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Introduction – Purpose
• To explain why trusting R2 could result in inaccurate data

• To introduce a new calibration metric that avoids overlooking 
inaccurate data

• To illustrate the points above with an example

• Provide recommendations on each technique 
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Current Methodology – R2

• Coefficient of Determination:

• 𝑤ℎ𝑒𝑟𝑒 𝑦𝑖= known concentration at point 𝑖, ത𝑦
= average concentration, 𝑒𝑖 = error at point 𝑖

•Well defined acceptable limits; 
For example: 𝑅2 ≥ 0.999
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𝑅2 = 1 −
∑𝑒𝑖
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• The magnitude of error 𝑒𝑖 at 
point 𝑖 matters

•More concentrated standards 
have a larger affect R2

Disadvantage of R2
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Disadvantage of R2
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Standard 
[=] ppm

Error:

𝑒𝑖

Error2

𝑒𝑖
2

1 0.2 0.04

5 1 1

20 4 16

Table 1: 20% Absolute Error 

Comparison
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Example

•Vary the calculated 
concentration of the 1 ppm 
standard, observe R2

•Vary the calculated 
concentration of the 20 ppm 
standard, observe R2

• Compare the results
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Figure 1: Standard Curve
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At 15% error

Figure 2: 1 ppm error Figure 3: 20 ppm error

R2 = 0.99989 R² = 0.99814
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At 25% error

Figure 4: 1 ppm error Figure 5: 20 ppm error

R² = 0.99978 R² = 0.99358
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At 30% error

Figure 5: 1 ppm error Figure 7: 20 ppm error

R² = 0.99971 R² = 0.98911



Summary of Example

11

Table 2: 20 ppm vs. 1 ppm R2 Comparison

Absolute 
error

1 ppm R2 20 ppm R2

0% 0.99995 0.99995

15% 0.99989 0.99814

25% 0.99978 0.99358

30% 0.99971 0.98911



Summary of Example
•With the same relative error, 

more concentrated samples 
have a greater negative effect 
on the R2

• R2 may be deceptive in that, a 
high percent error of a low 
standard can still yield a high 
coefficient of determination
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Figure 8: 20 ppm vs. 1 ppm R2 Comparison



New Technique: Relative Standard Error
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•Uses normalized error, so 
magnitude does not 
produce bias for 
concentrated standards

Where 
𝑛 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑎𝑙𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛 𝑝𝑜𝑖𝑛𝑡𝑠;

𝑒𝑖 = 𝑒𝑟𝑟𝑜𝑟 𝑎𝑡 𝑝𝑜𝑖𝑛𝑡 𝑖;
𝑦𝑖 = 𝑘𝑛𝑜𝑤𝑛 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑎𝑡 𝑝𝑜𝑖𝑛𝑡 𝑖
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Table 3: Absolute Error Comparison [15%] 

𝑵𝒐𝒎𝒊𝒏𝒂𝒍
𝑪𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏

= 𝐩𝐩𝐦

𝑨𝒃𝒔𝒐𝒍𝒖𝒕𝒆 𝑬𝒓𝒓𝒐𝒓 𝑪𝒂𝒍𝒄𝒖𝒍𝒂𝒕𝒆𝒅
𝑪𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏 = 𝒑𝒑𝒎

𝒆𝒊
𝒚𝒊

𝟐

0.1 0.015 0.085 0.0225

5 .75 4.25 0.0225

20 3 17 0.0225

New Technique: Relative Standard Error



New Technique: Relative Standard Error
•Normalized error reduces bias for 
RSE

•Concentrated standard’s error is 
normalized by it’s concentration 
value

•Rule of Thumb for good calibration 
◦ 𝐺𝑜𝑜𝑑 𝐶𝑎𝑙𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛: 𝑅𝑆𝐸 < 10%
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Figure 9: RSE for 20 ppm and 1 ppm variation

Its error has as much weight as 
less concentrated standards
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RSE / R2 Comparison

16

Table 4: RSE for 20 ppm and 1 ppm variationAbsolute 
error

R2 RSE

20 ppm Error 0% 0.99995 2.92%

15% 0.99814 11.00%

25% 0.99358 17.92%

30% 0.98911 21.41%

1 ppm Error 0% 0.99995 0.71%

15% 0.99989 10.63%

25% 0.99978 17.69%

30% 0.99971 21.23%



Recommendations
• R2 heavily weights concentrated standards relative to less concentrated standards of 

the same percent error

• To avoid this, one of the following actions can be taken:
✓Reduce dynamic range
✓Implement two channels for low and high concentrated standards
✓Observe error of each standard compared to known value
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A good R2 may not mean all 
standards are acceptable



Conclusion

•RSE does normalize error terms to yield a less biased result

•RSE can catch errors in low standards since all error terms are 
relative to their standards

•Rule of Thumb for good calibration 

✓𝐺𝑜𝑜𝑑 𝐶𝑎𝑙𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛: 𝑅𝑆𝐸 < 10%

✓Observe error of each standard compared to known value
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Thank You!
For More Information:

FIAlab Instruments Inc

2151 N Northlake Way

Seattle, WA  98103   USA

sales@flowinjection.com

(206) 258-2290

http://www.flowinjection.com
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