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INTRODUCTION
The stimulus article represents another in a series of well-researched and carefully-compiled
pieces on the science and philosophy of golf coaching by Simon Jenkins. Dr. Jenkins has
done a fine job at assimilating information from a diverse range of sources to support and
justify the creation of a new Master of Science degree in golf teaching/coaching, which he
suggests could facilitate the development of professionalism among golf coaches.

In principle, I support the development of this postgraduate programme, which has the
potential to increase awareness and understanding of the role that science and technology
plays in enhancing golf performance. Although the marketplace is currently saturated with
‘professional’ certifications provided by predominantly commercial enterprises (e.g., Titleist
Performance Institute, Nike Golf 360, Golf Biodynamics, The Golfing Machine, Trackman
University, etc.), a formal qualification earned through a reputable academic institution with
a strong sporting pedigree, which involves a sustained period of study and the opportunity to
undertake original applied research, should be attractive to, and welcomed by, the more
aspirational and analytically-minded golf coach.

Given the stiff competition, this postgraduate qualification needs to quickly gain
credibility and acceptance among golf coaches and, ideally, their representative body, the
Professional Golfers’ Association. To increase the esteem in which the course is held, I
believe the sport science component needs to be based on cutting-edge theoretical and
empirical research that has preferably been subjected to the rigours of peer-review. I am
empathetic to Dr. Jenkins’ apparent desire to adopt a theory-driven approach that considers
the golfer from a more holistic perspective, so in the remainder of this commentary, I will
outline a theoretical model that could provide a platform on which to integrate the various
subdisciplines of sport science to gain a more complete understanding of golf performance.

THE NEED FOR A UNIFYING THEORETICAL MODEL OF THE
GOLFER
It is generally accepted that proficient golf performance is dependent on a multitude of
factors, including physiological fitness, physical development, psychological preparedness
and biomechanical efficiency. Most performance-related scientific research in golf, however,
has tended to be monodisciplinary in nature with most studies being conducted within the
confines of one of the subdisciplines of sport science. Few studies have attempted to
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integrate principles, concepts and data from, for example, biomechanics, physiology or
psychology despite calls by Farrally et al. [1] and others to do so.

One of the reasons why interdisciplinary research into golf performance has been scarce
might be that a unifying theoretical model of the golfer, capable of integrating the
subdisciplines of sport science, has yet to be established. A model that could fill this void—
and potentially provide the theoretical basis for the proposed Master of Science degree in
golf teaching/coaching—has been described by Newell [2]. An adapted and extended version
of his constraints-based framework as applied to golf is provided in Figure 1. This tripartite
model has been the cornerstone of many dynamical systems investigations of human
movement and it has been applied to a variety of areas, including: talent identification and
development [3]; sport medicine [4] and physical therapy [5]; skill acquisition [6]; strength
and conditioning [7,8]; sport biomechanics [9-11]; and sport performance analysis [12,13].

A central tenet of this model is that the coordination and control of the golf swing, which
directly determine impact conditions and shot outcome (assuming constant environmental
conditions), emerge from the confluence of interacting constraints via the formation and self-
organisation of task-specific structural units known as coordinative structures (see the classic
papers by Turvey and colleagues [14-17] discussing the degrees of freedom problem and its
solution).

According to Newell [2], constraints can be categorised as being either organism-,
environment-, or task-related. Organismic constraints are those that are internal to the golfer,
including height, body mass and composition, anthropometric and inertial characteristics of
body segments, and muscle fibre composition. Environmental constraints are those that are
external to the golfer, including ambient light and temperature, surface compliance and
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Figure 1. An Adapted and Extended Version of Newell’s [2] Model of
Constraints as Applied to Golf
The shaded areas summarise how patterns of coordination and control,
which ultimately determine impact conditions and shot outcome
(assuming constant environmental conditions), emerge from the
confluence of interacting constraints via the formation and self-
organisation of coordinative structures. The unshaded areas indicate
where the various subdisciplines of sport and human movement science
could be integrated into the model to provide interdisciplinary insights for a
more comprehensive and holistic understanding of golf performance (see
text for further elaboration).



topography, and acoustic information. Finally, task constraints are those requirements that
have to be met within some tolerance range in order to perform successfully. In golf, task
constraints typically only have a spatial component, such as hitting to a particular region of
the fairway or putting towards the hole. Rules governing the game, clubs used to perform it,
and instructions issued by a coach can also be classified as task constraints. For further
examples of the different types of constraints in golf, see Glazier and Davids [18].

Newell’s [2] constraints-based model not only provides a more holistic understanding of
golf performance than other, more traditional, computational (information processing)
approaches adopted in previous studies of the golf swing [19,20], it also offers a viable
platform on which to integrate the various subdisciplines of sport and human movement
science to gain a more comprehensive understanding of golf performance. The potential roles
and contributions of the different subdisciplines are summarised in the unshaded areas of
Figure 1 and elaborated briefly below:

1. Performance analysis can interpret shot outcome data obtained from databases such as
ShotLink® to objectively identify variables and playing strategies that are associated
with proficient golfing performance [21,22].

2. Sport technology can provide the tools for measuring and analysing impact conditions
and ball flight. Launch monitors such as TrackMan® provide extensive information
about club (e.g., speed and path, attack and face angles, dynamic loft, etc.) and ball
(e.g., speed, launch angle, spin rate, etc.) dynamics. The shot outcome is
deterministically related to the initial launch conditions and governed by the ‘ball flight
laws’ [23]. The data provided by these devices can be used as a basis for guided
discovery learning in which augmented information is used to channel, rather than to
specify, the movement patterns to be adopted [24]. Indeed, anecdotal reports from top
golf coaches indicate that this method of instruction may be superior to more traditional
position-focused teaching methods [25].

3. Sport biomechanics can provide the methods and tools for measuring and analysing
patterns of coordination and control predominantly at the behavioural level of analysis
[10,11]. The neuromuscular level of analysis is accessible, but measurement tools and
techniques for measuring the output of individual degrees of freedom (e.g., muscles or
motor units) are somewhat limited at present [26].

4. Skill acquisition and motor control can enhance understanding of how coordinative
structures are formed and how their morphology changes during learning [27,28], how
practice design and training environments can be manipulated to accelerate their
assembly and optimisation [29], and how the degrees of freedom comprising them re-
organise as internal and external constraints change.

5. Sport physiology and psychology can provide the methods and tools for measuring and
analysing key functional organismic constraints, such as fatigue and anxiety, which
have both been shown to have a substantial impact on the interaction and (re-)
organisation of degrees of freedom at different levels of analysis [30-33].

6. Motor development can provide insights into how structural organismic constraints, such
as strength and flexibility, change across the lifespan and how they shape and impact on
golf performance. Movement variability and consistency have been identified as
important issues [34], especially among the senior golfing population [1]. Research has
shown that there is a change – typically a loss – of ‘complexity’ (i.e., flexibility/
adaptability/variability) in biomechanical and physiological processes with age, although
this change is largely dictated by the confluence of constraints on action [35,36].
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7. Strength and conditioning can contribute to the development of structural and
functional constraints through carefully devised and implemented training interventions
[7,8]. The contribution of this subdiscipline is important during preparation for
competition since any physical and physiological deficiencies or weaknesses in
individual degrees of freedom may compromise the structural and functional integrity
of its constituent coordinative structure, thereby potentially jeopardising its collective
output. Functional movement screening may provide useful prescriptive information,
although golf-specific tests, such as the Titleist Performance Institute movement screen
[37], still require further, more robust, validation.

The above list is not intended to be exhaustive or definitive, but rather it should be viewed
as a guide as to how the various subdisciplines of sport and human movement science can
work more interactively—using the constraints-based model provided by Newell [2] as a
theoretical backdrop—to gain a deeper, more complete, understanding of golf performance.
This type of interdisciplinary integration, in my view, is the future of golf science and
aspiring golf coaches would benefit from being made aware of the advantages and
opportunities it affords.

CONCLUSION
The proposed Master of Science degree in golf teaching/coaching has the potential to
increase awareness and understanding of the role that science and technology plays in
enhancing golf performance. This initiative would benefit from adopting a theory-driven
approach that considers the golfer from a more holistic perspective. The constraints-based
model introduced by Newell [2], which has been elaborated on and applied specifically to
the golfer in this commentary, offers a viable platform on which to integrate the various
subdisciplines of sport science and gain a more comprehensive understanding of golf
performance. Accordingly, I recommend that this model forms the theoretical foundation for
this postgraduate programme.

REFERENCES
1. Farrally, M.R., Cochran, A.J., Crews, D.J., Hurdzan, M.J., Price, R.J., Snow, J.T. and Thomas, P.R., Golf

Science Research at the Beginning of the Twenty-First Century, Journal of Sports Sciences, 2003, 21, 753-
765.

2. Newell, K.M., Constraints on the Development of Coordination, in: Wade, M.G. and Whiting, H.T.A., eds.,
Motor Development in Children: Aspects of Coordination and Control, Martinus Nijhoff, Dordrecht, 1986,
341-360.

3. Phillips, E., Davids, K., Renshaw, I., and Portus, M., Expert Performance in Sport and the Dynamics of
Talent Development, Sports Medicine, 2010, 40, 271-283.

4. Davids, K., Glazier, P., Araújo, D. and Bartlett, R., Movement Systems as Dynamical Systems: The
Functional Role of Variability and its Implications for Sports Medicine, Sports Medicine, 2003, 33, 245-260.

5. Newell, K. M. and Valvano, J., Therapeutic Intervention as a Constraint in Learning and Relearning
Movement Skills, Scandinavian Journal of Occupational Therapy, 1998, 5, 51-57.

6. Davids, K., Button, C. and Bennett, S., Dynamics of Skill Acquisition: A Constraints-Led Approach, Human
Kinetics, Champaign, IL, 2008.

7. Ives, J.C. and Shelley, G.A., Psychophysics in Functional Strength and Power Training: Review and
Implementation Framework, Journal of Strength and Conditioning Research, 2003, 17, 177-186.

8. Jeffreys, I., A Task-Based Approach to Developing Context-Specific Agility, Strength and Conditioning
Journal, 2011, 33(4), 52-59.

854 Professionalism, Golf Coaching and a Master of Science Degree: A Commentary



9. Glazier, P.S., Davids, K. and Bartlett, R.M., Dynamical Systems Theory: A Relevant Framework for
Performance-Oriented Sports Biomechanics Research, Sportscience, 2003, 7, http://www.sportsci.org/

10. Glazier, P.S. and Davids, K., Constraints on the Complete Optimization of Human Motion, Sports Medicine,
2009, 39, 15-28.

11. Glazier, P.S., Wheat, J.S., Pease, D.L. and Bartlett, R.M., The Interface of Biomechanics and Motor Control:
Dynamic Systems Theory and the Functional Role of Movement Variability, in: Davids, K., Bennett, S.J. and
Newell, K.M., eds., Movement System Variability, Human Kinetics, Champaign, IL, 2006, 49-69.

12. Glazier, P.S., Game, Set and Match? Substantive Issues and Future Directions in Performance Analysis,
Sports Medicine, 2010, 40, 625-634.

13. Glazier, P.S. and Robins, M.T., Self-Organisation and Constraints in Sports Performance, in: McGarry, T.,
O’Donoghue, P.G. and Sampaio, J., eds., Routledge Handbook of Sports Performance Analysis, Routledge,
London, 2013, 42-51.

14. Turvey, M.T., Shaw, R. and Mace, W.M., Issues in the Theory of Action: Degrees of Freedom, Coordinative
Structures and Coalitions, in: Requin, J., ed., Attention and Performance VII, Erlbaum, Hillsdale, NJ, 1978,
557-595.

15. Kugler, P.N., Kelso, J.A.S. and Turvey, M.T., On the Concept of Coordinative Structures as Dissipative
Structures: I. Theoretical Lines of Convergence, in: Stelmach, G.E. and Requin, J., eds., Tutorials in Motor
Behavior, North-Holland, Amsterdam, 1980, 3-47.

16. Kugler, P.N., Kelso, J.A.S. and Turvey, M. T., On the Control and Coordination of Naturally Developing
Systems, in: Kelso, J.A.S. and Clark, J.E., eds., The Development of Movement Control and Coordination,
Wiley, New York, 1982, 5-78.

17. Tuller, B., Turvey, M.T. and Fitch, H.L., The Bernstein Perspective: II. The Concept of Muscle Linkage or
Coordinative Structure, in: Kelso, J.A.S., ed., Human Motor Behavior: An Introduction, Erlbaum, Hillsdale,
NJ, 1982, 253-270.

18. Glazier, P. and Davids, K., The Perfect Golf Swing: Dispelling the Myth, Titleist Performance Institute,
http://www.mytpi.com/, 2012.*

19. Neal, R.J., Abernethy, B., Moran, M.J. and Parker, A.W., The Influence of Club Length and Shot Distance
on the Temporal Characteristics of the Swings of Expert and Novice Golfers, in: Cochran, A.J., ed., Science
and Golf: Proceedings of the First World Scientific Congress of Golf, E & FN Spon, London, 1990, 36-42.

20. Abernethy, B., Neal, R.J., Moran, M.J., and Parker, A.W., Expert-Novice Differences in Muscle Activity
during the Golf Swing, in: Cochran, A.J., ed., Science and Golf: Proceedings of the First World Scientific
Congress of Golf, E & FN Spon, London, 1990, 54-60.

21. James, N., The Statistical Analysis of Golf Performance, in: Jenkins, S., ed., Annual Review of Golf Coaching
2007, Multi-Science Publishing, Brentwood, UK, 2007, 231-249.

22. James, N., Performance Analysis of Golf: Reflections on the Past and a Vision of the Future, International
Journal of Performance Analysis in Sport, 9, 188-209.

23. Tuxen, F., The Impact of John Jacobs on Golf Coaching: A Commentary, in: Jenkins, S., ed., Annual Review
of Golf Coaching 2009, Multi-Science Publishing, Brentwood, UK, 2009, 39-49.

24. Glazier, P.S., Augmenting Golf Practice through the Manipulation of Physical and Informational Constraints,
in: Renshaw, I., Davids, K. and Savelsbergh, G.J.P., eds., Motor Learning in Practice: A Constraints-Led
Approach, Routledge, London, 2010, 187-198.

25. Stickney II, T., Using Trackman has Made Me LESS Technical as a Teacher, Golf WRX,
http://www.golfwrx.com

26. Glazier, P.S. and Davids, K., The Problem of Measurement Indeterminacy in Complex Neurobiological
Movement Systems, Journal of Biomechanics, 2009, 42, 2694-2696.

27. Vereijken, B., van Emmerik, R.E.A., Whiting, H.T.A. and Newell, K.M., Free(z)ing Degrees of Freedom in
Skill Acquisition, Journal of Motor Behavior, 1992, 24, 133-142.

28. Vereijken, B., van Emmerik, R.E.A., Bongaardt, R., Beek, W.J. and Newell, K.M. Changing Coordinative
Structures in Complex Skill Acquisition, Human Movement Science, 1997, 16, 823-844.

International Journal of Sports Science & Coaching Volume 9 · Number 4 · 2014 855



856 Professionalism, Golf Coaching and a Master of Science Degree: A Commentary

29. Chow, J.Y., Davids, K., Hristovski, R., Araújo, D. and Passos, P., Nonlinear Pedagogy: Learning Design for
Self-Organizing Neurobiological Systems, New Ideas in Psychology, 2011, 29, 189-200.

30. Collins, D., Jones, B., Fairweather, M., Doolan, S. and Priestley, N., Examining Anxiety Associated Changes
in Movement Patterns, International Journal of Sports Psychology, 2001, 31, 223-242.

31. Higuchi, T., Imanaka, K. and Hatayama, T., Freezing Degrees of Freedom under Stress: Kinematic Evidence
of Constrained Movement Strategies, Human Movement Science, 2002, 21, 831-846.

32. Bonnard, M., Sirin, A.V., Oddson, L. and Thorstensson, A., Different Strategies to Compensate for the
Effects of Fatigue Revealed by Neuromuscular Adaptation Processes in Humans, Neuroscience Letters,
1994, 166, 101-105.

33. Forestier, N. and Nougier, V., The Effects of Muscular Fatigue on the Coordination of a Muiltijoint
Movement in Human, Neuroscience Letters, 1998, 252, 187-190.

34. Glazier, P.S., Movement Variability in the Golf Swing: Theoretical, Methodological and Practical Issues,
Research Quarterly for Exercise and Sport, 2011, 82, 157-161.

35. Vaillancourt, D.E. and Newell, K.M., Changing Complexity in Human Behavior and Physiology through
Aging and Disease, Neurobiology of Aging, 2002, 23, 1-11.

36. Newell, K.M., Vaillancourt, D.E. and Sosnoff, J.J., Aging, Complexity, and Motor Performance, in: Birren,
J.E. and Schaie, K.W., eds., Handbook of the Psychology of Aging, 6th edn., Academic Press/Elsevier, New
York, 2006, 163-182.

37. Gulgin, H., Schulte, B.C. and Crawley, A.A., Correlation of Titleist Performance Institute (TPI) Level 1
Movement Screens and Golf Swing Faults, Journal of Strength and Conditioning Research, 2014, 28, 534-
539.

* An earlier version of this web-article was published on the now-defunct Coaches’
Information Service website hosted by the International Society of Biomechanics in Sports.
The full reference for that version was: Glazier, P. and Davids, K., Is There Such a Thing as
a ‘Perfect’ Golf Swing?, International Society of Biomechanics in Sports’ Coaches
Information Service, http://www.coachesinfo.com/, 2005.

EDITOR’S NOTE
Dr. Paul Glazier is a research fellow at the Institute of Sport, Exercise and Active Living at
Victoria University in Melbourne. He has expertise in sports biomechanics, motor control,
skill acquisition, and performance analysis of sport, and has authored or co-authored over 40
peer-reviewed journal articles, invited book chapters and published conference papers in
these areas. His current research interests include: the biomechanics-motor control interface;
the application of dynamical systems theory to movement coordination and control; and the
functional role of movement variability.


	International journal of Sportoaching-2014-Pirozzolo-717-942 135
	International journal of Sportoaching-2014-Pirozzolo-717-942 136
	International journal of Sportoaching-2014-Pirozzolo-717-942 137
	International journal of Sportoaching-2014-Pirozzolo-717-942 138
	International journal of Sportoaching-2014-Pirozzolo-717-942 139
	International journal of Sportoaching-2014-Pirozzolo-717-942 140

