
Abbe test 
 
This is a statistical test aimed at detecting a trend in a series of (independent and normally distributed) 
values x1, x2,…xn. The null hypothesis is that there is no such trend, i.e. that all values xi fluctuate 
around the same mean value µ (i.e., they have the same mathematical expectations): 

Η0: µ1= µ2=...= µn= µ 
The null hypothesis is tested against the alternative hypothesis stating that a trend is present: 

µι+1≠µi for at least some i ∈ 1..n 
 

To reject the null hypothesis by error means to conclude that a trend exists when it is actually absent. 
Such error is called α-type error. To accept the null hypothesis by error means to wrongly decide that 
there is no trend, while actually a trend exists. Such error is called β-type error and characterises the 
power of the test. The higher is the power (i.e. the lower is the probability of β-type error), the better. 
 
Let us introduce a new parameter  
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Parameter r can be understood as a ratio of two estimates of the mean intensity variance - obtained by 
differencing the successive xi values in the numerator and by the commonly used approach to the un-
certainty of the mean for non-transient data in the denominator. The latter approach does not account 
for a trend in the mean values (mathematical expectations) of xi. Consequently, r values below unity 
are expected in the presence of a trend, and the stronger it is, the lower is the corresponding value of r.  
 
At n≥20 the statistics of r is approximately normal, centred around unity, provided the null hypothesis 
postulating the absence of trend holds true. In the table below, critical values of r for n≤60 are given, 
corresponding to the condition probability(r≤rcritical)= 0.05, or 5%. If, for observations x1, x2,…xn, we 
obtain an r ≤rcritical, this event would be improbable (less then 5% of probability) provided the null 
hypothesis holds true. Consequently, this hypothesis is rejected and the alternative hypothesis about 
the presence of a trend is accepted. The error of wrong rejection of the null hypothesis, i.e. α-type 
error, amounts to 5% in this example. 
 

n rcritical  n rcritical  n rcritical  
10 0.531 27 0.695 44 0.758 
11 0.548 28 0.700 45 0.760 
12 0.564 29 0.705 46 0.763 
13 0.578 30 0.709 47 0.765 
14 0.591 31 0.714 48 0.777 
15 0.603 32 0.718 49 0.770 
16 0.614 33 0.722 50 0.772 
17 0.624 34 0.726 51 0.774 
18 0.633 35 0.729 52 0.776 
19 0.542 36 0.733 53 0.778 
20 0.650 37 0.736 54 0.780 
21 0.657 38 0.740 55 0.782 
22 0.665 39 0.743 56 0.784 
23 0.671 40 0.746 57 0.785 
24 0.678 41 0.749 58 0.787 
25 0.684 42 0.752 59 0.789 
26 0.689 43 0.755 60 0.791 

 

For n>60, at α=5%, the following approximation applies: rcritical =1!1.645
n! 2

(n!1)(n+1)
 

The power of tests for the presence of trend generally increases with the number of observation n and 
depends on the specific pattern of the trend (linear or not, which slope if linear). The Abbe test be-
longs to the most power tests for the presence of trend. 
 
(1) Yu. V. Linnik, Method of least squares and principles of the theory of observations. Pergamon 
Press, New York-Oxford-London-Paris, 1961, 360 p. 
(2) S.B. Lemeshko, Measurement Techniques. 2006, 49, 962-969. 
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Ce140+ signal, spot ablation of the standard glass NIST612 at a repetition rate of 15 Hz, beam size of 75 
mkm and on-sample energy density of 4.5 J/cm2 
ABBE TEST DETECTS A TREND IN THE SERIES OF INTENSITY DIFFERENCES 
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V51+ signal, spot ablation of the standard glass NIST612 at a repetition rate of 15 Hz, beam size of 75 
mkm and on-sample energy density of 4.5 J/cm2 
ABBE TEST DOES NOT DETECT A TREND IN THE SERIES OF INTENSITY DIFFERENCES 
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