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The purpose of this study was to investigate the effects of isokinetic muscle
training and heart rate biofeedback (HR BFB) training on pistol shooting
performance. Fourteen male pistol shooters were divided into two groups known as
control (C, n=7) and trained (T, n=7). For an isokinetic training program. a training
group performed 8 weeks of maximal isokinetic training of both legs (knee flexor and
extensor) and right arm (shoulder adductor and abductor), at the intensity of 10x10
repetitions with varying speed (180, 180, 120, 90, 60, 60, 90, 120, 180, 180 deg.s"), 3
times per week. The data of fitness variables and shooting performance were
collected at 4 trials of pretest (1 week before training program), test 1 (4 weeks after
the training program began), test 2 (8 weeks after training began). and posttest (2
weeks after training stopped). Regular shooting training was on going in the same
schedule as the control group. A biofeedback training program was carried out 2
weeks following posttest of the isokinetic program using the same group of subjects.
Heart rate monitoring was used in combination with a concentration and relaxation
program; the training program was performed 3 times per week for 6 weeks. The
results of isokinetic muscle training showed that there was a significant increase (p
<0.05) in shooting performance and muscle strength in the training group but there |
was no significant change in the control group (p>0.05). The results of biofeedback
training showed that the percentage of triggering in the period of diastole was
significantly increased (p<0.05) after training compared to the before training in the
training group, while the control group was not significantly changed (p>0.05).
However, the results of shooting performance were not significantly different (p
<0.05) between before and after HR BFB training compared between the control and
training groups. In conclusion, the isokinetic muscle training can improve muscle
strength and shooting performance, while HR BFB training can increase the
opportunity of triggering in the diastole period of the cardiac cycle, but does not seem

to clearly increase the shooting performance.
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CHAPTER1

INTRODUCITON

Pistol shooting, a series of shots, requires high accuracy and precision of the
shooter to get a championship. The precision of marksmen demands combinations of
either fine motor, gross motor, and visual-motor components especially eye-hand
coordination (1). Various aspects of shooting performance had been previously
reported. For example, training of leg muscles, which related to stance posture,
training of arm and fingers increased the precision of shooting (2). The isotonic and
isometric muscle training of leg and arm was also reported to enhance performance on
pistol shooting (3). None of the previous studies reported about the effect of
isokinetic muscle training on shooting sports. Moreover investigation of shooting
performance in relation with the cardio-respiratory pattern indicated that most elite
shooters exhibited higher performance during diastolic phase (4). Biofeedback, for
example electromyogram, is known to improve performance in pre-elite archers (5).
This specific training has never been reported in pistol shooter despite the fact that
shooters and archers contain similar training protocol. Therefore, we rely upon no
evident to predict the physiologic change under influence of this particular training.
This investigation is aimed to specify the effects of isokinetic and biofeedback
training on pistol shooting performance.

As isokinetic training, a special type of muscle performance, in which muscle

maximally contracts at constant angular speed, has been defined as a tool to enhance
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performance of sport activities e.g. soccer and runner (6-8). Theoretically, isokinetic
muscle training should lead to the greatest improvement of strength, endurance and
safety from muscle injury when comparing with isometric and isotonic muscle
training (9). According, pistol shooting requires less muscle power. However, it is
believed that this specific type of muscle training may more or less improve shooting
performance in athletes (39, 40, 48).

The information on biofeedback (BFB) training and physiologic responses
such as heart rate (HR), blood pressure (BP), galvanic skin resistance (GSR),
electromyogram (EMG) and electroencephalogram (EEG) are previously identified
(10). It was demonstrated that there was the reduction of heart rate, blood pressure
while EEG became stable after 5 weeks of biofeedback training. (12). Meditation and
concentration was introduced with sports, which required the precision such as golf
and shooting (11, 93). This particular type of heart rate biofeedback (HR BFB)
training involves concentration and muscle relaxation for 6 weeks (13). It is believed
that meditation and concentration should be appropriate BFB training for pistol
shooter whose performance involves high precision under non-arousal condition.

It is not easy to expect the outcome of shooter performance when these two
training methods, biofeedback and isokinetic, are combined. Therefore, this study
was aimed to investigate the effects of isokinetic muscle and biofeedback of heart beat
signals training by triggering in relation to cardiac cycle on pistol shooting

performance.
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CHAPTER II

OBJECTIVES

1. To investigate the effects of isokinetic training on muscle strength of
shoulder adductor and abductor, knee flexor and extensor relation to air pistol
shooting performance.

2. To determine the possibility that triggering during diastalic cycle may
enhance shooting performance after heart rate biofeedback training.

3. To identify the relationship of some physical fitness variables to the
shooting ability of air pistol shooters such as, the correlation between hand oscillation

and % shooting scores and other variables.
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CHAPTER 111
LITERATURE REVIEW
Pistols Shooting

1. Classification of pistol shooting
Shooting becomes a popular sport, which involves for competitions in various
internationals level e.g.; SEA games, Olympics games, and World shooting
championship. International classification of shooting competition has 3 types; pistol,
rifle and skeet & trap (14). In this investigation, only pistol shooting will be
presented. Pistol shooting or hand gunning is performed when standing on both legs,
gripping the pistol firmly in one hand and controlling the body to remain motionless
long enough to deliver a precision triggering. Pistol shooting competitions are divided
into five types; (15)
1.1 Rapid fire
Rapid fire pistol shooting is sometimes referred as silhouette
shooting, because of shape of the targets. Shooters fire a total of 60 shots at fire
targets from a distance of 25 m. These shots are fired in group of five, each at
different targets that are being turned simultaneously from a side-on to a face-on
position and be exposed for few seconds. The silhouettes are placed 75 cm. apart in-
groups of five. They will be appeared simultaneously and position presented face-on
for a specific line of 8, 6 or 4 second. They will be turned through 90° position at a
maximum speed of 0.4 second (0.2 seconds in the Olympic and World

championships). Each target is 160-cm. high and 45 cm. wide. Each silhouette is
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divided into 10 sections, scoring between 1 and 10 points. A shot that strikes the
demarcation line between two zones will score the higher value. The weapons use can
be any types of 5.6-mm. automatic pistol or revolver (15).

1.2 Free pistol

In free pistol shooting over 50 meters, a competitor is allowed 60
shots, divided into six series, which must be completed within 2 hours and 30
minutes. Each target is a white square. The scoring rings within it are valued from 1
to 10 from the outside inwards. The inner ring is 5 cm. in diameter. The diameter of
each of the outside rings is 50 cm. in diameter. The pistol bore must have a caliber of
5.6-mm (15).

1.3 Air pistol

In air pistol shooting over 10 meters, the competitive is allowed 60
shots, which must be completed within one hour and fourty-five minutes. Each target
is a white square. The series of scoring rings within it are valued from 1 to 10 from
the outside inwardly. The inner ring is 1.2 cm in diameter. The width of center rim of
each ring is 1.6 cm wider than the inside rim. This designation makes the most
outside ring diameter equal to 15.6 cm. The pistol bore must has a caliber of 4.5 mm
(15).

1.4 Center-fire

Center-fire pistol consists of 60 shots fired on bull’s-eye and
silhouette targets (30+30). The events have two parts: shooting 25 m, six series of
five shots each, with six minutes for each series: and, shooting at 25 meters on

silhouette target with six series of 5 shots each in which each shot is fired in 3
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seconds, after which the target disappears for seven rounds. Consequently, these
events contain elements of slow five on bull’s-eye targets and rapid or duel fire on
silhouettes. The pistol bore must have a caliber of 7.62-9.65 mm (15).

1.5 Smallbore standard pistols

Pistols of this class are used in competition and for training in the
beginners. In some aspects, standard pistols have restrictions similar to center-fire
pistol. Standard pistols are five in UIT standard pistol event, which includes slow,
timed and rapid-fire shooting at 25 m. Caliber 5.6 mm (15).

2. Principle of pistol precision
Competitive pistol shooting is sport that requires precision and accuracy, like

rifle shooting and archery. One-handed shooter must major basic fundamentals of
marksmanship to be successful in bullseye game. Christian and coworker mentioned
that Fulford, two-time Masters International winner (1987 and 1990), had stated that
there were certain fundamentals involved with hitting a target with a handgun. These
basics are grip, stance, sight alignment, sight picture, trigger control, and breathing
control (16).

2.1 Grip

The key to accuracy with a handgun is a consistent grip which
holding the gun: both in the position of the grip and the degree of grip pressure
applied. Alteration between one of these may change shooting performance, the
impact point of the bullet in the target will be changed. Expert marksmen suggest the
beginners to increase grip pressure slowly until the barrel shake and the gun cannot be

held steady. This is called tremor point. The shooters should use grip pressure that
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stays below the tremor point. This point is varied from one individual to another,
based upon one’s muscle tone, and can change in a shooter over the course of his
career as muscle tone changes. Some instructors have advocated gripping the
handgun like or as though the shooter was going to drive tightly fixed. Shooter had
started shooting by gripping with classic style (Performed V form between the thumb
and forefinger that aligns with the bones in the forearm while holding the hand up).
He found that it made him feel 3.5 pound trigger like eight or nine pounds during a
match, so he could not control the good trigger. By shifting his grip out of the classic
mode, and putting more of his trigger finger through the trigger guard, the scores
improved (16).

2.2 Stance

Allen Fulford stated that the stance of his style make his nature point
of aim easy. To start, take a basic stance that aligns the body on the target, then bring
the gun up and onto the target. From that point, raise the gun about forty-five degrees
above the target, close the eyes, then bring the gun back down to level with the target.
When the eyes are opened, the sights should be on the target. Unless the sight is on
the target, shifting the feet right or left is needed. Otherwise repeat the procedure until
that gun comes back down on the target. Once they find the spot, some shooters
actually chalk an outline of their feet so they can return that stance quickly. Body
weight should be distributed evenly on both feet, the muscles relaxed, and when the
gun comes out of recoil it should come down right on the center of the target (16).

Since every shooter is built differently, each individual has to find the

stance that gives him or her that nature point of aim, and stability. Standing stability
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is one of many factors contributing to shooting accuracy. Even small changes in
postural stability the accuracy will be altered. A postural training program is therefore
included in the training of competition shooter to improve stability. Other efforts to
improve stability are the use of heavy support clothing ensemble and rigid shoe (17).

The postural stability of the shooters was tested by Aalto and
coworker (1990) of ten competition shooters (8 rifles, 2 pistols) by using a custom-
made force platform connected to a computer. The results showed that the shooters
had significantly reduce body sway measuring as sway velocity when compare to the
control subjects in both visual and non-visual conditions. When comparing between
pistol shooters and rifle shooters, the pistols had worse postural stability than the rifle
shooters (18).

During targeting, the shooters must control the oscillation of the body
and prepare to pull the trigger smoothly and to counteract the recoil of the rifle.
Numerous movement patterns of the body or body segments anticipate the postural
change that precedes the movement (3) Thus, when a freely standing subject initiated
a voluntary arm movement against external object, the appropriate calf musculature is
activated first to provide full postural stability during the movement (19). The
sequence of action then radiates upwards to arm (3). The stabilizing movement
components are the same as those automatically stabilize body sway (2).

Collins and coworker described that postural control system is
organized hierarchically so that the central nervous system executes subunits were
capable of executing different reflexes that were used in simple motor tasks (2). The

system has a memory from the past, and the postural control was executed largely
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through anticipation (19). Aalto and coworker discussed that a theory called
hysteresis might be plausible for the segmental oscillation of the body. A hysteresis
around the joint means that of liberty of segmental system of the body, a certain
degree of liberty of movement is allowed; but when the segmental oscillation exceeds
the predetermined limits the control mechanisms activate the appropriates automatic
responses to stabilize the body. This takes place also in shooters who must diminish
their postural oscillation during targeting. The control system must be effective at the
segmental levels to damp the oscillation around the various joints. Vestibular
mechanisms are likely to participate in this control (18).

Standing is the least stable shooting position, due to it center of
gravity located above a comparatively small support area. There are varying degree of
stability, however, dependent on the shooter positions and his body weight. He may,
for example, bend the body back and stand on his heels, or stand erect, placing his
weight in between two feet, thus this brought the line of gravity closer to the center of
the support area (Fig.1). An indicator of this difference is the angle of stability. It is
formed by two straight lines, one a vertical extension of the center of gravity and the

other of straight line from the center of gravity to edge of the support area (15).
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Unstable equilibrium

\ Loss of balance

\

Center
of gravity

Limits of support area

Figure 1.  Front and side angles of stability in the standing position with wide foot

position (15).

2.3 Sight alignment:

Fulford suggested that the novice shooters must learn to use iron
sights correctly. The proper sight alignment with iron sights, the front sight perfect
centering in the rear sight notch, and equal amounts of light on both sides of the front
sight, gives improvements of shooting. (16).

2.4 Sight picture

Sight picture is equally as important as sight alignment. Fulford
states that sight alignment is the shooter’s sights a properly aligned with each other.
Sight picture is when those sights are then aligned on the target. A shooter can learn

easily that he can maintain perfect sight alignment; whereas a perfect sight picture
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may never be maintained. There is a certain amount of wobble that will move the
handgun around that perfect sight picture and the shooters must learn to accept that as
normal. To achieve a perfect sight alignment easily, the experienced pistol shooters
must keep actually see a perfect sight picture for a millisecond. At that time, both
novice and expert shooters want to make the shot break right then. That makes the
shooter forget all about trigger control and creates a trigger jerk that sends a shot off
into the woods (16)

In 1980 Landers and coworker described the aiming behavior of the

< e

rapid-fire shooters. They must remain ‘set” during a variable fore-period in
anticipation of an unseen stimulus (i.e., the target) The target is initially positioned
sideways to the shooters (sagittal plane) and then it swivels around to a right angle
position. Once the target in view, the shooter fire 5 shots in 4, 6 or 8 seconds.
Therefore, the ability to anticipate this turning target may be advantageous in initiating
action, particularly in the 4-second string (20)

In 1985 Ripoll and coworker studied the visual behaviors of pistol
shooters of various levels of experience in 1985. They used a video-oculometric
technique to record the direction of gaze. A spatio-temporal analysis of the fixation
patterns of five international pistol shooters and five international athletes found that
pattern were related to the level of sl;ill. The pentathletes, whose level was lower,
positioned their aim on the weapon sight and vitally followed the movement of the
weapon towards the target. The pistol shooters appeared to negative feedback in

bringing up their guns, so reducing. Formed by the weapon, target and gaze. They

fixed their aim directly on the target or between the target and the weapon (21).
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2.5 Trigger control

There is a mental block associated with the gun movement that a
movement that a pistol shooters experiences. As mentioned to the association .
between the perfect alignment, and picture with the trigger control earlier. Fulford
states that it takes the proper mental discipline by accepting the following: Pressing
the trigger smoothly without creative additional gun movement even while the gun is
moving around the wobble zone which extends to the nine-ring of the target (meaning
the degree of gun movement dose not extent farther from the center of the target than
the outer edge of the nine ring). In another word, they the accepting that wobble zone
and they still maintain a smooth trigger pressing even when-one has a less than perfect
sight picture. This is one of the most basic, yet difficult, fundamentals to be
measured. In the proper trigger control (16).

2.6 Breathing control

Shortness of breath or lack of oxygen is one of the symptoms that the
veteran shooters realize that it is the worst time to break the shot. Avran and
coworker (1973) studied some -cardio-respiratory changes in marksman (22).
Wilkinson and coworker summarized that there was a significant relationship between
respiratory patterning and shooting performance (23). Recently Kim and Tennant
illustrated the effects of visualization and Danjeon breathing (imagine breathing
through the Danjeon area which locating approximately 5 cm. below the novel,
instead of the lung) and the accuracy of target shooting with on air pistol. The better
performance groups were ones in the Danjion breathing and ones in the combination

of visualization plus Danjeon breathing group (24).
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Physiological Aspect of Shooting

1. The human motor apparatus of the shooting

The human motor apparatus is subdivided into a passive and active apparatus.
The passive apparatus includes the bone and ligaments, which exert resistance to
external physical forces acting on the body. The active apparatus is the system of
muscles that move individual parts of the body relative to each other or hold them in
specific position. In any movement involving muscle work, the nervous system must
participate in that action. Since each joint contains ligaments, the shooter must strive
to develop a position as by the stable and resilient tendinous ligaments, which,
because of their physical properties, are virtually impossible to fatigue. Including
effort will keep the joints sufficiently rigid. This is one of the conditions for attaining
maximum immobility (15).

The posture of the shooter in the firing position must be such that the moving
parts of the body are effectively kept rigid by the work of strong muscles. Dexterous
muscles must be used, as little as possible and in a manner must most suitable for the
performance of their special test. The various body movements are produced by the
coordinated action of several muscles. Muscles which participate in the same
movement and perform common work are called synergists muscles used to bend the
hand, for example, are antagonists. The muscles used to bend the hand, for example,
are antagonists with respect to muscles used to bend the hand for example, and are
antagonists with respect to muscles used to extent the hand (17).

The execution of smooth movements is possible only when antagonist

muscles operate in harmony. During these movements one group performs action of a
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surmounting nature, while another group performs action of yielding nature. Without
the participation of antagonist muscles, the movements of untrained people differ
noticeably from those of trained ones. Untrained antagonist muscles perform in
slightly nervous, jerky manner (25).

The shooter is seeking maximum immobility and the muscles must perform a
static role, which is most likely to cause fatigue. Therefore, it is important to select
the right tempo for firing, especially during long courses of fire, so the intervals
between release of the shot and assuming position for firing the next regain their
working ability. Basic characteristics of the motor apparatus role in maintaining a
fixed body position. All actions performed by a human being can be classified or
voluntary actions. Voluntary, conscious movements are the most complex of those
movements that play a role in one’s daily life. Examples of voluntary movements
performed as a consequence of our will during shooting include raising and lowering
the firearm, reloading the firearm, squeezing the trigger. The comparatively simple,
invéluntary movements play an auxiliary role in the motor activity of an organism.
They include various defensive and orienting reflexes such as turning the head toward
an unexpected shot, blinking, and jerking the hand away from painful irritations.
Also, more complex involuntary movemenfs exist, including those performed by the
many nervous centers of the brain and spinal cord to protect the body from falling.
Examples of these involuntary movements during shooting are the large and small
wavering of the shooter’s body during aiming. The movements which impart stability

and the maximum degree of immobility to the shooter’s position (15).
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The tone of the skeletal muscles is a reflex phenomenon connected with the
activity of many parts of the central nervous system. The changing and regulation of
tone depends to a tremendous degree upon impulses, or signals, from the receptors of
the vestibular apparatus and the visual organs. These signals are transmitted via the
sensory nerve conduction tracts to the different parts of the central nervous system.
With the assistance of the cerebral cortex, these parts regulate the activity of the
skeletal muscle (Fig.2) (15).

In conclusion, let us dwell on one more position and which certain shooters
who have reached a high degree of training in controlling their motor apparatus. This
technique is based on technique whose feasibility is well known. For instance, a
person will blink periodically and not ever notice it. It is possible to squint the eyes,
or, on the other hand, to consciously avoid blinking. Breath cycles occur involuntary,
but at any moment one can hold his breath and not breathe. Leading shooters avail
themselves of this special technique to lessen the the involuntary oscillation of the

body when firing (15).
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Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Physiology of Exercise) / 17

2. The eye and shooting

In addition to the development of technologies and civilization, men have
indulged his superb eye-hand co-ordinations in sports. Many modern sports involve
fast moving objects. Skilled play calls for a high level of perceiving, judging
anticipating and moving. These are among the complex of sensory-psychomotor
reaction. The sensory arc of eye-hand co-ordination is vision, but not simply vision as
it is usually tested. The dynamics of play are far removed from the ophthalmologist’s
office, particular sports involving high velocity missiles. The routine tests of visual
fields and color vision. However, the detection of motion, generally untested, is of
critical important in that sport. The skilled athlete, using minimal visual cures and
instaneous judgment, anticipates the final critical position of the missile and his
response to it (27).

From literature review, target aiming begins with good visual acuity. As
shown by Popescue and his co-workers that all these following factors are taking part
in shooting practice or competitions: visual accommodation (28), ocular refraction
(29), ophthalmic functional equilibrium (30), the changes of light sensitivity (31) and
the photopic visual field for white and monochromatic light stimulation (32). In 1989,
Veljkovic showed that refractive abnormalities in young people affected their success
sharpshooting. The result were demonstrated that the shooters who have no refractory
anomalies performed better than ones who have hypermetropic, complex or
astigmatism of the eyes, including myopic, complex or astigmatism with the
corresponding optical correction. He concluded that for evaluation of the shooting

ability of a greater importance do the optical appliances than the degree and types of



Poolchai Chaiyapong Literature Review / 18

eye refraction (33) achieve the visual acuity. Beer et al. showed that there was no
difference for eye color in bullseye target shooting (34).

The desire for accuracy in shooting provides the impetus for many marksmen
to enlist the skills of their eyes care professional. There are many optical aids that can
be utilized to achieve the consistent precision of marksmanship demand by modern
riflery and shotgunning (35).

2.1 Refraction and Basic Principles of aiming

As mentioned earlier, aiming begins with good visual acuity.
Appropriate refraction-lens wearing produces retinal image, thereby reducing fatigue
and eyestrain. A marksman aspiring to his expectation must have his best refraction
for visual performance. Accurate shooting depends on the basic principles of vision,
fusion, stereopsis and depth perception.

A wide binocular filed of view is important in the initial localization
of a target. Motion in a peripheral visual field provides the stimulus for the fusion
response. This creates a solitary mental image for precise aiming. Without fusion,
suppression or diplopia would result. This leads to confusion or loss the valuable
environmental information, which is needed in correct target alignment. Good depth
perception helps judge not only the target distance but also the relative position of two
or more objects in the viewing field. Uniocular target sighting employs visual clues
such as apparent size, perspective, shadows, parallax and overlapping of contours.
Muscular clues for depth perception includes efforts of accommodation and

convergence. Although one may perceive depth by using the above mentioned
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uniocular clues, binocular stereoscopic vision provides the best means of judging
depth. This occurs with the correct interpretation of slightly disparate images.

Correct muscle alignment lessons fatigue and aids the depth
perception determination. Castren demonstrated that a heteroporia less than six-prism
diopters dose not affect the stereoscopic vision. Any measurements greater than this
causes early fatigue and/or ocular image suppression (35).

2.2 Eye dominance

Eye dominance is another important factor in shooting accurately;
sighting with the dominant eye is used to align the gun sight with the target. When
the nondominant eye aligns the gun and target, the sight image appears good, but the
target is missed. This is known as cross firing (36).

Most sportsmen usually have a strong dominant eye, a factor that
contributes to consistent shooting. Others have alternating dominance, occurring with
fatigue, stress, or poor lighting conditions. Proper alignment is thus compromised.
This is less important in such sports as tennis or basketball because one has learned to
compensate. With rifle shooting this does not present a problem as one eye is usually
closed to align the sight. However, to shoot a shotgun this way, the head must be
positioned over the stock or the gun must be twisted to compensate for the
nondominant eye alignment (34).

Sheeran and coworker examined the effects of pure and crossed
dextrality on the marksmanship scores. He found that the subjects who were
classified as pure dextrals (right hand, right eye) had performances better than ones

that were classified as did crossed dextrals (right hand, left eye). In the beginning of
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shooting practice, most shooters are instructed to determine which hands are the
dominants ones. This is generally accomplished by asking for the preferred hand or
t.he hands with which they write or throw. Subsequently, they are instructed how to
hold a weapon, where to place the head and face, how to sight the rifle, and how to
fire the weapon on the hand preference identified. The interrelation of eyedness and
handedness on preference identified. The interrelation of eyedness and handedness on
marksmanship scores is important but has been largely ignored (36).

Many shooters do not know how to determine which eyes are
dominant. One way to do this is focus on a distant object through a small hole cut
(1/4 inch) in a piece of paper (8 ¥2 x 11 inches) held at arm’s length. Advance this
paper toward the face, keeping the object in focus the entire time. The paper will thus
be brought directly to the dominant eye. Another way is to focus on a small object 15
feet away. While still focusing on the object and with both eyes open, block it out
with the thumb held at arm’s length from the body. In this position close one eye. If
the object appears to remain blocked by eye thumb, the open eye is the dominant eye.
If the object appears to jump from behind the thumb, the closed eye is dominant (34).

Experience shooters, however, find it easy to learn ways to
compensate for cross dominance. For examples; closing the eye not aligned with the
gun barrel. This technique helps force dominance onto the other eye, but interrupts
binocular vision. Closing this eye just before firing the gun helps preserve binocular
vision, mounting an occludes alongside the gun barrel to block the off eye’s view,
putting petroleum jelly or some similar substance on the lens used in shooting to block

the off eye’s view of the end of the gun barrel. Gun stocks can also be made to permit
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the dominant eye to be aligned with the barrel when the gun is placed upon the
opposite shoulder, although this method is by far the most expensive (34).
2.3 Use of aids in aiming.

2.3.1 Shooting glasses

Optical aids for shooting may be used begin with the
shooting glasses. Each frame must conform to the individual’s facial contours. It
should ride high enough on the nose to be clear of the check when the face is aligned
against the gun stock. A larger than customary frame will help eliminate glare. Metal
frames or a combination of metal and plastic are more durable than plastic alone.

2.3.2 Tinted lenses, optical centers and contact lens

Tinted lenses can reduce distracting glare and brightness.
Neutral grey tints will absorb 98% of the ultraviolet along with the infrared radiation
without distorting color perception. Green tints absorb the infrared rays and 99% of
the ultraviolet radiation, but are less effective in reproducing true colors and blocking
bright light. Brown tints absorb similarly to green tinted lens, but there is greater
color distortion due to less visible blue light being transmitted. Shooting glasses with
yellow tint absorb 100% of the ultraviolet rays while transmitting the infrared and
83% of the visible spectrum. Scattered light of fog and atmospheric haze is decreased
because of the blue region of the spectrum. Subjectively, yellow lenses may be useful
because they increase contrast; however there is no evidence that they improve one’s
marksmanship. Polaroid lenses reduce annoying surface reflections such as those saw
over water or concrete. Antireflective coating decreases individual lens glare by using

an ultrathin layer of magnesium fluoride.
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Alignment of the optical centers of the shooting lens must be
achieved to produce the sharpest vision without inducing any prism effect. Pistol
sighting usually requires looking through the upper right or left corner of a lens. Gun
stock shape will determine eye alignment for rifles and shotguns, but sighting is
usually through the upper left edge of the lens for the right-hander and the upper right
corner for left handers. Regardless of the sighting position, viewing is usually high in
the lens, and the optical centers must be properly aligned.

Contact lenses offer aid to the sportsman by affording good
central and peripheral vision. There are no problems of lens reflections, frame
adjustments and optical center. No eye protection of contact lens is the reason for
marksman to reconsider their value (34).

2.3.3 Open and aperture sights

Open sight and the aperture sight on the gun itself are aids
for better aiming. Open sights are the iron sights customarily present on a pistol or
rifle. They usually consist of a rear notch and a front bead. With vision fully
corrected, the downrange target is in focus while the rear sight and front bead are
always slightly out of focus. Because of this blurriness, hurried shot commonly result
in a vertically misaligned shot, and there in lies the open sight’s weakness. Horizontal
hold is fairly easy to obtain with the rear notch limiting lateral displacement. Most
hunting shots are taken at targets less than 200 yards away. Open sights work fairly
well at distances of 150-200 yards. Another aiming aid is aperture sight or peep sight.

Wearing the best refraction is demanded, as with open sights. The aperture sight
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creates parallel rays of light that enter the eye. The smaller the aperture, the less light;
but the better the optical effect (34).

The depth of field created by the aperture is dependent on
projection distance and the distance separating the aperture form the eye. An
adjustable iris aperture will allow a small aperture for target shooting or a larger
aperture for aligning moving targets such as game. One disadvantage of both open
and aperture sights is a blockage of the target’s portion. For range shooting, this
blockage is not a critical factor; it does hinder game identification while hunting (34).

2.3.4 Scopes

Telescopic gunsights are still another aid used for aiming. It
will provide and instant sighting with proper reticle alignment, thus eliminating most
problems of shooter eye focus. This is advantageous for the presbyope who has
difficulty focusing with the iron sights (34).

2.4 Aiming

Different weapons require different sighting techniques; those needed
for shotgun sighting may vary considerably from that necessary in rifle or pistol
shooting. Aiming a shotgun effectively requires that both eyes be open, with the
dominant eye down against the gun in line with the barrel. Accuracy depends upon
target concentration rather to take specific aim. The proficient shotgunner has
mastered this technique. Sighting of a rifle usually is done with the nonaiming eye
closed or suppressed. The iron sights of a rifle are aligned and centered on the target.
Focus is on the target, which creates a slight blur on the edges of the open sights.

Because the sights are only used for entering the target, this minor blurring is not any
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consequence. Accurate pistol shooting requires precise focusing if the front sight.
This creates a slight blur to the downrange target as the sight are aligned and focused
on it. Properlyv refracted lenses should be worn for the necessary clarity.

The presbyope (one who has diminution of accommodation of the
lens of the eye occurring normally with aging) may require a special shooting lens for
pistol marksmanship. One of two methods to aid focus is altering the prescription in
the shooting glasses to achieve a clear focus on the front sight. Only the shooting eye
will need this modification in lens power. The presbyope’s plus power can be added
to plain shooting glasses in two ways. A flip-over lens or a flip-up front frame can
hold the needed power. Another way of providing the plus power is to use a tiny
bifocal placed in the corner of the glass though which aim is taken. A round fused
bifocal usually work well.

A pinhole on the spectacle lens is another approach presbyopes
utilize. The lens is marked with a wax china marking pencil directly in a 3/8 inches
wide strip of back electrician’s tape is then placed precisely over the marked spot.
Trial and error will indicate the best pinhole size for the amount of illumination. This
pinhole will increase the apparent depth or range of clear focus. The single pinhole is
usually for a one and hole support. If both one and two hands are to be used in the
course of a shooting day, a wider piece of tape with a second pinhole placed closer to
the centerline may be used. Adjustable diaphragms may be used to produce this tiny
aperture. With a smaller aperture the focus is clearer, but the illumination is reduced.
Tape can also be used to help blocking the unpressed eye in pistol shooting. The

dominant eye usually aligns the pistol sights on the target. If closing the nondominant
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eye creates unnecessary tension, the double image can be blocked with a piece of tape.
For the right-handed shooter the tape is placed in the upper right-hand corner of the

left lens, and in the upper left corner of the right lens for the Jeft-hander (34).

Factors Effecting Shooting Performance

1.Muscular training

Expert marksmen suggested that muscle exercise is one of the things that
shooters must do additionally in the shooting training. Because in one-handed
shooting the muscles are not used ordinarily. The proper exercise of weight training
develops enough muscle tone, therefore the shooters do not become fatigued while
shooting a match. The proper weight training will improve their abilities to hold
steady and reduce the degree of wobble zone (meaning the degree of gun movement
farther from the center of the target). Consequently, it contributes to shooting
accuracy by weight training specific to muscles group, which show in Table 1 (94).
Antal and coworker concluded that muscular weakness and tremor and early fatigue,
leading to a diminished shooting performance (37). Loesel and co-workers
recommended a number of exercises to strengthen the foot and leg musculature in
order to improve standing stability (38). As a result shown by Vercruyssen and co-
workers, there are a relationship of strength and precision in shooting activity (39).

Combs and co-workers mentioned that Roxane Thompson, the United States
Marine Corps Staff Sergeant Base at Quantico, Virginia, was one of the best pistol
shooter in the USA (1992). He told about her special weight-training program. The
exercises were designed to strengthen her shooting muscles; muscles that help her

hold up the pistol she shot. She took extra care to exercise her left side and arm as
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much as the right. She did not wish to develop her right arm beyond the capacity of

the left. She sought a balance. Another exercise was running. She ran almost every,

two or three miles; sometimes five miles (3).

Table 1. The muscle groups and position of the pistol shooter, which were

recommended to be trained for increasing the muscle strength (94).

group principle location action exercises
muscles
trunk extension erector spinae along back straigthens the back extensions
spine
trunk flexion abdominals front of flexes the abdominal curls
abdominal spine-bends
arm extension triceps brachii back of upper  straigthens the bench press,
arm arm push-ups
arm abduction  trapezius upper arm pull the bent rows,
shoulder reverse flies
arm elevation  deltoid top of upper raise the arm  military press,
arm upward press behind the
head
wrist extension forearm back of pulls wrist reverse wrist
extensors forearm upward curl, roll-up
wrist flexion forearm flexors  underside of  pulls wrist wrist curl
forearm toward
underside
finger grip forearm and forearm and opens and isometric grip
finger muscles hand closes the fist  exercises

Two-times Masters International winner (1987 and 1990) Allen Fuldford

commences his favorite exercise at the start of each season by assuming the shooting

stance and substituting a five-pound lead weight for the gun. The weight is held
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outward. For a specified period of time, then lowered for a minute or so before being
repeated. “Starts with ten or fifteen seconds for a beginner, then increase the
time when the strength builds. Don’t over-fatigue the arm. Sometime every other
day is too much. Maybe every third day is better” Fulford advises. Christian
advised the expert marksman used the same method as whose Fulford; but substitutes
a wrap-around three-pound wrist weight and compresses a spring hand exercises at the
same time to build both holding and griping muscle (16).

The effect of aerobic and variable resistance exercise training on reaction
time (RT) and speed of movement (SM) were evaluated by Panton and coworker
in1990. These finding indicate that 6-month of aerobic and strength training did not
induce significant changes in RT or SM in this study (40).

The isokinetic, isotonic and agility training regimens do appear to affect the
muscle reaction time both positively and negatively in the quadriceps, hamstring and
gastrocnemius muscles in response to anterior tibial translation. Peak torque, time to
peak torque, and endurance are independent variable affects by muscle training and
not correlate with muscle reaction time in performance evaluations. Agility training
seems to produce the most desirable effects in muscle reaction time, but agility and
isokinetic training appear to improve the time to peak muscle torque the most
consistently Edward and coworker (8).

Somthavil and coworker reported the muscle training by maximum isometric
exercise and maximal isometric exercise combined with electrical stimulation did not

change muscle strength and pistol performance of the pistol shooters. For pre-
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training, after the third and sixth week showed all groups improved significantly for

pistol performance (41).

Muscle training can divide in 3 type by characteristic of movement of joints

and muscle; isokinetic, isometric and isotonic.

Fox and Keteyian summarized

advantage and disadvantages of the three most common type resistance training

programs. Shows in Table 2 (9).

Since many study found that; muscle training by isotonic and isometric can

increase precision on shooting but so far no report on the effects of isokinetic training

on pistol shooting eventhough the isokinetic training can increase more strength,

endurance and more safety from muscle injuries.

Table 2. Summary of advantages and disadvantages of three types of muscle training

programs.

Comparative Rating

Criterion

Isokinetic = Isometric Isotonic
Rate of strength gain Excellent Poor Good
Rate of endurance gain Excellent Poor Good
Strength gain over range of motion Excellent Poor Good
Time per training session Good Excellent 