Analysis of Variance

2
two sample t test  fanalysis of variance (ANOVA)| co
3 3
1 EFV1
M1 M2 M3 Ho
Ho: i == s
Ha:
Groupl  Group 2 .....  Group k
population mean W i L
SD O (¢) Ok
sample mean X1 X Xk
SD S1 S Sk
Sample size n; n Nk

Sw?= (N1 = 1)s:2 + (N, — 1)s,” +(Nz = 1)ss° /Ny + N, + ng— 3

3 10 45
Ho 95 a =0.05 0.95
095 ° 0.857
1 1 0.857 0.143 Ho
reject type I error 0.05 3
3 type | error
type | error

type | error

i One way analysis|

Source of Variation

one way analysis  variance dispersion

within variation



2
between variability

¢

between variability

between variation variances

Sle

k
within variability

k
w  Wwithin-groups variability|

null hypothesis

Se” = i (xo = X)* + Ny (X2 —X)° + N (X = X)° / k-1]

B  |between groups

X




X=Ng Xy + N2 Xo +...... Nk Xk / N

2 variance
Sg?  SJ F 1 (between groups)
(within-group) F 1 t z
Ho 1
(between groups) (within-group)
Ho k-1,n-k F distribution
Fni—-1,n,-1 2 two sample t
test

F distribution t 1 n-1,n,-1 F

skewed Skewed

Sw2=(ny—1)s% + (N, = 1)s,2 +......(n3 — 1) / n — k = (21 — 1)(0.496)? + (16 — 1)(0.523) + (23
—1)(0.498)?/ 21 + 16 + 23 -3 =0.254
X=21x2.63+16x3.03+23x2.88/21+16+23=2.83

Se? =Ny (Xg = X)? + Ny (X — X)° +....ny (X — X)° / k-1 = 21 (2.63 — 2.83)° + 16 (3.03 — 2.83)°
+23 (2.88 — 2.83)? / 3-1= 0.769

F=0.769/0.254 = 3.028

k-1=2,n-k =57
0.05<p<0.10 Ho  acceptable 3



Multiple Comparisons Procedures

One way analysis of variance Kk null hypothesis
Ho

Ho
type | error
o

a*=0.05/()

modification  [Bonferroni correction
a*=0.10/ (%) = 0.033

Ho= =

ti = Xi— X/ VS {1/n; - 1/ny}

2.39 t distribution n-k=60
-3=57 p=0.02 Ho e 2
2 Ho
Bonferroni multiple comparisons procedure



STATA ANOVA

One way ANOVA analysis

12 3 3 2 2

. list

treat wgt

=

1 117.5
1 113.8
1 104.4
48.9
50.4
58.9
70.4
86.9

© oo N o a k~ w Db

87.7

A B W W N NN

=
°

67.3

.anova wagt treat

Number of obs = 10 R-squared = 0.9147
Root MSE =9.07002 Adj R-squared = 0.8721

Source | Partial SS df MS F Prob > F

+

Model | 5295.54435 3 1765.18145 21.46 0.0013

|
treat| 5295.54435 3 1765.18145 21.46 0.0013

|
Residual | 493.591531 6 82.2652551

+

Total | 5789.13588 9 643.23732




10 ~/mean square error (MSE), R2, adjusted R2, sum of squares (partial SS),

degree of freedom (df), patial SS/df = mean square F=21.46, p = 0.0013
Model  treat model residual total
Total MS ~ VMSE

- anova, regress

Source | SS df MS Number of obs = 10
————————— o FC 3, 6) = 21.46
Model | 5295.54435 3 1765.18145 Prob > F = 0.0013
Residual | 493.591531 6 82.2652551 R-squared = 0.9147
————————— Fom Adj R-squared = 0.8721
Total | 5789.13588 9 643.23732 Root MSE = 9.07
wgt Coef. Std. Err. t P>]t] [95% Conf. Interval]
_cons 77.5 6.413472 12.084 0.000 61.8068 93.1932

treat
1 34.4 8.279757 4.155 0.006 14.14017 54 .65984
2 -24.76667 8.279757 -2.991 0.024 -45.0265 -4.506829
3 1.150002 9.07002 0.127 0.903 -21.04354 23.34354
4 (dropped)
4 Coef



Two-way ANOVA

a*b

58
1-4
. list
drug  disease systolic

1. 1 1 42

2. 1 1 44

3. 1 1 36

4. 1 1 13

5. 1 1 19

6. 1 1 22

7. 1 2 33

8. 1 2 26

9. 1 2 33
10. 1 2 21
11. 1 3 31
12. 1 3 -3
13. 1 3 25
14. 1 3 25
15. 1 3 24
16. 2 1 28
17. 2 1 23
18. 2 1 34
19. 2 1 42
20. 2 1 13
21. 2 2 34
22. 2 2 33
23. 2 2 31
24, 2 2 36
25. 2 3 3
26. 2 3 26
27. 2 3 28
28. 2 3 32
29. 2 3 4
30. 2 3 16
3L 3 1 1
32. 3 1 29
33. 3 1 19
34. 3 2 11
35. 3 2 9
36. 3 2 7
37. 3 2 1
38. 3 2 -6
39. 3 3 21
40. 3 3 1
41, 3 3 9
42. 3 3 3
43 4 1 24
44, 4 1 9
45, 4 1 22
46. 4 1 -2
47, 4 1 15
48. 4 2 27
49, 4 2 12
50. 4 2 12
51. 4 2 -5
52. 4 2 16




53. 4 2 15

54. 4 3 22

55. 4 3 7

56. 4 3 25

57. 4 3 5

58. 4 3 12

. summarize
Variable | Obs Mean Std. Dev. Min Max
_________ e

drug | 58 2.5 1.158493 1 4

disease | 58 2.017241  .8269873 1 3
systolic | 58 18.87931 12.80087 -6 44

. tabulate drug disease

| disease

drug | 1 2 3] Total
___________ S S

1] 6 4 51 15

21 5 4 6 | 15

3] 3 5 4] 12

4] 5 6 51 16
___________ S S

Total | 19 19 20 | 58

STATA

- anova systolic drug disease drug* disease

Number of obs = 58 R-squared = 0.4560
Root MSE = 10.5096 Adj R-squared = 0.3259
Source | Partial SS df MS F Prob > F
_____________ A
Model | 4259.33851 11 387.212591 3.51 0.0013
|
drug | 2997.47186 3 999.157287 9.05 0.0001

disease | 415.873046 2 207.936523 1.88 0.1637



drug*disease | 707.266259 6 117.87771 1.07 0.3958

|
Residual | 5080.81667 46 110.452536

_____________ A o

Total | 9340.15517 57 163.862371

ANOVA

. table drug disease, c(mean systolic) row col T(%8.2F)

__________ U
| disease

drug | 1 2 3 Total

1] 29.33 28.25 20.40 26.07
2 ] 28.00 33.50 18.17 25.53
3] 16.33 4.40 8.50 8.75
4 ] 13.60 12.83 14.20 13.50
|
Total | 22.79 18.21 15.80 18.88

__________ R

missing data disease 1 drug 1

missing

.anova systolicdrugdiseasedrug*disease if~(drug==1&disease==1)

Number of obs = 52 R-squared = 0.4545

Root MSE = 10.1615 Adj R-squared = 0.3215

Source | Partial SS df MS F Prob > F

_____________ o
Model | 3527.95897 10 352.795897 3.42 0.0025
|

drug | 2686.57832 3 895.526107 8.67 0.0001

disease | 327.792598 2 163.896299 1.59 0.2168



drug*disease | 703.007602 5 140.60152 1.36 0.2586

Residual | 4233.48333 41 103.255691

_____________ A o

Total | 7761.44231 51 152.185143

RZ

.anova systolic disease drug disease* drug, sequential

Number of obs = 58 R-squared = 0.4560
Root MSE =10.5096 Adj R-squared = 0.3259
Source | Seq. SS df MS F Prob > F
+
Model | 4259.33851 11 387.212591 351 0.0013
|

disease | 488.639383 2 244319691 221 0.1210
drug| 3063.43286 3 1021.14429 9.25 0.0001

1.07 0.3958

disease*drug | 707.266259 6 11787771

Residual | 5080.81667 46 110.452536

+
Total | 9340.15517 57 163.862371



N-way analysis of variance
Variable

11



Analysis of covariance

Anova command
categorical variable
continuous(varlist)y  command

. anova systolic drug disease age disease* age, continuous(age)

Number of obs = 58 R-squared = 0.4980
Root MSE = 9.78196 Adj R-squared = 0.4161
Source | Partial SS df MS F Prob > F
____________ o
Model | 4651.50368 8 581.437961 6.08 0.0000
|
drug | 862.49606 3 287.498687 3.00 0.0392
disease | 417.780142 2 208.890071 2.18 0.1235
age | 727.857125 1 727.857125 7.61 0.0082
disease*age | 358.539757 2 179.269879 1.87 0.1644

|
Residual | 4688.65149 49 95.6867651

____________ o

Total | 9340.15517 57 163.862371

* categorical variable  continuous variable



Repeated measures analysis of variance

ANOVA

F test

repeated measure

measure

. list

. tabdisp person drug, cellvar(score)

person | 1

F test

person drug score
1. 1 1 30
2. 1 2 28
3. 1 3 16
4. 1 4 34
5. 2 1 14
6. 2 2 18
7. 2 3 10
8. 2 4 22
9. 3 1 24
10. 3 2 20
11. 3 3 18
12. 3 4 30
13. 4 1 38
14. 4 2 34
15. 4 3 20
16. 4 4 44
17. 5 1 26
18. 5 2 28
19. 5 3 14
20. 5 4 30

__________ o

11 30
21 14
3] 24
4] 38
51 26

28
18
20
34
28

16
10
18
20
14

34
22
30
44
30

. anova score person drug, repeated(drug)

STATA

repeated

13



Number of obs = 20 R-squared = 0.9244

Root MSE = 3.06594 Adj R-squared = 0.8803
Source | Partial SS df MS F Prob > F
___________ A
Model | 1379.00 7 197.00 20.96 0.0000
|
person | 680.80 4 170.20 18.11 0.0001
drug | 698.20 3 232.733333 24.76 0.0000
|
Residual | 112.80 12 9.40
___________ A
Total | 1491.80 19 78.5157895

Between-subjects error term: person
Levels: 5 (4 df)

Lowest b.s.e. variable: person

Repeated variable: drug
Huynh-Feldt epsilon = 1.0789
*Huynh-Feldt epsilon reset to 1.0000

Greenhouse-Geisser epsilon = 0.6049

Box"s conservative epsilon = 0.3333

———————————— Prob > F ———————————-

Source | df F Regular H-F G-G Box

___________ A

drug | 3 24.76 0.0000 0.0000 0.0006 0.0076

Residual | 12
___________ A
Box F test



. table drug, c(mean score) F(%8.2F)

__________ I

drug | mean(score)

__________ R
1] 26.40
2 1 25.60
3] 15.60
4| 32.00
__________ R
3 10

. list

drug  subject  response

1. 1 1 76.25
2. 1 2 68
3. 1 3 58
4. 1 4 64.5
5. 1 5 67
6. 1 6 78.5
7. 1 7 61.25
8. 1 8 78
9. 1 9 74.75
10. 1 10 67.25
11. 2 1 72.25
12. 2 2 70
13. 2 3 855
14. 2 4 77.5
15. 2 5 83.5
16. 2 6 80.75
17. 2 7 82.25
18. 2 8 82
19. 2 9 65.5
20. 2 10 51
21. 3 1 89.75
22. 3 2 89.25
23. 3 3 85.75
24. 3 4 79
25. 3 5 81.75
26. 3 6 79.75
217. 3 7 79
28. 3 8 81.5
29. 3 9 76.5
30. 3 10 70.75

. table drug subject, c(mean response) F(%6.2F) row col center

15



1] 76.25 68.00 58.00 64.50 67.00 78.50 61.25 78.00 74.75 67.25 69.35
2 | 72.25 70.00 85.50 77.50 83.50 80.75 82.25 82.00 65.50 51.00 75.03
3] 89.75 89.25 85.75 79.00 81.75 79.75 79.00 81.50 76.50 70.75 81.30

|
Total | 79.42 75.75 76.42 73.67 77.42 79.67 74.17 80.50 72.25 63.00 75.22

__________ o

. anova response subject drug, repeated(drug)

Number of obs = 30 R-squared = 0.5652
Root MSE = 7.77733 Adj R-squared = 0.2994
Source | Partial SS df MS F Prob > F
___________ A
Model | 1415.03125 11 128.639205 2.13 0.0749
|
subject | 700.41875 9 77.8243056 1.29 0.3091
drug | 714.6125 2 357.30625 5.91 0.0107
|
Residual | 1088.7625 18 60.4868056
___________ A

Total | 2503.79375 29 86.3377155

Between-subjects error term: subject
Levels: 10 (9 df)

Lowest b.s.e. variable: subject

Repeated variable: drug

Huynh-Feldt epsilon = 0.8752
Greenhouse-Geisser epsilon = 0.7555
Box"s conservative epsilon = 0.5000

16



———————————— Prob > F ———————————-

Source | df F Regular H-F G-G Box
___________ A
drug | 2 5.91 0.0107 0.0146 0.0197 0.0380
Residual | 18
___________ A
22 SO, Baseline
(FEV1/FVC) 3 stratify baseline SO,
list

lung react
1. 1 20.8
2. 1 4.1
3. 1 30
4. 1 24.7
5. 1 13.8
6. 2 7.5
7. 2 7.5
8. 2 11.9
9. 2 4.5
10. 2 3.1
11. 2 8
12. 2 4.7
13. 2 28.1
14. 2 10.3
15. 2 10
16. 2 5.1
17. 2 2.2
18. 3 9.2

17




19. 3 2
20. 3 2.5
21. 3 6.1
22. 3 7.5
. anova react lung
Number of obs = 22 R-squared = 0.3443
Root MSE = 7.10375 Adj R-squared = 0.2753
Source | Partial SS df MS F Prob > F
___________ e e —————————————————————————
Model | 503.548414 2 251.774207 4.99 0.0181
|
lung | 503.548414 2 251.774207 4.99 0.0181
|
Residual | 958.802521 19 50.4632906
___________ e e —————————————————————————
Total | 1462.35093 21 69.6357588
F baseline SO,
. anova, regress
Source | SS df MS Number of obs = 22
————————— Fom FC 2, 19) = 4.99
Model | 503.548414 2 251.774207 Prob > F = 0.0181
Residual | 958.802521 19 50.4632906 R-squared = 0.3443
————————— Fo e Adj R-squared = 0.2753
Total | 1462.35093 21 69.6357588 Root MSE = 7.1038
react Coef. Std. Err. t P>]t] [95% Conf. Interval]
cons 5.46 3.176894 1.719 0.102 -1.189316 12.10932
lung
1 13.22  4.492807 2.942 0.008 3.816447 22.62355

18



2 3.115 3.781261 0.824 0.420 -4.799269 11.02927
3 (dropped)

anova

. oneway react lung

Analysis of Variance

Source SS daf MS F Prob > F
Between groups 503.548414 2 251.774207 4.99 0.0181
Within groups 958.802521 19 50.4632906

Total 1462 .35093 21 69.6357588

Bartlett"s test for equal variances: chi2(2) = 4.2203 Prob>chi2 = 0.121

. oneway react lung, tabulate

| Summary of react

lung | Mean Std. Dev. Freq.
____________ o
1] 18.68 10.065635 5
2] 8.575 6.8373474 12
3 ] 5.4599999 3.1341665 5
____________ o
Total | 10.163636 8.3448043 22

Analysis of Variance

Source SS daf MS F Prob > F
Between groups 503.548414 2 251.774207 4.99 0.0181
Within groups 958.802521 19 50.4632906

19



Total 1462 .35093 21 69.6357588

Bartlett"s test for equal variances: chi2(2) =

Bonferroni 2

. oneway react lung, bonferroni

Analysis of Variance

4.2203 Prob>chi2

F Prob > F

0.121

Source SS daf MS
Between groups 503.548414 2 251.774207
Within groups 958.802521 19 50.4632906

Total 1462 .35093 21 69.6357588

Bartlett"s test for equal variances: chi2(2) =

Comparison of react by lung

(Bonferroni)
Row Mean-|
Col Mean | 1 2
_________ I______________________
2] -10.105
| 0.045
|
3] -13.22 -3.115
| 0.025 1.000
1-2 1-3 2-3

. oneway react lung, noanova scheffe

Comparison of react by lung
(Scheffe)
Row Mean-|
Col Mean | 1 2
_________ I______________________

4.2203 Prob>chi2

0.121

20



2 1 -10.105
| 0.048
|
3 -13.22
| 0.028
Bonferroni
- oneway

Row Mean-|

Col Mean |

-3.115
0.716

react lung, noanova sidak

-13.22
0.025

Comparison of react by lung

-3.115
0.805

(Sidak)

(mmHg)

1 2
1 98 99
2 102 93
3 100 98
4 99 100
5 96 100
6 95 100
7 90 98
8 102 93
9 91 92
10 90 94

10
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Std. Dev.

_________ A o

reading day BP
1. 1 1 98
2. 1 2 102
3. 1 3 100
4. 1 4 99
5. 1 5 96
6. 1 6 95
7. 1 7 90
8. 1 8 102
9. 1 9 91
10. 1 10 90
11. 2 1 99
12. 2 2 93
13. 2 3 98
14. 2 4 100
15. 2 5 100
16. 2 6 100
17. 2 7 98
18. 2 8 93
19. 2 9 92
20. 2 10 94
. summarize
Variable | Obs Mean
reading | 20 1.5
day | 20 5.5 2
BP | 20 96.5 3
. tabulate day reading
| reading
day | 1 21

-5129892

-946898
-953679

Total

90

2
10
102

22



|
|
|
|
|
|
|
|
|
|
|
+
|
1
|
1
|
1
|
1
|
1
|
1
|
|
|
1
|
|
|
|
|
1
+
|
|
|
|
|
|
|
|
|
|

1] 1 1] 2
21 1 1] 2
3] 1 1] 2
4 | 1 1] 2
51 1 1] 2
6 | 1 1] 2
7 1 1 1] 2
8 | 1 1] 2
91 1 1] 2
10 | 1 1] 2
___________ o
Total | 10 10 | 20
. anova BP day reading
Number of obs = 20 R-squared = 0.5145
Root MSE = 4.00278 Adj R-squared = -0.0250
Source | Partial SS df MS F Prob > F
___________ A
Model | 152.80 10 15.28 0.95 0.5329
|
day | 152.00 9 16.8888889 1.05 0.4694
reading | -80 1 .80 0.05 0.8282
|
Residual | 14420 9 16.0222222
___________ A
Total | 297.00 19 15.6315789

F test



	Analysis of Variance
	Source of Variation
	Multiple Comparisons Procedures
	One way ANOVA analysis
	Root MSE      = 10.1615     Adj R-squared =  0.3215





