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SUMMARY

A statistical analysis of the effects of arrow diameter on score was done in order 

to determine if having a larger arrow diameter would help to increase one’s score. To 

gather the data four different skill levels of archers were found and they shot two 

different arrow diameters, one ideal and one that was one size larger. Once all the data

was gathered I used the Central Limit Theorem to conclude that the mean of my data, x, 

was normal distributed. Considering the mean of my data was normally distributed, all of 

the methods described below were able to be used to complete the statistical analysis. A 

table of the descriptive statistics can be found in Appendix B. With all of the descriptive 

statistics completed a null hypothesis and an alternative hypothesis were needed in order 

to complete the hypothesis tests. //0:(//,- /Z2 ) = 0 and Ha: /ix> /z2 were used as the

parameters for the hypothesis test, with an alpha of 0.05. //, was the average score of the

ideal arrow diameter, whereas /z2 was the average score of the larger diameter arrow.

Using these parameters the null hypothesis was rejected for the beginning archer, with a 

p-value of 0.00903. Yet, the null hypothesis was unable to be rejected for the other three 

categories of archers. Once the hypothesis tests were completed, an analysis of variance, 

or ANOVA, was conducted. This analysis gave a p-value of 0.00294. Therefore, the null 

hypothesis was rejected, stating that arrow diameter may affect score. It was determined 

that arrow diameter does seem to affect score, but it does not appear to improve an

archer’s score.

INTRODUCTION

The idea to do this project came because I have competed in all avenues of the 

sport of archery for nearly 16 years. With such a passion for the sport, I became curious
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as to how to apply statistics to a common archery excuse. Whether one is practicing, 

shooting at league night, or competing at a tournament s/he is likely to hear the excuse, 

“If I had only been shooting a larger arrow, I would have won, because my score would 

have been higher.” This excuse and variations of it plagues the archery world, yet does it 

really have any statistical backing? In archery, the target has numerous evenly spaced 

concentric rings. The space in-between the rings have scores assigned to them. If an 

arrow lands on the line, or touches the line, the higher score will be assigned. For 

example if one has an arrow that is touching the line between the four and the five 

scoring rings the archer will be awarded the score of five. Every time I would hear these 

claims I would wonder if the archer could be right; something I doubted but always 

wanted to look into. Before gathering data for the project two of the major arrow 

manufactures in competitive archery, Gold Tip Archery and Easton Archery, were 

contacted. Both were asked if they had done any sort of research into whether or not the 

larger arrows that they were manufacturing were helping archer’s scores. Easton never 

responded, but a representative from Gold Tip, Tim Gillingham, who is also a 

professional archer, wrote back right away. He responded:

We haven’t done any research but it is definitely a psychological 

advantage especially to amateur shooters. Can a Pro shooter [shoot] 

perfect scores with small arrows, absolutely, but the games are

formatted in such a way that diameter definitely is an advantage. I

personally like the approach of the NAA [National Archery

Association] for indoor competition by making a standard maximum 

diameter that puts all shooters on a level playing field. I definitely
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don’t think a larger shaft will hinder the scores of an amateur 

shooter as long as it is set up properly and all factors of forgiveness 

are taken into consideration. I think the speed of an arrow coming 

out of the bow has a direct correlation to forgiveness. Therefore, if 

you have a large diameter arrow that is lighter weight, then it will 

shoot better than a large diameter heavy arrow that is moving 

extremely slow (Gillingham).

Taking everything Tim had said into consideration, I decided a statistical analysis of 

arrow diameter could be a valuable topic. I was always told by my coach that it was not 

the equipment of the archer but their accuracy and consistency that made the score. After 

contemplating the aspects of archery and the consideration of skill, I hypothesized that 

arrow diameter would have the greatest impact on a beginner archer, but not in a positive 

way. There are many factors in archery aside from arrow diameter that a beginner archer 

can not deal with, so adding a seemingly less forgiving arrow may only hinder the archer. 

A less forgiving arrow will tend to miss by a more substantial amount when a form error 

occurs, than if the archer was shooting a forgiving arrow. My hypothesis also included 

that the difference in score between the ideal arrow and a larger arrow would not be 

statistically noticeable for the other skill levels, with arrow diameter having the least 

effect on the professional archer. In theory the professional archer should see the least 

difference in score with an increase in arrow diameter due to the fact that a professional

has all of the basics down and are usually consistent enough that they are already 

shooting perfect scores.
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METHODS

Equipment: Before searching for archers I needed to find arrows for the archers 

to shoot and to settle on what form of target they would shoot. After some contemplation 

I decided that the typical Vegas target would be the most ideal target to discover the 

effects of arrow diameter. Unlike other targets, the Vegas target has ten scoring rings and 

is scored with the middle ring as a 10 and then each ring after that decreasing by a point. 

Using this target allowed for there to be a score for every ring on the target, unlike most 

other targets where each scoring area is a cluster of a few rings. With an established 

target all of the arrows needed to be purchased. A local archery shop in Billings sold the 

arrows needed for the project; enough different arrow diameters were purchased that 

regardless of who the archers were I would have his/her ideal arrow. The arrows that used 

were Easton Archery’s aluminum indoor arrows. These arrows vary in diameter and are 

commonly used for indoor archery; therefore, they were the best selection for this project.

Subjects: With all of the arrows purchased, the next step was to find archers who 

would be willing to participate in the study. Having grown up in Helena I already knew 

that the archery community was fairly small, so finding archers that would partake in the 

study was a difficult task. Understanding the size of the community and their willingness 

to help, I decided the best way to get data would be to find four different archers, each at

a different skill level.

One of the archers was a beginner who had never picked up a bow before, 

another was a casual archer who only shot for fun, and the third archer actively competed 

around the state at archery tournaments. The final archer was a registered professional 

archer for both major archery associations, the National Field Archery Association and
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the National Archery Association. I spent a few days at the local archery range trying to 

find willing participants. In order to have a beginner archer, I needed a person who was 

willing to try archery and would be able to use my back up equipment from my 

competitive days. Knowing this I found someone who had around the same build as me 

and was willing to learn to shoot; they became the beginner. One of the archers stated 

that he chooses to avoid tournaments because he wants to keep the sport fun and not 

competitive; I chose this archer to be the casual archer. In order to find the archer that 

attends state tournaments, I called the Montana Archery Association’s secretary; he listed 

a few archers in Helena who attend all of the state shoots. Only one agreed to help so he 

became the competitive archer. Helena only has two archers that are registered 

professionals, and one of them was not shooting any more due to recently having a baby, 

so that only left one option.

The analysis took into consideration the archer’s ideal arrow diameter and one 

diameter size larger. The ideal arrow was selected from the online Easton Archery Shaft 

Selector. Since my study involves the diameter of indoor archery arrows, the Target Shaft 

Selector was used. This tool took into consideration numerous factors specific to the

individual archer. Since each of the archers are different, each of their ideal arrow shafts

are different. Once the ideal shaft was found, it became easy to pick the shaft that was 

only one size larger. The use of different arrow diameters added a different dimension to 

the consistency of the archer and the way the data was collected. It is important to note

that in archery one of the key aspects to being consistent is tuning a bow to the arrow that 

will be shot. Tuning a bow ensures that an arrow is coming off of the string the exact 

same way every time; therefore any score error should be the fault of the archer and not
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the equipment. This fact about archery also made it difficult to randomly select the arrow 

diameter that the archer would use.

Procedures: In order to try and counter this fact, I would flip a coin before the 

archer would shoot for day. One side represented one arrow diameter and the other side 

represented a different arrow diameter. This was done to ensure that the archer had no 

preconceived notion or biased toward a certain arrow. Once the arrow for the day had 

been selected the archer tuned their bow perfectly, so any flaw was due to his/her 

inconsistency and not that of the arrow. Once the bow was tuned, the archer was asked to 

use six arrows to site in their bow. The archer sited their bow in so it would be easier to

properly score where the arrow landed and since the sights were on, any error was the 

fault of the archer’s talent not the equipment.

With the arrow diameter for that day selected, the amount of arrows shot was 

decided by the archer. This was due to the fact that each of the archers has different 

capabilities and therefore they all cannot shoot a large number of arrows in one gathering. 

This avoided the possibility of the data being skewed due to an archer being tired. 

However, since the amount of arrows shot was based on the ability of the archer, it took 

quite a few meetings to get all of the data points needed. The data indicated that the 

professional archer was able to get the most data points while the beginning archer had 

the least amount. Yet, even though each archer shot a different amount of arrows, there 

was over 30 data points for each type of archer. A table of the raw data can be found in

Appendix A.

Statistics: Considering the statistics behind this project it became apparent that

ANOVA would be useful. ANOVA brought a deeper analysis than the normal hypothesis
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test or confidence interval. Yet, in order to do an analysis of variance I needed to 

randomly select 42 data points from each archer’s data set; 42 from their ideal arrow data 

points and 42 from the larger arrow data points. I picked 42 since that was the smallest 

sample size in all of the data that was gathered. I used Excel to generate random numbers 

using the Excel function “RAND()”. In order to get the function to work for the different 

data sets, I had to multiply the random number by the total number of data points in the 

set. For example, when I randomly selected 42 data points from the professional archer’s 

largest sample population, I had to do the following to get results that were helpful.

=RAND( )*142

Once data was randomly selected for an analysis of variance, I was able to complete the 

mathematics behind the project and to begin analyzing the results.

RESULTS AND ANALYSIS

Normality: Before any statistical analysis could be completed I needed to show

that the mean of the data was normal. In order to do this I needed to use the Central Limit

Theorem. In Probability and Statistics II, Dr. Cline defined the Central Limit Theorem in

a lecture on normality. He stated, “that if n is greater than 30, then x is normal; even if 

the population is not, therefore allowing the use of z-statistics” (Cline). Demonstrating 

normality was vital since without normality one can not accurately use descriptive 

statistics. It is important to note that the Central Limit Theorem assumes that each of the 

elements is independent from one another; therefore if this assumption is violated then 

the sample mean may not necessarily be normally distributed.

Descriptive Statistics: After concluding that the mean of the data was normal and

that Z-statistics could be used, the sample mean and standard deviation for each archer
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and each different arrow diameter was calculated utilizing the capabilities of Excel. The 

two functions used were “AVERAGE” and “STDEV, and these functions calculated the 

average and standard deviation for each group, respectively. The sample mean and 

standard deviation for the beginner archer’s ideal arrow shaft was 7.38 and 2.06, 

correspondingly, while for the larger arrow diameter the mean decreased to 6.35 and the 

standard deviation was 1.96. The ideal shaft for the casual archer yielded a mean of 9.51 

and a standard deviation of 0.63, while the large shaft resulted in a mean of 9.33 and a 

standard deviation of 0.80. The descriptive statistics obtained showed that with each 

increasing skill level the means increased while the standard deviation decreased. With 

the competitive archer their ideal arrow shaft yielded a mean of 9.71 and a standard 

deviation of 0.50. Yet, when they switched to the larger arrow diameter they got a mean 

of 9.79 and a standard deviation of 0.51. Not surprisingly, when looking at the 

professional archer’s descriptive statistics the gap between the means narrowed; the mean 

and standard deviation for the professional archer’s ideal arrow shaft was 9.98 and 0.13, 

respectively. Whereas, when they shot the larger arrow diameter the mean was 9.97 and 

the standard deviation was 0.18. A table containing all of these values and a brief 

description can be found in Appendix B.

Confidence Interval: With each of the means and standard deviations calculated

it was helpful to show if there was a difference in the means between the ideal arrow 

shaft and the larger diameter arrow shaft for each archer. The first way to examine it was 

through a 95% confidence interval. This would show that there was a 95% probability

that the true difference between the two means was within the interval that was
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calculated. The modified equation for the confidence interval for the difference between 

means was used from the Elements of Statistics II text book (256).

For each separate archer the ideal arrow diameter was used as group one and the larger 

arrow diameter was group two, thus any improvement from using a larger diameter 

would result in a negative difference. Before the means and standard deviations could be

inserted into the equation I needed to find the value of za/2. Alpha (or) was calculated by

taking one minus the value of the confidence interval, so in this case, 1-0.95. Once alpha

was established to be 0.05, the “NORMSINV” command in Excel was used to find the

resulting z value of 1.96; therefore za/2 was equal to 1.96 in all of my confidence interval

calculations. After figuring out the value for zal2 the beginner archer’s descriptive

statistics were inserted into the equation, giving the following result:

0.177 </z,-/z2 <1.81

The above range does not contain zero, therefore showing that there was a statistically 

significant difference between the means for the two different arrow diameters shot by 

the beginner archer, and that the beginning archer achieved a lower score with the larger

arrow diameter.

The descriptive statistics from the remaining three skill levels; casual, competitive

and professional, were placed into the equation. The results were as follows:
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Casual

(9.51 - 9.33) ± 1.96 * + °-80
72 73

- 0.05 < /z, - /z2 < 0.42

Competitive

(9.71 - 9.79) ± 1.96 * J+ 051
42 105

-0.26</Z! -/z2 <0.10

Professional

(9.98-9.97) ±1.96*
/0.132 0.187

V 120 + 90

-0.03</z, -/z2 <0.06

Each of these intervals contained zero, showing that there is no statistically 

meaningful difference between the means of the different arrow diameters for each 

group. Yet, regardless of the results from the confidence intervals, in order to get a better 

grasp on the results, a hypothesis test for each type of archer was conducted.

Hypothesis Test: The confidence intervals already indicated that there was no 

statistically meaningful difference between means for the casual, competitive and 

professional archer’s, whereas there may be a difference in means for the beginner 

archer. The next step in the statistical analysis was to complete a hypothesis test. The first 

step was forming a null hypothesis and an alternative hypothesis. Usually, when one tests 

the difference between means the null hypothesis states that there is no difference 

between the means. For the hypothesis tests the normal method was used, therefore, the 

null hypothesis was Ho: (/z, - /z2) = 0 while the alternative hypothesis was

Ha : /z, /z2. In order to keep things consistent the same a, 0.05, was used. Comparing

the alpha to the P-value that the hypothesis tests yielded aided in either rejecting the null
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hypothesis or failing to reject the null hypothesis. Equation 17.19 was used for a two 

sided hypothesis test, from the Elements of Statistics II text book (255).

Z = (xi -x2)-(/z, -A2)
„2 2sL+s2_
n n.

Using the null hypothesis it was concluded that the //, -//2 portion of the equation was

equal to zero. Taking the sample data and placing it into the equation the following

results were established.

Beginner Archer

2.36 (7.39-6.35)-0 
/2.62 [ 1.96~

V 42 + 43

Casual Archer

1.55 (9.51-9.33)-0 
/o.632 0.807

V 72 + 73

Competitive Archer

-0.88 (9.71-9.79)-0 
/0.502 0.512

V 42 + 105

Professional Archer 

n75_(998-9.67)-0
/o.l32 0.182

V 120 + 90

These values show that if the true difference between the means of the different arrows 

was zero, then the sample difference would be the calculated Z-values, or standard 

deviations, to either side of//, -//2 given the sign. The above values are fairly small, but
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in order to analyze them better a P-value was calculated. The Elements and Statistics II 

text book defines the P-value as, “the conditional probability of observing a test-statistic 

value at least as extreme as the one calculated from the sample, given that Ho is true” 

(Bernstein, 1999). To calculate the P-value for each z-value I used the Excel command 

“NORMSDIST” subtracted from one, and then multiplied that value by two. I needed to 

subtract from one because of the way that Excel measures z-distributions; it measures 

from the left side, whereas I needed the value from the right. By multiplying the value by 

two we calculated the p-value for a two-sided hypothesis test.

Taking the values for the beginner archer and inserting them into Excel I obtained 

the following,

0.0182 = (1-NORMSDIST(2.36434))* 2

The resulting value was the P-value for the beginner archer, which was smaller than the 

alpha of 0.05. This showed that if the difference between the two means was actually 

zero, then there would be a 0.0182 probability of getting the result that I got or larger. 

Taking that into account and that the P-value was smaller than the alpha the null 

hypothesis was confidently rejected for the beginning archer. For the beginner archer 

there was statistically meaningful data to suggest that the difference in arrow diameter 

does affect score, and by looking at the results it seems that the ideal arrow diameter 

yields a better score than the larger diameter arrow.

The z-statistics from the other three categories of archers were placed into the 

Excel function. By doing this the following results were obtained:

Casual Archer
0.1209 = (1-NORMSDIST(1.55092)) * 2

COKETTE LIBRARY 
CARROLL COLLEGE
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Competitive Archer 
1.626 = (1-NORMSDIST(-O.88861)> 2

Professional Archer 
0.4560 = (1-NORMSDIST(0.74553)) * 2

With the results above we cannot reject the null hypothesis. The casual archer has a P- 

value very close to the alpha of 0.05, making it difficult to make a definitive decision on 

whether or not to reject the null hypothesis. Since alpha is the basis for rejection, I failed 

to reject the null hypothesis that the two means of the different arrow diameters are equal. 

Yet, given that the P-value is so close to alpha an absolute decision is difficult to make.

In order to be able to make a more sound decision next time more data should be

gathered, it allows for statistical noise to have less of an effect.

The competitive archer had a P-value of 1.626. This meant that if the true 

difference between the means was in fact zero, then the probability of getting the results I 

did or larger is 1.626. Taking that and the fact that the P-value was substantially larger 

than alpha, I failed to reject the null hypothesis. As with the two groups prior to the 

professional archer, the P-value was larger than alpha hence I failed to reject the null 

hypothesis that the two sample means were the same.

After completing a hypothesis test for all four groups, I found that arrow diameter 

seems to affect a beginner archer’s score, but in a negative fashion. Whereas, for the 

other three groups I failed to reject the null hypothesis that the two means were the same. 

Since I did not get consistent results for all of the groups I decided to do an analysis of 

variance. This allowed me to analyze all of the data as a whole.

ANOVA: Analysis of variance takes into consideration all of the data points and 

other factors associated with the data. This allows for an analysis to be completed over all



Deyerle 15

of the data and not just specific groups. Overall, ANOVA is generally statistically sound 

since it accounts for the statistical noise within the data. ANOVA is essentially a large 

hypothesis test that takes into account numerous different factors. Therefore, once the 

calculations were complete, a P-value needed to be analyzed. Since there were two 

different factors being analyzed, a Two-Factor with Replication ANOVA was needed. In 

order to properly use Excel’s functions the data needed to be organized in such a manner 

that the mathematics could be completed. Essentially, the data for each skill level needed 

to be stacked. Therefore, there were two columns, one for each arrow diameter. The top 

42 rows were dedicated to the beginner archer; the next 42 rows were for the casual 

archer and so on down to the last 42 rows being for the professional archer. With the data 

properly set up, Excel’s Two-Factor with Replication ANOVA was used; once it was 

complete, Excel fed back a table. There were many factors in this table, but for the 

purposes of this thesis the only source of variation that was needed was interaction. The 

complete ANOVA table can be found in Appendix C. The P-value for interaction was 

0.00294, stating that if the true difference between the arrows effect on score was zero, 

then the probability of getting these results or higher would be 0.00294. Therefore, it is 

reasonable to say that the null hypothesis can be rejected. These results are interesting 

considering that when the hypothesis tests were conducted it was discovered that for 

three of the four skill levels the null hypothesis was unable to be rejected. Thus, it is

reasonable to state that skill has more of an effect on score than arrow diameter does.

CONCLUSIONS

After completing numerous different statistical methods on the raw data gathered,

it became apparent that depending on how one analyzes the data the effect of arrow
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diameter may appear different. For example, if the effect of arrow diameter is analyzed 

based purely on the skill level of the archer, then one will see that diameter seems to only 

affect a beginner archer; whereas, it is negligible with the other skill levels. Yet, if one 

was curious to know the effect of arrow diameter on score for the archery community as a

whole s/he will find that arrow diameter does indeed affect an archer’s score. By looking 

at the total group averages, it appears that the effect is not a positive one; on average an 

archer’s score is lower with a larger diameter arrow. These results do not conform to 

what Tim Gillingham had suggested, yet they do follow the hypothesis from the start of 

the project. The only aspect that did not fit with the hypothesis was when the archery 

community as a whole is grouped together and analyzed. Even though all of the results 

were statistically meaningful having more data would be helpful for future analysis. The 

results could be made more sound by having numerous different people for the different 

skill levels. With such a small community I was not able to get a large population of 

archers, therefore to get statistically meaningful results I needed to make sure a large 

amount of data was gathered. Overall, it is safe to assume that if an archer wants to 

improve their score, practice—and not a larger arrow diameter—would be the beneficial.
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Appendix A: Raw Data
Beginner Casual Competitive Professional

Larger Ideal Larger Ideal Larger Ideal Larger Ideal
1 9 4 9 8 10 10 10 10
2 7 4 9 8 10 10 10 10
3 4 7 8 9 10 9 10 10
4 8 7 7 10 10 10 10 10
5 6 7 10 10 10 10 10 10
6 3 6 9 9 10 10 10 10
7 9 8 10 10 10 9 10 10
8 6 6 9 9 10 10 10 10
9 5 5 10 10 10 9 10 10

10 4 9 10 9 9 10 10 10
11 4 8 9 10 10 10 10 10
12 7 1 9 10 10 10 10 10
13 9 10 10 10 9 10 10 10
14 6 5 10 10 10 9 10 10
15 7 10 10 10 10 10 10 10
16 8 7 8 10 10 10 10 10
17 7 9 7 10 10 9 10 10
18 5 7 9 9 10 9 10 10
19 10 4 10 10 10 10 10 10
20 8 4 9 10 10 10 10 10
21 7 6 10 10 9 10 10 10
22 8 8 10 10 10 9 10 10
23 6 9 8 9 10 10 10 10
24 6 7 9 8 10 10 10 10
25 5 9 10 10 10 10 10 10
26 5 10 9 9 10 10 10 10
27 9 6 10 9 9 9 10 10
28 2 9 9 9 10 10 10 10
29 9 8 8 10 10 10 10 10
30 4 9 10 10 10 10 10 10
31 5 6 9 10 9 10 10 10
32 10 7 10 10 10 10 10 10
33 6 10 10 10 10 9 10 10
34 8 9 10 9 10 10 10 10
35 8 9 w s 9 10 9 10 10
36 5 10 10 9 10 10 10 10
37 5 9 9 10 10 10 10 10
38 6 9 10 10 10 10 10 10
39 6 7 10 10 10 8 10 10
40 4 8 9 10 10 10 10 10
41 4 9 9 8 10 10 10 10
42 8 8 9 10 10 10 10 10
43 5 9 10 9 10 10 10
44 10 10 10 9 10 10
45 10 9 9 10 10 10
46 9 10 10 10 10 10
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47 10 9 10 10 10 10
48 10 9 10 9 10 10
49 10 9 10 10 10
50 9 9 9 10 10
51 10 9 10 10 10
52 9 10 10 10 10
53 9 10 10 10 10
54 10 9 8 10 10
55 7 10 10 10 10
56 10 10 10 10 10
57 9 9 10 10 10
58 10 8 10 10 10
59 10 10 10 10 10
60 9 10 9 10 10
61 10 10 10 10 10
62 9 10 10 10 10
63 8 10 9 10 10
64 9 9 10 10 10
65 9 10 10 10 10
66 8 10 10 10 10
67 10 9 10 10 10
68 9 9 10 10 10
69 10 10 10 10 10
70 10 10 10 10 10
71 10 9 10 10 10
72 10 9 10 10 10
73 9 10 10 10
74 8 10 10
75 10 10 10
76 10 10 10
77 10 10 10
78 10 10 10
79 10 10 10
80 9 10 10
81 10 10 10
82 10 10 10
83 10 10 10
84 10 10 10
85 9 10 10
86 10 10 10
87 10 10 10
88 10 9 10
89 10 9 10
90 10 9 10
91 10 10
92 8 10
93 10 10
94 10 10
95 8 10
96 8 10
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97
98
99

100
101
102
103
104
105
106
107
108
109
110 
111 
112
113
114
115
116
117
118
119
120

Table 1: Shows the data as the data was gathered. It is listed in the order that the archery
shot the arrows.
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Appendix B: Descriptive Statistics

Mean
Standard
Deviation

N

Mean
Standard
Deviation

N

Beginner Archer__________ Casual Archer
Larqer Arrow

Diameter Ideal Size
Mean

Larqer Arrow
Diameter Ideal Size

6.34884 7.38095 9.32877 9.51389

1.96255 2.05951
Standard
Deviation 0.80026 0.62783

43.00000 42.00000 N 73.00000 72.00000
Competitive Archer Professional Archer

Larqer Arrow
Diameter Ideal Size

Larqer Arrow
Diameter Ideal Size

9.79048 9.70833 Mean 9.96667 9.98333

0.51320 0.50353
Standard
Deviation 0.18051 0.12856

105.00000 42.00000 N 90.00000 120.00000
Table 2: Shows the calculated the descriptive statistics for each archer and each arrow 
diameter that they shot.
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Appendix C: ANOVA Output 

Anova: Two-Factor With Replication

SUMMARY
Beginner

Larger
Diameter Ideal Arrow Total

Count 42 42 84
Sum 264 310 574
Average 6.285714286 7.380952381 6.833333
Variance 3.770034843 4.241579559 4.261044

Average
Count 42 42 84
Sum 394 399 793
Average 9.380952381 9.5 9.440476
Variance 0.631823461 0.402439024 0.514487

Competitive
Count 42 42 84
Sum 408 409 817
Average 9.714285714 9.738095238 9.72619
Variance 0.404181185 0.295586527 0.345812

Professional
Count 42 42 84
Sum 419 419 838
Average 9.976190476 9.976190476 9.97619
Variance 0.023809524 0.023809524 0.023523

Total
Count 168 168
Sum 1485 1537
Average 8.839285714 9.148809524
Variance 3.417130026 2.295088395

ANOVA
Source of 
Variation SS df MS F P-value Fcrit

Sample 534.9642857 3 178.3214 145.6686 5.27894E-60 2.632141529
Columns 8.047619048 1 8.047619 6.574004 0.010792956 3.869965383
interaction 17.45238095 3 5.81746 4.752214 0.002937078 2.632141529
Within 401.5238095 328 1.224158

Total 961.9880952 335
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Table 3: The ANOVA output, it shows the relation between arrow diameter and score. 
Looking at the Interaction source of variation one can see that the P-value is small, 
therefore the null hypothesis can be rejected.


