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 Light
all together) and sent out to battle. saber | Ratana | Dagger

* The number of kills they achieve are 6
listed in the table to the right.

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

* What are your conclusions?
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* If you reject the null hypothesis, then
conduct post-hoc tests (Scheffé) to T=25 T=30 T=5
determine the best sword.



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:

O Hy® Miight saber = Mkatana = Mpagger (the type of sword used has no effect).

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

o H;: 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 o = 0.05.



Step 2: Locate the critical region

e d = k—1=3—-1=
f between 1 1 2
df ... =N —k=15—3 =12 F - Distribution (0= 0.05 in the Right Tail)
within
df Mumerator Degrees of Freedom
df 1 1 2 3 4 5 6 7 8 9
2
1 161 45 19950 21571 224.58 230.16 23399 236,97 238.68 240.54

2 18513 1 G000 19,164 19.247 19.296 19.330 19.353 19.371 19385
° F (2 1 2) —_— 3 88 5 3 3 10.128 9.552] 92766 9.1172 9.0135 89406 #8867 8.8432 88123
) - . 4 T.7086 + 99443 65914 63882 6.2561 6.1631 60942 RSN 69988
5 66079 57861 5.4005 5.1922 5.0503 49303 4. 8759 43183 4.7725
4] 59874 5.1433 47571 4,5337 43874 42839 4.2067 4. 1468 4.0990
7 5.5914 4.7374 4.3468 41203 39715 38660 37870 37257 36767
8 53177 44590 40662 38379 36875 35806 35005 34381 33881
E 9 51174 4.2565 38625 36331 34817 13738 3.2927 32296 31789

=] =
1 H H -5 10 49646 4.1028 3.7083 34780 33258 32172 31355 30717 3.0204
* The obtained F ratio must exceed this value to S 1 1o amny  Jagh e 3a0m  doss 301 2940 2892
. Lo 47472 14903 32592 31059 29961 29134 28486 2794
r‘eJ ect H O - 13 46672 BRI 3.4105 31791 3.0254 2.9153 28321 2. 7669 27144
¢ w 14 46001 3.7389 33430 31122 29582 2.8477 2.7642 26987 26458
2 15 4.5431 3.6823 32874 3.0556 2.9013 2.7905 27066 2.6408 25876
'a 1] 4. 4940 36337 32389 3.0069 2.8524 2.7413 26572 25911 2.5377
5 17 44513 3.5915 31968 29647 28100 26987 26143 2.5480 24933
— 18 44139 3.5546 3.1599 29277 27729 26613 25767 25102 24563
2 19 4 3807 35219 31274 28951 2.7401 26283 2.5435 24768 24227
g 20 4.3512 34928 30984 28661 27109 25990 25140 24471 2.3928
‘E o 4.3248 34668 30725 2 8401 26848 25727 24876 24205 2.3660
g 22 4.3009 34434 30491 28167 26613 2.5491 24638 2.3965 23419
g 23 42793 34221 30280 27955 26400 25277 24422 23748 23201
o 42597 34028 30088 27763 26207 25082 24226 2355 2.3002
25 42417 33852 29912 27587 26030 24004 24047 23371 22821
26 42252 33690 29752 27426 25868 24741 238831 23205  2.2655
27 4.2100 3.3541 2.9604 27278 2.5719 24591 2.3732 2.3053 2.2501
28 41960 33404 20467 27141 25581 24453 23503 22013 22360
29 41830 33277 29340 27014 25454 24324 23463 22783 22229
a0 4.1709 33158 29223 26896 2.5336 2.4205 2.3343 2.2662 22107
40 4.0847 32317 2.8387 26060 2.4495 2.3359 2.2490 2.1802 2.1240
https://web.stanford.edu/dept/radiology/cgi- 60 40012 3.1504 2.7581 2.5252 2.3683 2.2541 2.1665 2.0870 2.0401
. . 120 3.9201 30718 2.6802 24472 2.2899 2.1750 20868 20164 19588
bin/classes/stats_data_analysis/lesson_5/234_8 |.html = 38415 29957 26049 23719 22141 20986 2009 19384 18799




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

Total number of observations: N = Ny + N, + N; =5+5+5=15
Grandtota: T =T, + T, + T3 =25+ 30+ 5 = 60

Number of groups: k = 3
Afpetween =k —1=3—-1=2
dfwithinzN —k=15—3=12

Light
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6 6 0
8 5 4
5 9 0
4 4 1
2 6 0
T=25 T=30 T=5

Mean

SS

6+8+5+4+2_
= =

(6 — 5)%+ (8 — 5)2+(5 — 5)2+(4 — 5)%+(2 — 5)?= 20

6+5+9+4+6
- =

(6—6)2+ (5—6)2+(9 — 6)%+(4 — 6)%+(6 — 6)*= 14

0+4+0+1+0
- =

(0—1)2+ (4 — 1D?+(0— D2+(1 - 1)2+(0 — 1)?=12




Step 3.1: Mean Squares between swords

2 2
_ Tgroup T
5Spetween = N o N
group
group
\2
(or) = 2 Ngroup * (xgroup — x)

group

2 2 2 2
* SSpetween = = + o= +—— — == =125 + 180 + 5 — 240 = 70

° MSbetween — —

__ SSpetween __ 7_0 — 35
dfbetween 2



Step 3.2: Mean Squares within swords

SSwithin = z SSgroup
group

=) ) (%)

group (g) observation (0)
* SSwithin = SSLight saber T SSkatana + SSDagger =20+14+12 =46

SSwithi 46 py
* MSyithin = 2" = — =3.83
delthm 12




Step 4: compute F

. MSbetween

F =
MSithin



Step 4: Make a decision about HO, and state a
conclusion

The obtained F of 9.1304 exceeds the critical value of 3.8853.
Therefore, we can reject the null hypothesis HO.

The following table summarizes the results of the analysis:

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. IVISbetween

3. F-ratio



Step 5.1: post-hoc tests (Scheffé)

 Light Saber VS Katana (1 VS 2)

’T1_|_2: T1+T2:25+30255
°N1_|_2= N1+N2=5+5=10

252 302 552

* SSpetweeni+z = = T = 10 2.5
2.5
* MSpetweeni+2 = 3 = 1.25
1.25
i F1+2 — ﬁ — 033

* 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

252 52 302

* SSpetweeni+3 = = + = 10 = 40
40
* MSpetween1+3 = X = 20
20
o F1+3 — ﬁ — 522

. Significan.t difference between Light Saber and Dagger!



Step 5.3: post-hoc tests (Scheffé)

e Katana VS Dagger (2 VS 3)

’T2+3: T2+T3:30+5:35
°N2_|_3= N2+N3=5+5=10

304 5% 352

* SSpetween2+3 = = T = 10 62.5
62.5
* MSpetweenz+3 = I 31.25
31.25
° F2_|_3 — E — 815

* 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?
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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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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.
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JASP — independent t-test

Y (o (b ||  EEER] o |+
1 1 5 M - L L + e w [ L L
X! 883~ |4 = N
= 1 4 Descriptives T-Tests AMNOVA Regression Frequencies Factor
3 1 7 Dependent Variables b
Lo ] Results
2 1 1 | 2 ‘ Data
5 1 6 Independent Samples T-Test
3 1 7
Independent Samples T-Test
7 1 6
95% ClI for Cohen's d
8 1 6 t df p Cohen's d Lower Upper
9 1 5 Data -3.535 18.00 0.002 -1.531 -2.530 —-0.549
Note. Student's t-test.
10 1 4 Grouping Variable
> | o Group
11 2 9 Descriptives
Tests Additional Statistics o
12 2 7 Group Descriptives
[ Location parameter
5 . Student Group N Mean D SE
13 [[] welch Confidence interval (95 %
) Data 1 10 5.100 1.782 0.567
14 |2 7 [] Mann-whitney EliEaSE 2 10 7.800 1.618 0512
Confidence interval 95 %%
15 2 5 pothesi
Hy * Descriptives
16 2 B @ Group 1 # Group 2 [ Descriptives plots
17 3 8 © Group 1 > Group 2 Confidence interval (35 %
() Group 1 < Group 2 [ vovk-5ellke maximum p-ratio
18 2 9
Assumption Checks Missing Values
Mormality @ Exdude cases analysis by analysis
19 |2 1 0 i @ Exdud lysisby and
20 2 7 [ Equality of variances () Exdude cases listwise




JASP — F-test wm — &
L

B~ B8 k2 = | A

Descriptives T-Tests ANOVA Regression Freguencdies Factor

Dependent Variable 1 Resu ItS
> | &b Data |

Fixed Factors
> & Group Independent Samples T-Test

Independent Samples T-Test

WLS Weights 095% C| for Cohen's d

> | f df D Cohen's d Lower Upper

Data -3.535 18.00 0.002 -1.581 -2.580 —0.548

’ » | Model ] Note. Students Hest.
F = t 2 ’ * | Assumption Checks ]
Descriptives
’ » | Contrasts ]
Group Descriptives
12.50 = (_3 535)2 [ » |PostHocTests ] Group N Mean sD SE
. Data 1 10 5100 1.792 0.567
> pesarptes lts ] 2 10 7.800 1619 0512
’ * | Additional Options ]
’ * | Simple Main Effects ]
’ ¥ | Nonparametrics ] ANOVA
ANCOWA - Data
Cases Sum of Sguares df Mean Square F p
Group 36.45 1 36.450 12.50 0.002
Residual 52.50 18 2917

Note. Type Il Sum of Sguares




