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SECTION 10.3.2
RECOMMENDED STATISTICAL METHODS: OFFTYPES

TESTING UNIFORMITY BY OFF-TYPES - FIXED POPULATION STANDARD

SUMMARY

1. This section describes the method of assessing uniformity by comparing the number of
off-types observed to a fixed population standard. This is of particular use for self-pollinated
and vegetatively propagated crops.

2. Uniformity of candidate varieties of self-pollinated and vegetatively propagated crops is
normally assessed on the basis of the number of off-types recorded in tests. The maximum
number of off-types that is acceptable should be chosen so that the probability of rejecting a
candidate variety that should meet the crop standard is small. On the other hand the
probability of accepting a candidate variety that has many more off-types than the standard of
that crop should also be low.

3. The methods described here address the problem of choosing the maximum permitted
number of off-types for different standards and sample sizes so that the probability of making
errors is known and acceptable. The methods involve establishing a standard for the crop in
question and then choosing the sample size and the number of off-types that best satisfy the
risks that can be tolerated.

4.  This document also outlines procedures for when more than a single test (more than one
year for instance) is done and mentions the possibility of using sequential tests to minimize
testing effort.

INTRODUCTION

5. When testing for uniformity on the basis of a sample, there will always be some risk of
making a wrong decision. The risks can be reduced by increasing the sample size but at a
greater cost. The aim of the statistical procedure described here is to achieve an acceptable
balance between risks.

6. The procedures described below require the user to define an acceptance standard
(called the population standard) for the crop in question. The methods described then show
how to determine the sample size and the maximum number of off-types allowed for various
levels of risks.

7. The population standard is the maximum percentage of off-types that would be accepted
if all individuals of the variety could be examined.

UPOV RECOMMENDATIONS ON THE FIXED POPULATION STANDARD
METHOD OF ASSESSING UNIFORMITY BY NUMBER OF OFF-TYPES

8.  This method is recommended for use in assessing the uniformity by number of off-types
in self-pollinated and vegetatively propagated crops.
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9.  The sample size and acceptable number of off-types employed depend on the crop.
Recommended sample sizes and acceptable numbers of off-types for different crops are given
in the Annex to TGP/10.3.

ERRORS IN TESTING FOR OFF-TYPES

10. As mentioned, there will be some risk of making wrong decisions. Two types of error
exist:

(@) Declaring that the variety lacks uniformity when it in fact meets the standard
for the crop. This is known as “type | error.”

(b) Declaring that the variety is uniform when it in fact does not meet the standard
for the crop. This is known as “type Il error.”

11. The types of error can be summarized in the following table:

Decision made on variety
True state of the variety Acceptance as uniform Rejection as non-uniform
uniform correctly accepted type | error
heterogeneous type Il error correctly rejected

12. The probability of correctly accepting a uniform variety is called the acceptance
probability and is linked to the probability of type I error by the relation:

“Acceptance probability” + “probability of type I error” = 100%

13. The probability of type Il error depends on “how heterogeneous” the candidate variety
is. If it is much more heterogeneous than the population standard then the probability of type
I error will be small and we will have a small probability of accepting such a variety. If, on
the other hand, the candidate variety is only slightly more heterogeneous than the standard,
we will have a large probability of type Il error. The probability of acceptance will approach
the acceptance probability for a variety with a level of uniformity near to the population
standard.

14. Because the probability of type Il error is not fixed but depends on “how
heterogeneous” the candidate variety is, this probability can be calculated for different
degrees of heterogeneity. This document gives probabilities of type Il error for three degrees
of heterogeneity: 2, 5 and 10 times the population standard.

15. In general, the probability of making errors will be decreased by increasing the sample
size and increased by decreasing the sample size.

16. For a given sample size, the balance between the probabilities of making type | and type
Il errors may be altered by changing the number of off-types allowed.
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17. If the number of off-types allowed is increased, the probability of type I error is
decreased but the probability of type Il error is increased. On the other hand, if the number of
off-types allowed is decreased, the probability of type | errors is increased while the
probability of type Il errors is decreased.

18. By allowing a very high number of off-types it will be possible to make the probability
of type | errors very low (or almost zero). However, the probability of making type Il errors
will now become (unacceptably) high. If only a very low number of off-types are allowed, the
result will be a small probability of type Il errors and an (unacceptably) high probability of
type | errors. This will be illustrated by examples.

EXAMPLES

Example 1

19. From experience, a reasonable standard for the crop in question is found to be 1%. So
the population standard is 1%. Assume also that a single test with a maximum of 60 plants is
done. From tables 4, 10 and 16 (chosen to give a range of target acceptance probabilities), the
following schemes are found:

Scheme Sample size Target acceptance Maximum number
probability of off-types
a 60 90% 2
b 53 90% 1
C 60 95% 2
d 60 99% 3

20. From the figures 4, 10 and 16, the following probabilities are obtained for the type |
error and type 1l error for different percentages of off-types (denoted by P,, Ps and Py for 2, 5
and 10 times the population standard).

See paragraph 54
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Scheme Sample Maximum Probabilities of error (%)
size number of
off-types
Type | Type 1l
P, =2% Ps=5% | P1o=10%
a 60 2 2 88 42 5
b 53 1 10 71 25 3
c 60 2 2 88 42 5
d 60 3 0.3 97 65 14

21. The table lists four different schemes and they should be examined to see if one of them
is appropriate to use. (Schemes a and c are identical since there is no scheme for a sample size
of 60 with a probability of type I error between 5 and 10%). If it is decided to ensure that the
probability of a type | error should be very small (scheme d) then the probability of the type Il
error becomes very large (97, 65 and 14%) for a variety with 2, 5 and 10% of off-types,
respectively. The best balance between the probabilities of making the two types of error
seems to be obtained by allowing one off-type in a sample of 53 plants (scheme b).

Example 2

22. In this example, a crop is considered where the population standard is set to 2% and the
number of plants available for examination is only 6.

23. Using the tables and the figures 3, 9 and 15, the following schemes a-d are found:

Sche- | Sample | Acceptance | Maximum Probability of error (%)
me size | probability | number of
off-types
Type | Type 1l
P, =4% | Ps=10% | P1p = 20%

a 6 90 1 0.6 98 89 66

b 5 90 0 10 82 59 33

c 6 95 1 0.6 98 89 66

d 6 99 1 0.6 98 89 66

e 6 0 11 78 53 26

24. Scheme e of the table is found by applying the formulas (1) and (2) shown later in this
document.
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25. This example illustrates the difficulties encountered when the sample size is very low.
The probability of erroneously accepting a heterogeneous variety (a type Il error) is large for
all the possible situations. Even when all five plants must be uniform for a variety to be
accepted (scheme b), the probability of accepting a variety with 20% of off-types is still 33%.

26. It should be noted that a scheme where all six plants must be uniform (scheme €) gives
slightly smaller probabilities of type Il errors, but now the probability of the type I error has
increased to 11%.

27. However, scheme e may be considered the best option when only six plants are
available in a single test for a crop where the population standard has been set to 2%.

Example 3

28. In this example we reconsider the situation in example 1 but assume that data are
available for two years. So the population standard is 1% and the sample size is 120 plants (60
plants in each of two years).

29. The following schemes and probabilities are obtained from the tables and figures 4, 10
and 16:

Sche- | Sample | Acceptance | Maximum Probability of error (%)

me size probability | number of

off-types

Type | Type Il
P2 =2% | P5s=5% | P1p = 10%
a 120 90 3 3 78 15 <0.1
b 110 90 2 10 62 8 <0.1
c 120 95 3 3 78 15 <0.1
d 120 99 4 0.7 91 28 1
30. Here the best balance between the probabilities of making the two types of error is

obtained by scheme c, i.e. to accept after two years a total of three off-types among the 120
plants examined.

31. Alternatively a two-stage testing procedure may be set up. Such a procedure can be
found for this case by using formulae (3) and (4) later in this document.
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32. The following schemes can be obtained:
Scheme | Sample size | Acceptance | Largest number | Largest number | Largest number
probability | for acceptance before reject | to accept after
after year 1 in year 1 2 years
60 90 can never accept 2 3
60 95 can never accept 2 3
g 60 99 can never accept 3 4
h 58 90 1 2 2
33. Using the formulas (3), (4) and (5) the following probabilities of errors are obtained:
Scheme Probability of error (%) Probability
of testing in
Type | Type Il a second
P2=2% Ps = 5% P10 = 10% year
e 4 75 13 0.1 100
f 4 75 13 0.1 100
g 1 90 27 0.5 100
h 10 62 9 0.3 36
34. Schemes e and f (which are identical) result in a probability of 4% for rejecting a

uniform variety (type | error) and a probability of 13% for accepting a variety with 5% off-
types (type Il error). The decision is:

- Never accept the variety after 1 year

- More than 2 off-types in year 1: reject the variety and stop testing

- Between and including 0 and 2 off types in year 1. do a second year test
- At most 3 off-types after 2 years: accept the variety

- More than 3 off-types after 2 years: reject the variety

35. Alternatively, scheme h may be chosen but scheme g seems to have a too large
probability of type Il errors compared with the probability of type I error.

36. Scheme h has the advantage of often allowing a final decision to be taken after the first
test (year) but, as a consequence, there is a higher probability of a type I error.

Example 4

37. In this example, we assume that the population standard is 3% and that we have 8 plants
available in each of two years.
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38. From the tables and figures 2, 8 and 14, we have:

Sche- | Sample size| Acceptance | Maximum Probability of error (%)
me probability | number of
off-types Type | Type Il
P2 = 6% P5 =15% P10 =
30%
a 16 90 1 8 78 28 3
b 16 95 2 1 93 56 10
C 16 99 3 0.1 99 79 25
39. Here the best balance between the probabilities of making the two types of error is

obtained by scheme a.

INTRODUCTION TO THE TABLES AND FIGURES

40. In the TABLES AND FIGURES section, there are 21 table and figure pairs
corresponding to different combinations of population standard and acceptance probability.
These are design to be applied to a single off-type test. An overview of the tables and the
figures are given in table A.

41. Each table shows the maximum numbers of off-types (k) with the corresponding ranges
in sample sizes (n) for the given population standard and acceptance probability. For example,
in table 1 (population standard 5%, acceptance probability > 90%), for a maximum set at 2
off-types, the corresponding sample size (n) is in the range from 11 to 22. Likewise, if the
maximum number of off-types (k) is 10, the corresponding sample size (n) to be used should
be in the range 126 to 141.

42. For small sample sizes, the same information is shown graphically in the corresponding
figures (figures (1 to 21). These show the actual risk of rejecting a uniform variety and the
probability of accepting a variety with a true proportion of off-types 2 times (2P), 5 times (5P)
and 10 times (10P) greater than the population standard. (To ease the reading of the figure,
lines connect the risks for the individual sample sizes, although the probability can only be
calculated for each individual sample size).
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Table A. Overview of table and figure 1 to 18.

Population standard
%

Acceptance probability
%

See table and figure no.
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43.  When using the tables the following procedure is suggested:

(@ Choose the relevant population standard.

(b)  Write down the different relevant decision schemes (combinations of sample
size and maximum number of off-types), with the probabilities of type I and type Il errors

read from the figures.

(¢) Choose the decision scheme with the best balance between the probabilities of

errors.

44. The use of the tables and figures is illustrated in the example section.
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DETAILED DESCRIPTION OF THE METHOD FOR ONE SINGLE TEST

45, The mathematical calculations are based on the binomial distribution and it is common
to use the following terms:

(@) The percentage of off-types to be accepted in a particular case is called the
“population standard” and symbolized by the letter P.

(b) The “acceptance probability” is the probability of accepting a variety with P%
of off-types. However, because the number of off-types is discrete, the actual probability
of accepting a uniform variety varies with sample size but will always be greater than or
equal to the “acceptance probability.” The acceptance probability is usually denoted by
100 - a, where a is the percent probability of rejecting a variety with P% of off-types (i.e.
type | error probability). In practice, many varieties will have less than P% off-types and
hence the type I error will in fact be less than a for such varieties.

(¢) The number of plants examined in a random sample is called the sample size
and denoted by n.

(d) The maximum number of off-types tolerated in a random sample of size n is
denoted by k.

() The probability of accepting a variety with more than P% off-types, say P,%
of off-types, is denoted by the letter § or by B 4.

(f)  The mathematical formulae for calculating the probabilities are:
a :100—1002(_]# (1-P)™ (1)
_1002[ Jpq(l Pq)" (2)

P and Py are expressed here as proportions, i.e. percents divided by 100.
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MORE THAN ONE SINGLE TEST (YEAR)

46. Often a candidate variety is grown in two (or three years). The question then arises of
how to combine the uniformity information from the individual years. Two methods will be
described:

(@) Make the decision after two (or three) years based on the total number of plants
examined and the total number of off-types recorded. (A combined test).

(b)  Use the result of the first year to see if the data suggests a clear decision (reject or
accept). If the decision is not clear then proceed with the second year and decide after
the second year. (A two-stage test).

47. However, there are some alternatives (e.g. a decision may be made in each year and a
final decision may be reached by rejecting the candidate variety if it shows too many off-
types in both (or two out of three years)). Also there are complications when more than one
single year test is done. It is therefore suggested that a statistician should be consulted when
two (or more) year tests have to be used.

DETAILED DESCRIPTION OF THE METHODS FOR MORE THAN ONE SINGLE
TEST

Combined Test

48. The sample size in test i is nj. So after the last test we have the total sample size n = Zn;.
A decision scheme is set in exactly the same way as if this total sample size had been obtained
in a single test. Thus, the total number of off-types recorded through the tests is compared
with the maximum number of off-types allowed by the chosen decision scheme.

Two-stage Test

49. The method for a two-year test may be described as follows: In the first year take a
sample of size n. Reject the candidate variety if more than r; off-types are recorded and
accept the candidate variety if less than a; off-types are recorded. Otherwise, proceed to the
second year and take a sample of size n (as in the first year) and reject the candidate variety if
the total number of off-types recorded in the two years’ test is greater than r. Otherwise,
accept the candidate variety. The final risks and the expected sample size in such a procedure
may be calculated as follows:
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o =P(K1>r1)+P(K1+K2>r|K1)
= P(Ky > 1)) + P(Kz > r-Ky | Ky)

=y mPi(l-P)“'i+i(?jpi(1-P)”“ > (?jPi(l-P)“"' 3)

i=r+1 = j=r-i+l

Bq =P(Ki<az)+P(Ky+ Ko <r|Ky)
= P(Ky < a1) + P(Ko < 1-Ky | Ky)

- ﬂﬂphﬂ-m)”ﬂ >

=01

(?)P;(l-Pq)”"i(TJPé(l-Pq)”'j (4)

Ne = ”[“i(?jPi(l-P)”'iJ ()

i=q

where

P = population standard

a = probability of actual type I error for P
By = probability of actual type Il error for q P
ne = expected sample size

r1, a; and r are decision-parameters
Pq = ¢ times population standard = q P
K, and K; are the numbers of off-types found in years 1 and 2 respectively.

50. The decision parameters, a;, r; and r, may be chosen according to the following criteria:

(@ o must be less than ag, where o is the maximum type I error, i.e. ap is 100 minus
the required acceptance probability

(b)  Pq (for g=5) should be as small as possible but not smaller than ag

(c) if Bq (for g=5) < ag ne should be as small as possible.

51. However, other strategies are available. No tables/figures are produced here as there
may be several different decision schemes that satisfy a certain set of risks. It is suggested that
a statistician should be consulted if a 2-stage test (or any other sequential tests) is required.

SEQUENTIAL TESTS

52. The two-stage test mentioned above is a type of sequential test where the result of the
first stage determines whether the test needs to be continued for a second stage. Other types
of sequential tests may also be applicable. It may be relevant to consider such tests when the
practical work allows analyses of off-types to be carried out at certain stages of the
examination. The decision schemes for such methods can be set up in many different ways
and it is suggested that a statistician should be consulted when sequential methods are to be
used.
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NOTE ON TYPE | AND TYPE Il ERRORS

53. Because the number of off-types is discrete, we cannot in general obtain type I-errors
that are nice pre-selected figures. The scheme a of example 2 with 6 plants above showed
that we could not obtain an a of 10% - our actual a became 0.6%. Increasing the sample size
will result in varying o and 3 values. Figure 3 - as an example - shows that a gets closer to its
nominal values at certain sample sizes and that this is also the sample size where [ is
relatively small. It is also seen that increasing the sample size for fixed acceptance
probability is not always advantageous. For instance a sample size of five gives a = 10% and
B2 = 82% whereas a sample size of six gives o = 0.6% and [, = 98%. It appears that the
sample sizes, which give a-values in close agreement with the acceptance probability are the
largest in the range of sample sizes with a specified maximum number of off-types. Thus, the
smallest sample sizes in the range of sample sizes with a given maximum number of off-types
should be avoided.

DEFINITION OF STATISTICAL TERMS AND SYMBOLS

54. The statistical terms and symbols used have the following definitions:

Population standard. The percentage of off-types to be accepted if all the individuals of a
variety could be examined. The population standard is fixed for the crop in question and is
based on experience.

Acceptance probability. The probability of accepting a uniform variety with P% of off-types.
Here P is population standard. However, note that the actual probability of accepting a
uniform variety will always be greater than or equal to the acceptance probability in the
heading of the table and figures. The probability of accepting a uniform variety and the
probability of a type I error sum to 100%. For example, if the type | error probability is 4%,
then the probability of accepting a uniform variety is 100 — 4 = 96%, see e.g. figure 1 for
n=50). The type | error is indicated on the graph in the figures by the sawtooth peaks between
0 and the upper limit of type I error (for instance 10 on figure 1). The decision schemes are
defined so that the actual probability of accepting a uniform variety is always greater than or
equal to the acceptance probability in the heading of the table.

Type | error: The error of rejecting a uniform variety.

Type Il error: The error of accepting a variety that is too heterogeneous.

P Population standard

P4 The assumed true percentage of off-types in a heterogeneous variety. P4 = g P.

In the present document q is equal to 2, 5 or 10. These are only 3 examples to help the
visualization of type Il errors. The actual percentage of off-types in a variety may take any
value. For instance we may examine different varieties which in fact may have respectively

1.6%, 3.8%, 0.2%, ... of off-types.

n Sample size a Probability of type I error
k  Maximum number of off-types allowed B Probability of type Il error
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TABLES AND FIGURES

Table and figure 1: Population Standard =5%

Acceptance Probability 290%
n=sample size, k=maximum number of off-types
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Table and figure 2:
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Population Standard =3%
Acceptance Probability 290%
n=sample size, k=maximum number of off-types
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Table and figure 3: Population Standard =2%
Acceptance Probability 290%
n=sample size, k=maximum number of off-types
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Table and figure 4:
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Table and figure 5: Population Standard =.5%
Acceptance Probability 290%
n=sample size, k=maximum number of off-types
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Population Standard =.1%
Acceptance Probability 290%
n=sample size, k=maximum number of off-types
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Acceptance Probability 295%
n=sample size, k=maximum number of off-types
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Population Standard = 3%
Acceptance Probability 295%
n=sample size, k=maximum number of off-types
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Table and figure 8 continued:
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Table and figure 9: Population Standard =2%
Acceptance Probability 295%
n=sample size, k=maximum number of off-types
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Table and figure 11:
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Population Standard =.5%
Acceptance Probability 295%

n=sample size, k=maximum number of off-types
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Table and figure 12:
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Population Standard =.1%
Acceptance Probability 295%
n=sample size, k=maximum number off-types
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Population Standard =5%
Acceptance Probability 299%
n=sample size, k=maximum number of off-types
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Table and figure 13 continued:
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Table and figure 14: Population Standard = 3%

Acceptance Probability 299%
n=sample size, k=maximum number of off-types
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Table and figure 15: Population Standard =2%
Acceptance Probability 299%
n=sample size, k=maximum number of off-types

I n
o
5 T 1 = E;E:a]izt.};?::oi‘ Egiﬂzp
g- 23 2 :_-:-_typﬂ IT ®wrror EUE Egp
Zh- 42 3 o Eype II error Lo
4. &S 4
f6- 90 5
g1 1l b znd -
11%- 147 7 ij UL
148- 17 8 L AP .
Ta- 208 9 \1h o N N
1 R I LY F
209- 241 L0 1) L N AN
21— 274 11 30 \ by R N N
25— 07 1z | \ NN .
1pa- 342 11 ‘i v ot .
3g3- 377 13 \ NE oo, I
376- 412 15 l \ . oo N
415- 448 16 80 | \ J RN
445- 484 17 l j ' » : \\
das- B2L1 1A 1 ! |‘l \\J LS
c22 558 19 ' l B!
653- 545 24 | i1
NGE- 612 21 T l” iy
£33- 670 22 [
671- 708 21 “\ [
705- 747 24 ] .
T48- TES 25 =] l \
T86- 824 26 L% I \
az5- a6 27 B \
BEd- 002 23 i \ h
ani- 84z 29 & R
543- 981 w Yl t.lﬁulu.".“._.“".“.u.".".”.u.u-u-un
432-102° 31 % { 1i
1023-108] T [ \
Loa2- 1101 EO- | oA
1152-1%41 3¢ ] LR
1142-118% 15 a0 - \ i \
1183-1222 a6 ;
1723-1263 7 \ \
J2h4A-1303 38 ) ?
1304-1244 35 ; \ v i
1345 -134E 40 10 \ Ry
13p56-1426 42 \ \ |\
1427-1467 % : I \I
CaGa-150% 43 * \ v
1510-1350 4 |\ L
nGl-1E%L 5 20 7
i%ﬁ:—Laaz 4% \ \ \\ h
1634-1675 a7 \ AN
1i7h-1716 42 \ | N
17171758 42 Vo
1i53-14040 S0 109 \ NN
1801-1Had g; ] \\ 1~
1547 - 12484 ] . N ~ e o~
1AKE - 1526 3 N ey -
1627 -19R3 54 ) DGR Rty s s . - .
LesH-200d a5 a " Za 4an gd ao 100 129 140 160 140 aa

Earplas mizs



Table and figure 16:
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Acceptance Probability 299%
n=sample size, k=maximum number of off-types
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Table and figure 17: Population Standard =.5%
Acceptance Probability 299%
n=sample size, k=maximum number of off-types
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Table and figure 18:
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Population Standard =.1%
Acceptance Probability 299%
n=sample size, k=maximum number of off-types
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Table and figure 19: Population Standard =10%

Acceptance Probability > 90%
n=sample size, k=maximum number of off-types
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Population Standard =10%
Acceptance Probability > 95%
n=sample size, k=maximum number of off-types
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sample size, k=maximum number of off-types

Acceptance Probability > 99%
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