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Chi Squared Test

𝝌𝟐 =#
𝑶− 𝑬 𝟐

𝑬

Chi-squared Observed 

Expected 
SUM

Null Hypothesis (H0) – There is no significant deviation from the expected 9:3:3:1 phenotypic ratio in the offspring 
of the RrYy × RrYy cross. The traits assort independently according to Mendelian genetics.

Alternative Hypothesis (H1) – There is a significant deviation from the expected 9:3:3:1 phenotypic ratio, suggesting 
that the traits do not assort independently or that other factors (e.g., genetic linkage, sampling error) are influencing 
the results. 

(Test of association / Test of independence)

[A test used to measure how expectations compare to actual observed data]

This concept will be explained using an example:

I want to investigate wether or not the genes for seed color and seed shape are linked. I 
cross two heterozygous round and yellow parent peas and record the phenotype observes 
in the offspring; For this I first need to set up my hypotheses: 

By calculating the Chi Squared test value, I will determine whether I can accept or reject the null hypothesis. 

Example – Identifying whether two genes are linked.

From this table I can now calculate the expected value for each cell and organize them into the table. 

Step 1

Step 3

Step 4 Using the observed values and expected values, I can now calculate the Chi-squared value for my data using 
the following equation:  

Step 5 Now that I have the 𝑿𝟐 value, I need to interpret it by comparing my value to a 
critical value table (this table doesn’t need to be memorized, it would be given 
to you in an exam).  
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1 2.706 3.841 5.024 6.635 7.879

2 4.605 5.991 7.378 9.21 10.597

3 6.251 7.815 9.378 11.345 12.838

4 7.779 9.488 11.143 13.277 14.86

5 9.236 11.07 12.833 15.086 16.75

Phenotype Round Yellow Round Green Wrinkled yellow Wrinkled Green Total
Observed 9,572 3,115 3,176 1,098 16,736
Expected 9,414 (9 of 16) 3,138 (3 of 16) 3,138 (3 of 16) 1,046 (1 of 16) 16,736

O-E 158 -23 38 52
(O-E)^2 24,964 529 1,444 2,704

(O-E)^2/E
(3s.f.)

2.65 0.17 0.46 2.59 5.87

Critical value table

I then conduct my experiment and record the data in a table as such:Step 2

𝝌𝟐 = 𝟓. 𝟖𝟕

This is calculated with;
(row-1)(column-1) = Degrees of freedom 

Compare the 𝝌2 value to the critical value table.  

5.87 < 7.815 

I can accept the NULL HYPOTHESIS: 
the genes are unlinked and follow a 
9:3:3:1 phenotypic ratio. 

(4-1)(2-1) = 3

𝝌𝟐 = 𝟗𝟓𝟕𝟐%𝟗𝟒𝟏𝟒 𝟐

𝟗𝟒𝟏𝟒 + 𝟑𝟏𝟏𝟓%𝟑𝟏𝟑𝟖 𝟐

𝟑𝟏𝟑𝟖 + 𝟑𝟏𝟕𝟔%𝟑𝟏𝟑𝟖 𝟐

𝟑𝟏𝟑𝟖 + 𝟏𝟎𝟗𝟖%𝟏𝟎𝟒𝟔 𝟐

𝟏𝟎𝟒𝟔 = 𝟓. 𝟖𝟕

16736×
9
16 = 𝟗𝟒𝟏𝟗

Since we know the expected ratio of 9:3:3:1, from a total of 16,736 seeds we can calculate: 

16736×
3
16 = 𝟑𝟏𝟑𝟖 16736×

1
16 = 𝟏𝟎𝟒𝟔

0.05 is the standard used in 
the IB unless otherwise stated
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