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n
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Soil 
sample 1 2 3 4 5 6 7 8 9 10 
Result 1 11.8 6.4 11.9 12.2 7.5 6.4 10.1 11.3 14.0 16.5 
Result 2 9.8 6.3 10.3 10.2 7.3 6.4 10.0 9.9 12.5 15.1 
Mean = 10.8 6.35 11.1 11.2 7.4 6.4 10.05 10.6 13.25 15.8 

n k

�̿�

Di,1 i  i

𝐷,ଵ = (𝑥,ଵ − �̅�)

Di,2 i  i

𝐷,ଶ = (𝑥,ଶ − �̅�)

Di,1 = Di,2

i

𝑆𝑆𝐸 (𝑥,ଵ − �̅�)
ଶ (𝑥,ଶ − �̅�)

ଶ = 2(𝑥,ଵ − �̅�)
ଶ

𝑆𝑆௪(𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠) = ∑ 𝑆𝑆𝐸
ଵ
ୀଵ

SSw(analysis)
n k n

MSw(analysis)
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D2

�̿�

Sample, i 
Sample D(Mean) 
Mean 

i,1 Squares 
1 10.8 0.255 
2 6.35 15.563 
3 11.1 0.648 
4 11.2 0.819 
5 7.4 8.381 
6 6.4 15.171 
7 10.05 0.060 
8 10.6 0.093 
9 13.25 8.732 

10 15.8 30.305 
Grand Mean �̿� 10.30 

k

𝑆𝑆 = ∑ 𝑘(�̅� − �̿�)ଶଵ
ୀଵ

𝑀𝑆 =
ௌௌ್

ௗ್

𝐹 =
ெௌ್

ெௌೢ
= F=0.05,v1=9,v2=10

MSw MSb
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Anova: Single Factor      

       
SUMMARY       

Groups Count Sum Average Variance   
Soil 1 2 21.6 10.8 2   
Soil 2 2 12.7 6.35 0.005   
Soil 3 2 22.2 11.1 1.28   
Soil 4 2 22.4 11.2 2   
Soil 5 2 14.8 7.4 0.02   
Soil 6 2 12.8 6.4 0   
Soil 7 2 20.1 10.05 0.005   
Soil 8 2 21.2 10.6 0.98   
Soil 9 2 26.5 13.25 1.125   
Soil 10 2 31.6 15.8 0.98   

       

       
ANOVA       
Source of Variation SS df MS F P-value F crit 
Between Samples 160.0545 9 17.78383 21.18384 2.26552E-05 3.020383 
Within samples 
(between analysis) 8.395 10 0.8395    

       
Total 168.4495 19         

sa

𝑠 = ඥ𝑀𝑆௪ = √0.839

ss

𝑠௦ = ට
ெௌ್ିெௌೢ


ට
ଵ.଼ି.଼ସ

ଶ

k

𝑠்௧ = ඥ𝑠௦
ଶ + 𝑠

ଶ = √2.91ଶ + 0.92ଶ =
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 Notes on Statistics and Data 
Quality for Analytical Chemists 

 Measurement Uncertainty arising from Sampling


