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Summary

This paper was an attempt to examine the hypothbatsgrains humidity levels have no
effect on the chosen geometric features of fiveaespecies. For this purpose the sequential
Rushton test was applied to allow the controllinghaf type | and Il errors simultaneously. The
results are presented for the selected valuesandp.
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1. Introduction

Sequential analysis was devised by Abraham Wal®948 for use in some
problems of war research (Ghosh and Sen 1991, MardkNoworol 1987). In
sequential analysis the final number of observatiare not predetermined but
depend on the data themselves as they become ea(l@hosh 1970). In
traditional hypothesis testing, two possible aci®taken: there are no reasons
for rejecting the null hypothesis, or rejecting thdl hypothesis in favour of the
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alternative hypothesis. Sequential tests give esthird possibility — to take
more observations. Observations can be collectedlbgnone or as a whole
group (Denne and Jennison 2000, Jennison and Tiud#R0). And each such
observation, or group of observations, can resuétcicepting or rejecting of the
verified hypothesis, or continuing of the study ¢Sh and Sen 1991, Marek and
Noworol 1987).

2. Data

Grains of rye of Slavic variety, oats of Stawko iety, wheat of Tonacja
variety, triticale of Pawo variety and barley ofeius variety were humidified
to the humidity of 14 and 18%. Basic geometric des¢ of grains were
measured using computer image analysis. In thidystee length and width of
grains were chosen.

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

3. Background

Let f(X,e) means a distribution of a random variatdedepends on

unknown parametef. One is interested in discriminating between tiopée
hypotheses

H,;0=0, H,;0=6, 0,%6, (3.1)

The distribution of a random variable X i§(X,0,) when the null

hypothesis is true of (X,Gl) when the alternative hypothesis is true.

A sequential probability ratio test (SPRT) for (3.that was proposed by
Wald (Ghosh and Sen 1991, Ghosh 1970, Marek andoh 987, Siegmund
1985), is defined by:

observe values ofX, x; i =1,2... successively and independently. Let

f(x.,0
I, = |_|n_ u be the observed likelihood ratio at a stage
' £(x,8)

* acceptH, if I, <B,
* acceptH; if I, = A4,
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e continuetostaga+ 1 if B<1I <A,
where the stopping bounds;co < B < 4 < oo, are two real numbers
determined by the type | erram)and type Il errorf) as follows:

In contrast to traditional hypothesis testing, @ggential hypothesis testing
both the type | and type Il error are predermined.

T‘ In f(xi ’91)
= f(x.8)
a=Ind=In(1—F)—Inae and b=InB=Inf —In(1— a).

Then the testing hypothesis procedure consiststimparing, at each stage,
value ofi, with a andb.

In traditional hypothesis testing only the typertoe can be controlled,
whereas the use of the sequential tests enablamntml both the type | and Il
errors. Moreover, for sequential tests fewer olzeas are necessary in
contrast to traditional analysis where there islka of making decision based on
insufficient number of observations.

In practice,i, =Inl = Z is easier to use, taking

4. Testing hypotheses about two means equality

Let us assume thaf, “N(u,,0) and X,~N(u,,o) and g is unknown.
We take two sample both of simdor each random variabi; andX,.
Consider now the problem of discriminating between

Hy:pey —py =0 and Hy: py —pp, = 3o (4.1)

where ¢ is a positive constant. The alternative hypotheses formulated in
terms of standard deviation.

A sequential probability ratio test for (4.1) hae tfollowing form (Marek
and Noworol 1987)

2n—11 (2n— 1]11.5;2::1)

I= - EM » » e
» = explony) ( 2 2 m—2+¢2



124 DOROTA DOMAGALA, TOMASZ GUZ

where M is the confluent hypergeometric function, amd =D5TF ; =,

N . 3 _ 1 ()"
X E}.zl_’x'é}-,l—l, 2 andz- —EZEHZ?H 2 .

t n

From practical point of view, using the Rushtonragpmation ofM
1 1 1
M (:{,5, }r) = 2 exp (E y+ Ew.-"x_}?)

is convenient (Marek and Noworol 1987, Tweel and #996). Then the
logarithm ofl,, is as follows

o 2(2n— Dyt +1[2n— Dyit?

Iy = — = 5 nyY? —In2
J2(en—241¢2) 2 2n-2+t

5. Results

The hypotheses about means equality for graineeahtumidity levels of
14% and 18% were tested fg = 0.05,0.1 and @ = 0.01,0.05 and for

1 = 0.25,0.5,0.75,1. The analyses were both carried out on each ithataVi

cereal species and on the two studied featureshedfirst stage two samples,
both of size 2, were taken from these two poputatiand the value af, was

calculated. For each of the samples one additiobsérvation had been taken
until i, =& or i, =a. The results: which hypothesis, null or alterrativ
should be accepted and the number of observahoakowing to make this
decision, are presented in Table 1 for the graigtke and in Table 2 for grain
width.

A large number of observations were necessary ¢aden accepting the
null hypothesis both for the grain length and gsaidth for = 0.01,5= 0.05,
Y= 0.25, relatively (40-98). Foyy =0.25 and the values af and S the
alternative hypothesis was accepted and fewer wis@ns were necessary (2-
23). For the selected values afS, ¢ the null hypothesis was accepted slightly
more frequently. Foy= 1 the alternative hypothesis was accepted alwsty
time (excepjs = 0.05 andx = 0.01, 0.05 for the length of a rye grain).
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Table 1. The grain length: a decision about accepting HygsisH, or H; for number of
observations.

a | B 7 barley | oats wheat triticale]  rye
0.01] 0.05] 0.25 | Ho(48) | Ho (43) | Ho(86) | Ho(95) | Ho (88)
05 | Ho(12) | Ho(14) | Ho (14) | Ho (15) | Ho (28)
0.75 | Ho(9) | Ho(6) Ho (5) Ho (5) Ho (18)
1 Ho(9) | Ho(4) Ho (5) Ho (5) H, (10)
01 [0.25 | Hi(6) | H,(15) | Hy(23) | Hy (16) | H, (A)
05 |H:i(7) |Hi(16) | Ho(8) H:(20) | Hi (7)
0.75 | Ho(9) [ Ho(4) Ho (5) Ho (5) Hi (9)
1 Ho(9) | Ho(4) Ho (4) Ho (5) Ho (5)
005005025 | Hi(5) | H,(15) | H,(23) | Hy (4) | Hy (3)
05 | H, (6) | Hy(15) | Ho(16) | Hy(16) | Hy (3)
0.75 | Ho(10) | Ho (6) Ho (5) Ho (6) Hi (4)
1 Ho(9) | Ho(4) Ho (5) Ho (5) Hi (9)
01 (025 |Hi(5) | H,(15) | H(23) | Hi (4 | H, (3)
05 |Hi(6) |H;i(15) | Ho(8) H: (16) | Hi (3)
0.75 | Ho(9) [ Ho(4) Ho (5) Ho (5) Hi (4)
1 Ho(9) | Ho(4) Ho (5) Ho (5) Ho (5)

Table 2. The grain width: a decision about accepting hypsigH, or H; for number of
observations.

a B 7 barley | oats wheat triticale | rye

0.01]0.05 [0.25 | Ho(51) | Ho(98) | Ho(40) | Ho (86) | Hy (56)
05 | Ho(14) [ Ho(38) | Ho(20) | Ho(15) | Ho (15)
0.75 | Ho(7) | Ho(9) | Ho(13) | Ho(6) Ho (13)
1 Ho(8) | Ho(5) | Ho(10) | Ho(5) Ho (5)

01 [025 |[H;(3) |Hi(7) |Hi (6 |H(10) |[H;(10)
0.5 Ho(16) | Hi(7) [ Hi(7) | Hi1(12) | Ho(16)
075 |Ho(7) |Hi(19) [Hi(8) | Ho(6) Ho (13)
1 Ho (6) Ho (5) Ho (10) | Ho (5) Ho (5)

0.05/005 [025 |Hi(2) | H,(2) | H. (5 |H (9 | Hi(7)
0.5 H; (3) H; (2) H; (5) H; (10) H; (10)
0.75 |H:(3) | H:i(2) H, (8) Ho (6) Ho (13)
1 Ho (6) | Ho (5) Ho (10) | Ho (5) Ho (5)
0.1 0.25 H; (2) H; (2) H; (5) H (7) H (7)
0.5 H; (2) H; (2) H; (5) H; (10) H; (10)
0.75 |H:(3) | H:i(2) H, (8) Ho (6) Ho (13)
1 Ho (6) | Ho (5) Ho (10) | Ho (5) Ho (5)
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