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Guide to the Expression of

uncertainty in measurement

By: BIPM, IEC, IFCC, ISO, IOPAC, OMML
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ISO 5725

Accuracy (Trueness and Precision)
of
Measurement Methods and Results

Part 1 to Parté6



ISO 3534-1

Statistic — Vocabulary and Symbols

Part 1: Probability and General Statistical Term
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i Xi(@Q |Xi-X Xi-X)? | bl
1 100.1 0.06 0.0036 10016
X ="""-=100.16
2 100.2 +0.04 0.0016 10
3 100.1 - 0.06 0.0036 [0.064
S = 0.0640 = +0.084
4 100.3 +0.14 0.0196 9
5 100.1 0.06 0.0036
6 100.1 .0.06 0.0036 £ 1.96x0.084=40.165
100.16 + 0.165
7 100.2 +0.04 0.0016
99.985 «, 100.326
100.1 0.06 0.0036
9 100.1 .0.06 0.0036
10 100.3 +0.14 0.0196
Sum 1.001.6 0 0.0640
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Table 9. Uncertainty Budget for Calibrating a 0 - 1 Inch Digital Micrometer.

: Estimate G o Standard Variance
: T Distribut D : .

Uncertainty Source i) ype | Distribution | Divisor Unceetaioey (i) | (i)
Gage blocks 4 B Normal 2 2 5
Resolution 100 B | Rectangular | 213 29 841
Uncertainty of CTE | 0.9 B Rectangular | +3 0.52 0.27
MastEsart 06 B |Rectangulr | V38 | 035 0.12
temperature difference

Summation 845
Combined Standard 29
Uncertainty

Expanded Uncertainty 18
(k=1.65)

An examination of the uncertainty budget shows that it consists of only one significant source, the
resolution, which is a rectangular distribution. In fact, this single contributor is so large compared
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Result plus Result above limit Result below limit
uncertainty above but limit within but limit within
limit Uncertainty uncertainty

(IV)
Result minus
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Decision rules according to ISO 14253-1
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Table 3. Control Chart Constants

Number of

Observations

in Subgroup

A2 D3 D4

2 1.880 0 3.267
3 1.023 0 2.575
4 0.729 0 2.282
5 0.577 0 2.115
6 0.483 0 2.004
{ 0.419 0.076 1.924
8 0.373 0.136 1.864
9 0.337 0.184 1.816
10 0.308 0.223 1.777
11 0.285 0.256 1.744
12 0.266 0.284 1.716
13 0.249 0.308 1.692
14 0.235 0.329 1.671
15 0.223 0.348 1.652

FACTORS FOR 99.7% ACTION LIMITS ACCORDING TO ISO8258
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UwL = 44 + 25
L = £40 —2S
U, = 4,+3S
Law = #60 =35 A OIS I IR VORS¢
CL =R

U, =W, <R

L. =W, <R

U, =D, < R

L, = D, < R



S Hldged s cul

1.228 1936 0.039 2.809 0.002 4.124 1.128
0.669 1.054 0.179 2.176 0.036 2.992 1.693
0.476 0.751 0.289 1.935 0.098 2.579 2.059
0.377 0.594 0.365 1.804 0.158 2.358 2.326
0.316 0.498 0.421 1.721 0.211 2.217 2.534
0.274 0.432 0462 1.662 0.256 2.119 2.704
0.243 0.384 0495 1.617 0.293 2.045 2.847
0.220 0.347 0.522 1.583 0.325 1.988 2.970
0.201 0.318 0.544 1.554 0.352 1.941 3.078

O 00 N O U B W N

[N
o

FACTORS FOR 95% WARNING AND 99.8% ACTION LIMITS
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Gage name: Colis Reported by: IMQ
Date of study: Jan 2006 Tolerance: 0.1
Misc: -
Gage Linearity
P redictor Coef SE Coef P
Constant  0.74833 0.07333 0.000
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S 0.242200 R-Sq 71.2%

Gage Bias
Reference Bias P
Average -0.046667 0.071
2 0.508333 0.000
0 4 0.125000 0.293
6 0.025000 0.688
8 -0.275000 0.000
10 -0.616667 0.000

Bias

s Regression
— —95%CI

@® Data
B Avg Bias

2 4 6 8 10
Reference Value
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3.64 3.55 3.31
3.56 3.45 3.64
3.54 3.40 3.29
3.95 3.59
3.47
3.94
> X;=1073 >, =13.95 D 7,=20.84

QO X)?=11513 (D Y,)*=194.60 (> Z;)* =434.31

Xi=358 Yi=349 Zi=3.47
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T=> X+ Y+ Z;+=10.73+13.95+20.84 = 45.52
T? =(45.52)* = 2072.07

, 1 [115.13 194.60 434.31 2072.07
Sy = + + —

3-1| 3 4 6 13

> d?=(3.64-358) +(3.56 -3.58)" +(3.53-3.58)" = 0.0065
> d; =(3.55—-3.49)° +(3.45-3.49)" +(3.40—3.49)* + (3.55—3.49)" = 0.0169
> d?=(3.31-3.47)* +(3.64-3.47)" +(3.29-3.47)* + (3.59-3.47)" +(3.47 -3.47)* + (3.54-3.47)* = 0.0731
g2 _ 0.0065+0.0169+0.0731
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Glucose in serum ILS test result data

laboratories

41.03 78.28 132.66 193.71 292.76
1 41.45 78.18 133.63 193.59 294.09
41.37 78.49 133.10 193.85 292.89
41.17 77.78 132.82 190.98 292.27
2 42.00 80.38 136.90 200.14 308.40
41.15 79054 136.40 194.30 295.08
41.01 79.18 132.61 192.71 295.53
3 40.68 79.72 135.80 193.29 290.14
42.66 80.81 136.36 190.26 292.34
39.37 84.08 136.50 195.85 295.19
4 42.37 76.60 148.30 196.36 295.44
42.63 81.92 135.69 199.43 296.83
41.88 78.16 131.90 192.59 295.93
5 41.19 79.58 134.14 191.44 292.48
41.32 78.33 133.76 195.123 294.28
43.28 78.65 137.21 195.34 297.74
6 40.50 79.27 135.14 195.26 298.80
42.28 81.75 137.50 196.13 290.33
41.08 79.76 130.97 192.66 287.28
7 41.27 81.45 131.59 191.99 293.76
39.02 77.36 134.923 187.13 299.36
43.36 90.44 135.46 197.56 298.46
8 42.65 80.60 135.14 195.99 295.28

41.72 79.80 133.63 200.82 296.12
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X_lA _ 41.03+41.45+41.37 _41.2833
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S, — (41.03—-41.2833)° + (41.45—41.2833)* + (41.37 — 41.2833)> —0.2330
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p
p =the number of laboratories

~ 41.2833+41.4400+41.4500+41.4567 + 41.4633+42.0200 + 40.4567 + 42.5767 _ 415183
= 8 B '

||

j:

|

A

dip = Xia = XA b 2 8 s
d,, =41.2833—-41.5183 =—-0.2350

S > ildiz 3l s gl 3, Hlao I il -0
meanA — ~
p—1

- \/ (—0.2350)2 + (~0.0783)2 + (—0.0683)? + (~0.616)?2 + (—0.0550)? + (0.5017)° + (~1.0616)2 + (1.0584)>
81

SmeanA

S _...=0.6061
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. _ \/ (0.2230)2 + (0.4851)% + (1.0608)° + (1.8118)2 + (0.3667)% + (L.4081)% + (1.2478)° + (0.8225)°
=
8

S, =1.0632
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=1.0588

S _\/(0.6061)2+(1.O632)2(3—1)
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laboratories

1 41.03 41045 41037 41.2833 0.2230 -0.2350 -0.39 0.21
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MATERIAL
laboratories

A B C D E

1 -0.39 -1.36 -0.73 -0.41 -0.48

2

3

7

8

Critical value=2.15
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MATERIAL
laboratories

A B C D E
1 0.21 0.11 0.22 0.02 0.18

2
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8

Critical value=2.06



Critical values of h and k at the 0.5 % significant level

Critical Critical value of k
value Number of replicates

of h 2

3 4 5 6 7 8 9 10

1.15
1.49

3 1.72 167 161 156 151 149 147 144 142

4 195 182 173 166 160 156 153 150 1.47
1.74 5 211 192 179 171 165 160 156 153 1.50
1.92 6 2022 198 184 175 168 163 159 155 1.52
2.05 7 2030 2.03 187 1.7/ 170 165 160 157 154
2.15 8 236 206 190 179 172 166 162 158 1.55
1.23 9 241 209 191 181 1.73 167 162 159 1.56
2.29 10 245 211 193 182 174 2168 163 159 1.56
2.34 11 249 213 194 183 175 169 164 160 1.57
2.38 12 251 214 1% 184 176 169 164 160 1.57
2.41 13 254 215 19 184 176 170 165 161 1.58
2.44 14 256 216 197 18 1.7/ 170 165 161 1.58



Critical values of h and k at the 0.5 % significant level

Critical Critical value of k
value Number of replicates

Of h 2

3 4 5 6 7 8 9 10
2.47 15 257 217 198 186 1.77 171 166 1.62 1.58
2.56 16 259 218 198 186 1.77 171 166 1.62 1.58
2.51 17 260 219 1.99 1.86 178 1.71 1.66 1.62 1.59
2.53 18 261 220 200 187 178 172 166 1.62 1.59
2.54 19 262 220 200 187 178 172 167 1.62 1.59
2.56 20 263 221 200 187 1.79 1.72 167 1.63 1.59
2.57 21 264 221 201 1.88 1.79 1.72 1.67 1.63 1.59
2.58 22 265 221 201 1.88 1.79 1.72 167 1.63 1.59
2.59 23 266 222 201 1.88 1.79 1.72 167 1.63 1.59
2.60 24 266 222 201 1.88 1.79 1.73 1.67 1.63 1.60
2.61 25 267 223 201 1.88 1.79 1.73 1.67 1.63 1.60
2.62 26 267 223 2.02 1.88 1.79 1.73 1.67 1.63 1.60
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2o Xi_ Xun+ Xan+ + X on
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p =the number of laboratories
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3
ho 4
Smean
—0.2350
_ - -0.39
i 0.6061
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XA X 4g
Xioa X op
Xi3a  Xi3g

Xia = 41.2833
S]_A — 0.2230

dyp = X1a — XA = —0.2350

h, — S _ =0.2350 _ 4
S_,  0.6061
K — Sia 02230 _ .,

Sca 1.0632

=1.0588
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