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This design is not going to generalize to every combination possible in the population of all possible combinations. Experiments should be narrow
and should not set out to examine everything all at once. When experiments are too large and complex, mistakes can be made and the time and
expense of said mistakes should be considered. The proposed experiment here is a bite size experiment that can be controlled with a focus
narrowed on the effects of group size given a structured or unstructured barrel. Different experiments can be conducted under different designs
and conditions.

Factors

Factor 1 Structured: structured and unstructured

Factor 2 Shooter: shooter A and shooter B

Response

The response can be the extreme spread of the group size or the mean radius. It is assumed some type of target marker recording device would
be needed to record impacts because as groups accumulate, many impacts might be overlapping. If the impacts cannot be tracked, then knowing
precisely where the impacts where is nearly impossible without some sort of recording device.

Assumptions

The mean group size of a structured barrel is estimated to be 0.95” at 100 yards for a string of 30 rounds with a standard deviation (STD) of
0.07071068".

The hypothetical mean group size of a unstructured barrel is estimated to be 1.28” at 100 yards for a string of 30 rounds with an STD of
0.1923538".

The mean and STD are estimates which are not necessarily perfect. They are only used for simulation which will test if there was no difference
between barrel factors and if there was a difference between barrel factors.

Barrel Assumptions:

The barrels are homogeneous in the context that they are from the same manufacture and have similar specifications such as length, rifling type,
twist rate, and muzzle attachment. Essentially, the only difference should be if it is structured or not. It is acknowledged that the structured barrel
might have a larger outside diameter (OD) than the unstructured due to the specification requirements for the structured process.

Shooter Assumption:

There are two shooters, A & B. For this simulation, the shooters are homogeneous which would be highly desirable so that we can rule out the
shooter’s influence. However, this factor must be included if there is an emergence of variation between shooters. If the shooters are
heterogeneous, then the shooters will need to shoot the different combinations of rifle configurations and barrel type.

Rifle Configuration Assumption:

There will be two rifle configurations.

Arrifle configuration is defined as the configuration of the rifle excluding the barrel. So, the action, stock/chassis, trigger, bipod, etc. Additionally, the
type of bipod and rear bag should match closely.

If these can be closely matched, such as two MRADs with the same scope , scope rings, bipod, rear bag and bag rider, then this factor can be
eliminated completely. This simulation will assume both rifles are the same. If they are not, then there is added complexity in the design of the
experiment which can greatly increase the cost.

Benefits of using a rifle like the MRAD:

1. Arifle can be configured to the shooter’s body such as length of pull and comb height. Essentially, the shooter can be comfortable with their
rifle as opposed to switching between rifles they might not be comfortable with. This is a factor we want to a non-factor because there could
be interaction effects and unfortunately interaction effects complicated the analysis.

2. Users can swap barrels so that each shooter gets to use a structured and unstructured barrel. This will allow us to block out the effects of a
shooter since we are wanting to isolate the performance of the barrel.

Environment Assumptions:

The rifles are measured under the same firing conditions to include weather and shooting surfaces. Something like both rifles firing at the same
intervals. Otherwise these are factors that need to be included.

Ammunition Assumptions:

Ammunition is the same for both rifles such as factory ammunition. Suppose 500 rounds are needed which would consist of 25 boxes of 20 round
ammunition. The boxes will be labeled 1 - 20, 21 - 40, ..., 481 - 500. Within an individual box, the rounds position will determine the index number
of individual rounds. A uniform random number generator will determine the order of the ammunition is to be fired.

Example:
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More on Homogeneity

It is critical for all factors that can be similar, will be similar. The goal is to control or block the factors out so that the effect can be estimated.
Furthermore, we want to be able to prevent any holes in the research.

Simulation
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If the above assumptions can be met, then the design of the experiment would be a 22 factor design. If there are 30 rounds per group, and say 4
replications at each level, then it would take 480 rounds of ammunition. This is a tentative assumption on ammunition requirements as that will be
determined from power analysis.

The methodology is pending and up for debate. But a simple idea would be for each shooter to shoot at the same time at their own target at a
specified interval such as 1 shot every 15 seconds. The way the test is administered should simulate some sort of application such as slow fire

prone shooting or some other application like fast firing prone shooting. Different shooting disciplines will have different constraints and

expectations.
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If there was a significant difference between barrels

This test randomly sampled from the assumed group sizes and STD and tested if there was a difference.

The power is 1.
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##

H##

## Dependent variable:

#HE e s
H## testl

HH —- -
## structuredl 0.167%**

# (0.032)

#H#

## shooterl -0.012

# (0.032)

##

## Constant 1.118%**

#it (0.032)

##

b A e L L L LT
## Observations 16

## R2 0.671

## Adjusted R2 0.620

## Residual Std. Error 0.130 (df = 13)

## F Statistic 13.232%** (df = 2; 13)
##

## Note: *p<@.1; **p<@.05; ***p<0.01

Note: structuredl represents an unstructured barrel. It's estimated coefficient represents an increase of 0.167” in group size on average.

## alpha a b nreps Delta sigma powera powerb
## [1,] @.05 2 2 2 0.3330552 0.0169 1 1
## [2,] ©.85 2 2 3 ©.3330552 0.0169 1 1
## [3,] 0.05 22 4 0.3330552 0.0169 1 1

If there was not a significant difference between barrels

This test randomly sampled from the assumed group sizes and STD and tested if there was no difference.

## Df Sum Sq Mean Sq F value Pr(>F)
## structured 1 0.00012 0.000116 0.036 0.852
## shooter 1 0.00198 0.001981 0.620 0.445

## Residuals 13 0.04155 0.003196
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## Dependent variable:

#0000 emeeeeecceececcccmeccceeee-
## test2

B m o
## structuredl -0.003

#H (0.014)

##

## shooterl 0.011

#H (0.014)

##

## Constant 0.949%%*

#H (0.014)

##

I e
## Observations 16

## R2 0.048

## Adjusted R2 -0.098

## Residual Std. Error 0.057 (df = 13)

## F Statistic 0.328 (df = 2; 13)

##

## Note: *p<@.1; **p<@.05; ***p<0.01

Note: structuredl represents an unstructured barrel. In this case there is practically and statistically no difference between barrels.

## alpha
## [1,] 0.05

a b nreps Delta sigma powera powerb
2
## [2,] ©.05 2
2
2

3 0.005376675 0.003196 0.7236890 0.7236890
4 0.005376675 0.003196 0.8698896 0.8698896
5 0.005376675 0.003196 0.9415445 0.9415445
6 0.005376675 0.003196 0.9747652 0.9747652

## [3,] 0.05

b
2
2
2
## [4,] 0.05 22

The power is 0.87 at 4 replications. When there is no difference between means, this is typically where sample sizes are need to be increased to
ensure there is no Type Il Errors. There does not appear to be an issue here because the power is 0.87 which typically an experiment wants to be
between 0.8 and 0.9 or higher if you have time and money to spare.

If the shooters are not homogeneous but there is significance
between barrels

This test randomly sampled from the assumed group sizes and STD and tested if there was a difference between barrels while controlling for
heterogeneous shooters.

Random noise was added to shooter A



H## Df Sum Sq Mean Sq F value Pr(>F)
## structured 1 0.4441 0.4441 26.18 0.000198 ***

## shooter 1 0.4203 0.4203 24.78 0.000253 ***
## Residuals 13 0.2205 0.0170

#H ---

## Signif. codes: @ '***' g.@01 '**' @.01 '*' ©.05 '.' 0.1 ' ' 1
##

##

## Dependent variable:
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## test3

A e L L L L
## structuredl 0.167%**

#it (0.033)

##

## shooterl -0.162%%*

#H (0.033)

##

## Constant 1.268%**

#H# (0.033)

##

I e
## Observations 16

## R2 0.797

## Adjusted R2 0.765

## Residual Std. Error 0.130 (df = 13)

## F Statistic 25.476%%* (df = 2; 13)
##

## Note: *p<@.1; **p<@.05; ***p<0.01

Note: structuredl represents an unstructured barrel. It's estimated coefficient represents an increase of 0.167” in group size on average.
shooterl represents shooter B, which recall that shooter A was made to be the worse of the two shooters. Shooter B has a smaller group size on
average by 0.162”

## alpha a b nreps Delta sigma powera powerb
## [1,] 0.85 2 2 2 0.2356585 0.017 1 1
## [2,] ©.05 2 2 3 0.2356585 0.017 1 1
## [3,] 0.05 2 2 4 0.2356585 0.017 1 1

If the shooters are not homogeneous and there is not significance
between barrels

This test randomly sampled from the assumed group sizes and STD and tested if there was no difference between barrels while controlling for
heterogeneous shooters.

Random noise was added to shooter A

## Df Sum Sq Mean Sq F value Pr(>F)
## structured 1 0.00013 0.00013 0.041 0.843
## shooter 1 0.12731 0.12731 39.847 2.69e-05 ***
## Residuals 13 0.04154 0.00320

#H oo

## Signif. codes: @ '***' 9,001 '**' 9.01 '*' @.05 '.' 0.1 ' ' 1
##

##

## Dependent variable:

#H mmmememmem e
## test4

A e L L L L
## structuredl -0.003

## (0.014)

##

## shooterl -0.089%**

## (0.014)

##

## Constant 1.049%**

#4 (0.014)

##

BB © o s m e n .
## Observations 16

## R2 0.754

## Adjusted R2 0.716

## Residual Std. Error 0.057 (df = 13)

## F Statistic 19.944%*x (df = 2; 13)

##

## Note: *p<@.1; **p<@.05; ***p<0.01

Note: structuredl represents an unstructured barrel. In this case there is no difference between barrels. shooterl represents shooter B, which
recall that shooter A was made to be the worse of the two shooters. Shooter B has a smaller group size on average by 0.089”

## alpha a b nreps Delta sigma powera powerb
## [1,] 0.05 2 2 2 0.1830666 0.0032 1 1
## [2,] ©.05 2 2 3 0.1830666 0.0032 1 1
## [3,] ©.05 2 2 4 0.1830666 0.0032 1 1

Conclusion



This experimental design is simple with considerably less combination of factors to test. If the assumptions are correct, then the number of rounds
needed are 480. The number of rifles needed would be two and the number of shooters is also two. Please note that this is only a simulation to
help design the experiment and not final. It can be iteratively updated as it would occur in normal engineering experiments. A pilot study would
greately help determine the number of replications, but this simulation does not seem to be an unreasonable estimation.



