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ABSTRACT
A BIOMECHANICAL COMPARISON BETWEEN A CONVENTIONAL
GOLF SWING/LEARNING TECHNIQUE AND A UNIQUE
KINESTHETIC FEEDBACK TECHNIQUE

James Kenneth Suttie

This study was designed to determine the effectiveness
of two methods of teaching the golf swing to beginning
golfers. One group of beginners was taught the golf swing
using conventional methods of instruction while the other
group was taught using a combination of kinesthetic
techniques. 1In order to compare the golf swing mechanics of
both groups before and after instruction it was necessary to
compare the filmed results of each beginner to a model golf
swing. The model was determined by computing the mean
results of 1,928 linear and angular measurements of the
swings of ten professional golfers in what was thought to be
the ten most important positions of the golf swing. Two
16 mm high speed cameras were used to simultaneously record
the movement from the side and behind the performer.
Measurements were taken of nineteen body joints and segments,
as well as the ball and club, at each of the ten positions
of the swing. Results produced 1,928 linear and angular

displacement, velocity, and acceleration scores for each

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



James Kenneth Suttie

performer. The beginning golfers were filmed before
instruction (pretest) and after instruction (posttest) using
the same procedures used with the professional golfers. The
beginners' values were then compared to the swing model's
values. Statistical analyses (t test) indicated that,
although both groups improved significantly over the ten-
week instructional period, the group that learned the
kinesthetic feedback technique brought about significantly
greater improvement in golf swing mechanics than did the

group that learned by using conventional methods.
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CHAPTER ONE

Introduction

Experts agree that the performance of an efficient golf
swing is one of the more difficult motor skills to master.
This is particularly true when teaching the golf swing to
beginners. Because of this, golf instructors have continued
to search for a better teaching method which would
contribute to the development of the proper golf swing.

Conventional golf instruction places the main emphasis
on ball striking and ball flight results in order to make
swing corrections. Motor learning experts refer to this

1 The

feedback information as "Knowledge of Results.'
emphasis on feedback information concerning the flight of
the ball may, however, inhibit the learning of the correct
swing pattern. This is thought to occur because of the
beginner's tendency to focus on the criterion of success,
which is the flight of the ball. Since the measure of
success is linked directly to striking the ball, the

emphasis is placed on projecting the ball and not on

developing a biomechanically efficient swing pattern. This

1Richard A. Schmidt, Motor Control and Learning: A
Behavioral Emphasis (Champaign, Ill.: Human Kinetics
Publishers, 1982), p. 481.
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problem, as well as the fallacy of linking the flight of the
ball to proper swing mechanics, is summarized by Cochran and
Stobbs when they state:

The beginner is not really able to discriminate between
a swing that caused a good shot and a swing that caused
a poor shot. The beginner's feedback loop is very
unreliable because there are numerous ways he may
produce the same shot. Since he hasn't established a
consistent motor pattern yet, he really doesn't know
what a good golf swing is.
The usefulness of the information available from the flight
of the ball (knowledge of results) is limited since success
in beginners is not highly correlated to this criterion.
Since focusing on the results of the swing may not be
an effective teaching approach, a different emphasis could
be utilized. To affect efficiently the result of the
activity (ball flight), there should be a focus upon the
cause. Thus, the actual swing pattern should be the focus
of the teaching efforts. Since the development of a good
swing pattern largely depends upon repetition and practice,
it should not be changed each time the ball flight result is
not acceptable to the learner. The focus of the learner
should be directed, instead, toward feedback information
emphasizing the correct swing pattern. Cochran and Stobbs

vividly point this out when they state:

The be%inner may think he has made a good swing, but
the ball may dribble on the ground and only go a few

2Alastair Cochran and John Stobbs, The Search for the
Per{ggt Swing (Philadelphia: J. B. Lippincott Co., 1968),
P. .
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yards into the bushes. Based on this feedback

information and the verbal corrections his instructor

gives him, he will probably change his entire motor
pattern to what he thinks is his new "corrected form."

With his '"'so-called" corrected form, he may pull hook

the ball 160 yards down the left center of the fairway.

Because his feedback loop is not conditioned yet, the

beginner doesn't know that his first swing, when he

topped the ball off into the bushes, was actually a

better swing than his corrected swing where he hit the

ball 160 yards down the left center of the fairway.3
Therefore, the ultimate boal of learning an efficient golf
swing might be to learn the correct swing first and then
concentrate on striking the ball.

Golf instructors might be more successful in teaching
an efficient swing pattern to beginners if they were to
concentrate on what Gentile calls "Knowledge of Performance"
and its associated feedback mechanisms.4 This type of feed-
back technique relies on verbal cues from the instructor
indicating the quality of swing performance. When using
this type of performance feedback information, it is not
necessary to use a golf ball or rely on ball flight
information in order to make swing corrections. Each
student is taught to focus all of his attention on the
performance of a correct pattern and the kinesthetic

feelings associated with that pattern. Eventually, after

3

4a. M. Gentile, "A Working Model of Skill Acquisition
with Application to Teaching," Quest, 17 (January 1972), 8.

Ibid.
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continued verbal feedback from the instructor as to the
quality of the swing, the student comes to rely on
subjective reinforcement from his kinesthetic feedback
mechanisms.

The golf swing requires only one movement pattern to be
learned. Practice of the pattern should be consistent and
repetitive in developing an efficient swing pattern. This
type of skill is classified as '"closed" because during the
performance of the skill the environmental conditions are
stable and stationary, and the learner is attempting to
become consistent in producing one movement pattern.5 This
"closed" skill classification is important. Gentile® and
Marteniuk7 have suggested that knowledge of performance
feedback information is much more useful than knowledge of
results feedback information when learning this type of
skill. Research has shown that, when utilizing knowledge
of performance information in learning a closed skill like

the golf swing, it is important that beginners receive

verbal information regarding the correct biomechanical

SE. C. Poulton, "On Prediction in Skilled Movement,"
Psychological Bulletin, 54 (November 1957), 472.

6Gentile, p. 21.

7R. G. Marteniuk, Information Processing in Motor
Skills (New York: Holt, Rinehart and Winston Publishers,
Inc., 1976), p. 40.
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5
pattern8 and not base their swing corrections on ball flight

results.

Statement of the Problem

The purpose of this study was to compare and assess the
quality of efficient golf swing performance between two
methods of teaching golf. Two beginning golf classes at
Middle Tennessee State University were used for this study.
A control group was taught a conventional golf swing/
learning method while an experimental group utilized a
kinesthetic feedback/learning technique. The control group,
using a golf ball, made swing corrections based on feedback
that they received from ball flight information (KR). The
experimental group, without the use of a golf ball or ball
flight information, based their swing corrections on verbal
feedback information regarding the quality of the
performer's swing (KP).

The qualities of swing performance among the two groups
were determined through biomechanical analyses. All of the
subjects in the study were compared to a swing model that

contained the components of excellent swing mechanics.

88. A. Wallace and R. W. Hagler, '"Knowledge of
Performance and the Learning of a Closed Motor Skill,"
Research Quarterly, 50 (May 1979), 265-271.
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Need for the Study

Most conventional teaching methods evaluate the
performance of the golf swing on knowledge of results
information. In regard to this, Cochran and Stobbs point
out "that basing movement execution on previous ball flight

results seems to be a rather unreliable source of error

n9

information. Schmidt concurs with Cochran and Stobbs when

he states:

The hope is that the information about movement
outcome will eventually (in some way) lead to the most
effective movement pattern in the subject. This use of
outcome information may seem odd to those of us who
have had extensive practice at some sport or athletic
activity. It would seem far more effective to provide
information about the patterns of movement the person
made rather than just the outcome of that movement.
For example, a coach might tell a gymmast to '"pull
earlier" or to "pike harder'" after a movement,
referring to a particular pattern of action that the
learner is attempting to produce. Such information
about the movement pattern, rather than outcome of
those movements_in the environment is termed knowledge
of performance.

Because of this, there is a need to develop a new golf
instructional method that would emphasize the quality of the
swing pattern and not the results of the swing pattern.
Research is needed to determine if beginning golfers could
learn the golf swing more effectively utilizing knowledge of
performance information in the absence of knowledge of

results information. This method assumes that the presence

9
10

Cochran and Stobbs, p. 107.
Schmidt, p. 533.
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of the ball and the resulting ball flight information would
not serve as useful instructional tools in developing a golf
swing in the early stages of learning. Utilizing this
method, the instructor would emphasize movement execution
information (the swing pattern) in the absence of movement
outcome information (ball flight results).

There is also a need to develop better ways in which
the performance of the golf swing can be scientifically
measured. Traditionally, golf instructors have measured the
quality of the movement pattern based on outcome information
related to the flight of the ball. For example, the
instructor falsely assumes that because the golf ball goes
the required distance and direction the movement pattern
must have been biomechanically correct. This is not
necessarily true since there are many biomechanically
inefficient ways to produce an acceptable degree of a
desired result.

There have also been attempts by golf instructors to
evaluate the beginner's golf swing through the use of rating
systems. When using this method, the instructor relies on
his sense of vision and his knowledge gained from years of
teaching experience. This method of rating the beginner’s
golf swing is little more than an opinionated guess and
seems to be a very subjective and unscientific method of

evaluation.
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An attempt was made in this investigation to find a
more effective and scientific method of evaluating the
movement pattern of the golf swing. Using biomechanical
film analysis techniques, the proper mechanics of the golf
swing were determined, then compared to each performer.

This method of movement analysis has long been used to
identify the performance characteristics of skilled
performers; however, it has not found acceptance as a tool
to measure changes in movement patterns produced by instruc-
tion due to the enormous amount of time involved in the
analysis procedure. With the advent of computers and faster
data-reduction techniques, researchers are beginning to look
at biomechanical analysis techniques as a potential tool for
the measurement of motor skill performance.

Also of significance to this study was the attempt to
provide indications of the mést effective way of teaching a
closed motor skill to beginners. Recently, motor learning
experts have concluded that, when teaching beginners a
closed motor skill, the movement pattexrn of that skill
should be emphasized rather than the result of that movement

pattern.ll This conclusion has been reached due to the

llGentile, p. 21; P. Del Rey, '"Feedback Provided
Through Videotape Display,' The Physical Educator, 29 (1972),
118-119; G. E. Hampton, "The Effects of Manipulating Two
Types of Feedback--Knowledge of Performance and Knowledge of
Results--in Learning a Complex Motor Skill,'' Diss. Columbia
Univ., 1970; John N. Drowatzsky, Motor Learning: Principles
and Practice (Minneapolis: Burgess Publishing Co., 1975),
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belief that this type of feedback would emphasize the
proprioceptive information that the learner receives from
his body. For this information to be effective, however,
the beginner should base all of his learning on a model of
correctness and be continually provided with concurrent and
terminal verbal cues about the efficiency of the movement
pattern.12

Although all the sensory modes are important when
learning a given skill, most skill learning emphasizes one
particular sensory mode. Since the learning of the golf
swing is a closed skill, and research has indicated that the
successful performance of these types of skills can be

13 it would

carried out without reference to the environment,
seem important to emphasize kinesthetic feedback information
rather than to rely on visual information when learning this
skill. Accordingly, this research attempted to indicate
what sensory feedback mechanisms to emphasize when teaching

the golf swing to beginners.

pp. 93-100; Wallace and Hagler, p. 271; Marteniuk, p. 40;
K. M. Newell, "Knowledge of Results and Motor Learning,"
in J. Keogh and R. S. Hutton (eds.), Exercise and Sport
Science Reviews (Santa Barbara, Calif.: Journal Publishing
Affiliates, 1976), p. 68.

12
13

Gentile, pp. 2-23.
Poulton, p. 472.
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Hypothesis
For the purpose of this study, the following null
hypothesis was developed:
There will be no significant difference between the
conventional golf swing instructional technique (control
group) and a kinesthetic feedback technique (experimental

group) as determined by biomechanical analyses.

Delimitations

For the purpose of this study, the following delimita-
tions were recognized:

1. This study was delimited to twenty male students
between the ages of 18 and 35 who were classified as
beginning golfers. These twenty subjects were randomly
selected from two beginning golf classes at Middle Tennessee
State University.

2. This study was delimited to include instruction
from only an experienced golf instructor.

3. During this study the investigator taught both

classes with equal enthusiasm so as not to bias the results.

Limitations

For the purpose of this study, the following
limitations were recognized:
1. During this study both classes were encouraged to

practice during class at an equal intensity level.
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2. During this study both groups of beginning golfers

were told not to practice outside of class.

Implications for Teaching

The primary reason beginners have such difficulty in
learning the golf swing is their inability to determine what
their swing errors are and how to correct those errors.
Traditionally, golf instruction and golf swing corrections
have been based on information that both the instructor and
the student received from the flight of the golf ball. For
example, if the ball slices to the right, both the student
and the instructor receive certain visual information that
indicates that a swing correction should be made. The hope
is that this information received from the ball flight
results will eventually lead to a more correct swing pattern
on the next trial. Presumably, the beginning golfer makes
successive adjustments in the movement pattern on the basis
of this ball flight information until the outcome becomes
closer and closer to achieving the environmental goal.

Since there are so many swing patterns that may produce a
given poor shot, it would seem illogical for instructors to
base swing corrections primarily on ball flight information.

The premise of this study is based on the hypothesis
that the ball flight information should serve only as an
indicator of the beginning golfer's swing problems and

should be treated as such. For example, since the beginner
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has yet to establish a consistent swing pattern, it would be
ill-advised to change that pattern every time the ball
flights were unacceptable. This type of teaching approach
would be slow and ineffectual because the learner would be
changing the swing pattern each time a disappointing ball
flight result was produced.

A more effective method of teaching the golf swing
might be through a kinesthetic feedback technique. This
method would encourage the beginner to establish a proper
swing pattern, initially, without the presence of the ball.
Later, after a proper habit pattern has been established,
the ball could be introduced and minor swing corrections
made based on ball flight information.

This kinesthetic feedback method would eventually allow
the learner to self-determine the errors being committed in
the swing since the emphasis is placed on the mechanics of
the movement pattern and the swing '"feelings'' associated
with those mechanics. An important element in this
kinesthetic method of learning golf is the development of an

internalized "model of correctness." This model is
formulated by matching the student's sensory feedback
information about the swing performance with the verbal and
visual reinforcement received from the instructor. With
continued practice and repetition, the student should become

less dependent on the instructor's verbal feedback

concerning the quality of the swing and more dependent on
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intrinsic and kinesthetic information. When the student
reaches this stage, the proper swing pattern has become a
habit, and self-correction of swing errors can be performed.

The kinesthetic feedback type of learning method might
also have important implications for the teaching of other
closed motor skills. 1If the goal of the learner in a closed
environment is to develop a consistent and repetitive motor
pattern, it appears that the use of proprioceptive feedback

information should best accomplish that goal.14

Likewise,
it would also seem appropriate to teach other closed motor
skills in this manner.

Emphasizing knowledge of performance and movement
execution information in the absence of knowledge of results
and movement outcome information would indeed seem to have
important implications for the teaching of closed motor
skills. Furthermore, this method of teaching the golf swing

has the potential for changing the whole traditional concept

of teaching golf to beginners.

Definitions of Terms

For the purpose of this study, the following terms will
be applied as defined.
Augmented feedback--feedback that is added to the

normal sensory feedback system, sometimes called extrinsic

14Drowatzsky, p. 100.
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feedback. This is additional information concerning the

movement or the degree of goal attainment. There are two
types of augmented feedback: (1) knowledge of performance
and (2) knowledge of results.15

Ball flight laws--impact factors that occur when the
16

golf club strikes the ball and influences its flight.
These laws include: (1) clubface positioning at impact
relative to the golfer's swingpath; (2) the path in which
the clubhead is traveling at impact; (3) the impact point or
the place on the club where the ball is compressed; (4) the
amount of clubhead speed at impact; and (5) the angle of
approach of the clubhead on the downswing.

Ballistic movement--a movement that is initiated by

muscular contraction, but where the muscles then relax and
permit momentum and centrifugal force to complete the
movement.17

Beginning golfer--a person who has not played golf,

been taught golf, or been exposed to golf in any way.

Biomechanics--the scientific analysis of the mechanics

of motion.

15Gentile, pp. 20, 21.

16Gary Wiren, "Introduction to the Laws, Principles and
Preferences," P.G.A. Magazine, 33 (April 1976), 23.

17Katherine F. Wells, Kinesiology (Philadelphia: W. B.
Saunders and Co., 1966), p. 385.
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Closed loop system--a control system employing

feedback, a reference of correctness, computation of errors
and subsequent correction in order to maintain a desired
state of performance; sometimes called a servomechanism or
servo.18

Closed skills--skills that are performed in a stable

and predictable environment. They place less reliance on
environmental information and more emphasis on internally
derived feedback information. They depend on the develop-
ment of a repetitive habit pattern. Closed skills only
require the learner to master one movement pattern. Some
examples are: gymnastics, diving, bowling, tumbling and
golf.19

Concurrent feedback--feedback that is presented as the
20

performer is performing the activity.

Conventional golf instruction--instruction that

emphasizes the use of the verbal and visual sensory modes by
the learner. This type of instruction bases error
correction on the flight of the golf ball.

Exercise--the act of performing physical activity.21

18Schmidt, p. 235.

19
20

21D. W. Edington and V. R. Edgerton, The Biology of
Physical Activity (Boston: Houghton Mifflin Co., 1976),
p. 8.

Poulton, p. 472.
Schmidt, p. 562.
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Exteroceptors--those sense receptors located outside

the body. Examples are the ears, eyes, nose, mouth and

skin.22

Extrinsic feedback--feedback that is added to that

which is typically received in the task; also called

augmented feedback.23

Feedback--sensory information that is based upon having
produced a m.ovement.24

Golf drills--golf swing exercises that are designed to

help the performer "feel" and identify the correct swinging
action.

Golgi tendon organs--small stretch receptors located at

the musculotendonous junction providing very precise

information about muscle tension.25

Guidance procedures--a series of techniques in which

the behavior of the learnmer is limited or controlled by

C. 2
various means to prevent errors. 6

Interoceptors--those sense recptors that are located in
27

the visceral organs.

22
23

Schmidt, p. 195.
Ibid., p. 562.
241p14.

251pid., p. 236.
261bid., p. 525.
271bid., p. 193.
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Intrinsic feedback--that feedback normally received in
28

the conduct of a particular task.

Joint receptors--a common term used for a number of

different receptors that are located in the joint capsules,
presumably providing feedback information about joint
position.29

Kinesthesia--"kin'" relates to motion and "esthesia"

relates to sensation. Put together, this word means

"sensation of motion."30

Kinesthesis--the discrimination of the positions and

movements of the body parts based on information other than
visual or verbal. It includes perception of the internal
and external tensions and forces that move or stabilize the
joints. Sometimes "kinesthesis" is called ''getting the
feel" for the movement. The stimuli arise from changes in
muscle length and tension. It includes the awareness of the
position of the body parts while moving and the amplitude of
31

that movement.

Kinesthetic cues--verbal cues that encourage the

learner to get the ''feel" for the movement pattern.

281p34., p. 562.

291pid., p. 236.
301pid., p. 202.
31George H. Sage, Introduction to Motor Behavior: A

Neuropsychological Approach (Reading, Mass.: Addison-Wesley
Publishing Co., 1971), p. 117.
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Kinesthetic feedback technique--a system of instruction

that utilizes a combination of wverbal, visual and
kinesthetic cues. This technique emphasizes the proper
mechanics of the movement pattern and the corresponding
"feelings'" that are associated with those mechanics. When
using this method the instructor should do as much as
possible to de-emphasize the environmental outcome of the
movement pattern. This is accomplished through the use of
kinesthetic cues and visual occlusion techniques.

This entire instructional technique is dependent upon
the student receiving a clear 'reference of correctness'
from the instructor. This '"reference of correctness" is
given in three ways: (1) through demonstration by the
instructor, (2) through kinesthetic cues given concurrently
that encourage the student to get the ''feeling' of the
desired movement pattern, and (3) through terminal verbal
feedback indicating the quality of the student's swing
(knowledge of performance).

As the student continues to practice, he is constantly

being supplied with a "reference of correctness" from his
instructor. The student continually compares his own
kinesthetic sensory feedback information with the reference
of correctness being supplied by the instructor. Eventually,

with high repetition practice techniques, the student

becomes less dependent upon the instructor as a source of
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error information and more dependent upon his own
kinesthetic sensory mechanisms.

Kinesthetic figural after-effects--perceived modifica-

tion in the shape, size or weight of an object or perceptual
distortion of limb position, of movement and/or of intensity
of muscular contraction as a result of experience with a
previous object. For example, this usually occurs after the
performer has swung a weighted bat or a weighted golf
club.3?

Knowledge of Performance (KP)--augmented feedback

related to the nature of the movement pattern produced;
sometimes called intrinsic feedback.33 As it is used in
this study, it refers to verbal feedback from the instructor
indicating the qualities of swing performance.

Knowledge of Results (KR)--augmented feedback related

to the nature of the result produced in the environment;

34 As it is used

also, sometimes called extrinsic feedback.
in this study, it refers to ball flight results.
Learning--a relatively permanent change in behavior

brought about by structuring the environment.

325age, pp. 123-124.
335chmide, p. 562.
341p14.
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Modeling--a demonstration technique used by the
instructor for presenting a learning task so that the
learner can get an idea of the correct movement pattern.35

Motor learning--a set of internal processes associated

with practice or experience leading to a relatively

permanent change in motor skills.36

Motor training or skill training--training that

utilizes techniques that are directly related to the
improvement of the skill being learned.

Muscle spindle--small spindle-shaped structures located

parallel with the extrafusal fibers that provide information

about muscle length.37

Negative feedback--verbal and visual feedback received

from the environment and the instructor that emphasized what
the performer did wrong.

Negative transfer--the loss in habit for one task as a
38

result of practice or experience in some other task.

Open skills--those skills that are learned in an

unpredictable and constantly changing environment so that
the performer cannot effectively plan the response. They

rely more on visual and auditory information and tend to

35

Ibid., p. 525.
361pi4d., p. 471.
371bid., p. 236.
381pid., p. 471.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



21
modify movement on the basis of information received from
the environment. Some examples of open skills are tennis,
football, volleyball, basketball and others where the
environmental conditions and players are always changing
39

positions in space during the activity.

Overlearned skill--a skill that is consciously learned

through hours of practice and repetition until it can be
subconsciously performed.

Overload principles--the process of subjecting the

muscles to more than their usual demand. This principle
states that:

Increases in muscular hypertrophy, strength and
endurance result from an increase in the intensity of
work performed in a given unit of time. According to
the principle, work may be intensified by increasing
the number of repetitions or by increasing the
resistance against which the muscles contract.40

Part-whole method of learning--the learning technique

in which the task is broken down into its parts for separate
practice. In this method, the learner first learns the
parts of the golf swing and then is presented the entire
movement pattern.41

Performance feedback information--feedback information

that indicates to the learner the quality of the movement

pattern.

39

40Harold B. Falls, Exercise Physiology (New York:
Academic Press, 1968), p. 399.

Poulton, p. 474.

41Drowatzsky, PP. 247-249.
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Positive transfer--the gain in habit in one task as a

result of practice or experience on some other task.42

Progressive resistance exercise--this type of exercise

specifies that the total work done by the muscles in a given
time in regular exercise periods must be increased
progressively. This may be done by either increasing the
resistance which the muscles are required to overcome or by
increasing the number of repetitions against the same

43

resistance in work periods of equal duration.

Proprioceptors--sensory receptors which are located in

the muscles, tendons and joints that allow the individual to
monitor his own movements by knowing the relative position
of the different parts of the body.44

Proprioception--a word used by the physiologists to

indicate the learner's sense of position and movement of the
body and the body parts as well as the forces and pressures
on the body or its parts.45

Reference of correctness--a model or standard against

which performance is judged. It is the structure against

which feedback from the movement is compared in order to

42
43
44

A5Richard A: Magill, Motor Learning: Concepts and

Applications (Dubuque, Iowa: Wm. C. Brown Co., Publishers,
19565, p. 08.

Schmidt, p. 471.
Falls, p. 399.
Schmidt, p. 193.
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46 The "reference of

compute an error in the response.
correctness' is usually transmitted to the student through
the student's visual sensory mode. Some examples of this
are: slides, movies, and demonstration techniques by the
instructor. Although not as effective, the "reference of
correctness' can also be transmitted through the verbal and

auditory sensory modes.

Result feedback information--feedback information

that indicates to the learner the environmental outcome of
the movement pattern.

Schema--a rule, based on practice or experience,
between certain aspects of the past responses; e.g., between
47

past commands and response outcomes.

Servo mechanism--self-regulating control system that

is capable of automatically correcting an incorrect response
based on incoming feedback information compared against a

48

reference of correctness.

Specificity of training--according to this training

method a specific exercise will elicit a specific response

in a specific individual at a specific point in time. The

405chmide, p. 480.
471pia., p. 525.
481114, , p. 187.
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end result of an exercise is directly determined by the
specific exercise.49

Specificity of learning hypothesis--this hypothesis

states that the environmental conditions surrounding
learning of a movement should simulate those in which the
task will eventually be performed.50

Suzuki method--a method of teaching the violin in which

the sounds produced by the proper technique are presented
prior to physical practice. After the learner hears the
correct sounds, he then tries to duplicate this reference of
correctness.51

Subjective reinforcement--a term used to describe the

learner's self-generated error signal based on comparing

feedback against a reference of correctness.>?

Terminal feedback--feedback by the instructor or the

learner himself that is produced after the response is

com.pleted.53

49Edington and Edgerton, p. 8.

305chmidt, p. 525.
51

52

Ibid., p. 481.
Ibidoa Pp- 588-589-
331pid., p. 562.
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Training--the result of physiological adaptations
achieved after repeated exercise bouts over a period of
several days, weeks, or months of exercise.54

Transfer of training--the influence of a previously

practiced skill on the learning of a new skill.55

Weighted club--a golf club weighing approximately six

ounces more than a conventional golf club or a total of 19.5

ounces.,

54
55

Edington and Edgerton, p. 8.
Magill, p. 245.
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CHAPTER TWO

Review of Related Literature

There have been volumes of books and articles written
on the subject of how to teach beginning golfers. Although
many of these ideas are sound, most of them represent the
authors' opinions. Virtually all of the teaching methods
advocated are based on error correction and feedback
information received from the flight of the golf ball.

It was the writer's goal to find a new method of
teaching golf that would relieve the beginner's fear of
failure. The writer assumed that this fear of failure was
caused by the beginner's apprehension that the ball would
not always go where he wanted iz to go. The beginner has
been inundated with so many facts that he has been said to
suffer from 'paralysis by overanalysis.'" To eliminate these
fears and communication problems the investigator eliminated
the golf ball and devoted the entire teaching session to
learning the correct form of the golf swing.

In investigating the literature relating to this topic,
the writer categorized information into six areas. These
areas were: conventional golf instructional techniques,

feedback systems used when learning a closed motor skill,

26
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specificity of training and motor skill learning utilizing
overload techniques, the use of swing drills in learning
golf, the effects of the presence or absence of the ball
when learning golf, and kinesthetic feedback techniques used
when learning a motor skill.

Literature Related to Conventional
Methods of Golf Instruction

Conventional golf instruction relies on verbal cues,
demonstration and conceptual '"word pictures'" to communicate
with the student. It places heavy emphasis on the verbal
and visual modes of communication during the learning
process. Also, golf swing corrections are based on the feed-
back that the student receives from the flight of the ball.

In 1976, Gary Wiren, director of learning and research
for the P.G.A. of America, categorized certain "impact
factors" that have been traditionally taught in conventional
golf instruction. These "impact factors'" were coined ''Ball
Flight Laws' by Wiren. According to Wiren, and other
knowledgeable instructors, much of the learner's pregress in
making swing corrections is based on an understanding of
these laws.l These laws or impact factors include: (1)
clubhead speed at impact; (2) clubhead path at impact; (3)

centerface contact at impact; (4) clubface position relative

1Gary Wiren, "'Introduction to Laws, Principles and
Preferences," P.G.A. Magazine, 33 (April 1976), 23.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



28

to swingpath at impact; and (5) angle of approach prior to
impact. Theoretically, the knowledge of this information is
thought to help the beginning golfer make swing corrections.
The trouble with this idea is that the beginning golfer
doesn't have enough knowledge of which swing fundamentals
caused these specific impact factors and the resulting ball
flight. The student is totally dependent upon the
instructor's knowledge of the principles of the swing.
"Unfortunately, most instructors cannot possibly pick up the
actual swing errors that are causing the resulting poor
shots."2 As a result, oftentimes the beginning golfer is
working on a swing correction that is unrelated to his
errant ball flight results. Furthermore, it is probably
less likely that the instructor's verbal cues were
communicated effectively.

Cochran and Stobbs, who did the most complete and up-
to-date research on golf swing learning, point out that
judging swing efficiency on ball flight results is a rather
unreliable source of error correction because there are
numerous swing patterns that might produce a given poor

3

shot. For example, in conventional golf learning, each

time the flight of the golf ball is not acceptable to the

2Alastair Cochran and John Stobbs, The Search for the
Perfect Golf Swing (Philadelphia: J. B. Lippincott Co.,
1968), p. 107.

31bid.
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learner he will change his swing pattern until he gets
acceptable results. In so doing, he might try five or six
different swing patterns in as many attempts. The beginner
really doesn't know what a good swing is. Actually, he can
only identify with where the ball went. Therefore, he tends
to practice and repeat only those swing patterns that get
the ball into the air even though they may be bio-
mechanically incorrect. It is not uncommon to see a
beginning golfer practicing a contorted "lurch" at the golf
ball just because that movement seems to get the ball into
the air. With so many swing patterns available, it would
seem difficult to base swing performance on ball flight
results.

Conventional golf instruction also tends to be
corrective and not constructive.4 This corrective informa-
tion is sometimes presented through the use of negative
verbal cues. Some of these verbal cues that are frequently
used in such an approach might be: "Keep your head downl!",
"Don't bend your left arm!", "Don't sway!", "Don't cut
across the ball with an open clubface!", and so on. These
are clear examples of the instructor teaching the result of
the movement pattern and not the cause of it. This is
basically a negative way to teach because the instructor is

concentrating on developing parts of the swing instead of

4"Methods of Teaching," P.G.A. Home Study Manual,
P.G.A. Publication, 1972, p. 2.
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whole movements. Because of these negative verbal cues, the
student starts concentrating on things he is trying to avoid
in the swing instead of concentrating on things he is trying
to do.

Conventional instructional teaching techniques
encourage the beginner to want to know what has gone wrong
with his golf swing as soon as the ball flight results
become apparent. As soon as the golfer hits a bad shot he
will ask, "What did I do wrong?" His instructor gives him
three or four things to correct before making the next
swing. In reference to this, Peter Kostis, the director of
the Golf Digest instruction schools, states:

In the first place, you shouldn't be concerned with

what you did wrong but rather what you didn't do right.

And you shouldn't worry about one particular shot.

There could be a hundred reasons why you struck it

badly.d
Hoth feels that one of the greatest mistakes an eager
instructor can make is to deluge the student with a running
commentary on everything he is doing wrong.6 This type of
feedback seems to encourage the golfer to focus on the
negative instead of the positive.

Drowatzsky points out that beginners appear to benefit

more from feedback that directs them toward the correct

5Peter Kostis, Inside Path to Better Golf (Norwalk,
Connecticut: Golf Digest Publications, 19%82), p. 48.

6Sandra Hoth, "The Language of Motor Learning," Quest,
23 (January 1975), 72.
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performance pattern than from feedback that points out their
errors.7 Emphasis on errors is less effective because of
the continued change in the nature of errors committed by
beginners. They tend to commit so many errors that it would
be difficult to specifically point out one error as the
major contributing cause of all the other errors.

The goal in teaching the golf swing to beginners is to
help the student establish new habits. Habits are the
result of practice and repetition. In the conventional golf
instructional process there are many obstacles to effective
communication. For example, the student's perception of
what he hears from the instructor might be entirely
different than what the instructor intended. Also, the
instructor's use of vague and unclear golf terminology might
confuse the beginner. For example, the instructor might
say, "Grip it firm with the left hand," or "Use your left

side more,'" or '"Release the club," or "Start the downswing

L] 1

with leg drive," or Turn your body,'" or "Get your hands
high at the top,'" or "You swing over the top of the ball."
It seems that every instructor has his own verbal cliches.
The beginner is new to the sport and has no idea what some
of these terms mean. The weakness of verbal cues in

conventional golf learning techniques is readily evident.

7John N. Drowatzsky, Motor Learning: Principles and
Practice (Minneapolis: Burgess Publishing Co., 1975), p.
10.
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Boomer thinks that the beginner should not be obsessed with
getting the ball up in the air and in the hole but with the
swing that will produce that movement. And these movements
are controlled by '"remembered feel."8

The fault with much golf teaching today is that the
teacher tries to eradicate specific faults by issuing
specific instructions. But the real aim of the student
should be to carry out the teacher's instructiomns
irrespective of the immediate results. This would allow the
student to build up the feel or muscular memory for the
shot. The golf instructor develops controls in the
beginner's swing by teaching the feel of the swing and not
by conscious application of principles. He concludes by
saying that control of these feelings is accomplished
through the constant repetition of the correct movement
pattern.9

Conventional golf instruction, besides being dependent
upon verbal and visual cues, is also very dependent upon the
modeling and demonstration techniques used by the
instructor. Demonstration by the instructor is said to give
the student a clear visual image of how he is supposed to
perform the swing. Unfortunately, this method of

communication is very dependent on the verbal and visual

8Percy Boomer, On Learning Golf (New York: Alfred A.
Knopf Co., 1946), pp. 10I-112,

IIbid.
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sensory modes. Furthermore, modeling and demonstration
techniques are only as effective as the quality of the
model. For example, if a given swing fundamental is
demonstrated poorly, the students will start practicing and
imitating what they have seen.

It seems that verbal and visual cues are less than
effective in helping the beginner learn the golf swing
because of some unavecidable weaknesses in the translation
from instructor to student. Golf swing film analyses and
video tape replays tend to support this conclusion. For
example, there is usually a definite difference between what
a golfer thinks he is doing wrong and what, in fact, he is
actually doing.

In reviewing the literature concerning conventional
golf instructional techniques, it was found that all of the
studies reviewed depended upon effective communication
translated through the visual and verbal sensory modes. The
only real differences involved their points of emphasis and
their teaching methodology. But, in all instances, the
presence of the golf ball and its eventual ball flight was
an integral part of the learning process.

Feedback Systems and Learning a
Closed Motor Skill

It has been shown that feedback is important in

learning simple motor skills as well as in mastering complex
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10 Feedback has also been shown to be an

11

athletic movements.
important variable in motor learning generally ~ and golf
skills specifically.12 Further, research suggests that such
feedback is most effective if delivered immediately after

the trial.13

Information concerning the value of feedback
is in the learning of the golf swing and the way it can be
used to improve the swing that follows.

In learning a motor skill such as golf, the student
should receive feedback that indicates that progress is
being made. There are basically two kinds of feedback
information that the student may receive during the
performance of the golf swing: internal and external.
Internal feedback, or kinesthetic feedback, is associated
with how the movement felt and is sometimes referred to as
the kinesthetic sense or muscle sense.

Oftentimes, a golfer will hit a ball well and exclaim,

"That felt good!' This would be an example of internal

10S. E. Henderson, '"Role of Feedback in the Development
and Maintenance of a Complex Skill," Journal of Experimental
Psychology: Human Perception and Performance, 3 (1977),
224-233.

11A. F. Smode, 'Learning and Performance in a Tracking
Task Under Two Levels of Achievement Information Feedback,"
Journal of Experimental Psychology, 56 (1958), 297-304.

12D. H. Thompson, '"'Immediate External Feedback in the
Trainizg of Golf Skills,' Research Quarterly, 40 (1969),
589-594.

13J. Greenspoon and S. Foreman, "Effect of Knowledge of
Results on Learning a Motor Task,'" Journal of Experimental
Psychology, 51 (1956), 226-228.
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feedback. This type of feedback is received from the
sensations that the golfer gets from his body.

On the other hand, external feedback refers to the
feedback that the golfer receives from his vision and
hearing. Most error correction in golf is based on the
feedback that the golfer receives from his vision of the
flight of the golf ball. If the ball's flight is not long
and straight, the golfer will make changes until the ball
flight is acceptable. 1In using external feedback
mechanisms, the individual is primarily using his sense of
sight and hearing in order to learn the skill.

When learning golf, the beginner is exposed to a set of
three different stimuli: (1) he must hit the ball; (2) he
must be aware of the target; and (3) he must try to make a
good swing. With these three things on his mind at the same
time, there is little wonder the beginning golfer is afraid
of failure and susceptible to what Gentile called "goal
confusion."14

Although ball striking and target awareness are
important aspects of learning golf, ultimately all golf
instruction is based upon the idea of helping the student
make a better swing so that his resulting ball flight will

improve. For this reason, it is important that the feedback

14A. M. Gentile, "A Working Model of Skill Acquisition
with Application to Teaching,'" Quest, 17 (January 1972),
15.
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mechanism and cues that are used to teach golf are the most
efficient methods of communication available.

According to Gentile, the teacher can provide augmented
feedback of two types: (1) information concerning the
movement's execution, which she called knowledge of
performance, or (2) information about the degree of goal

15 In a

attainment, which she called knowledge of results.
closed skill such as golf, the student is trying to increase
the consistency with which the movement is produced. He is
trying to develop a repetitive motor pattern. If augmented
feedback seems warranted, the most appropriate type of
information the teacher could provide for closed skills
seems to be knowledge of performance.16 Knowledge of
results, or movement outcome, is sometimes used in referring
to ball flight, whereas knowledge of performance refers to
the actual correctness of the movement pattern as perceived
by the learner.

When a golf instructor is working with a student in a
golf net, he is making corrections based on the student's
swing as compared to a reference of correctness. This feed-
back, or knowledge of performance, is very important when

learning the proper swing. When the golf instructor is out

on the driving range and is making error correction based on

L1pid., p. 8.
161p14., p. 21.
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the flight of the golf ball, he is using feedback associated
with knowledge of results. When basing error correction on
the flight of the ball, it is hoped that this ball flight
information will help the golfer correct his motor pattern.
But the relationship between ball flight (knowledge of
results) and swing efficiency (knowledge of performance) is
indeed a tenuous one for the beginning golfer.

Cochran and Stobbs pointed out that the beginner is not
able to discriminate between a swing that caused a good shot
and one that caused a poor shot.17 There are numerous ways
or types of swings that will cause the same result. For
example, the beginner may hit three shots in a row and after
each shot ask his instructor for feedback information on his
swing efficiency. Since the beginner is basing his error
correction on the flight of the golf ball and his
instructor's directions, he probably will get three
different motor patterns in as many swings. The beginner is
searching for a swing that will get the ball into the air.
As a result, a swing that tops the ball off the tee and into
the bushes might be a far better swing than one that is hit
off the heel of the golf club and goes 160 yards down the

18

middle. Yet, because the ball got up in the air, the

beginning golfer will stay with the motor pattern that

17Cochran and Stobbs, p. 107.

181444,
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caused those acceptable ball flight results. Thus, the
beginning golfer begins to develop a motor pattern that,
although inefficient, seems to get the ball airborne. The
inherent weakness of basing error correction on the feedback
based on knowledge of results information (ball flight) is
readily evident.

In conventional golf instruction, both the students and
the instructor are conditioned to rely primarily on the
flight of the golf ball in order to make swing correctionms.
Because of this, the student is primarily dependent upon his
auditory and visual senses for this error information. And
one of the biggest weaknesses in conventional golf
instruction is the golfer's dependence upon these types of
cues. In discussing the use of verbal cues, Joe Dey, the
executive director of the United States Golf Association,
states: '"Why can't we always translate the words of our
instructors into effective swings? One of the biggest
reasons is we really don't understand what our instructor is
saying."19

Verbal communication almost always leaves a learning
gap. What the instructor is trying to communicate and how
the student interprets this verbal communication might be

two entirely different concepts.

19Joseph C. Dey, "Gospel and Quackery in Golf
Instruction," Golf Digest, 33 (September 1982), 20.
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Hoth states:

Physical educators are not able to speak the
language to the beginner. Often times instructors are
unsble to communicate with students in terms that are
meaningful. The verbal cues that they use are like a
foreign language to the neophyte, and the teacher and
student alike feel frustration and disappointment when
the desired motor pattern is not forthcoming.

To use meaningful, descriptive cues, an instructor
should first determine the kinesthetic and mental
conceptual cues for the movement he is attempting to
elicit. It is generally recognized that verbal
instructions are more meaningful for the advanced
learner, partially because he nas already learned the
language and has associated certain movement patterns
with certain verbal symbols. The typical physical
education teacher cannot really communicate with_the
beginning students in terms that are meaningful.

In reference to the use of verbal cues in teaching the
golf swing, Bertholy concurs with Hoth by saying:

Far too much golf instruction is based on the
erroneous conception of expectation of execution by
suggestion, either by the written or spoken word.
Attempting to teach the golf swing through the ear is
about as logical as trying to feed a hungry man a
steak through his big toe.Z2l
Hunter feels that, in addition to verbal cues, visual

information is also necessary when teaching the golf swing.
According to him, "it is difficult to teach any golf lesson
without visual help. Words alone are inadequate,

particularly in showing the arc and plane of the swing."22

20

21Paul Bertholy, The Bertholy Method: How to Become a
Complete Golfer (Melrose Park, Ill., 1971), p. 17.

22M’ac Hunter, "Arc and Plane," P.G.A. Magazine,
September 1981, pp. 32-33.

Hotnh, p. 68.
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Cook emphasizes that visual cues are more productive

than verbal cues in starting a habit or in breaking a

23

habit. These cues may be in the form of personal

demonstration, video tape, or still pictures. Hoth,24

25 26 and Wallace27

Gentile, Schmidt, would say that these
visual cues are only as effective as the comparison made
between the visual medium and the reference of correctness.

In speaking of visual feedback, Gardner believes that
this type of feedback is of prime importance in a great many
types of skilled voluntary activities, but it is not
indispensable. Feedback from other sensory sources are
responsible for producing coordination among the numerous
muscles concerned in any movement. She says that many of
these feedback mechanisms operate at the subconscious

1evel.28

23Charles Cook, "Correcting Bad Swing Habits Via
Verbal, Visual and Kinesthetic Cues," P.G.A. Magazine,
October 1981, pp. 32-33.

24
25

26Richard A. Schmidt, Motor Control and Learning: A
Behavioral Emphasis (Champaign, Il1l.: Human Kinetics
Publishers, 1982), p. 480.

Hoth, p. 71.
Gentile, p. 21.

27S. A. Wallace and R. W. Hagler, "Knowledge of
Performance and the Learning of a Closed Motor Skill,"
Research Quarterly, 50 (May 1979), 296.

28Elizabeth B. Gardner, ''The Nueromuscular Base of
Human Movement: Feedback Mechanisms,'" Journal of Health,
Physical Education and Recreation, 36 (October 1965), 61-62.
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Cochran and Stobbs point out that:

Much like driving a car or handling a spoon, the golf
swing must be learned until it becomes a conditioned
automatic response. Expert golfers don't consciously
think of their swing when they are performing. They
have ingrained a habit pattern into their subconscious
mind until they can perform it automatically. The only
way the swing can be programmed is by using the senses
and the feedback systems in correcting errors in
performance. During the swing, for example, the eyes
send information about the position of the ball and the
sense organs in the muscles and joints, also called
proprioceptors, continually send information about the
movements and position of the various parts of the
body. While a golfer is swinging the club, only a
limited amount of information can reach him by way of
his eyes, but his brain is continually receiving
messages from the proprioceptors which tell him the
position of his limbs and joints, and the state of
contraction of his muscles.29

Therefore, it is important to determine what sensory
mode to emphasize when learning a particular skill. It is
obvious that the different sensory feedback channels operate
at different rates. According to Schmidt, vision is the
slowest sensory feedback made and proprioception is the
fastest.30 Therefore, when learning a ballistic movement
like the golf swing, it would be necessary to emphasize the
fastest sensory mode available.

Cochran and Stobbs succinctly sum up the frustrating
experience of the beginning golfer when they say:

The beginner reaches a stage where he can grip the
club correctly, stand to the ball correctly and even

29

30Richard A. Schmidt, "A Scheme Theory of Discrete
Motor Skill Learning," Psychological Review, 82 (July 1975),
252.

Cochran and Stobbs, p. 101.
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