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The effect of draw distance on the accuracy for recurve archery
One of the many things beginning archers have to develop in their form is an ‘anchor point.’ This is a spot on the face or head of the archer where the hand that draws the bow string will come to rest for every shot. They are admonished to do this carefully and precisely because a difference of just a fraction of an inch can lead the arrow’s point of impact to vary by 6 or more inches by the time it gets to the target. Having quantitative data to support or refute this adage will lead to more precise and accurate coaching, directly addressing actual problems as opposed to perceived ones. 
Defining the problem 
In competitive archery, there are several broad categories that are defined by the equipment being used, both the bow itself as well as attachments onto the bow such as sights, magnification, stabilizers, clickers or other aids. Understanding these categories and the equipment used in those categories will help us define the problem space.
· Compound : Uses compound bows, or bows with cams (they look like wheels) that take pressure off the archer at full draw. Attachments allowed.
· Recurve : These are bows that lack the cams and have the distinct curved shape in the limbs that allow them to produce more power in a smaller bow. Attachments allowed.
· Bare bow : Category for a bow of any construction without a fixed draw distance. Attachments not allowed
· Traditional : Category for bows in traditional forms (recurve bows and long bows) made of traditional materials. Attachments not allowed.
A difference in anchor points between shots can either effect the point of aim (variance ‘up/down’ or ‘left/right’) or how far the bow string is drawn back, also called draw distance. This project will focus on the effects of draw distance of recurve bows and long bows used in several of the categories. In competitions, the point of aim issue is addressed with the proper use of sights in categories where they are allowed, or via training on both recurves and compound bows, so that leaves the draw distance variability. The draw distance is primarily an issue in recurve and long bows because in compound bows, there is usually a fixed draw distance where the cams engage, so that eliminates compounds from this discussion on draw distance. Though there is no fixed draw distance built into the bow, in the Olympic recurve category there is a piece of equipment called a ‘clicker.’ It lets the archer know they have reached a set draw distance and to release the arrow. The bare bow and traditional shooters do not have either of these features and rely solely on body mechanics and training for the same effect. 
None of the research directly addresses the draw distance as a variable, but several adjunct and related systems are studied. In the research below, we will see a repeated theme that ‘clicker reaction time’ is a critical part of archery performance. The clicker itself has no direct effect on the mechanics of the flight, it just lets the archer know when to release, but the reaction time to that ‘click’ directly affects how much further the archer draws before release, directly relating to the importance of draw distance. 
Literature review process
The resources reviewed here were specifically scholarly journals from Google Scholar, and the UGA research library portal, SPORTSDiscus, and the Sports Medicine and Education index catalogs.  There were only two articles from reviewed journals returned on the term ‘Archery draw distance’, so the search was expanded to just the term ‘archery’ where only several pages of results were returned. Of those only a handful of articles/papers were applicable, and so are reviewed below. Those articles were also mined for additional articles via their references list, but full texts were not available for most of those, but those that were available and applicable were also added for review. 
It should be noted that many of the articles may have been created by academics without discussion and consultation with actual archers. Some examples of this were the use of measurements such as ‘arrow length’ and ‘speed’ in linear regressions without measurement, reporting or considerations of the other factors that actually are directly contributing or affected by those factors. ‘Speed’ for instance itself is a result of bow draw weight and the time it is ‘pushed’ by the bow string, roughly draw distance minus a term called brace height.  Though interesting, the correlation to score is useless and misleading if we were to say ‘long fast arrows score well.’ 
 The lack of results for the effect of draw distance may be because the analysis of this nature with fixed values might be considered of insufficient difficulty or scholarly value to be pursued by traditional academics. Either way, a scholarly and scientific study of the effect of draw distance will help provide valuable reference information to the local SCA and 4H archery community if not the national community. 
Understanding archery accuracy 
Equipment factors
Archery itself is a very complex system of interactions. There are equipment considerations, form, shot process, and musculature aspects all to be considered. Bows are often fairly individual to each archer, and chosen to match the archer’s needs, strength, and build. From there, arrows are chosen and matched to the bow and archer. 
The Park paper (Park, et al., 2017) is an excellent article touching on some of the most important aspects of arrow properties on accuracy. It begins with the effect of straightness on arrow grouping providing excellent data that straightness is important. There were additional findings on the effect of offset fletching (.9 degrees) and helical fletching (2.1 degrees) that would cause the arrow to ‘spin’ in flight and stabilizing like a bullet from a rifle or a football. These had positive impacts on impact groupings.  The article also had the surprising finding that nock selection made a significant impact though no conclusive explanations on what the factors were other than to minimize the distance between shaft and VON (valley of nock).  
 	Two critical factors related to arrows that were mentioned, but not quantified in any of the papers are arrow ‘spine’ and arrow weight. Spine is defined and measured as the deflection of the arrow due to pressure or weight, or in other words, how ‘flexible’ is the arrow. Arrows are put in a rig, a weight attached to the middle of the arrow and the bend in the arrow measured. The more the arrow bends, the higher the spine rating.  Spine affects how the arrow flies in recurve and long bows as it ‘wraps’ around the bow during a shot, this is called the Archer’s Paradox. The weight of the arrow and the distribution of weight on the arrow is important due to the effect of on the point (pile) along the shaft during the release of the arrow. Taken together there is an interaction that results in something called ‘dynamic spine,’ which is the deflection (bend) in the arrow while it’s being shot is different from the static measurement of the arrow in a rig. Some factors and their effect on dynamic spine include:
· Heavier point results in more bend (higher dynamic spine) when being shot. 
· Longer arrows act like they are more flexible (higher spine). Conversely, shorter arrows have a lower dynamic spine meaning it acts like a stiffer arrow than the static spine measurement.
· A higher draw weight bow will cause the arrow to act as if it had a higher spine (flexibility) due to the higher ‘push’ against the weight of the arrow and the point. 
If the bow, arrow, and archer are not matched and tuned, then the arrow will land in different places than the point of aim. Many tuning guides are available, but generally, too stiff an arrow for the archer and bow will result in the arrow landing LEFT of the point of aim; while too high of a spine (too flexible an arrow) will result in the arrow landing RIGHT of the point of aim as well as posing a risk of the arrow shattering during a shot. 
The shot cycle: steps of an arrow shot
Every experienced archer has their own routine for shooting, called a shot cycle.  USA Archery, the governing body of Olympic archery in the United States, uses an 11 step process of shooting: Stance, Nock, Hook and grip, Posture/Alignment, Raise bow, Draw, Anchor, Transfer to hold, Aim, Release/Follow through, and Feedback. Each of these steps is covered in minute detail with best practices in the coaching classes for the organization.  Proper form and consistency in an archer’s individual shot cycle is critical for precision of shots and unsurprisingly, there are a number of articles specifically addressing different aspects of the shot cycle. 
As mentioned above, there was very little literature available which was directly related to ‘draw distance’, though one article will be covered later in more detail as there is some context to be considered there. To approach this question, we will need to look at studies that include two different factors that contribute to draw distance: proper form, such as anchoring and proper muscle usage, and clicker reaction time, being the time between when the clicker sounds and the archer releases the arrow. 
Archery Form
Starting with the effect of form, maintaining proper arm alignment and consistent positioning of both the bow arm and the drawing arm allows the archer to achieve consistency in shots and specifically draw distance. Ertan’s article on muscular activation patterns studies the differences in muscle usage between beginner, intermediate and elite archers  (Ertan, Muscular activation patterns of the bow arm in recurve archery, 2009). They find that beginners grip the bow tightly while advanced archers maintain a very relaxed but steady hold, and that beginners will tighten the grip at the sound of the clicker. Of particular interest to my research is the side finding noted here that the beginner’s ‘death grip’ may affect the flight of the arrow by changing the dynamics spine of the arrow. 
The article on 3D analysis of the string by Horsak and Heller studies the effect of lateral movement of the string on arrow accuracy (Horsak & Heller, 2011). Surprisingly, the authors found that the range of lateral variability among competitive archers did not affect the flight significantly. This is likely due to what is probably a small variance and the good technique of the bow arm for archers studied, as they were all Austrian National and World Games competitors.  An interesting study would be the same study on beginner and intermediate archers to allow for some basis and comparison against the average of around 25mm of lateral travel found in this study.
There was a study to document the release pattern of a specific elite archer (Ertan, Knicker, Soylu, & Struder, 2011). The technique is relaxing the drawing fingers to allow the string to ‘slip’ from them as opposed to actively flexing the fingers/hand, which in this study is  shown to produce lateral deflections, lowering accuracy. In this article we also begin to see references to something labeled as CRT, or Clicker Release/Reaction Time. In the study of this athlete, the CRT is found to be around 200ms, with the string clearing the fingers in 60ms, but as this was a study of a single archer, there is no comparison of reaction time. 

Clicker Reaction Time
The vast majority of the literature reference clicker timing in some way, even if it’s not quantified. It concerns the research topic because just before the release there is a ‘final pull’ where the archer, after aiming, will continue drawing or ‘expanding’ until the clicker sounds, and then the archer releases the bow string. The longer the reaction time the further the archer draws from the ‘ideal’ draw distance.  One of the papers by Callaway, Wiedlack, and Heller focused intensely on the timing of each of several parts of the shot cycle and performed some rudimentary linear regression to find correlations (Callaway, Wiedlack, & Heller, 2017). Clicker reaction time is mentioned explicitly as relating to shot performance as one of the key correlations and averages around 173ms for this population. 
Another study (Edelmann-Nusser, Heller, Hofmann, & Ganter, 2006) takes a slightly different approach and directly measures the ‘final pull’ stage just before the click and release in terms of distance and not time. This one most directly relates to the research question and showed a lot of promise. The athletes in this study take around 2 seconds for this stage. What was amazing was that almost every shot had a final pull length of approximately 5mm, and the results found that for a given individual the variations between shots did not have much of an effect. It should be noted however that the study covered world class, elite athletes and that ‘individual variations’ even among the lower scorers are roughly on the scale of 1mm. This is unfortunate in that that scale of variance is not representative of the skill and variance among most of the competitive or recreational archery population. Though it was highly promising initially, the article’s value was limited. The takeaway from the authors of the article was that the smoothness of the draw was an important indicator among these archers. 
Analysis
[bookmark: _GoBack]Overall, we find a lot of supporting evidence that draw distance is an important factor in accuracy and precision. The effects of over or under drawing the bow are complex. They involve  a difference in how much force there is to push the arrow (draw weight), which in turn affects the dynamic spine of the arrow, causing not only a difference in drop of the arrow shot to shot, but also left/right variation due to the Archer’s Paradox from the change in spine.  The Calaway article on temporal factors mentions speed as one of the highly correlated factors to accuracy and performance, and over/under drawing directly affects the speed. The next steps in this research project will be directly gathering some experimental data. This should provide direct quantitative data supporting or refuting our question as well as a magnitude of effect. The experiment will be at variances that are common among beginner and intermediate archers, likely in the range of quarter inch increments at two of the most common indoor range distances, 18 and 25 meters.  From these numbers we can state definitively if there is sufficient basis to enlist professional archers to attempt to reproduce the results. 
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