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Scenarios in which the dissolution profiles
of two drug products are compared

> Bridging studies during development of a product
> Variations of a marketed product

» Application of a generic drug product

« Comparison of the test and reference drug product used in a
bioequivalence study (Bioequivalence study)

« Comparison of the test and reference product used in a
bioequivalence study plus extrapolation of the results to the
other strengths of a generic product series (“"Biowaiver for
strengths”)

« Comparison of the dissolution of a generic to the originator drug
product under standard conditions (*BCS based biowaiver”)
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Similarity factor f2 allows 10% difference

Comparison of two dissolution profiles

> More than 85% dissolved after 15 minutes: Similar without
further mathematical evaluation

> Evaluation of f2-factor:

— f2 < 50 non similar - mean difference >10% at each time point
- f2 = 49,9 mean difference of 10% at each time point

- f2 > 50 similar - mean difference <10% at each time point
- f2 = 100 identical
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f2 - no blind application

v Sampling sufficient for meaningful dissolution profiles.

v' For IR formulations, comparison at 15 min is essential to know if
complete dissolution is reached before gastric emptying. Where
>85% of the drug is dissolved within 15 min, dissolution profiles
may be accepted as similar without further mathematical
evaluation.

v Dissolution similarity may be determined using the f2 statistic-
conditions.

v The similarity acceptance limits should not be greater than
109%b6 difference.

v The variability of the test and reference product data should
also be similar, however, a lower variability of the test product
may be acceptable.
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A closer look at the equation for the f2

Similarity factor

Variability related to the
data not accounted

Complex equation 100

> = 50 X log

Scaled to values betwee o = 2

- Yi1(Ri) — To)
n

le is the mean difference between reference and test product

Not linear but e ntial relationship

Only vari
- Identical curves: => (R(t)-T(t))2/n is 0, vV of (1+0)=1; 100 /1 is 100, log of
100=2 and 50*2=100

- Completely different curves: => (R(t)-T(t))2/n will be 10000, V of
(1+10000)=100; 100/100is 1, logof 1 = 0 and 50*0=0

- Borderline for a non similar curve, i.e. 10% difference: => (R(t)-T(t))2/n will be
100, v of (1+100)=10.04; 100/10.04=9.95, log of 9.95=0.998 and
50*%0.998=49.9
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f2 as a function of mean difference between amount
released of test and reference product over time

100

f, 50 -

100

f2=50xlog(j

Eﬁi’f@n = ?Lt) )2

A Tt (Rey —Tw)?

n
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Conditions for calculation of f2

v' a minimum of three time points (zero excluded)
v’ the time points should be the same for the two formulations

v’ twelve individual values for every time point for each
formulation

v' not more than one mean value of > 85% dissolved for any
of the formulations

v’ relative standard deviation or coefficient of variation of any
product should be <20% for the first point and <10% from
second to last time point

{ variability of the test and reference
7

product data should also be similar
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Example 1: Raw Data for Dissolution of Test and Reference
Product

Mean Value and Variability of Dissolution Results

Raw Data Test Product

Time |Vessel 1|Vessel 2|Vessel 3|Vessel 4|Vessel 5|Vessel 6|Vessel 7|Vessel 8|Vessel 9 Vefgd Velslsel Vels:el MEAN STD

5 19,0 16,3 17,1 17,1 17,7 16,0 16,9 17,7 17,8 17,3 16,8 17,6 17,3 4,45

10 31,7 32,1 30,1 29,5 32,0 29,2 29,8 319 30,8 32,0 28,8 31,2 30,8 3,98

15 39,9 42,3 40,3 41,1 41,8 43,6 43,4 39,2 43,2 40,4 42,1 41,0 415 3,49

30 66,3 67,1 67,5 64,8 67,4 67,2 69,3 68,7 69,9 64,2 68,9 66,5 67,3 2,58

45 83,1 86,3 79,3 83,2 81,3 81,9 85,5 78,8 84,1 85,4 82,8 81,6 82,8 2,86

60 86,3 93,5 88,0 85,5 86,4 87,0 86,0 90,2 91,2 89,5 78,3 82,8 87,1 4,57

Raw Data Reference Product

Time |[Vessel 1|Vessel 2|Vessel 3|Vessel 4|Vessel 5|Vessel 6|Vessel 7|Vessel 8|Vessel 9 Vefgel VeffE| Vefzsel MEAN STD

5 22,1 22,4 22,1 21,3 21,4 21,3 22,5 21,2 22,2 23,9 22,4 20,4 21,9 4,09

10 38,3 40,2 42,3 39,8 39,7 37,8 43,3 38,5 38,5 37,3 42,1 37,9 39,6 4,99

15 50,2 51,6 52,7 47,9 54,2 52,9 51,1 50,7 49,7 52,0 52,7 53,6 51,6 3,46

30 72,1 81,3 79,4 70,1 79,4 74,2 77,9 75,1 72,9 79,7 78,9 77,2 76,5 4,63

45 90,8 88,7 83,6 88,7 89,4 90,1 90,9 86,0 93,1 85,1 82,2 88,8 88,1 3,67

60 88,5 94,0 94,6 90,2 90,2 94,6 98,0 88,7 89,3 90,7 98,7 89,1 92,2 3,93
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Example 1: Mean Data for Dissolution of Test and
Reference Product

Calculation of f2-Factor and Comments

Raw Data Raw Data
Test Product Reference Product 100
90 —
Time| MEAN | STD Time| MEAN | STD (T-R)? 30 //,/.
5 17,3 45 5 21,9 41 22 . //-’ Test
Product
10 | 308 | 40 10 | 306 | 50 79 pd —e—efererc
50 e Product
15 | 415 3,5 15 | 51,6 3,5 102 20 - /
30 | 67,3 2,6 30 | 765 46 85 30
20
45 | 828 | 29 45 | 881 | 37 29 //
10
60 | 87,1 4,6 60 | 92,2 3,9 na 0 Y Y Y Y Y Y ‘
0 10 20 30 40 50 60 70
o.K.

Time/ minutes

P 100 Comments:
, =
P
\/ 1+ Zt!f(R@ —Tw)* f 2 Factor 54,8
n
Similar? yes
f2 . Similarity factor

R(t): Average amount dissolved
of reference product

T(t): Average amount dissolved
of test product

n: number of values
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Example 2: Raw Data for Dissolution of Test and Reference
Product

Mean Value and Variability of Dissolution Results

Raw Data Test Product

Time |Vessel 1|Vessel 2|Vessel 3|Vessel 4|Vessel 5|Vessel 6|Vessel 7|Vessel 8|Vessel 9 Velsgel Velslsel Velszsel MEAN STD

5 16,4 16,1 16,9 15,8 151 16,1 17,9 16,3 15,8 16,3 16,8 16,2 16,3 4,18

10 29,5 313 30,3 30,4 30,8 28,6 331 29,0 29,5 29,5 28,0 32,3 30,2 4,97

15 38,8 42,7 40,4 39,1 40,2 37,0 41,4 39,6 41,6 43,7 41,4 41,0 40,6 4,43

30 69,9 66,9 67,0 62,0 66,6 64,9 71,2 65,5 69,0 67,8 69,2 66,2 67,2 3,67

45 86,4 76,8 79,7 73,2 82,9 76,2 78,6 77,1 77,0 81,9 78,5 84,3 79,4 4,80

60 88,5 83,4 88,5 90,4 91,8 85,8 85,5 88,3 89,0 86,7 85,9 84,5 87,4 2,84

Raw Data Reference Product

Time |Vessel 1|Vessel 2|Vessel 3|Vessel 4|Vessel 5|Vessel 6|Vessel 7|Vessel 8|Vessel 9 Velsosel Velslsel Velszsel MEAN STD

5 22,5 23,9 21,0 22,4 225 22,0 24,2 22,8 21,1 22,5 21,6 21,8 22,4 4,32

10 36,9 41,4 39,8 38,8 355 39,7 40,7 39,2 40,4 41,9 35,2 42,9 39,4 6,17

15 53,0 48,0 50,9 56,2 51,3 52,9 56,7 55,8 55,0 54,0 50,6 56,9 53,4 5,29

30 77,0 75,6 73,4 81,2 75,6 75,7 76,3 75,2 77,8 74,8 83,5 80,1 77,2 3,83

45 91,4 94,0 89,2 90,2 95,4 93,5 92,5 95,6 87,7 96,6 89,4 86,5 91,8 3,57

60 89,9 98,9 93,5 98,1 96,6 1016 | 1012 98,8 100,3 98,0 95,2 94,3 97,2 3,55
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Example 2: Mean Data for Dissolution of Test and
Reference Product

Calculation of f2-Factor and Comments

Raw Data Raw Data
Test Product Reference Product 100
Time| MEAN | STD Time| MEAN | STD (T-R)? 30 /é,/.
70
5 16,3 4,2 5 22,4 43 37 . / / ot
Product
10 | 302 | 50 10 | 394 | 62 84 / / —e—Refererc
50 // e Product
15 | 40,6 44 15 | 53,4 53 165 20 / /.
30 | 67,2 3,7 30 | 77,2 3,8 100 30 //-
45 | 794 | a8 45 | 91,8 | 36 155 20 //
, , , , 10
60 | 874 2,8 60 | 97,2 3,5 na 0 ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 10 20 30 40 50 60 70
0.K.

Time/ minutes

100 Comments:

f2 =50 xlog

t=n(p T 2
\jl + YR —Tw) f 2 Factor 49,0
n

Similar? no

f2 . Similarity factor

R(t): Average amount dissolved
of reference product

T(t): Average amount dissolved
of test product

n: number of values
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Example 3: Raw Data for Dissolution of Test and Reference
Product

Mean Value and Variability of Dissolution Results

Raw Data Test Product

Time |Vessel 1|Vessel 2|Vessel 3|Vessel 4|Vessel 5|Vessel 6|Vessel 7|Vessel 8[Vessel 9 Vels(;sel Velslsel Velszsel MEAN STD

5 21,5 20,3 18,7 21,0 16,7 19,7 22,6 20,5 19,0 20,7 21,9 23,3 20,5 8,82

10 351 34,2 37,9 41,8 38,8 33,9 33,7 37,9 38,7 39,3 41,8 39,2 37,7 7,56

15 54,5 51,3 39,5 46,4 48,5 51,3 59,1 47,6 45,9 49,6 47,0 46,1 48,9 10,05

30 69,1 83,1 80,3 77,9 81,0 82,2 76,8 78,5 90,8 56,5 74,8 68,0 76,6 11,49

45 93,8 77,1 92,9 84,9 82,8 92,5 89,6 104,6 91,3 74,2 91,6 92,5 89,0 9,17

60 98,3 92,0 90,5 95,8 105,7 | 106,7 | 103,7 97,6 84,7 88,7 88,7 109,8 96,8 8,46

Raw Data Reference Product

Time |Vessel 1|Vessel 2|Vessel 3|Vessel 4|Vessel 5|Vessel 6/Vessel 7|Vessel 8[Vessel 9 Veis;el Velslsel Velszsel MEAN STD

5 21,6 23,3 22,0 23,0 21,8 22,4 22,2 21,6 21,8 21,5 21,9 21,6 22,1 2,61

10 39,4 38,3 39,5 40,5 39,8 39,2 39,9 39,7 39,4 39,4 40,3 39,5 39,6 1,42

15 53,5 53,8 52,4 52,5 52,2 511 52,2 52,6 53,5 54,8 54,3 56,4 53,3 2,69

30 73,4 77,2 76,9 80,0 76,1 80,9 79,3 75,6 77,8 78,3 80,0 77,0 77 2,78

45 89,9 89,2 88,9 89,3 88,7 88,3 87,9 86,7 88,9 89,8 92,1 87,7 89,0 1,53

60 93,3 95,3 94,6 96,4 95,8 97,7 93,7 97,8 93,6 101,5 96,9 94,8 95,9 2,42
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Example 3: Mean Data for Dissolution of Test and
Reference Product

Raw Data
Test Product

Calculation of f2-Factor and Comments

Raw Data
Reference Product

Time| MEAN | STD Time| MEAN | STD (T-R)?

5 20,5 8,8 5 22,1 2,6 2

10 37,7 7,6 10 39,6 14 4

15 48,9 10,0 15 53,3 2,7 na

30 76,6 115 30 77,7 2,8 na

45 | 89,0 9,2 45 | 89,0 15 na

60 | 96,8 8,5 60 95,9 2,4 na

FALSCH
f> =50xlog 100
\/1 +m%ﬂ f 2 Factor ot allowed

Similar? yes

f2 :  Similarity factor

R(t): Average amount dissolved

of reference product

T(t): Average amount dissolved

of test product
n: number of values

100
90
80
70
60
50
40
30

20

10

—a— Test

Product
—e— Referenc

e Product

10

20

T T T T 1

30 40 50 60 70
Time/ minutes

Interogate the variability of the test product

Comments:
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Example 4: exactly 10% difference at every time point

Raw Data Raw Data
Test Product Reference Product
100
. . 90 —8
Time| MEAN | STD Time| MEAN | STD (T-R)? /
80 —
5 | 340 | 37 5 | 240 | 42 100,00 /"/./
70
10 54,0 53 10 44,0 8,0 100,00 /// o Test
60 Product
15 | 66,0 | 58 15 | 560 | 9,0 100,00 / // —e— Referenc
50 e Product
30 78,0 34 30 68,0 58 100,00 " //
45 86,0 9,9 45 76,0 53 100,00 30 //
60 91,0 47 60 81,0 43 100,00 20 //
oK. 10 //
0 T T T T T T |
0 10 20 30 40 50 60 70
Ti .
f» =50x log 100 f 2 Factor 49,9 me/ minutes

Comments:

j1+ YRy —Tw)?
n

Similar? no

f2 :  Similarity factor

R(t): Average amount dissolved
of reference product

T(t): Average amount dissolved
of test product

n: number of values
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Example 5: exactly 5% difference at any time point

Raw Data Raw Data
Test Product Reference Product
100
Time| MEAN | STD Time| MEAN | STD (T-R)2 90

80 -
5 [ 290 | 37 5 | 240 | 42 25,00 //-4
70

10 | 490 | 53 10 | 440 | 80 25,00 " et
60

Product
15 61,0 58 15 56,0 9,0 25,00 /// —e— Referenc
50

e Product

30 73,0 34 30 68,0 58 25,00 20 //

45 81,0 9,9 45 76,0 53 25,00 30 1 /

60 86,0 4,7 60 81,0 4,3 25,00 20

o0.K. 10 /
0 T T T T T T 1
0 10 20 30 40 50 60 70
Ti .

f> =50 x log 100 f 2 Factor 64,6 ime/ minutes

\jl + g:?(ﬁgt) - ?(t) )2
n Comments:
Similar? yes

f2 : Similarity factor

R(t): Average amount dissolved
of reference product

T(t): Average amount dissolved
of test product

n: number of values
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Example 6: 5% difference with intersection of curves

Raw Data Raw Data
Test Product Reference Product

100

Time| MEAN | STD Time| MEAN | STD (T-R)2 90

5 | 190 | 37 5 | 240 | 42 25,00 7 %

10 | 390 | 53 10 | 440 | 80 25,00 . / e Test
15 | 51,0 | 58 15 | 560 | 9,0 25,00 :Z /'7 _._Rm;dt

e Product
30 73,0 34 30 68,0 5,8 25,00 //

40
45 | 810 | 99 45 | 760 | 53 25,00 s //
60 | 860 | 47 60 | 810 | 43 25,00 20
o.K. 10
0 T T T T T T ]
0 10 20 30 40 50 60 70
£, = 50 x log 100 2 Factor 64,6 Time/ minutes

IRy =Tw)’ - -
1+ n Comments: f2 intersecting curves = f2 exactly 5%

Similar? yes difference at any time point - UNAFFECTED

f2 :  Similarity factor

R(t): Average amount dissolved
of reference product

T(t): Average amount dissolved
of test product

n: number of values
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Example 7: average difference of 5% (10, 8, 6, 4, 2 and 0)

Raw Data Raw Data
Test Product Reference Product
90
Time| MEAN | STD Time| MEAN | STD (T-R)? 80 /
5 | 340 | 37 5 | 240 | 42 100,00 70 ,//./
10 | 52,0 53 10 | 440 | 80 64,00 60 P
/// Product
15 | 620 | 58 15 | 560 | 9,0 36,00 50 e terene
// e Product
30 72,0 34 30 68,0 58 16,00 40 //
45 78,0 9,9 45 76,0 53 4,00 30 //
60 81,0 47 60 81,0 4,3 0,00 20 //
0.K. 10
0 T T T T T T |
0 10 20 30 40 50 60 70
T .
f> =50 x log 100 f 2 Factor 60,6 ime/ minutes
\/1 + MRy —Tw)?
n Comments:
Similar? es .
’ f2 average difference of 5% < f2 exactly 5%
f2 1 Similarity factor difference at any time point
R(t): Average amount dissolved
of reference product
T(t): Average amount dissolved
of test product
n: number of values

19
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Example 8: average difference of 7.5 %
(3 x 10% and 3 x 5%, i.e. none >10%)

Raw Data Raw Data
Test Product Reference Product
90
Time| MEAN | STD Time| MEAN | STD (T-R)2 80 /;?:
5 | 140 | 37 5 | 240 | 42 100,00 70 //
10 | 340 | 53 10 | 440 | 80 100,00 60 /// P
Product
15 | 46,0 58 15 | 56,0 9,0 100,00 50 / / e e ren
e Product
30 | 63,0 34 30 | 680 58 25,00 40 / /
45 | 71,0 9,9 45 | 76,0 53 25,00 30 //
60 | 76,0 47 60 | 81,0 43 25,00 20 //
o.K. 10
0 T T T T T T |
0 10 20 30 40 50 60 70
- .
f> =50 x log 100 f 2 Factor 54,9 ime/ minutes
=GO
n Comments:
Similar? yes

f2 : Similarity factor

R(t): Average amount dissolved
of reference product

T(t): Average amount dissolved
of test product

n: number of values

20




~

EUROPEAN MEDICINES AGENCY

Example 9: average difference of 7.5 %
(14, 18, 9, 4, 0, 0 — two time points >10%)

Raw Data Raw Data
Test Product Reference Product
90
Time| MEAN | STD Time| MEAN [ STD (T-R)? 80 /’
5 | 100 | 37 5 | 240 | 42 196,00 70

10 | 26,0 53 10 | 44,0 8,0 324,00 60 et
Product

15 | 47,0 58 15 | 56,0 9,0 81,00 50 e heterenc
/// e Product
30 | 640 | 34 30 | 68,0 5,8 16,00 40 / /
45 | 76,0 | 99 45 | 76,0 53 0,00 30 //
60 | 810 | 47 60 | 81,0 | 43 0,00 20 //
o0.K. 10
0 T T T T T T |
0 10 20 30 40 50 60 70
- .
f» =50 x log 100 f 2 Factor 49,6 ime/ minutes
1+ i:rf(R(Q—T(t))z
n Comments:
Similar? no - o o
f2 average difference of 7.5% < f2 exactly 7.5%

f2: Similarity factor difference at any time point- NON Similar

R(t): Average amount dissolved
of reference product

T(t): Average amount dissolved
of test product

n: number of values
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Example 10: One “outlier” 15%

Raw Data Raw Data
Test Product Reference Product
120
Time| MEAN | STD Time| MEAN | STD (T-R)? 00
1
5 31,0 3,7 5 34,0 4,2 9,00
10 | 52,0 53 10 | 670 | 80 225,00 80 N
Product
15 | 740 | 58 15 | 76,0 | 9,0 4,00 —e— Referenc
60 e Product
30 93,3 3,4 30 94,0 5,8 na //
45 98,7 9,9 45 98,0 53 na 40
60 100,6 4,7 60 101,7 4,3 na /
20
0.K.
0 T T T T T T |
0 10 20 30 40 50 60 70
T .
f» =50 x log 100 f 2 Factor 52,4 ime/ minutes
j1+Z§§T(Rgz)—T(t))2
n Comments:
Similar? yes

f2 1 Similarity factor

R(t): Average amount dissolved
of reference product

T(t): Average amount dissolved
of test product

n: number of values
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Is everything OK with f27?
Shortcomings

The uncertainty (variability) related to the f2 sampling
distribution is not accounted for.

The shape of dissolution profiles not taken into account.
The time correlation is not taken into account.

While a difference of less than 10% at each time point
ensures a value of f2 >50, the reciprocal is not true
clinical relevance?

Suitability of
dissolution
method

What about processes, sampling,
population considerations?

24
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Other approaches-when f2 is not suitable

Guideline on the Investigation of Bioequivalence

Similarity may be compared using model-dependent or model-
independent methods e.g. by statistical multivariate comparison
of the parameters of the Weibull function or the percentage
dissolved at different time points.

Alternative methods are considered acceptable, if statistically
valid and satisfactorily justified - but none specified.

Similarity acceptance limits should be pre-defined, justified and
<10% difference.

The dissolution variability of the test and reference product data
should also be similar.

25
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https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-investigation-bioequivalence-rev1_en.pdf
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EMA - Biostatistics Working Party - Q&A

The adequacy of the Mahalanobis distance (MD)

to assess the comparability of drug dissolution
profiles

https://www.ema.europa.eu/en/adequacy-mahalanobis-
distance-assess-comparability-drug-dissolution-profiles

Published 19 September 2018

» Also emphasises the importance of confidence intervals to
quantify the uncertainty around the point estimate of the
chosen metric (e.g. the f2 factor or the Mahalanobis distance)

26
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The adequacy of the MD to assess the
comparability of dissolution profiles

Under some assumptions, the MD becomes smaller, indicating
similar dissolution profiles, with increasing variability observed in
the data.

This property makes its use undesirable for deciding upon
similarity in dissolution, in particular with regard to the additional
criterion that similarity limits should not be greater than a 10%
difference at any time point is satisfied.

Depending on the variability observed it is quite possible to have
an observed difference of over 10% at some time point, yet MD-
based criteria could declare the difference to be unimportant.

27
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EMA - Biostatistics Working Party - Q&A

The adequacy of the Mahalanobis distance to
assess the comparability of drug dissolution
profiles

MD metric cannot be supported as a preferred methodological

approach to decide upon similar dissolution, even in situations
where the f2 statistic should not be used in the way outlined in
the CHMP bioequivalence guideline.

Bootstrap methodology could be used to derive confidence
intervals for f2 based on quantiles of resampling distributions,
and this approach could actually be considered the preferred
method over f2 and MD.

28
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Other approaches

Requlatory assessment of druqg dissolution profiles comparability
via maximum deviation. Statistics in Medicine. 2018;1-14.

According to the authors the method :
« works if the validity criteria of the f2 are not met

* incorporates variability and the time dependency of the
measurements

« it takes the shape of the profiles into account

« it gives a proper inferential framework by calculating a test
statistic and a p-value

« the resulting test shows high power and the type I-error is
controlled

29
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Conclusions

% f2 remains a simple widely accepted method

% Not perfect but acceptable balance of simplicity and regulatory
requirements vs “statistical orthodoxy”

% Not an absolute criterion- provides an indication

% Other things are/should be looked at/considered

/

% Variability and its source (manufacturing process)

00

>

%

Clinical considerations/ relevance

o
*%

*

Representativeness and selection of batches to be tested

00

%

Sampling (scheme, number, timepoints, units selected etc)

31
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C’'tnd Conclusions

*» Guidelines allow alternative methods
% Alternative methods should be applied with caution

% Prior agreement with authorities is recommended-
regulatory/development decisions

% Debate is ongoing

32
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THANK YOU FOR YOUR ATTENTION
QUESTIONS?

Evangelos.Kotzagiorgis@ema.europa.eu

European Medicines Agency

Domenico Scarlattilaan 6 | 1083 HS |Amsterdam |The Netherlands
Telephone +31 (0)88 781 7308

We're moving! For details, see How to find us

Follow us on @EMA_News

Send a question via our website www.ema.europa.eu/contact
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Back-up I
Method steps

1. fit parametric regression curves to the dissolution samples data by two regression
models from a candidate set (First-order model, Higuchi model, Hixson-
Crowellmodel, Weibull model and a logistic model) and choose the best fit for each

group. This gives m; and m,.

Hypothesis of similarity: H,: d, (m;,m,) = 10% vs. H,: d, (Mm;;mM,) < 10%

. calculate the test statistic do = max imy(t, B1) — ma(t, B2))|.

. generate new data using a bootstrap procedure

moA W oN

either compare the test statistic with (alpha-quantile which we get from the

generated bootstrap data (B repetitions)

or obtain the test decision by calculating the corresponding p-value. The p-value is
obtained by evaluating the empirical distribution function at the value of the test

statistic.
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Back-up II

@ Figure below: comparison of the classical f>-bootstrap and the new procedure
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FigU €. Artificial data: proportion of rejections of Hy for the new approach using the maximum deviation (thick line) and
the bootstrap f» (thin line) over 10000 simulations as d. varies using a level of @ = 0.05. The horizontal dashed lines
correspond to 0.1, 0.05 and 0.80, solid vertical line: dog = £ = 10%. The shaded region left of the solid line corresponds to

the alternative, the region right of this line to the null hypothesis.
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