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Statistic Analysis of Measurement Data from Cooperative
Experiments on Method Precision
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(Research and Development Center of Wuhan Iron and Steel (Group) Corporation, Wuhan, Hubei 430080, China)

Abstract The GB/T 6379. 2—2004 statistical data analysis methodology was applied to analyze the data
which were obtained from the cooperative experiments on the precision of the molybdenum blue
photometric method that was employed to determine the silicon dioxide in limestone and dolomite. Based
on the statistical analysis, a functional expression of the relationship between reproducibility limit r,
reproducibility limit R and content (level) m has been obtained. The issues such as data treatment
procedure, the determination of the graphic expression for the regression equation and the expression of
method precision, etc. , have also been discussed in the paper. It was found that it is more practical to use
the content to sectionally represent repeatability limit and reproducibility limit. In addition, several
problems that need to care about during conducting cooperation assay and handling data have also been
deeply discussed.
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Table 1 Raw data summary for the cooperative test on the

precision for the determination of silicon dioxide

1 2 3 4 5

1 0. 073 8 2. 020 0. 381 4. 122 0. 775
0. 073 6 2. 036 0. 376 4. 118 0. 764
0. 074 0 2. 034 0. 388 4. 112 0. 780
2 0. 084 6 2. 097 0. 395 4. 262 0. 790

0.074 1 1990 0. 414 4. 147 0. 796
0. 068 0 2. 014 0. 390 4. 299 0. 804
3 0. 074 9 2. 082 0. 380 4. 173 0. 775
0.0727 2. 037 0. 364 4. 224 0. 764
0. 085 2 1. 985 0. 396 4. 095 0. 780
4 0.074 3 2. 000 0. 388 4. 225 0. 770
0. 072 3 2. 080 0. 393 . 359 0. 785

4,
0. 073 5 2. 020 0. 389 4. 280 0. 774
0. 064 9 2. 084 0. 395 4. 157 0. 806

o

0. 083 4 2. 040 0. 421 4. 223 0. 771
0. 076 7 2. 057 0. 383 4, 250 0. 794
6 0. 0717 2. 034 0. 392 4. 275 0. 780
0. 070 1 2. 039 0. 391 4. 234 0. 782
0. 069 7 2.027 0. 389 4. 240 0. 784
7 0. 080 0 2. 051 0. 398 4, 237 0. 796
0. 077 0 2. 063 0. 395 4. 243 0. 794
0. 076 0 2. 050 0. 390 4. 202 0. 786
8 0. 070 3 2. 101 0. 381 4. 234 0. 783
0. 071 5 2. 042 0. 392 4, 212 0. 781
0. 070 9 1. 985 403 4. 255 0. 789
1
Figure 1 Basic flow chart for conducting statistic
analysis on the measurement data from the
cooperative tests on precision.
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Table 2 Consistency test for the variance of every level unit and calculation of repeatability

standard deviations and repeatability limits

1 2 3 4 )
1 4. 00E-08 7. 60E-05 3. 63E-05 2. 53E-05 6. 7T0E-05
2 7. 05E-05 3. 15E-03 1. 60E-04 6. 28E-03 4. 93E-05
3 4. 45E-05 2. 36E-03 2. 56E-04 4. 22E-03 6. 70E-05
4 1. 01E-06 1. 73E-03 7. 00E-06 4. 54E-03 6. 03E-05
5 8 77E-05 4. 92E-04 3 7T7TE-04 2. 29E-03 3. 16E-04
6 1. 12E-06 3. 63E-05 2. 33E-06 4, 90E-04 4. 00E-06
7 4. 33E-06 5. 23E-05 1. 63E-05 4. 90E-04 2. 80E-05
8 3. 60E-07 3. 36E-03 1 21E-04 4. 62E-04 1. 73E-05
2. 10E-04 1. 13E-02 9. 77TE-04 1. 88E-02 6. 09E-04
2. 62E-05 1. 41E-03 1. 22E-04 2. 35E-03 7. 62E-05
Shax 8 77TE-05 3. 36E-03 3. 7T7E-04 6. 28E-03 3. 16E-04
C( ) 0. 418 0. 299 0. 386 0. 334 0. 519
Co,01,8,2=0. 615, Co 05,8,2=0. 516
Sr 0. 005 119 0. 037 52 0. 011 05 0. 048 47 0. 008 727
r 0. 014 48 0. 106 1 0. 031 25 0. 137 1 0. 024 68
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Table 3 Consistency tests for the average of each level unit and the calculation of the standard deviation and repeatability limit
1 2 3 4 )

1 0. 073 8 2. 0300 0.3817 4117 3 0. 773 0

2 0. 075 6 2.0337 0.3997 4236 0 0. 796 7

3 0. 077 6 2.034 7 0. 380 0 4164 0 0. 773 0

4 0. 073 4 2.0333 0. 390 0 42880 0. 776 3

5 0. 075 0 2. 060 3 0.3997 42100 0. 790 3

6 0. 070 5 2.033 3 0. 390 7 42497 0. 782 0

7 0. 077 7 2. 054 7 0. 394 3 4,227 3 0. 792 0

8 0. 070 9 2.042 7 0.392 0 42337 0. 784 3

m 0. 074 3 2. 040 3 0.3910 4215 8 0. 7835

s 0. 002 711 0. 011 29 0. 007 286 0. 052 96 0. 009 001

max 0. 077 7 2. 060 3 0. 3997 4, 288 0 0. 796 7

min 0. 070 5 2.0300 0. 380 0 4117 3 0. 773 0
Gmax 1. 242 1772 1. 190 1. 364 1. 467
Gmin 1. 402 0. 915 1. 510 1. 858 1. 162

Goo1.s=2. 274, Go o5.5=2. 216

s.? —1. 386E-06 —3. 418E-04 1. 238E-05 2. 021E-03 5. 563E-05

SR 0. 005 119 0. 037 52 0. 011 56 0. 066 12 0. 011 48

R 0. 014 48 0. 106 1 0. 0328 0 0. 1870 0. 032 47

Table 4

4

Parameters that were used in iteratively computing linear regression equation weighted by repeatability limit

F 1 D 3 4 5

m; 0. 074 3 2. 040 3 0. 3910 4. 215 8 0. 7835

rj 0. 014 48 0. 106 1 0. 031 25 0. 137 1 0. 024 68

W, 4770. 4 88. 78 1023. 9 53. 194 1641 2
r1=0. 011 81+0. 028 13m

rij 0. 013 90 0. 069 20 0. 022 81 0. 013 04 0. 033 85

Wi, 5175. 3 208 8 1922, 2 58 8 872. 9
ry=0. 012 379-+0. 034 00m

r2j 0. 014 91 0. 081 75 0. 025 67 0. 015 57 0. 039 02

W, 4501 1 149. 6 1517. 2 41 2 656, 9
r3=0. 012 381+0. 033 99m

r3; 0. 014 91 0. 081 75 0. 025 67 0. 01557 0. 039 02

5

Table 5 Parameters that were used in iteratively calculating logarithm regression equation weighted by

repeatability limits for the silica measurement

| 1 2 3 4 5
m; 0. 074 3 2. 040 3 0. 3910 4. 215 8 0. 783 5
lgm; -1. 1290 0. 3097 -0, 407 8 0. 624 9 -0, 106 0
rj 0. 014 48 0. 106 13 0. 031 25 0. 137 11 0. 024 68
lgr; -1. 839 3 -0, 974 2 -1. 5051 -0. 862 9 -1. 607 6
lgr=—1. 276 3-+0. 575 6lgm
7; 0. 011 85 0. 079 80 0. 030 83 0.121 2 0. 045 99
3 room 6 m.r
tes) ) YTy,
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Table 6 Computation of the sum of squared relative errors
] ; )2 )2
J m; 7 . - (r; Il,) v - (r; r,_7])
T 2
1 0. 074 3 0. 014 48 0. 014 91 -0. 000 43 0. 000 8 0. 01185 0. 00263 0. 0491
2 2. 040 3 0. 106 1 0. 081 75 0. 024 4 0. 0890 0. 07980 0. 02633 0. 1089
3 0. 3910 0. 031 25 0. 025 67 0. 005 58 0. 047 2 0. 03083 0. 00042 0. 0002
4 4. 215 8 0. 137 1 0. 1557 -0. 018 6 0. 014 3 0. 1212 0. 01593 0. 0173
5 0. 7835 0. 024 68 0. 039 02 -0, 014 34 0. 134 9 0. 04599 -0, 02131 0. 2147
q .R=0. 011 72-+0. 041 35m
a Y :lgR=—1 213 5+0. 631 1 Xlgm
(7']- - 7"1,‘) o
Sa = > U =0 2862
j=1 r{] ’
S..=0. 112, S..=0. 260,
q .
X S, <S,,, R=0 011 72+
q 2
S, = S ) g 3901 0. 041 35m R m
=t 7"%1- ° SR ’
S, <<S.s» rooom sg=0. 004 144+0. 014 62m,
, r= 10012 38 + 1.6
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Figure 4 Curve fitting graphs for the function relation (a) between repeatability limit r and content(level) m,

(b) between reproducibility limit r and content(level) m for the determination of silicon dioxide by spectrophotometry.
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Table 7 Comparison of the new standard precision and the old standard precision
(GB/T 3286. 2—1998) (GB/T 3286, 2—2012)
m m r R
0. 05 ~ 0. 20 0. 02 0. 03 0. 05 0. 014 0. 014
>0. 20 ~ 0. 50 0. 04 0. 06 0.2 0. 019 0. 020
>0. 50 ~ L 00 0. 05 0. 08 0.5 0. 029 0. 033
>1.00 ~ 2 00 0. 07 0. 12 L0 0. 046 0. 054
=>2. 00 ~ 4. 00 0.1 0. 15 2.0 0. 080 0. 095
4.0 0. 15 0. 18
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