
Exercise 1

Three sword fighters are comparing their swords. Obi Wan Kenobi
claims that light sabers are the best, Beatrix Kiddo swears by Hattori
Hanzo katanas and Frodo Baggins prefers Elvish daggers.



Exercise 1

• Five different people are randomly 
assigned to each weapon (15 people 
all together) and sent out to battle.

• The number of kills they achieve are 
listed in the table to the right.

• State the null and alternative 
hypotheses and perform an ANOVA 
on the data.

• What are your conclusions?

• If you reject the null hypothesis, then 
conduct post-hoc tests (Scheffé) to 
determine the best sword.

Light 

Saber
Katana Dagger

6 6 0

8 5 4

5 9 0

4 4 1

2 6 0

T = 25 T = 30 T = 5



ANOVA

Step 1: State the hypothesis & specify the alpha level

Step 2: Locate the critical region

Step 3: Perform the analysis
1. SS (sum of square)
2. MS (mean of square)
3. F-ratio



Step 1: State the hypotheses, and specify the 
alpha level
• The null hypothesis states that there is no difference among the swords in terms of 

number of dismemberments/kills committed:

oH0: Light Saber = Katana = Dagger (the type of sword used has no effect).

• There are a number of possible statements for the alternative hypothesis.  The 
general alternative hypothesis is:

oH1: At least one of the mean numbers of dismemberments/kills is different.

That is, the type of sword has an effect on the number of dismemberments/kills.  

• For this test, we’ll use  = 0.05.



Step 2: Locate the critical region

• 𝑑𝑓𝑏𝑒𝑡𝑤𝑒𝑒𝑛 = 𝑘 − 1 = 3 − 1 = 2

• 𝑑𝑓𝑤𝑖𝑡ℎ𝑖𝑛 = 𝑁 − 𝑘 = 15 − 3 = 12

• 𝐹 2,12 = 3.8853

• The obtained F ratio must exceed this value to 
reject H0. 

https://web.stanford.edu/dept/radiology/cgi-
bin/classes/stats_data_analysis/lesson_5/234_8_l.html



Step 3: Perform analysis
0. Mean and SS (sum of squares)

Light Saber Katana Dagger

Mean
6 + 8 + 5 + 4 + 2

5
= 5

6 + 5 + 9 + 4 + 6

5
= 6

0 + 4 + 0 + 1 + 0

5
= 1

SS (6 − 5)2+ (8 − 5)2+(5 − 5)2+(4 − 5)2+(2 − 5)2= 20 (6 − 6)2+ (5 − 6)2+(9 − 6)2+(4 − 6)2+(6 − 6)2= 14 (0 − 1)2+ (4 − 1)2+(0 − 1)2+(1 − 1)2+(0 − 1)2= 12

Light 

Saber
Katana Dagger

6 6 0

8 5 4

5 9 0

4 4 1

2 6 0

T = 25 T = 30 T = 5

• Total number of observations: 𝑁 = 𝑁1 + 𝑁2 + 𝑁3 = 5 + 5 + 5 = 15
• Grand total: 𝑇 = 𝑇1 + 𝑇2 + 𝑇3 = 25 + 30 + 5 = 60
• Number of groups: 𝑘 = 3
• 𝑑𝑓𝑏𝑒𝑡𝑤𝑒𝑒𝑛 = 𝑘 − 1 = 3 − 1 = 2
• 𝑑𝑓𝑤𝑖𝑡ℎ𝑖𝑛 = 𝑁 − 𝑘 = 15 − 3 = 12



Step 3.1: Mean Squares between swords

𝑆𝑆𝑏𝑒𝑡𝑤𝑒𝑒𝑛 =

𝑔𝑟𝑜𝑢𝑝

𝑇𝑔𝑟𝑜𝑢𝑝
2

𝑁𝑔𝑟𝑜𝑢𝑝
−
𝑇2

𝑁

(𝑜𝑟) =

𝑔𝑟𝑜𝑢𝑝

𝑁𝑔𝑟𝑜𝑢𝑝 ∗ 𝑥𝑔𝑟𝑜𝑢𝑝 −  𝑥
2

• 𝑆𝑆𝑏𝑒𝑡𝑤𝑒𝑒𝑛 =
252

5
+
302

5
+  52

5
−
602

15
= 125 + 180 + 5 − 240 = 70

• 𝑀𝑆𝑏𝑒𝑡𝑤𝑒𝑒𝑛 =
𝑆𝑆𝑏𝑒𝑡𝑤𝑒𝑒𝑛

𝑑𝑓𝑏𝑒𝑡𝑤𝑒𝑒𝑛
=
70

2
= 35



Step 3.2: Mean Squares within swords

𝑆𝑆𝑤𝑖𝑡ℎ𝑖𝑛 =  

𝑔𝑟𝑜𝑢𝑝

𝑆𝑆𝑔𝑟𝑜𝑢𝑝

𝑜𝑟 =  

𝑔𝑟𝑜𝑢𝑝 (𝑔)

 

𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛 (𝑜)

𝑥𝑔,𝑜 − 𝑥𝑔
2

• 𝑆𝑆𝑤𝑖𝑡ℎ𝑖𝑛 = 𝑆𝑆𝐿𝑖𝑔ℎ𝑡 𝑆𝑎𝑏𝑒𝑟 + 𝑆𝑆𝐾𝑎𝑡𝑎𝑛𝑎 + 𝑆𝑆𝐷𝑎𝑔𝑔𝑒𝑟 = 20 + 14 + 12 = 46

• 𝑀𝑆𝑤𝑖𝑡ℎ𝑖𝑛 =
𝑆𝑆𝑤𝑖𝑡ℎ𝑖𝑛

𝑑𝑓𝑤𝑖𝑡ℎ𝑖𝑛
=
46

12
= 3.83



Step 4: compute F

𝐹 =
𝑀𝑆𝑏𝑒𝑡𝑤𝑒𝑒𝑛
𝑀𝑆𝑤𝑖𝑡ℎ𝑖𝑛

=
35

3.8 3
= 9.1304



Step 4: Make a decision about H0, and state a 
conclusion
The obtained F of 9.1304 exceeds the critical value of 3.8853. 
Therefore, we can reject the null hypothesis H0. 

The following table summarizes the results of the analysis:

Source SS df MS F

Between 70 2 35 9.13

Within 46 12 3.8333

Total 116 14



Post-hoc tests (Scheffé)

Just need to compute between treatment Mean Square (MS)

1. SSbetween

2. Msbetween

3. F - ratio



Step 5.1: post-hoc tests (Scheffé)

• Light Saber VS Katana (1 VS 2)

• 𝑇1+2 = 𝑇1 + 𝑇2 = 25 + 30 = 55

• 𝑁1+2 = 𝑁1 +𝑁2 = 5 + 5 = 10

• 𝑆𝑆𝑏𝑒𝑡𝑤𝑒𝑒𝑛1+2 =
252

5
+
302

5
−
552

10
= 2.5

• 𝑀𝑆𝑏𝑒𝑡𝑤𝑒𝑒𝑛1+2 =
2.5

2
= 1.25

• 𝐹1+2 =
1.25

3.8 3
= 0.33

• No difference between Light Saber and Katana



Step 5.2: post-hoc tests (Scheffé)

• Light Saber VS Dagger (1 VS 3)

• 𝑇1+3 = 𝑇1 + 𝑇3 = 25 + 5 = 30

• 𝑁1+3 = 𝑁1 +𝑁3 = 5 + 5 = 10

• 𝑆𝑆𝑏𝑒𝑡𝑤𝑒𝑒𝑛1+3 =
252

5
+
52

5
−
302

10
= 40

• 𝑀𝑆𝑏𝑒𝑡𝑤𝑒𝑒𝑛1+3 =
40

2
= 20

• 𝐹1+3 =
20

3.8 3
= 5.22

• Significant difference between Light Saber and Dagger!



Step 5.3: post-hoc tests (Scheffé)

• Katana VS Dagger (2 VS 3)

• 𝑇2+3 = 𝑇2 + 𝑇3 = 30 + 5 = 35

• 𝑁2+3 = 𝑁2 +𝑁3 = 5 + 5 = 10

• 𝑆𝑆𝑏𝑒𝑡𝑤𝑒𝑒𝑛2+3 =
302

5
+
52

5
−
352

10
= 62.5

• 𝑀𝑆𝑏𝑒𝑡𝑤𝑒𝑒𝑛2+3 =
62.5

2
= 31.25

• 𝐹2+3 =
31.25

3.8 3
= 8.15

• Significant difference between Katana and Dagger!



Exercise 2

• The heights of Oaks, Elms and 
Pines are given in the table.

• Plot histograms of each groups’ 
heights.

• If we wanted to compare these 
groups what assumption(s) of 
the ANOVA does/do these data 
violate?

Oaks Elms Pines

178 165 164

177 179 164

180 178 163

178 166 165

180 178 164

178 162 162

177 178 165

178 163 164

176 177 163

176 176 163

177 164 164

177 163 164

179 180 166

179 164 165

179 164 162

178 179 165

178 177 166

179 165 163



Assumptions of ANOVA

1. Independent samples 
(samples to be obtained independently from all other samples)

2. Homogeneity of variance

3. Normally distributed populations
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The data violates the assumption of normality since the Elms 
heights are bimodal. 



Exercise 3

• Given the data on the right, use 
your favourite software to 
compute both an independent 
measures t-test and an 
independent measures ANOVA 
and verify that F = t2.

Group 1 Group 2

5 9

4 7

7 7

1 7

6 5

7 8

6 8

6 9

5 11

4 7



JASP – independent t-test



JASP – F-test

𝐹 = 𝑡2

12.50 = −3.535 2


