
Accuracy and precision

Accuracy is the degree of agreement between the measured value and the true value

Precision is defined as the degree of agreement between replicate measurements

Accuracy is how  
close you get to 

the bullseye

Precision is how
close the repetitive shots are to

one another

Good precision,
good a ccu racy

Good precision, 
poor accuracy

Poor precision, 
poor accuracy
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Errors: there are two types of errors that may affect the accuracy 
or precision of a method

1.Determinate or systematic errors

- Non-random, determinable & can be either avoided or corrected
- May be constant or variable but can be corrected

Some common determinate or systematic errors:

a. Instrumental Errors: Equipment & uncalibrated glassware
b. Operative Errors: personal errors, corrected by increasing experience
c. Methodical errors: co-precipitation of impurities can be corrected by a blank & the

analysis of reference samples also helps against method errors
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2. Indeterminate errors
- random errors; cannot be avoided, experimental uncertainty that occurs in any measurement
-Often called accidental errors. These errors are revealed by small differences in successive
measurements made by the same analyst under virtually identical conditions, and they cannot be
predicted or estimated
- These accidental errors follow a normal distribution, or Gaussian curve

Errors: there are two types of errors that may affect the accuracy 
or precision of a method
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Ways of expressing precision

The estimated standard deviation of a finite set of experimental data
(generally N <30)

Where s:standard deviation
xi : individual measurement
ത𝑥 :mean of the measurements
N: numberof measurements

Standard deviation of the mean = s/ 𝑁 = standard error

Relative standard deviation (RSD) = (s/ ҧ𝑥)*100% = coefficient of variation

Variance= s2

S = Σ 𝑥𝑖− ҧ𝑥 2

𝑁−1
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Example

The following replicate weightings were obtained: 29.8, 30.2, 28.6, and 29.7 mg. Calculate the standard 
deviation of the individual values and the standard deviation of the mean. Express these as absolute (units of
the measurement) and relative (%of the measurement) values

𝑥𝑖 X- ҧ𝑥 (X- ҧ𝑥)2
29.8 0.2 0.04
30.2 0.6 0.36
28.6 1.0 1.00
29.7 0.1 0.01

Σ = 118.3 Σ = 1.41

4−1
𝑠= 1.41 = 0.686 𝑚𝑔 29.6

RSD=0.686 ∗ 100.0% = 2.32%ҧ𝑥 = 118.3/4.0 = 29.6 mg

Standard deviation of the mean = s/ 𝑁 = 0.686
2

= 0.343 5



Ways of expressing precision

The precision of any analytical method can be improved by increasing the no. of observation so
(±S) becomes smaller & it approaches 0 if the no. of readings ×i approaches ∞

Mean: arithmetic mean ത𝑋

Median: is the middle result when replicate data are arranged in
order

Range: higher & lower limits (highest – lowest) reading

ത𝑋 = ∑(×i) , where ∑(×i) = sum of reading
N = No. of readingN
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Example: The following reading were obtained for the analysis of the main active ingredient of a  
pharmaceutical preparation: 127.2, 127.1, 128.4, 128.4, 128.8, 127.6 , calculate:

a.The mean? Mean =127.9

b.The median? Median =( 127.6 +128.4 ) / 2 =128.0

c.The range? (127.1-128.8)

Note: Median:

✓For an odd number of data points, the median can be evaluated directly
✓For an even number, the mean of the middle pair is used

Ways of expressing precision
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Precision: repeatability and reproducibility

Reproducibility: expresses the precision 
between laboratories 

Repeatability: expresses the precision
obtained under the same operating
conditions over a short interval of time
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Accuracy

Accuracy of a method is the closeness of the obtained value to the true value for the sample. The accuracy
of the method is determined by the recovery of a known amount of analyte samples. Briefly, to determine
the accuracy of the proposed method, different levels of drug concentrations should be used: lower
concentration (0.5 μM mL―1), intermediate concentration (1.0 μM mL―1) and higher concentration (1.5 μM
mL―1)
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Ways of expressing accuracy

Trial Value
Trial1 2.51 g
Trial2 2.58 g
Trial3 2.65 g

Absolute Error: E = ×i - ×t
The difference between the true value and the measured value, with
regard to the sign. Where ×i is the measurement of a quantity, ×t is the
true value or
accepted value of the quantity

If the true value for copper mass in an experiment was
2.62 g Absolute error in tria l1 = 2.51 − 2.62 = − 0.11 g

Mean Error: The mean error can also be calculated by taking the average difference, with
regard to sign, of the individual test results from the true value

= ((absolute error of trial 1 +absolute error of trial 2 +absolute error of trial 3) )=

(− 0.11+ − 0.04 +0.03)/3.0 =− 0.040 g
10
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Ways of expressing accuracy

Relative error: the absolute or mean error expressed as a percentage of the
true value

The rela tive error in tria l1 = (− 0.11/2.62)*100.0%=− 4.2%
×i - ×t

Er = ×t
× 100%
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Relative accuracy

=

Relative Accuracy: is the measured value or mean expressed as a percentage of the true value

Measured
Rela tive a ccura cy   va lue ×100%

True value

Trial Value
Trial1 2.51 g
Trial2 2.58 g
Trial3 2.65 g

The relative accuracy of trial2 = (2.58/2.62)*100.0% = 98.5%

12



A linearity study verifies that the response is linearly proportional to the analyte concentration in the
concentration range of sample solutions. The study should be performed using standard solutions at five
concentration levels, in the range of 50 to 150% of the target analyte concentration. Five concentration
levels should allow detection of curvature on the calibration curve. Each standard should be measured at
least three times

L inear i ty

Linearity data are often judged from the coefficient of determination (r2). An r2 value of > 0.998 is
considered as evidence of acceptable fit of the data to the regression line. You should always do a visual
inspection of the calibration curve. The linearity will often deviate somewhat at high and low values
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Conc. (μg/mL) Mean absorbance (±SD)
0.3 0.056 ± 0.002
0.5 0.095 ± 0.004
1 0.186 ± 0.007

1.5 0.271 ± 0.004
2 0.365 ± 0.007

y = 0.1802x + 0.0036
R² = 0.9997
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L inear i ty
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Linearity

y = 0.1291x + 0.0173
R² = 1
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Linearity

y = 0.1308x + 0.0378
R² = 0.9501
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The working range of a method is the concentration range over which acceptable accuracy and precision 
are obtained. Usually, it also includes linearity

Range

y = 0.1802x + 0.0036
R² = 0.9997
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The sensitivity is determined by the slope of the calibration curve and generally reflects the ability to
distinguish two different concentrations

Sensi t iv i tySensi t iv i ty

The method having a linear response y = 2.5x is five times more 
sensitive than the method exhibiting a linear response y = 0.5x
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Sensitivity

y = 0.1802x + 0.0036
R² = 0.9997

y = 0.0897x + 0.019
R² = 0.9988
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Conc. (μg/mL) Absorbance
(instrument 1)

Absorbance
(instrument 2)

0.3 0.056 0.045
0.5 0.095 0.065
1 0.186 0.11

1.5 0.271 0.15
2 0.365 0.2

Instrument 1

Instrument 2
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Limi t  o f  detect ion

Limit of detection (LOD): is the lowest concentration level that can be determined to be statistically different 
from a blank

There are numerous ways that detection limits have been defined, the ICH definition:

Where SD: standard deviation of the response from the blank

S: slope or sensitivity of the calibration

𝐿𝑂𝐷 = 3.3
𝑆𝐷
𝑆

Limi t  o f  detect ion
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Conc. (μg/mL) Mean absorbance (±SD)
0.3 0.056 ± 0.002
0.5 0.095 ± 0.004
1 0.186 ± 0.007

1.5 0.271 ± 0.004
2 0.365 ± 0.007

y = 0.1802x + 0.0036
R² = 0.9997
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blank absorbance readings were 0.002, 0.000, 0.008, 
0.006, and 0.003

SD of the blank signals: 3.19 x 10―3
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This is the lowest concentration of analyte that can be measured in the sample matrix at an acceptable
level of precision and accuracy.

L imi t  o f  quant i ta t ion
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Where SD: standard deviation of the response from the blank

S: slope or sensitivity of the calibration

𝐿𝑂𝑄 = 10
𝑆𝐷
𝑆





Robustness
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Robustness: refers to the effect of deliberate small changes to the method on its performance

It refers to how sensitive the method is to deliberate or uncontrolled small changes in parameters, such as 
the size of the sample, the temperature, pH of the solution, reagent concentration, time of reaction, and so 
forth


