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Abstract 

This article attempts to outline the role of hardware and software skills in athletes’ performance. It further relates the importance of both systems. The hardware system includes all non-task related skills that each individual being an athlete or not can perform. These skills are equally important in performance as the software skills. Hardware skills allow good performance of software skills. However, the software skills are improvable and can make a difference between the expert athletes and novice athletes. Further it is believed that superior athletes normally have superior software skills than novice athletes. There has not been any evidence to conclude the difference in hardware skills between novice and experts athletes. 
1. Introduction 

S

ports vision is one of the key performance indicators in sports performance (Ferreira, 2001). It is been extensively studied recently. As sport is becoming a big business lately, every aspect of it that improves performance is been given thorough attention (Ferreira, 2001). The abilities of an athlete’s vision are limited when observing objects in fast motions (Knudson et al, 1997). Due to this reason, decision are been taken in consultation with video referees and ultra sounds or using replays. The said is more common in rugby and cricket respectively (Knudson et al, 1997). 

Vision in itself is a skill. Should an athlete perform acceptably well on the visual skills performed, he/she likely to give a better performance in the sport of interest. On the same assumption athletes are believed to have significantly better visual performances than non-athletes. As reported by Ferreira et al (2003); Stine suggested that most of the investigations previously conducted were to attempt to provide answers to the three basic questions namely (Ferreira et al, 2006):-
a. “Do athletes have better skills than non-athletes or do better athletes have better visual skills?”

b. “Are these skills trainable”

c. “If these skills are trainable does the training result in better sport performance?”

Abernethy has described vision and the visual system performance of an athlete to be determined by the interaction between its hardware and software variables. Hardware variables are the skills that can be tested and measured using standard optometric techniques and procedures. They are the non-task specific abilities, such as visual acuities (VA), ocular health, and binocular abilities which include accommodation and fusion, depth perception, colour discrimination and peripheral vision. Software variables include the cognitive aspects of vision like visual concentration, visual perception, visual reaction time and visual search. They are more complex variables as compared to hardware variables and are further more psychological in nature. Psychological techniques are used together with the eye movements and visual search strategies in order to get an idea of these skills. 

2. Hardware variables of the visual system 

In a number of studies conducted the hardware abilities or skills of the athletes and non-athletes were found not to have any significant difference. Hence a conclusion is taken that by using only testing the hardware skills; one cannot distinguish an athlete from a non-athlete by using the hardware variables (Ferreira, 2001). Athletes do not necessarily have superior hardware skills. However it should be noted that superior athletes might have superior skills. 

The hardware systems include skills like VA (dynamic and static), accommodation, fusion, etc. They are regarded to be the physical differences in mechanical and optometric properties of the visual system. 

As quoted by Ludeke et al, (2003); Ferreira suggested that all the variables being it hardware or software are sport specific. Ferreira deliberated that the skills that a rugby player should possess to perform at peak might differ to that the basketball player requires. Further all the rugby players in the field might have different needs as dictated by the position and role they play in the game. An example of two players a prop and a Flyhalf was used. A Flyhalf might require superior skills during execution of activities as compared to a prop that would use more physical strength. The skills referred to include peripheral awareness, depth perception, etc (Ludeke et al, 2003).   

It is important to measure and fully correct any hardware system deficiencies because they can limit the visual performance. Training or correcting the hardware systems will be effective only if there are deficiencies in the system (Ferreira, 2001). There might not be major differences in the basic perceptual skills of elite sportsmen and normal fit young adults but the reality is that there are differences in information processing skills that are game related (Ludeke et al, 2003).   Hardware variables can be tested and improved (Ludeke et al, 2003). Ferreira stated that, without an average hardware system, an athlete will have difficulty in developing average software systems, therefore it is important to develop the hardware skills (Ludeke et al, 2003).
2.1. Visual Acuity 

As stated by Abernethy, visual acuity is referred to as the ability to discriminate fine details in an object and has been traditionally examined using standard eye charts (Abernethy, 1991). These charts include the Snellen VA charts expressing the scores in 6 meters ratings. This score estimates how the individual tested resolve details at 6 meters as compared to how an average individual can resolve details at the same distance of 6 meters (Abernethy, 1991). However with more research and the evolvement of sports vision, this was not accurate and sufficient for most sports as these sports involved more movement of both the target (ball) and the subject. Relevantly this was termed static visual acuity and is helpful for sports requiring the static VA (Abernethy, 1991). A term dynamic VA was then introduced. 

Dynamic VA tests were developed in the past decade or two. The VA of the athlete is measured with the same target as in the static VA testing except that in this test either the target or the athlete will be moving. This is measured on the minute of arc. The test is relevant and sufficient for acuity testing in sports that are more mobility (Abernethy, 1991). Dynamic VA is needed to maintain a clear vision when following a moving target such as a ball. In a sport such as tennis, one would require good dynamic VA than in the case of golf where a ball which is stationery is propelled towards a stationery target (i.e. the hole). In tennis a player has to see a complete trajectory of the ball and decide on the return shot to play. A professional or elite player would need superior dynamic VA to enable him/her good judgement of the ball.

Different techniques have been developed to test and train both dynamic and static VA.

2.2. Ocular dominance 

Ocular dominance refers to dominance or preference of one eye over the other. It is observed during the performance of a range of tasks especially at distance (Abernethy, 1991). There is an assumption that one eye will dominate the other and that dominant eye will always dictate the fixation and guide the non-dominant eye into the target (Ludeke et al, 2003). Unilateral dominance is the case where in the dominant eye will be in the same side with the dominant hand in the body (i.e. right eye, right hand and right body). Athletes can benefit in their performance with unilateral dominance in cases where the task performed need secondary use of limbs i.e. aiming tasks (Abernethy, 1991). Cross-lateral dominance is a case where the dominant eye is one side of the body and the dominant hand in the opposite side. It is then a fair statement to assume the performance benefits of ocular dominance depend on the tasks performed (Abernethy, 1991). 

2.3. Accommodation 

Abernethy and Wood are reported to have found no significant difference in the pre- and post training of accommodation (Ludeke et al, 2003). In sports like cricket, batsmen have to strike projected balls at speeds of 80-150km/h. These players take decisions within 0.5s to hit a ball which is coming from 10 m away and the accommodation demand is almost nothing (Ludeke et al, 2003). 

2.4. Ocular muscle balance 

Ocular muscle balance refers to the muscular strength of the eyes between opposing extra-ocular muscles. In a perfect vision the eyes are in a symmetrical position and contribute equally to the viewing of a distant object and therefore eyes act as a unit. This state is called orthophoria (Abernethy, 1991). The two eyes will move in unison when tracking a moving object and also the two foveas of the two eyes will focus on a stationery object in the state of orthophoria. However in a case of heterophoria which is a deviation from orthophoria, eyes will result in poor binocular vision and which in turn can result in aiming errors and errors in judgement of depth.  

Any detection and correction of heterophoria will be beneficial to the athlete as it would enhance the performance.  In sports where judgement of depth and accurate aiming is essential, ocular muscle balance is a key to outmost performance. This is correctable if defective. 

2.5. Colour vision 

The ability to recognize colour is an important factor in sports vision. In cases of mobile sports, there is a very limited time to recognize the player you have to pass the ball to. As thus by being able to recognize the colour of their shirts you are able to take decisions quickly. There is further a case where one needs to recognize a ball against a background of the spectators and should the player have that skill, he is likely to take accurate decisions especially in cricket (Abernethy, 1991). 

In case there is a colour deficiency the colour contrast can be enhanced by the use of coloured contact lenses or filters (Ludeke et al, 2003). This will enable a player to take accurate decisions based on the contrast or hue. Therefore decisions will be taken whether to pass the ball retain it or otherwise (Ludeke et al, 2003). 

2.6. Peripheral vision 

Most of the sports and all its aspects mentioned require good central vision. However there are many aspects of athletic performances that require good peripheral vision. The earliest soccer stars where used to passing the ball using a heel. This was criticized by coaches (Abernethy, 1991). But if one looks back at this you would realize that the peripheral vision was very good. Another example is that of New Zealand rugby players, because their play demonstrates superior peripheral vision skills. Referring to a player like ‘King Carlos’ the previous New Zealand Flyhalf, he was used to passing the ball side-to-side without even looking where he is passing and yet his passes were accurate; or he would even pass in the opposite direction of his pass and yet his passes were accurate. It is a clear demonstration of good peripheral vision even though other skills played an additional role on this.   

2.7. Depth and distance perception

Depth perception refers to the performers’ awareness of the distance between themselves and an object in the environment, and also to judge the relative distance of two or more objects in the environment (Abernethy, 1991). Also referred to as stereodepth, but however this is questionable because of the clinical evaluation and the actual context of depth in the sporting action. It is believed the two are different. The evaluation is static but the actual action is dynamic. It is therefore very difficult to estimate the specific role of stereodepth in dynamic sport. 

The stereodepth is measured at shorter a distance which is not the actual case in most sporting activities. Another concern is that the depth perception is judged over longer distances but when using the actual testing distances the distances are shorter (Abernethy, 1991). 

Rugby referees would definitely need good distance and depth perception when taking decisions for high balls and long range kicks.

2.8. Contrast sensitivity 

It is the measure of the least amount of contrast needed to detect a visual stimulus. Ludeke and Ferreira suggested that the effect of Contrast Sensitivity Function (CSF) on sports performance was not studied adequately. As reported by Ludeke and Ferreira, Trachtman investigated the CSF and found that it can be improved as a result of relaxation of accommodation biofeedback training. Therefore players that are participating in high velocity sports would have superior CSF (Ludeke et al, 2003).

2.9. Vergence 

As reported by Ludeke and Ferreira (2003), Abernethy and Wood assessed vergence using Risley rotating prisms to diverge and converge the eyes in viewing distant objects. The changing temporal and spatial demands of dynamic sports require disjunctive movements such as convergence and divergence to maintain binocular vision (Ludeke, 2003). In sports requiring mobility, continual use of extra-ocular muscles might deplete the fusional reserves over time and lead to performance decrements. However, this can be trained (Ludeke, 2003).

3. Software variables of the visual system

The participation in sports requires not only the efficient and accurate execution of movement patterns, but undoubtedly also competent perceptual skills (Ferreira, 2001). The interactions and relations as mentioned above, results in sports vision requiring a multi-disciplinary approach. Disciplines such as psychology need to be applied more in sporting activities in order to improve the skills of an athlete. Psychology in its application improve the software variables of sports vision and while optometry techniques improve the hardware variables (Ferreira, 2001). 

The software or cognitive variables include components such as visual perception, visual search, visual reaction time and visualization. In sport psychology, eye movement registration is used to examine these skills (Ferreira, 2001). Hardware variables do set the potential limit to visual performance in sport, but however more researchers are now suggesting that in athletes with ‘normal visual system’ it is the software components that distinguish the experts to the novices (Ferreira, 2001).  Experts seem to demonstrate superior skills when using the advance visual information in anticipating ball direction in several different sports (Ferreira, 2001). 

3.1. Eye-Hand coordination 

Eye-Hand coordination is a skill that involves the effectiveness of a perceptual motor response to a visual sensory stimulus and it simply means the functional integration of the eye and hands (Ludeke, et al 2006). The term pro-action is normally used (Joanne, 1997). It needs a multi- discipline approach and it is regarded the athlete’s ability to respond accurately and quickly to a stimulus. It can also be a re-active response wherein an athlete performs an action as a reaction to his/her opponent or teammate (Ferreira, 2001). 
3.2. Eye-body coordination 
It is a skill an athlete performs to maintain and adjust balance in response to a visual stimuli and it requires integration of senses of vision and equilibrium and pro-prioception (Ludeke, et al 2006).  The skill allows effective and rapid shifting of the balance in the legs and feet during performance. The skill can be trained and improved with proper exercises (Ferreira, 2001).

3.3. Visual concentration 
According to Ludeke visual concentration is the skill performed to allow an athlete the ability to pay constant active attention to visual stimuli. Ludeke further indicated that the skill also enable the athlete to use little visual information to react to a stimuli (Ludeke et al, 2003). Visual concentration is said to be the driving force behind the arousal and selective attention (Ferreira, 2001). 
3.4. Central- Peripheral awareness
Central-peripheral awareness is the skill that when performed allows the athlete to maintain the central fixation on a target but yet be aware of the activities or objects on the sides or on the peripheral field. It is regarded a function of visual perception and it further allows the athlete to perform activities in the central and peripheral fields without moving the head (Ludeke, et al 2003). 

3.5. Visual reaction time
This is the time required to perceive and respond to visual stimulation (Ferreira, 2001). As quoted by Abernethy, it is the delay between an unanticipated visual stimulus presented to a player and the first initiation of a response to that stimulus (Abernethy, 1991: 79). As quoted by Ferreira, Planer believes some sports vision specialists incorporate auditory information in this test to assist the visual stimulation (Ferreira, 2001). The test is said to be similar to that of the eye-hand coordination even though it combines more pro-action and reaction. The difference between the two lies in the testing procedures (Ferreira, 2001).  The test is used to assess the speed of the athlete’s hand from one point to he next which can mimic the actual measure of hand speed in sports like boxing. This is essential for the reaction movement of the athlete or swimmer to the “go” bell/gun (Ferreira, 2001; Abernethy, 1991).

Should the player have the faster reaction time, this allows him/her ample time for decision making. In simple terms one can assume that the reaction time is a limiting factor in sport performance. One has to however always consider the variations between the laboratory tests and the actual reaction time in the field. Slower reaction times can always be improved with more training. 

3.6. Coincidence timing 
In most of his deliberations during presentations on issues of sports vision Ferreira stipulated that it is rather more important for athletes to use the saccade movements than the pursuit movements. Coaches should be taught to encourage athletes about this because it will improve performance or timing. Most importantly the reason given is that the eye’s response to seeing details on the ball and tracing while on-motion might be slower than the speed of the ball itself. The coincident timing basically talks about the instantaneous moment where a certain activity is supposed to happen and it actually happens or is delayed and/or rather faster (Abernethy, 1991).  

A split second is of much importance especially in ‘high performances’ and is makes nations win or lose world cups. For an athlete to be regarded skillful, he/she should perform certain technique under any level of pressure. An athlete that is skillful enough should have superior timing under immense pressures. This is described by other authors as visual search (Knudson et al, 1997). 
3.7. Anticipation
This is the ability to pick-up enough information prior to any action (Joanne, et al 1997). In addition to coincident timing, a superior athlete can use the anticipation skills to take advantage and reduce required times for an activity to take place (Abernethy, 1991: 80). Anticipation adds more advantage to “open” skill sports athletes; the athlete can be able to judge the action of an opponent by mere observation within a very limited time frame. Abernethy has given a very relevant example of a cricket player; where a video or picture of a player in action can be used to judge what is he likely to do. Aspects such as the head position with respect to the shoulders and body position can guide the athlete (batsman) on where the ball might land given the body-shoulder position or what the opposing player (bowler) is likely to do. The athlete (batsman) can also know which parts/spot in the body of the bowler to look at (Abernethy, 1991: 81). 
Effective anticipation can be achieved by the athlete focusing on important cues during performances. Skilled athletes may apply the anticipation skills unconsciously (Knudson et al, 1997). 

3.8. Memory and pattern recognition
Memory and pattern recognition is a skill used more especially in team sports where the most experienced players are able to predict what is about to happen. They are able to read the action of the opposition player. The ability to perform the skill can be measured; and the most demonstrated test uses slides from an actual game situation. The player is tasked to recall the positions of the player’s within each slide and marking this positions in a scaled representation of the field of play (Abernethy, 1981: 81). “The player’s recall accuracy on the structured slides compared to slides which depict unstructured scenes, this is the measure of pattern recognition” (Abernethy, 1981: 81). The procedure can also be altered to test the pattern recognition by changing the length of times to which the slides are viewed. 
4. Conclusion and discussion 

Sports vision approach is multi-disciplinary and disciplines such as psychology, medicine and sport science are playing an important role. At the moment Optometry is more focused on the hardware systems of the athletes while other disciplines are advanced and dwell on the software aspects. There is a fine line between the experts and novice, and experts have superior software skill. There is no research that has proved that the hardware skills in the experts and novice are different. However, it is claimed that the experts perform the software skills better which put them more on the advantage as compared to novice. 

It has to be very clear that the hardware factors can set a potential limit to visual performance in sport. Therefore should an athlete perform beyond a certain standard on the hardware skills, he is likely to perform beyond expectations in the sport itself. This does not say that the expert athletes have superior hardware skills but it assumes that they meet a certain standard that make them perform better.  It further suggests that hardware skills can be corrected. It is believed that several optometry studies have failed because they were based on training the hardware skills and neglecting the software skills.  
Software skills are improvable through training and the process is through introducing the task-specific visual performance enhancement exercises. The emphasis of the exercises is based on teaching the athletes between seeing and looking. The difference is based on detecting details through usage of the fovea and information processing and cue extraction. A soccer expert is able to see the objects/subjects off the ball while the novices are more focused on the ball itself.            
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