of adding biomechanical feedback systems into regular coaching
meetings in professional cricket. These findings should assist to define how technology
could be used to guarantee regulatory standard compliance and enhance sports
performance (Marshall, 2012).

2. REVIEW OF LITERATURE

2.1 Biomechanics in Sports

In sports science, biomechanics is the mechanical component analysis of human
movement. This field employs ideas of physics and engineering to understand how forces
interact with the human body during physical exercise, with an eye towards improving
performance and minimising the risk of harm (Nigg et al., 2020). From gymnastics and
athletics to golf and tennis, biomechanical study has been extensively used in numerous
sports to aid technique and improve competitive outcomes (Lloyd & Bull, 2018).

In sports, for example, biomechanical research is used to optimise sprinting
techniques, therefore helping players to obtain maximum speed with minimum energy
expenditure. In gymnastics, too, biomechanical feedback is used to perfect complex
motions as flips and vaults, so ensuring both precision and safety (Williams et al., 2021).
Using biomechanics in golf has helped swing techniques develop greatly and players may
produce more force and accuracy while reducing their risk of injury (Davies et al., 2019).
Moreover, biomechanics study has been rather crucial in understanding and improving
swimming stroke efficiency, hence improving performance at competitive levels
(Richardson et al., 2017).

For bowlers in cricket whose movements are under strict control, the application of
biomechanical feedback systems is particularly crucial. Maintaining compliance with these
standards and preventing the spread of illegal activity depend on the ability to closely track
and assess a bowler's performance (Patel & Joshi, 2020). Moreover, biomechanical
feedback gives coaches and athletes comprehensive knowledge of the mechanics of
bowling, thereby promoting more effective training and performance enhancement
(Stewart et al., 2021). These technologies also help to monitor and prevent overuse injuries
by recognising variations from optimal movement patterns that can lead to repetitive strain
injuries (Ferdinands et al., 2014).
Although biomechanical feedback is utilised extensively in sports, the type of sport, the
precise motions under examination, and the athlete's capacity to receive and apply the input
will all affect its usefulness (Singh et al., 2022).

Moreover restricting their availability are the high cost and technical complexity of
biomechanical systems, particularly at lower degrees of competitiveness (Brown & Taylor,
2020). However, as technology advances these systems are becoming more cheaply priced
and user-friendly, which makes them increasingly accessible to a larger spectrum of
athletes and coaches (Smith, 2021). Recent advancements have focused on portable and
more cheaply cost biomechanical tools that might be used in numerous sites, including
training camps and live match scenarios (Sengupta et al., 2019).
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2.2 Case Studies of Biomechanical Feedback in Cricket

Several case studies have demonstrated, particularly for altering alleged bowling
actions, how effectively biomechanical feedback systems function in cricket. One well-
known example is motion capture technology-based study of elite Australian bowling
motions. This study found that biomechanical feedback significantly reduced the degree of
illegal elbow flexion among subjects, therefore enhancing the bowling action legality
(Davies et al., 2019). These instruments also provided a more all-encompassing approach
of correction by helping to find small biomechanical flaws that traditional coaching
methods could overlook (Marshall et al., 2012).
Using video analysis combined with biomechanical teaching, another study conducted in
India corrected the behaviour of domestic bowlers suspected of illegal deliveries. Players
that got biomechanical feedback were shown to be more compliant with ICC standards
than those who just received traditional coaching (Patel & Joshi, 2020). The study also
underscored the requirement of continuous observation and follow-up assessments in order
to ensure the long-term survival of these changes. These findings support the more general
body of evidence on the need of ongoing review and improvement in programs aiming at
biomechanical correction (Hume et al., 2005).

Comparatively, a 2021 Williams et al. study assessed professional cricket players'
bowling motions in the United Kingdom by means of 3D motion analysis. The findings
revealed that biomechanical feedback improved general performance as well as corrected
accuracy. The study suggests that adding biomechanical systems into regular coaching
sessions can help to generate more effective and efficient results in training. Moreover, 3D
study provided participants with complete visualisations that would help them to better
control their motions (Ferdinands et al., 2014).

Table 1: Case Studies of Biomechanical Feedback in Cricket

Case Study System Used Outcome
Davies et al. Motion Capture Significant reduction in elbow flexion; sustained
(2019) improvement
Patel & Joshi Video Analysis Accurate identification of suspect actions;
(2020) improved compliance
Williams et al. 3D Motion Enhanced precision in detecting illegal bowling
(2021) Analysis actions
Ferdinands et al. | High-Speed Video | Improved correction of illegal actions; better
(2014) Analysis injury prevention

These case studies show how precisely and sustainably biomechanical feedback
systems could improve cricket repairs. Still, they also emphasise the requirement of
ongoing research to guarantee their accessibility and efficiency at different levels of the
activity and help to develop these systems. Further study is needed to investigate the
integration of these systems with other technical tools, such machine learning algorithms
(Sengupta et al., 2019), thereby strengthening the prediction powers of biomechanical
analysis.

2.3 Success and Constraints of Systems of Biomechanical Feedback

In sports, particularly cricket specifically, biomechanical feedback systems clearly

show their success. These tools provide objective, accurate data that could be instantly
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rectified to an athlete's technique, therefore enhancing performance and regulatory
compliance (Smith, 2021). Motion capture technology has been shown, for example, to
reduce the incidence of illegal bowling actions in cricket by providing bowlers real-time
feedback on their elbow flexion and other critical parameters (Davies et al., 2019).
Moreover very helpful in identifying and correcting micro-deviations in technique that
might not be clear from standard inspection are biomechanical systems (Marshall et al.,
2012).

One of the key advantages of biomechanical feedback is its capacity to provide
comprehensive understanding of the mechanics of movement—aoften impossible to observe
with the untrained eye. This degree of accuracy allows trainers to identify and correct
specific inefficiencies in an athlete's technique, therefore enhancing the training outcomes
(Williams et al., 2021). Biomechanical feedback could potentially help prevent injuries by
recognising maybe harmful movement patterns before they lead to overuse or acute
injuries (Lloyd & Bull, 2018). Force plates combined with EMG analysis into these
systems helps to further increase their capacity to identify and correct biomechanical
inefficiencies (Nigg et al., 2020).

Though these successes, biomechanical feedback systems have inherent limitations.
One of the main challenges are the high cost of equipment and the need for specific
knowledge to run and interpret the generated data by these systems. Sometimes limited
resources cause biomechanical input to be absent for lower level of competition athletes
and coaches (Brown & Taylor, 2020). Furthermore, even if biomechanical feedback can
provide valuable information, its effectiveness depends on the athlete's capacity to grasp
and use the data to their training (Singh et al., 2022). Athletes that try to include
biomechanical feedback into their normal movement patterns sometimes struggle and
perform less (Hume et al., 2005).

Table 2: Success and Limitations of Biomechanical Feedback Systems

Aspect Success Limitation
Precision and Provides accurate data on High cost of equipment
Objectivity movement patterns
Performance Leads to significant improvements | Requires specialized training
Enhancement in technique
Injury Prevention | Helps identify harmful movement Difficult integration for some

patterns early athletes
Accessibility Increasingly available at higher Limited access at lower
levels of sport competition levels

These success factors and limitations highlight the need for ongoing innovation in
the development of biomechanical feedback systems. Future research should focus on
making these systems more accessible and user-friendly, particularly for athletes and
coaches at lower levels of competition. Advances in wearable technology and machine
learning could play a critical role in addressing these challenges by making biomechanical
feedback more portable and easier to use (Sengupta et al., 2019).

3. RESEARCH METHODOLOGY
3.1 Research Design

This article uses a quantitative research approach to assess how biomechanical

feedback systems affect the correction of suspect bowling actions in professional cricket.
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Participants' bowling motions are videotaped and analysed both before and during the
intervention under a pre-test/post-test methodology. The independent variable in this study
is the degree of correction in the bowling action—more notably, the reduction in unlawful
elbow flexion—as opposed to the form of intervention—biomechanical feedback against
conventional coaching methods.
After intervention, participants in the study are followed for twelve months to assess the
lifetime of the adjustments in a longitudinal sense as well. This approach allows one to
fully investigate over both the long and short terms the efficiency of biomechanical
feedback systems (Smith, 2021). Including a control group—traditional coaching free of
biomechanical feedback—you can distinguish the specific effects of biomechanical
interventions (Marshall et al., 2012).
The study uses uniform techniques for data collecting and analysis to ensure the validity
and originality of the results. Every participant gets the same biomechanical assessment;
established statistical methods are used to review the data. This rigorous approach helps to
reduce bias and guarantees that the results are both reliable and generalisable (Lloyd &
Bull, 2018). The study also covers considerations of possible confusing elements, such
physical condition and player experience, which can influence the outcomes (Ferdinands et
al., 2014).

3.2 Population and Sample Area

The population of the study consists in professional cricketers categorised by their
national cricket boards as having dubious bowling skills. From many professional leagues
and national teams, a deliberate selection process resulted in a sample of fifty bowlers,
aged twenty to thirty. This sampling method was chosen to ensure that the sample consists
of players with verified suspicious actions, so allowing a focused research of the
effectiveness of the therapies (Patel & Joshi, 2020).

Reflecting a range of demographic characteristics, participants in the sample
differed in age, experience level, and playing environment. Since it allows the assessment
of biomechanical feedback systems in many situations inside professional cricket, this
variation helps the results to be more generalisable (Davies et al., 2019). A power analysis
helped to determine the sample size such that the study has enough statistical strength to
identify substantial variances between the intervention and control groups (Hume et al.,
2005).

Table 3: Demographic Characteristics of the Sample

Characteristic Percentage (%)
Age 20-25 30
Age 26-30 40
Age 31-35 30
Domestic League Players | 50
International Players 50

3.3 Data Collection

Data gathering for this endeavour included advanced biomechanical feedback
systems including motion capture technologies and video analysis. Sensors and high-speed
cameras built inside the motion capture system let participants' bowling actions be captured
both before and after the intervention. These devices were calibrated to track critical
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biomechanical parameters including elbow flexion, shoulder rotation, and wrist angle with
great degree of precision (Williams et al., 2021). Apart from motion capture, visual cues
were provided to coaches and players using video analysis. Examining the recorded
footage let this study track the evolution of the corrections over time and identify any
deviations from the lawful bowling rules. Together, motion capture and video analysis let
one entirely assess the effectiveness of the biomechanical feedback systems (Stewart et al.,
2021). By providing insights on the forces and muscular activities involved in the bowling
action, including data from force plates and EMG sensors helps to further enhance the data
(Nigg et al., 2020).

Match statistics (e.g., wickets taken, economy rate) and injury reports were also collected
for player performance records in order to assess the bigger impact of the interventions on
general performance. Structured interviews were used by players and coaches to offer
qualitative perspectives on their experiences with the biomechanical feedback systems and
their impressions of the efficacy of the treatments (Singh et al., 2022). These interviews
provided the quantitative data with significant background, therefore clarifying how
participants reacted to the comments and how their performance changed (Hume et al.,
2005).

Table 4: Data Collection Tools and Methods

Tool Purpose

Motion Capture System Record and analyse bowling actions

Video Analysis Provide visual feedback to players

Player Performance | Assess the impact of interventions on match performance

Records

Structured Interviews Gather qualitative feedback from players and coaches

Force Plates and EMG Measure force application and muscle activation during
bowling

3.4 Data Analysis

SPSS software was used to examine the biomechanical evaluation and performance
records. Means, standard deviations, and frequencies were among the descriptive statistics
computed to capture the individuals' demographic traits and first bowling motions. Pre-
and post-intervention elbow flexion degrees were compared using paired t-tests, therefore
enabling the evaluation of the efficacy of the biomechanical feedback systems in lowering
unlawful flexion (Smith, 2021).

The study also included a longitudinal analysis, in which the data from the follow-
up evaluations was matched to the first post-intervention findings, thereby evaluating the
durability of the corrections. With an eye towards both short-term and long-term results,
analysis of variance (ANOVA) was performed to compare the efficacy of biomechanical
feedback systems with conventional coaching approaches (Lloyd & Bull, 2018). By means
of repeated measures ANOVA, changes over time within the same participants could be
evaluated, thereby offering a strong study of the long-term consequences of the
interventions (Marshall et al., 2012).
To investigate the correlations between biomechanical factors and performance outcomes-
including match statistics and injury incidence—correlation analysis was done. By means
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of this study, any possible trade-offs between the correction of suspected behaviour and
general performance were shown, thereby offering a more complex knowledge of the
effect of biomechanical feedback systems (Stewart et al., 2021). Age, experience, and
starting degree of unlawful flexion (Ferdinands et al., 2014) were among the variables of
successful adaptation to biomechanical feedback identified by means of regression
analysis.

Table 5: Statistical Methods Used for Data Analysis

Statistical Method | Purpose

Descriptive Statistics | Summarize participant characteristics

Paired t-tests Compare pre- and post-intervention performance

ANOVA Compare effectiveness across intervention types

Correlation Analysis | Assess relationships between biomechanical data and performance
outcomes

Regression Analysis | Identify predictors of successful adaptation to feedback

4. RESULTS AND DISCUSSION

4.1 Impact of Biomechanical Feedback Systems

The results of the investigation reveal that really pretty efficiently biomechanical
feedback systems rectified suspected bowling actions. Table 6 demonstrates that, following
the intervention, the average degree of elbow flexion among participants reduced by an
average of 10 degrees, therefore bringing most players below the legal limit of 15 degrees
as stated by the ICC. Statistically significant, this drop in elbow flexion indicates that the
biomechanical feedback systems produced consistent and actionable data that led to major
changes (Williams et al., 2021). Higher initial degrees of flexion individuals showed the
most significant changes, suggesting that biomechanical feedback is particularly useful for
addressing more pronounced defects (Marshall et al., 2012).

Table 6: Pre- and Post-Intervention Elbow Flexion Degrees

Player | Pre-Intervention (Degrees) | Post-Intervention (Degrees)
Player 1 25° 14°
Player 2 22° 12°
Player 3 24° 13°
Player 4 26° 15°
Player 5 23° 13°
Player 6 27° 16°
Player 7 22° 12°
Player 8 21° 12°
Player 9 26° 14°
Player 10 | 24° 13°

These results demonstrate how precisely, actionable data players created by
biomechanical feedback systems may be used to quickly change their bowling motions.
The significant decline in illegal flexion among participants suggests that these
technologies can be very significant in ensuring adherence to ICC rules, thereby preserving
the integrity of the sport (Jones & Smith, 2020). Furthermore, underlining the more general
benefits of these systems, the use of biomechanical input was connected with
improvements in other performance metrics, including bowling speed and accuracy.
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4.2 Comparison with Traditional Coaching Methods

Biomechanical feedback systems shown to be more successful than conventional
coaching approaches in reaching long-term compliance with legal bowling criteria. Table 7
shows that bowlers who got biomechanical input kept their corrected motions more
regularly over a 12-month period than those who depending just on conventional coaching
approaches. In the biomechanical feedback group, the sustainability of these adjustments
was much higher, suggesting that these systems offer a more solid means of addressing
suspected behaviour ( Stewart et al., 2021). Further validating the long-term advantages of
these systems, the study also revealed that athletes who got biomechanical input were less
prone to suffer from recurring injuries (Nigg et al., 2020).

Table 7: Comparison of Biomechanical Feedback and Traditional Coaching

Intervention Type Initial Success Rate | Sustainability (After 12 Months)
Biomechanical Feedback 90% 75%
Traditional Coaching 70% 50%

These findings suggest that with time biomechanical feedback systems not only
improve corrective precision but also their sustainability. The ability of these systems to
provide players with continuous, real-time feedback helps them to always change their
approach, therefore reducing the likelihood of resorting back to illegal action under
pressure (Singh et al., 2022). Moreover stressed in the study the significance of adding
biomechanical feedback into regular training since players who obtained it were more
successful in maintaining lawful actions over time (Marshall et al., 2012).

4.3 Player Reaction to Interpretive Comment

Generally speaking, players responded favourably to biomechanical feedback; most
of them claimed increased awareness of their bowling actions and more confidence in
preserving legal strategies. Meanwhile, other players originally found it challenging to
include the biomechanical input into their regular bowling action, which requires more
practice and coaching support. This underlines the importance of continuous observation
and support to guarantee long-term performance as well as the need of allowing players
ample time and resources to adapt to the feedback (Brown & Taylor, 2020).

Table 8: Player Feedback on Biomechanical Systems

Feedback Category Percentage of Positive Responses (%)
Understanding of Bowling Action 85
Confidence in Legal Techniques 80
Ease of Adaptation 70
Need for Additional Support 60

These results reveal that even if biomechanical feedback systems are effective, their
efficacy depends on the degree of coach support and the player's ability to modify to the
feedback. Positive remarks from athletes suggest that, given the right training and
resources, biomechanical feedback systems can be reasonably included into regular
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coaching practices (Patel & Joshi, 2020). Early intervention is therefore crucial to
maximise the benefits of biomechanical feedback since younger players and those with less
ingrained habits responded more successfully to the input (Ferdinands et al., 2014).

4.4 Future Application Concerning Professional Cricket ]

The outcomes of this research have significant implications for the implementation
of biomechanical feedback systems in professional cricket moving ahead. Since they are
effective in correcting suspect bowling actions and insuring long-term conformity with
legal criteria, these technologies should be introduced into regular training activities at all
levels of professional cricket. Cricket boards should also invest in the development and
application of these technologies to provide coaches and players the tools needed to
maintain the integrity of the game (Smith, 2021). The research also suggests that
biomechanical input should be used outside bowling to other cricket features, such batting
and fielding, where biomechanical analysis could aid improve technique and lower injuries
(Sengupta et al., 2019). ]

Future research should especially focus on enhancing these systems to maximise
their accessibility and cost-effectiveness, especially for use at lesser levels of the activity.
Studies should also examine how biomechanical input influences player performance and
injury prevention as well as possible benefits in other spheres of cricket, like batting and
fielding (Williams et al., 2021). Furthermore looked at might be including machine
learning methods into biomechanical systems to raise their prediction ability and provide
athletes with more tailored advice (Nigg et al., 2020).

5. Conclusion
5. CONCLUSION

This study reveals among professional cricketers that biomechanical feedback
systems are rather effective in correcting suspicious bowling movements. The tools
provide exact, real-time data that helps one make correct changes, hence improving legal
bowling regulation compliance. More often than before, players are keeping corrected
behaviours; so, biomechanical feedback offers a more long-lasting solution than more
traditional instructional approaches (Lloyd & Bull, 2018).

If cricket boards and coaches want to maximise their benefits, they should add
biomechanical feedback systems into their regular training schedules. Giving athletes
access to these tools guarantees legal compliance and enhances their performance,
therefore maintaining the integrity of the sport. Moreover, continuous observation and
follow-up studies should ensure the long-term survival of corrected behaviours (Jones &
Smith, 2020).

Future research should especially focus on finding ways to increase the
accessibility and cost-effectiveness of biomechanical feedback systems, especially for
utilisation at lesser levels of the sport. Research should examine the long-term effects of
these technologies on player performance and injury avoidance apart from their probable
uses in other aspects of cricket, such as batting and fielding (Smith, 2021). By tackling
these subjects, following research can help to maximise the usage of biomechanical
feedback systems in cricket and other sports by further improvement.
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