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Categorical Distribution
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Goodness of Fit

Population: Correct answers in all

multiple choices (expectation)
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Population: Theoretical genotype

frequencies (expectation)
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Observation vs Expectation

Does the observation agree

with the expectation?

How good does the observa-

tion fit the expectation?

2/9



Chi-square Test For Goodness-of-fit

Example: Correct answers in

multiple choices

H0 : equal distribution

H1 : unequal distribution

⇕
H0 : χ

2 = 0

H1 : χ
2 ∕= 0 ⇒ χ2 > 0

Observed:

Total A B C D

100 20 20 25 35

Expected (if H0 were true):

Total A B C D

100
100×

0.25 = 25

100×
0.25 = 25

100×
0.25 = 25

100×
0.25 = 25

The test statistic:

χ2 =


cells

(Oi − Ei)
2

Ei
, ν = 3

=
(20− 25)2

25
+

(20− 25)2

25
+

(20− 25)2

25
+

(20− 25)2

25
= 6
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Chi-square of The Multiple Choices Example

All multiple choices

questions, equal

distribution of

correct answers

Sample n = 100

Compute and record

the test statistic:
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2
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Mendel’s Pea Plant Experiments

• Conducted between 1856 and 1863.

• Published in 1866: Versuche über Pflanzenhybriden (Experiments on Plant

Hybridization).

• A classical piece in teaching biology.

1. The difference in the form of the ripe seeds.

2. The difference in the colour of the seed albumen.

3. The difference in the colour of the seed coat.

4. The difference in the form of the ripe pod.

5. The difference in the colour of the unripe pod.

6. The difference in the placement of the flowers.

7. The difference in the length of the stem.
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Mendel’s Pea Plant Experiments

http://www.biolib.de/mendel/index.html https://www.biodiversitylibrary.org/item/124139#page/8/mode/1up
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Mendel’s Pea Plant Experiments

Parents: ×Seed

(AABB)

Pollen

(aabb)

round, yellow

(AaBb)

F1:

F2:

Phenotype observed

round, yellow 315

wrinkled, yellow 101

round, green 108

wrinkled, green 32
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Mendel’s Pea Plant Experiments - Analysis
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Mendel’s Pea Plant Experiments - Analysis

H0 : ratio is 9:3:3:1

H1 : ratio is not 9:3:3:1

Phenotype Observed Expected

round, yellow 315 312.75

wrinkled, yellow 101 104.25

round, green 108 104.25

wrinkled, green 32 34.75

Total 556 556

χ2 =


cells

(Oi − Ei)
2

Ei
= 0.47 ,

p = P

χ2
3  0.47


= 0.925 9/9


