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Example: Effect of exercise on heart rate? @

Practice: Unpaired T test

Subject# | Female Male D=
Heights  |Height |Pmerence
(cm) s (cm)
1 171.1 180.4 -15
2 161.0 168.4 -/
3 155.3 170.9 -11
4 167.9 174.1 -13
5 163.8 170.4 -15
MEAN 163.82 172.84 -9.02
SD 6.128 4.695 3.867

|y — X+ |

J_+_

-9.02
(6.132/5)+(4.69 2/5)

t=-2.61

t crit =2.306 (Df=8)
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t Table
cum. prob I so I3s T 80 lgs T30 lss T 975 T 99 T 935 T 399 T 3335
one-tail 0.50 0.25 0.20 0.15 0.10 0.05 0.025 0.01 0.005 0.001 0.0005
two-tails 1.00 0.50 0.40 0.30 0.20 0.10 0.05 0.02 0.01 0.002 0.001

0000 1000 1376 1963 3078 6314 1271 3182 6366 31831 63662
0000 0816 1061 1386 1886 2920 4303 6965 9925 22327 31.599
0000 0765 0978 1250 1638 2353 3182 4541 5841 10215 12924
0000 0741 0941 1190 1533 2132 2776 { 3747 4604 7173 8610
0000 0727 0920 1156 1476 2015 2571 3365 4032 5893  6.869
0000 0718 0906 1134 1440 1943 2447 3143 3707 5208 5959
0000 0711 0896 1119 1415 1895 2365 2998 3499 4785 5408
0000 0706 0889 1108 1397 1860 2306 —355 4501 5041
0000 0703 0883 1100 1383 1833 2262 2821 3250 4297 4781
10| 0000 0700 0879 1093 1372 1812 2228 2764 3169  4.144 4587
11| 0000 0697 0876 1088 1363 1796 2201 2718 3.106 4025 4437
12| 0000 0695 0873 1083 1356 1782 2179 2681 3055 3930 4318
13| 0000 0694 0870 1079 1350 1771 2160 2650 3.012 3852 4221
14| 0000 0692 0868 1076 1345 1761 2145 2624 2977 3787  4.140
15| 0000 0691 0866 1074 1341 1753 2131 2602 2947 3733 4073
16| 0000 0690 0865 1071 1337 1746 2120 2583 2921 3686 4015
17| 0000 0689 0863 1069 1333 1740 2110 2567 2898 3646  3.965
18| 0000 0688 0862 1067 1330 1734 2101 2552 2878 3610 3922
19| 0000 0688 0861 1066 1328 1729 2093 2539 2861 3579  3.883
20 0000 0687 0860 1064 1325 1725 2086 2528 2845 3552  3.850
21| 0000 0686 0859 1063 1323 1721 2080 2518 2831 3527 3819
22| 0000 068 0858 1061 1321 1717 2074 2508 2819 3505 3792
23| 0000 0685 0858 1060 1319 1714 2069 2500 2807 3485 3768
24| 0000 0685 085 1059 1318 1711 2064 2492 2797 3467 3745
25| 0000 0684 0856 1058 1316 1708 2060 2485 2787 3450 3725
26| 0000 0684 0856 1058 1315 1706 2056 2479 2779 3435 3707
27| 0000 0684 085 1057 1314 1703 2052 2473 2771 3421 3690
28| 0000 0683 0855 1056 1313 1701 2048 2467 2763 3408 3674
20| 0000 0683 0854 1055 1311 1699 2045 2462 2756 3396  3.659
30 0000 0683 0854 105 1310 1697 2042 2457 2750 3385 3646
40| 0000 0681 0851 1050 1303 1684 2021 2423 2704 3307 3551
60| 0000 0679 0848 1045 1206 1671 2000 2390 2660 3232  3.460
80| 0000 0678 0846 1043 1202 1664 1990 2374 2639 3195 3416
100 0000 0677 0845 1042 1290 1660 1984 2364 2626 3174 3390
1000 0000 0675 0842 1037 1282 1646 1962 2330 2581 3098  3.300

r4 0.000 0.674 0.842 1.036 1.282 1.645 1.960 2.326 2.576 3.090 3.291
0% 50% 60% 70% 80% 90% 95% 98% 99% 99.8% 99.9%
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* Practice: paired T test

Subject # | Heart Rate Heart Rate |D=
(Resting) (After Difference
Beats/min Exercise)

Beats/min
1 70 85 -15.0
2 74 81 -7.0
3 63 79 -11.0
4 55 638 -13.0
5 80 95 -15.0
MEAN 69.4 381.6 -12.2
SE 4.14 4.38 1.50

D
[ =
SE,
-12.2
t =
1.5
t=--8.15

t crit =2.776 (Df=4)



Example: Effect of exercise on heart rate? ((/\)

Practice: one sample T test

Subject# | Human Averag D=
1Q e Difference
normal
1 85
2 120
3 90
4 105 100
5 110
MEAN 135 35.7
SE 6.37

=X -M
SE
38.7

[ =
6.37

t=5.61

t crit =1.833 (Df=9)



ANOVA

Analysis of Variance

Family of hypothesis tests for comparing multiple (3+) sample
groups.

ANOVA tests compare the means of one or more dependent
variables, measured from groups of subjects categorised
according to one or more independent variables (factors),
representing different treatments or properties of the within each

group.



(=) ANOVA Terminology

Dependent Variable (or response)
The measured experimental variable of interest which are affected by the
factors.
e.g. weight, blood pressure, heart rate.

Factor (or independent variable)
Variable (usually nominal) representing the factors that affect the
dependent variable
e.g. gender, treatment

Levels (of the factor)
Individual values of the factor variable representing the treatment or
property used to categorise the subjects into groups.
e.g. The gender factor would have 2 levels: Male & Female.



=“Common Types of Analysis of Variance =
One way ANOVA
Single factor, multiple levels.

Compares differences between means of 3 or more independent groups
of subjects

One way (repeated measures) ANOVA

Single factor, multiple levels

Compares differences between means of 3 or more groups of
measurements repeatedly made on the same subjects

Two way ANOVA
Two factors, multiple levels.
Determines whether each of the two factors have an effect on the

dependent variable and whether there is interaction between the factors.
May be independent subjects, repeated measures or mixed.




Four gps of patients were subjected to 4 different physical treatments therapy abd
at end the following scores were obtained . Analysis the treatment effectiveness

TRA TRB TRC TRD
64 76 58 95
88 70 74 90
72 90 66 80
80 80 60 87
79 75 82 88
71 82 75 85
Sum 454 473 415 525 | 1867
Mean 75.7 78.8 69.2 87.5

1- Ground total =1867
2- Mean of All ? =1867/24=77.9

2
3- Corr. Factor =(Z(§:)) = 145237.04
4-Total SS =(3.(X2))- CF =2201.96

S5-between Tr ss=@ i, C|:_2542+254246r2542+2542 _CF
= 1045.46
6- within tr ss= total ss — bet Tr ss=2201.96-1045.46
=1156.5

SOURCE D.F Ms (Mean F Table 0.05 Table 0.01
(0] Squre) =ms/ms

VARIANCE =ss/D.F

Bet gps 3 1045.46 | 348.5 6.03 3.1 4.94
Withn gps | 20 1156.5 57.83

total 23
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3.5915
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2.9647
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2.6143

2.548
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2.3077

2.2304

2.1898

2.1477

2.104
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24115

2.1141

2.0712
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1.9302

3.4928

3.0984

3.4668

3.0725
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2,514

2.4471

2.3928

2.3479

2.2776
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2.1242

2.0825

2.0391

1.9938

1.2464
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2.3748

23201
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2.1282

2.0476
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1.9605

19139

1.8648

1.8128

3.4028

3.0088

2.7763

2.6207

2.5082

2.4226

2.3551

2.3002

2.2547

2.1834
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2.0267

1.9838

1.939

1.892

1.8424

1.7896

3.3852

2.9912

2.7587

2.603

2.4504

2.4047

2.3371

2.2821

2.2365

2.1649

2.0889

2.0075

1.8643

1.9192

1.8718

1.8217

1.7684

3.369

2.9752

2.7426

2.5868

24741

2.3883

2.3205

2.2655

2.2197

2.1479

2.0716

1.9898

1.9464
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1.8533

1.8027

1.7488

3.3541
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2.7278
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2.4591
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2.3053

2.2501

2.2043

2.1323

2.0558

1.9736

1.5259

1.8842
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1.7851

1.7306

3.3404

2.9467
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2.5581

2.4453

2.3593

2.2913
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2.19

2.1179

2.0411

1.9586

1.9147

1.8687

1.8202

1.7689

1.7138

3.3277

2.934

2.7014

2.5454

2.4324

2.3463

2.2783

2.2229

2.1768

2.1045

2.0275

1.9446

1.9005

1.8543

1.8055

1.7537

1.6981

3.3158

2.9223

2.6896

2.5336

2.4205

2.3343

2.2662

2.2107

2.1646

2.0921

2.0148

1.9317

1.8874

1.8409

1.7918

1.7396

1.6835

3.2317

2.8387

2.606

2.4495

2.3359

2.249

2.1802

2.124

2.0772

2.0035

1.9245

1.8389

1.7929

1.7444

1.6928

1.6373

1.5766
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2.7581
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2.3683

2.2541

2.1665
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2.2899
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1.9588

1.9105

1.8337
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1.6587

1.6084

1.5543

1.4952

1429

1.3519

2.9957

2.6048

2.3719

22141

2.0986

2.0096

1.9384

1.8799

1.8307

1.7522

1.6664

1.5705

1.5173

1.4591

1.394

1318

1.2214




Excell ANOVA
Sou'rce. i SS df MS F P-value F crit
Variation
Between | 104546 | 3 | 348.5 | 6.03 | 0004 | 3.008
Groups
Ui 1156.5 | 20 | 57.825
Groups
Total 2201.958 | 23
Minitab
Source | DF Adj SS Adj MS| F-Value P-Value
Factor 1045 348.49 6.03 0.004
Error 1157 57.83
Total 2202




C 69.2
A 75.6
B 78.8
D 87.5

C-A=6.4, C-B=9.7, C-D=18.3
A-B=1.2,A-D=11.8, C-A=6.4
B-D=8.7, B-C=9.7, B-A=1.2
D-C=18.3, D-A =11.8 , B-D=8.7

C.V= /MTS 100%=2"23 100% = 9.77%

77.8

No. of comparisons for given group size
_ ngrpsx(ngrps _1) 6 — 4x3
comparisons 7 - 7

Tukey Simultaneous Tests for Differences of Means

Difference Difference SE of

of Levels of Means Difference 95% ClI
TRB-TRA 3.17 4.39 (-9.13, 15.46)
TRC-TRA -6.50 4.39 (-18.79, 5.79)
TRD-TRA 11.83 4.39 (-0.46, 24.13)
TRC-TRB -9.67 4.39 (-21.96, 2.63)
TRD-TRB 8.67 4.39 (-3.63, 20.96)
TRD-TRC 18.33 4.39 (6.04, 30.63)

Individual confidence level = 98.89%

Adjusted

T-Value P-Value
0.72 0.887
-1.48 0.467
2.70 0.062
-2.20 0.157
1.97 0.231
4.18 0.002

TRB -

TRC-

TRD -

TRC-

TRD -

TRD -

TRA+

TRA

TR A

TR B~

TRB

TRCH

Tukey Simultaneous 95% Cls
Difference of Means for TR A, TR B, ...

I o |
hd 1

T T T T T
-20 -10 0 10 20 30

If an interval does not contain zero, the corresponding means are significantly different.




C.V= /MTS 100%=2"23 100% = 9.77%

77.8

C 69.2 C-A=6.4, C-B=9.7,C-D=18.3

A 75.6 A-B=1.2,A-D=11.8, C-A=6.4

B 78.8 B-D=8.7, B-C=9.7, B-A=1.2

D 87.5 D-C=18.3, D-A=11.8 , B-D=8.7

Fisher Individual 95% Cls
Difference of Means for TR A, TR B, ...

Fisher Individual Tests for Differences of Means TRB-TRAL ; L . ,
Difference Difference SE of Adjusted RC-TRAL } .
of Levels  of Means Difference 95% Cl  T-Value P-Value ,
TRB-TRA 3.17 4.39 (-5.99, 12.32) 0.72 0.479 TRD-TRA" [ o :
TRC-TRA -6.50 4.39 (-15.66, 2.66) -1.48 0.154 '
TRD-TRA 11.83 439 (2.68,20.99) 2.70 0.014 TRC-TRET ’ '
TRC-TRB -9.67 4,39 (-18.82, -0.51) -2.20 0.040 Rp.TRE] o .
TRD-TRB 8.67 4.39 (-049, 17.82) 1.97 0.062
TRD-TRC 18.33 439 (9.18, 27.49) 418 0.000 TRD - TRC- [ ° |

Simultaneous confidence level = 80.83% 20 o0 0 10 20 0

If an interval does not contain zero, the corresponding means are significantly different.
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xample: Investigation of the effects of a diet and/or exercise
program on body weight.
Test subjects split into 4 groups.

Group | Treatment No.
Code Subjects
C No dieting, no exercise (control group) 5

D Dieting, no exercise 3}

E Exercise, no dieting 3)

DE Dieting + exercise S




Effect of diet/exercise on weight: Results

Weight Loss (kg)

Group
Avg.
Control (C) -2 1 -2 0.34
Diet (D) 2 1 25 | 294
Exercise (E) 3 3 5 4.6
DietJ’(E’l‘Ee)rCise 6 | 65 | 85 | 7.2




Weight loss (kg)

Boxplot of Control (C), Diet (D), Exercise (E), Diet+Exercise (DE)

10

4-

-2

Control (C)

Diet (D)

Exercise (E)

Diet+Exercise (DE)

xercise on weight: Box Plot

Interval Plot of Control (C), Diet (D), Exercise (E), Diet+Exercise (D
95% Cl for the Mean

Data

Jo
2
| .

Control (C) Diet (D) Exercise (E) Diet+Exercise (DE)

Individual standard deviations are used to calculate the intervals.



Control, Diet, Exercise, Diet+Exercise

Dependent Variable
Weight loss

Independent Variable
Treatment: Control / Diet / Exercise / Exercise+Diet

Possible Comparisons (6)
Control vs. Diet
Control vs. Exercise

_ _ Do any
ggrltrol \E/s. Dlgt + Exercise of the treatments
iet vs. Exercise work?

Diet vs. Diet + Exercise
Exercise vs. Diet + Exercise

Which is better?

No. of comparisons for given group size

_ngrpsx(ngrps—l) 6:4><3

ncomparisons - 7 o




Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value

12.17 0.000

Factor 3 112.04 37.346

Error 16 49.10

Total 19 161.14
Tukey Simultaneous Tests for Differences of Means

Difference SE of Adjusted

Difference of Levels of Means Difference 95% ClI T-Value P-Value
Diet (D) - Control (C) 1.90 111 (-1.27,5.07)  1.71 0.348
Exercise (E) - Control (C) 3.80 1.11 (0.63, 6.97) 343 0.016
Diet+Exercis - Control (C) 6.40 1.11 (3.23,9.57) 5.78 0.000
Exercise (E) - Diet (D) 1.90 1.11 (-1.27,5.07)  1.71 0.348
Diet+Exercis - Diet (D) 4.50 1.11 (1.33,7.67) 4.06 0.005
Diet+Exercis - Exercise (E) 2.60 1.11 (-0.57, 5.77) 2.35 0.129

Individual confidence level = 98.87%

Fisher Individual Tests for Differences of Means

Difference SE of

Difference of Levels of Means Difference 95% ClI

Tukey Simultaneous 95% Cls
Difference of Means for Control (C), Diet (D), ...

Diet (D) - Control (C)

Exercise (E) - Control (C)

Diet+Exercis - Control (C)

Exercise () - Diet (D)

Diet+Exercis - Diet (D)

Diet+Exercis - Exercise (E)

- WEOE T WD WSS S VE— ——

If an interval does not contain zero, the ing means are signif

different.

Diet (D) - Control (C) 1.90 1.11 (-0.45, 4.25)
Exercise (E) - Control (C) 3.80 1.11 (1.45, 6.15)
Diet+Exercis - Control (C) 6.40 1.11 (4.05, 8.75)
Exercise (E) - Diet (D) 1.90 1.11 (-0.45, 4.25)
Diet+Exercis - Diet (D) 4.50 1.11 (2.15, 6.85)
Diet+Exercis - Exercise (E) 2.60 1.11 (0.25, 4.95)

Simultaneous confidence level = 81.11%

Adjusted

T-Value P-Value
1.71 0.106

343 0.003
5.78 0.000

1.71 0.106
4.06 0.001
2.35 0.032

Fisher Individual 95% Cls
Difference of Means for Control (C), Diet (D), ...

Diet (D) - Control (C)

Exercise (E) - Control (C)

Diet+Exercis - Control (C)

Exercise (E) - Diet (D)

Diet+Exercis - Diet (D)

Diet+Exercis - Exercise (E)

= S A

If an interval does not contain zero, the ing means are signif

different.




=77

Significant Interval Plot of Control (C), Diet (D), Exercise (E), Diet+Exercise (D

. 95% Cl for the Mean
differences
between

KX
groups N *%*
indicated by N
asterisks and
lines joining N
bars 5

o, [

*P <0.05
**P < 0.01

107

Data

Control (C) Diet (D) Exercise (E) Diet+Exercise (DE)

Individual standard deviations are used to calculate the intervals.



