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National shooting trial simulations

Overview

The purpose of the spreadsheet is to use a set of historic competitor scores and a set of Uniform [0,1] random numbers provided to simulate the scores for the forthcoming national trials of 100 athletes in order to determine the number of places to be offered in the National Shooting team.

[bookmark: _GoBack]The number of team places offered is used to determine the funding required from the government to cover training and equipment for the national team.

The following are calculated:

· summary statistics of the scores provided
· sample mean and standard deviation of 25 metre “points dropped” scores for each competitor
· simulated scores at 50 and 100 metres for each competitor
· estimated average and total scores, per competitor, for the forthcoming national trials
· number of competitors expected to be offered a place in each of the two teams
· total sponsorship budget

The following scenarios are modelled:

· base scenario where the qualifying scores for the senior and junior teams are pre-determined

· equality scenario where the juniors’ Minimum Qualifying Score is varied by trial and error so that the number of seniors and juniors being offered a place in the team is the same

Data

The data consists of:

· Scores at the 25 metre range for the 100 competitors (seniors and juniors) who are active in the national leagues, for each of the 20 rounds in that league.  The maximum score per card is 100 and the client has advised that no scores are less than 90.  (Source: Team Director of the National Shooting Organisation)

· 2000 random numbers from a Uniform Distribution between 0 and 1 (Source: internal)

Data validation of scores

In this worksheet, the raw data for scores are validated as follows:

· Age band is either “S” or “J”
· scores for each card do not exceed 100
· scores for each card are not lower than 90

Changes have been made to the data, to address the data failures, have been as follows:

· competitor 82, age band = “N” changed to “S”.
· competitor 38, card 10 score of 194, changed to 94
· competitor 84, card 15 score of 2, changed to 92

Data validation of simulated random numbers

In this worksheet the raw data are validated as follows:

· count of numbers provided = 2,000

· none of the numbers is less than 0 or greater than 1

· the mean is as for a U[0,1] distribution, i.e. 0.5 (= 1/2)

· the variance is as for a U[0,1] distribution, i.e. 0.083 (= 1/12)

· the actual split of data between the ten ranges of 0.1 is consistent with the expected (i.e. 200 per range)

As the numbers are a randomly generated sample, the mean and standard deviation will not be exact.  Therefore a permitted (low) tolerance level has been included (cell D7) in order to set automatic checks.

For the fifth check in the list above, the frequency of actual observations within each range has been determined using COUNTIF (first to determine the cumulative frequency, and then by differencing).  

This has been compared with the expected frequencies graphically (and a check has been included to ensure that total actual = total expected).

Reasonableness check: the graph shows a reasonable fit.

A chi-squared test has also been performed, by first calculating (actual-expected)2/expected for each range and then summing these across all ranges.  This total has been compared with the chi-squared test statistic (CHIINV) at the appropriate degrees of freedom (cell L18 = number of ranges ‑ 1) and a given test level (cell L19, e.g. 5%).  If the total is less than the test statistic, then we cannot reject the hypothesis that the random numbers come from a U[0,1] distribution at the chosen confidence level.

Reasonableness check: the test (cell L21) shows that we cannot reject the hypothesis at the 95% confidence level, i.e. the distribution is a good fit.



Assumptions

· All data provided by the Team Director is correct (apart from the data errors identified in the model).
· The data adjustments proposed are appropriate.
· The scholarship awards are valid for next year (equivalently, no inflation of these amounts).
· All competitors from the information provided will compete in the national trials.
· No other athletes will compete in the trials.
· The athletes’ performances will not change materially between the date of the historic data and the trials.
· The scores per competitor between cards are independent and identically distributed.
· All information provided about the trials is correct.
· The use of the exponential distribution and the adjustments to simulate the scores at longer distances are valid.
· Each competitor offered a place in the national team will accept it.

25 metre scores ‑ individual statistics

This worksheet calculates individual average scores for all competitors, and then separately for seniors and juniors.

The mean for each competitor is calculated using the AVERAGE function.

The points dropped figures are then calculated as follows:

Points dropped = 100 ‑ score, for each of the 100 competitors’ 20 cards.

The mean and standard deviation of points dropped for each competitor are calculated using the AVERAGE and STDEV.S functions.

There is a check in cell B3 that the number of senior + junior competitors is equal to the total number of competitors (100). 

25 metre scores ‑ summary statistics

This worksheet produces summary statistics for the 25 metre scores, split by seniors and juniors as follows:

· number of competitors ‑ cells D7:F7
· average score ‑ cells D8:F8
· highest average score, using the MAX function, cells D9:F9
· lowest average, using the MIN function, cells D10:F10




50 and 100 metre scores ‑ simulation

For each competitor, the average and standard deviation of the scores at 25 metres are used to simulate the scores at the longer distances.

For each competitor, columns D (50 metres) and S (100 metres) calculate the exponential parameter as 

	λn = 

using the mean and standard deviation (s.d.) for competitor n calculated in the previous worksheet and parameter a which varies depending on the distance.  The values of parameter a are input to cells C4 and C5 (for each of the two distances).

Columns E (50 metres) and T (100 metres) calculate the standard deviation adjustment.  This is set equal to sdn /b where parameter b varies depending on the distance.  The values of parameter b are input to cells D4 and D5 (for each of the two distances).

The scores for competitor n (from 1 to 100) and card i (from 1 to 10 for 50 metres, then 11 to 20 for 100 metres) are then determined using the formula:

	

where Ui,n is the Uniform random number found in row i, column n.

This approach ensures that the simulations are generated using an exponential underlying distribution.

· 10 scores have been simulated per competitor for 50 metres, shown as cells F9:O108.
· 10 scores have been simulated per competitor for 100 metres, shown as cells U9:AD108.

There is one check in this worksheet:

· Cells AJ4 and AK4 check that no overall score is more than the maximum possible score (2,000).

Trial scores
For the trials, all 10 scores at each distance are taken, for each competitor.  This is done by summing the scores for all 10 cards at each distance (column P and AE). 

The averages of all 10 scores at each distance are shown (for each competitor) in column Q for 50 metres and column AF for 100 metres.

Reasonableness check: the overall averages at 50 and 100 metres (cells Q7 and AF7 respectively) are lower than the overall average at 25 metres (cell D8 in the 25 metre scores summary) which is to be expected due to the larger adjustment to the exponential mean when simulating the points dropped.
Reasonableness check: using the same reasoning, the overall average at 100 metres is less than at 50 metres, as expected.

The final trial score is the sum of the 50 metre and 100 metre trial scores and is shown in column AG for seniors and AH for juniors.

Budget runs

This worksheet determines the number of competitors to be offered a place in each of the two teams, by comparing their trial score against the relevant Minimum Qualifying Scores (MQS).

Base run
The MQS are shown in cells B6 and B7 along with the scholarships awarded per team competitor in cells D6 and D7.

The number of competitors achieving the MQS for each of the teams, is determined using the COUNTIF function, separately for seniors and juniors.

The numbers for each team are shown in the table in cells C6 and C7.  The budget request for each type of team is determined as number of competitors multiplied by the scholarship award per competitor (cells F6 and F7).  The total budget request (the sum of these figures) is shown in cell F10.

Equality run
This calculation is similar to the base run calculation, where the MQS for juniors has been reduced by trial and error so that the number of offered places for juniors equals the seniors’ number of places (5). 

The number of offered places for seniors and juniors is therefore 10 in total.  The budget calculations are consistent with those undertaken in the base run.  

Chart

This worksheet shows the average competitor scores for both seniors and juniors for each of the three distances 25m, 50m and 100m separately.

A chart has been plotted to compare these averages.

Reasonableness check: The averages show a greater variance at the longer distances, as expected due to the larger exponential mean modelled (hence larger variance) during the simulation.

Reasonableness check: The average score for the seniors is below the average score for the juniors at all distances.
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