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How to determine significant systematic error? 

When over time, you carry out several batches of analysis on a certified reference 

material (CRM) and find the mean results are apparently to be consistently different 

from the expected value given in the certificate of analysis of the CRM sample, your 

analytical method may have a systematic error. Such error affects the method trueness 

and accuracy. 

It is therefore important that systematic error in an analytical method must be 

determined and corrected for. It is easy to assess systematic error by making 

measurements on a CRM.  It can also be subjected to repeated analyses on a  

laboratory ‘clean’ matrix spiked with known amount of the targeted analyte.  

We can use the mean of a number of measurements, �̅� , to decide if the systematic 

error is significant by using the equation for a confidence interval of the mean.  That is, 

taking the value of CRM, xCRM =  and so, 

  𝑥𝐶𝑅𝑀 = 𝜇 = �̅� ± 𝑡𝛼,𝑛−1
𝑠

√𝑛
      [1] 

or 

  �̅� − 𝑡𝛼,𝑛−1
𝑠

√𝑛
< 𝑥𝐶𝑅𝑀 = 𝜇 < �̅� + 𝑡𝛼,𝑛−1

𝑠

√𝑛
   [2]  

From equation [1], we can simply calculate a t-value by rearranging to become: 

  𝑡 =
|𝑥𝐶𝑅𝑀−�̅�|√𝑛

𝑠
       [3] 

In hypothesis testing, we therefore state that:  

null hypothesis Ho : there is no systematic error, i.e. 𝑥 ̅ = 𝑥𝐶𝑅𝑀, whilst 

alternative hypothesis Ha :  there is a systematic error, i.e. 𝑥 ̅ ≠ 𝑥𝐶𝑅𝑀 

In chemical analysis, we normally adopt =0.05 for 95% confidence level and use 2-

tailed test as the mean measured value can be larger or smaller than the certified value 

in the alternative hypothesis, with  = 0.025 on each tail. 

Note that if it is known that the error can be only positive or only negative, then all the 

probability can be considered at that end of the distribution, i.e., we carry out one-tailed 

test with =0.05.   Usually, there is no particular reason why the systematic error is 

either positive or negative, and so 2-tailed test is proper.  
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Figure 1 below illustrates the distribution of the probability in each of these cases. It is 

noted that the extreme 5% (=0.05) of the distribution can be shared equally between 

each end (two tailed), or the entire 5% at one end or the other. 

 

Figure 1: One- and two-tailed probabilities 

The rule is that if the probability falls below the limit decided (p < ) then the null 

hypothesis, that there is no systematic error, is rejected, and we conclude that there is 

indeed systematic error present in the case. 

Example 

In a new method developed for determining selenium in an animal feed, the following 

results were obtained for selenium-free animal feed samples spiked with 200 ng/ml of 

selenium: 

 185, 198, 191, 182, 193, 189 ng/ml 
 

Is there any evidence of systematic error? 

Answer 

The mean of these values is 189.7 and the standard deviation is 5.72. Adopting the null 

hypothesis that there is no significant systematic error, i.e. that  = 200, Equation [3] 

gives  

  𝑡 =
|200−189.7|×√6

5.72
 = 4.43 

From the t-distribution table or using Excel function T.INV.2T(0.05,5), the critical value 

t5 = 2.57 (=0.05, two-tailed test) at (6-1) degrees of freedom.  Since the observed 

value of t is greater than this critical value, the null hypothesis is rejected and we can 

conclude that there is evidence of systematic error in this experiment.  

Using Excel function =T.DIST.RT(4.43,5) gives probability p(t > 4.43) = 0.007.  Since 

this is less than 0.05, the result is significant at 95% confidence interval.  


