Determination of Standard Deviation and Assigned Value using Algorithm A

Algorithm is a procedure for solving a mathematical problem in a finite number of steps that frequently
involves recursive operations.

Algorithm-A is a tool to identify standard deviation as well as assigned value in proficiency testing. This tool is
used to determine an assigned value and standard deviation for a near normal data set with tentatively less
than 20% outlier presence.

Before, we go into Algorithm-A. Let’s understand little about “Winsorisation” technique which is used in
Algorithm-A.

In this technique, the probable outliers are replaced with the nearest non-outlier value instead of removing
straightway. By this technique, extreme values in the statistical data set can be limit zed to reduce the effect
of possibly spurious outliers. Here a specified percentile of outlier is replaced by closest data in the data set at
both upper and lower end.

Let’s explain with below data set about how to use Winsorisation technique:
Data Set — 5,8,5,7,11,17, 18, 20, 20, 25, 28, 30, 38, 55, 8, 25
Let’s sort the above data set with smallest to largest:

Sorted Data Set —

Now assume that at the lar
to replace with nearest

5,5,7,8,8,11,17, 18, 20, 20, 25, 25, 28, 30, 38, 55

side, 55 is probable outlier, so, inste removing 55 straightway, we need

e, (i.e., 38), so the new range wi
55,7,8,8,11,1 , 20, 20, 25, 25, 28, 30, 38, 38 (here 55 is replaced with 38!)
Similarly, n apply the above concept in the other side (i.e., 5 can be replaced with 7).

So, ill get the below winsorized data set:

7,7,7,8,8,11,17, 18, 20, 20, 25, 25, 28, 30, 38, 38 (here 5, 5 are replaced with 7, 7!)

(So, finally we have obtained a more purified data set than the original data, this process may require multiple iteration!)
Important Note:

Here a very important point to understand is identification of possible outlier in a data set, since outlier

identification requires different techniques. Also, there may be required specific knowledge to judge the nature
of data set going to be analyzed.

Above example is a simplified example to understand the technique, Actual application of this technique
happens in better way.

Now. see below excel example (try yourself to understand from left to right in excel worksheet):
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Origital| |Sorted e
Data Data data set
. data set

Set Set (Original)

5 2 5 2.5th percentile | 5 5 (Replacement of 5 is not applicable here!)

8 5 - 5 =percentile(L4:L19,0.025) | 5 5

5 7 Now, So, Considering, 7 5| 7 7

95% winsoritization,
7 8 Let's . 8 8 8
. we will replace the -
11 8 consider ) 8 97.5th percentllel 8 8 We have applied below formula to
17 11 95% lower end data with 11 = ile(L4:L19,0.975 | 11 11 | he | d | ith
. N A el =percentile(L4:L19,0.975) replace the lower and upper value witl
18 17 | |winsoritiz 17 u_azsl 17 17  |our set percentile value:
. value (lower

20 18 | | ationat capping) and 18 18 18 |=IF(RA<$N$6,SNSE, IF(RA>$NS10,$NS10,R4))
20 20 l:jplper simalarly will 20 So, we will replace the 20 20

25 20 | |an dowfer replace the the 20 upper most value (i.e., 55), 20 20

28 25 e”h. of upper end data with 25 with 48.625, Also we donot] 25 25

30 25 this 97.5th percentile 25 need to replace the lower 25 25

38 28 sorted value (upper 28 value in the data set since 28 28

55 30 data set capping) 30 the lower percentile value 30 30

8 38 38 is found as "5" 38 38

25 55 55 55 48.625 |(55is replaced by 48.625 (upper capping))

—

After learning the above concept, we will move on to Algorithm-A now, which is used in proficiency testing
(Proficiency testing is also known as Round Robin Test (or) External Quality Assurance (EQA)).

Below step by step procedures is applied in Algorithm-A to obtain an assigned value and standard deviation:

Note:

Algorithm-A is more effective when the data set contains at least 30 values. More the numbers in the data set,
better the effectiveness of Algorithm-A, In below example we have used less number of values for better
controlling purpose and to let the reader understand the concept only. Reader should note that many other
tools are equally available to determine assigned value and standard deviation.

Stepl:
Arrellonge the code number and results of the participants in the increasing order in two columns:
ELEERE (ints::;;::dd:::er)

L-150 140.7
L-180 143.6
L-010 147.5
L-040 147.8
L-020 148.5
L-140 150.2
L-030 150.5
L-120 151.1
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Step2:

Calculate initial x* - i.e. median of the results of all participants. Record this in the end of the column
in which participant’s results are given:

Initial X* = median (range of data) = 148.2

Step3:

Calculate ABS of difference between each result and x* calculated earlier, For each participant,
record this in the next column:

Xi-X*=

7.45

4.55

0.65

0.35

0.35

2.05

2.35

2.95

Step4:
Calculate the median of this data (i.e., median of the deviations of all participants from x*):
=median of | Xi- X*|=2.2

Step5:

Calculate initial s* using formula “1.483 x median calculated in previous step). Record this in the end
of the column in which participant’s results are given:

initial S* = 1.483 * 2.2 = 3.263

Step6:
Copy the origin results of the participants for iterations 1 to 6 or 14 in subsequent columns.

Step7:

For Iteration 1:

Calculate d (delta) using formula 1.5 x s*

Calculate x*- d using previous value of x*

Calculate x*+ d using previous value of x*

Step8:
Examine the result of each participant. If it is less than x*- d replace it with x*- d; If it is more than x*+
d replace it with x*+ d.

Step9:
Calculate new x* - i.e. the average of the revised results of the participants. Record this in the bottom
of this column.
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Stepl0:
Calculate new s* using the formula “1.134 x standard deviation of the revised participant results”.
Record this in the bottom of this column.

Stepll:
Repeat steps from 7 to 10 till required number of iterations are over. i.e., till both new x* and new s*

converge.

(Step 6 to 11 can be understood in below exercise)

F G H | ] K L M N 0 P Q R S T u
<<<<<< Data Analisw. 555>>>
d=155* 4,894 5.095 5.302 5.412 5.470 5.501 5.518 5.527 5.532 5.534 5.536 5.536 5.537 5.537
x*-d 143.256| 142.712 142,437 142,293 142.217| 142.176| 142.154| 142,142| 142.136| 142.133| 142.131| 142.130( 142,129 142,129
X +d 153.044 152.902 153.041| 153.116 153.157( 153.178| 153.190| 153.196| 153.199 153.201( 153.202| 153.203 153.203 153.203

143.256 | 142,712 | 142,437 | 142.293 | 142.217 [ 142,176 | 142,154 | 142.142 | 142,136 | 142.133 | 142.131 | 142,130 | 142.129 | 142,129

143.600 | 143.600 | 143.600 | 143.600 | 143.600 | 143.600 | 143.600 | 143.600 | 143.600 | 143.600 | 143.600 | 143.600 | 143.600 | 143.600

147.500 | 147.500 | 147.500 | 147.500 | 147.500 | 147.500 | 147.500 | 147.500 | 147.500 | 147.500 | 147.500 | 147.500 | 147.500 | 147.500

147.800 | 147.800 | 147.800 | 147.800 | 147.800 | 147.800 | 147.800 | 147.800 | 147.800 | 147.800 | 147.800 | 147.800 | 147.800 | 147.800

148.500 | 148500 | 148.500 | 148.500 | 148500 | 148.500 | 148.500 | 148.500 | 148.500 | 148.500 | 148.500 | 148.500 | 148.500 | 148.500

150.200 | 150.200 | 150.200 | 150.200 | 150.200 | 150.200 | 150.200 | 150.200 | 150.200 | 150.200 | 150.200 | 150.200 | 150.200 | 150.200

150.500 | 150.500 | 150.500 | 150.500 | 150.500 | 150.500 | 150.500 | 150.500 | 150.500 | 150.500 | 150.500 | 150.500 | 150.500 | 150.500

151,100 | 151.100 | 151.100 | 151.100 | 151.100 | 151.100 | 151.100 | 151.100 | 151.100 | 151.100 | 151.100 | 151.100 | 151.100 | 151.100

=IF[SE30<8H$21,$HS21, IF[$SE30>$H$22 $HS22 $E30))
22 =IF[SE30<31521, 81821, IF($E30>81522, 51522, $E30))

3.263 PSS S e L e e L S S PR S S LR L e P S S e e L S S e R e S b b S L S e e e b e e e

147.807| 147.739| 147.705| 147.687| 147.677| 147.672| 147.669| 147668 147.667| 147.667| 147.666| 147.666| 147.666| 147.666

L~
3.397 3.535 3.608 3.647 3.667 3.679 3.685 3.688 3.689 3.690 3.691 3.691 ;&9{ 3.691

Stepl2:
Treat the new x* of the last iteration as the assigned value.

Stepl3:
Treat the new s* of the last iteration as the Standard deviation

(Step 12 to 13 can be understood in below)
Assigned Value 147.67

Standard deviation

Important final note:

We can derive assigned value and standard deviation with above statistical tool, however, reader should keep
in mind that we cannot use the above values directly without further investigation required for authenticity.
That mean there is further scope of works to identify assigned value and/or standard deviation with respect
to test property and data set behavior.
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