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Summary 

This paper was an attempt to examine the hypothesis that grains humidity levels have no 
effect on the chosen geometric features of five cereal species. For this purpose the sequential 
Rushton test was applied to allow the controlling of the type I and II errors simultaneously. The 
results are presented for the selected values of α and β. 
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1. Introduction 

Sequential analysis was devised by Abraham Wald in 1943 for use in some 
problems of war research (Ghosh and Sen 1991, Marek and Noworol 1987). In 
sequential analysis the final number of observations are not predetermined but 
depend on the data themselves as they become available (Ghosh 1970). In 
traditional hypothesis testing, two possible action is taken: there are no reasons 
for rejecting the null hypothesis, or rejecting the null hypothesis in favour of the 
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alternative hypothesis. Sequential tests give us the third possibility – to take 
more observations. Observations can be collected one by one or as a whole 
group (Denne and Jennison 2000, Jennison and Turnbull 1990). And each such 
observation, or group of observations, can result in accepting or rejecting of the 
verified hypothesis, or continuing of the study (Ghosh and Sen 1991, Marek and 
Noworol 1987). 

2. Data 

Grains of rye of Slavic variety, oats of Sławko variety, wheat of Tonacja 
variety, triticale of Pawo variety and barley of Stratus variety were humidified 
to the humidity of 14 and 18%. Basic geometric features of grains were 
measured using computer image analysis. In this study the length and width of 
grains were chosen. 

A sequential Rushton test was used for testing the hypothesis that the grains 
humidity level has no effect on the chosen geometric features: length and width 
for each cereal species. 

3. Background 

Let ( )θ,Xf  means a distribution of a random variable X depends on 

unknown parameter θ. One is interested in discriminating between two simple 
hypotheses 

 101100 ;; θ≠θθ=θθ=θ HH  (3.1) 

The distribution of a random variable X is ( )0,θXf  when the null 

hypothesis is true or ( )1,θXf  when the alternative hypothesis is true. 
A sequential probability ratio test (SPRT) for (3.1), that was proposed by 

Wald (Ghosh and Sen 1991, Ghosh 1970, Marek and Noworol 1987, Siegmund 
1985), is defined by: 
observe values of X,  successively and independently. Let 
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  be the observed likelihood ratio at a stage n: 

• accept H0  if   , 

• accept H1  if   , 
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• continue to stage  n + 1  if   ,  

where the stopping bounds, , are two real numbers 

determined by the type I error (α) and type II error (β) as follows: 
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In contrast to traditional hypothesis testing, in sequential hypothesis testing 
both the type I and type II error are predermined. 

In practice, 
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lnln   is easier to use, taking 

   and   . 

Then the testing hypothesis procedure consists in comparing, at each stage, 
value of in with a and b. 

In traditional hypothesis testing only the type I error can be controlled, 
whereas the use of the sequential tests enables to control both the type I and II 
errors. Moreover, for sequential tests fewer observations are necessary in 
contrast to traditional analysis where there is a risk of making decision based on 
insufficient number of observations. 

4. Testing hypotheses about two means equality 

Let us assume that  and  and  is unknown. 

We take two sample both of size n for each random variable  and .  

Consider now the problem of discriminating between  

   and   (4.1) 

where ψ is a positive constant. The alternative hypothesis are formulated in 
terms of standard deviation. 

A sequential probability ratio test for (4.1) has the following form (Marek 
and Noworol 1987) 
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where M is the confluent hypergeometric function, and ,   

, i = 1, 2  and  . 

From practical point of view, using the Rushton approximation of M  

 

is convenient (Marek and Noworol 1987, Tweel and all. 1996). Then the 
logarithm of  is as follows 

 

5. Results 

The hypotheses about means equality for grains at the humidity levels of 
14% and 18% were tested for  and  and for 

. The analyses were both carried out on each individual 

cereal species and on the two studied features. At the first stage two samples, 
both of size 2, were taken from these two populations and the value of  was 

calculated. For each of the samples one additional observation had been taken 
until  or . The results: which hypothesis, null or alternative, 

should be accepted and the number of observations n allowing to make this 
decision, are presented in Table 1 for the grain length and in Table 2 for grain 
width. 

A large number of observations were necessary to decide on accepting the 
null hypothesis both for the grain length and grain width for α = 0.01, β = 0.05, 
ψ = 0.25, relatively (40-98). For ψ  = 0.25 and the values of α and β the 
alternative hypothesis was accepted and fewer observations were necessary (2-
23). For the selected values of α, β, ψ the null hypothesis was accepted slightly 
more frequently. For ψ = 1 the alternative hypothesis was accepted almost every 
time (except β = 0.05 and α = 0.01, 0.05 for the length of a rye grain). 
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Table 1. The grain length: a decision about accepting hypothesis H0 or H1 for number of 
observations n. 

α β ψ barley oats wheat triticale rye 
0.25 H0 (48) H0 (43) H0 (86) H0 (95) H0 (88) 
0.5 H0 (12) H0 (14) H0 (14) H0 (15) H0 (28) 
0.75 H0 (9) H0 (6) H0 (5) H0 (5) H0 (18) 

0.05 

1 H0 (9) H0 (4) H0 (5) H0 (5) H1 (10) 
0,25 H1 (6) H1 (15) H1 (23) H1 (16) H1 (4) 
0.5 H1 (7) H1 (16) H0 (8) H1 (20) H1 (7) 
0.75 H0 (9) H0 (4) H0 (5) H0 (5) H1 (9) 

0.01 

0.1 

1 H0 (9) H0 (4) H0 (4) H0 (5) H0 (5) 
0.25 H1 (5) H1 (15) H1 (23) H1 (4) H1 (3) 
0.5 H1 (6) H1 (15) H0 (16) H1 (16) H1 (3) 
0.75 H0 (10) H0 (6) H0 (5) H0 (6) H1 (4) 

0.05 

1 H0 (9) H0 (4) H0 (5) H0 (5) H1 (9) 
0.25 H1 (5) H1 (15) H1 (23) H1 (4) H1 (3) 
0.5 H1 (6) H1 (15) H0 (8) H1 (16) H1 (3) 
0.75 H0 (9) H0 (4) H0 (5) H0 (5) H1 (4) 

0.05 

0.1 

1 H0 (9) H0 (4) H0 (5) H0 (5) H0 (5) 
 

Table 2. The grain width: a decision about accepting hypothesis H0 or H1 for number of 
observations n. 

α β ψ barley oats wheat triticale rye 
0.25 H0 (51) H0 (98) H0 (40) H0 (86) H0 (56) 
0.5 H0 (14) H0 (38) H0 (20) H0 (15) H0 (15) 
0.75 H0 (7) H0 (9) H0 (13) H0 (6) H0 (13) 

0.05 

1 H0 (6) H0 (5) H0 (10) H0 (5) H0 (5) 
0.25 H1 (3) H1 (7) H1 (6) H1 (10) H1 (10) 
0.5 H0 (16) H1 (7) H1 (7) H1 (12) H0 (16) 
0.75 H0 (7) H1 (19) H1 (8) H0 (6) H0 (13) 

0.01 

0.1 

1 H0 (6) H0 (5) H0 (10) H0 (5) H0 (5) 
0.25 H1 (2) H1 (2) H1 (5) H1 (9) H1 (7) 
0.5 H1 (3) H1 (2) H1 (5) H1 (10) H1 (10) 
0.75 H1 (3) H1 (2) H1 (8) H0 (6) H0 (13) 

0.05 

1 H0 (6) H0 (5) H0 (10) H0 (5) H0 (5) 
0.25 H1 (2) H1 (2) H1 (5) H1 (7) H1 (7) 
0.5 H1 (2) H1 (2) H1 (5) H1 (10) H1 (10) 
0.75 H1 (3) H1 (2) H1 (8) H0 (6) H0 (13) 

0.05 

0.1 

1 H0 (6) H0 (5) H0 (10) H0 (5) H0 (5) 
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