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Example: Effect of exercise on heart rate?
• Practice: Unpaired T test
•

Subject # Female 
Heights 
(cm)

Male 
Height
s (cm)

D= 
Difference

1 171.1 180.4 -15
2 161.0 168.4 -7
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

t= - 2.61

t crit =2.306 (Df=8)

𝑡 =
𝑥!̅ − 𝑥 ̅"

+
𝑆 2 𝑆 21 2
𝑛1 𝑛2

(6.13 2/5)+(4.69 2/5)
=

- 9.02





Example: Effect of exercise on heart rate?
• Practice: paired T test
•

Subject # Heart Rate 
(Resting) 
Beats/min

Heart Rate 
(After 
Exercise) 
Beats/min

D= 
Difference

1 70 85 -15.0
2 74 81 -7.0
3 68 79 -11.0
4 55 68 -13.0
5 80 95 -15.0

MEAN 69.4 81.6 -12.2
SE 4.14 4.38 1.50

t = - -8.15

t crit =2.776 (Df=4)

SED
Dt =

t =
- 12.2

1.5



Example: Effect of exercise on heart rate?
• Practice: one sample T test
•

Subject # Human 
IQ

Averag
e 
normal

D= 
Difference

1 85

100

2 120
3 90
4 105
5 110

MEAN 135 35.7
SE 6.37

t = 5.61
t crit =1.833 (Df=9)

SE1
X  - Mt =

t =
35.7

6.37

1.315796168



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  
Analysis of Variance 



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.



TR A TR B TR C TR D

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

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

One way ANOVA

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

3- Corr. Factor =(
∑(∑ #))!

%&
= 145237.04

4-Total SS =(∑(𝑋!))- CF =2201.96

5-between Tr ss=∑((∑ $)
!)

&
- CF=%'&

!(%'&!(%'&!(%'&!

)
− CF

= 1045.46
6- within tr ss= total ss – bet Tr ss=2201.96-1045.46

= 1156.5

SOURCE 
OF 
VARIANCE

D.F SS Ms (Mean 
Squre) 
=ss/D.F

F 
=ms/ms

Table 0.05 Table 0.01

Bet gps 3 1045.46 348.5 6.03 3.1 4.94

Withn gps 20 1156.5 57.83

total 23





Excell ANOVA

Source of 
Variation SS df MS F P-value F crit

Between 
Groups 1045.46 3 348. 5 6.03 0.004 3.098

Within 
Groups 1156.5 20 57.825

Total 2201.958 23

Source DF Adj SS Adj MS F-Value P-Value
Factor 3 1045 348.49 6.03 0.004
Error 20 1157 57.83
Total 23 2202

Minitab



Least significant difference

LSD0.05=
%(*+)
,

= %('-./0)
)

=4.39

TR Mean relation

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

C.V= *+
1
. 100%= '-./0

--./
. 100% = 9.77%
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Least significant difference

LSD0.05=
%(*+)
,

= %('-./0)
)

=9.16

TR Mean relation

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

C.V= *+
1
. 100%= '-./0

--./
. 100% = 9.77%



Example: Investigation of the effects of a diet and/or exercise 
program on body weight.

Test subjects split into 4 groups.

Weight loss measured at end of a 10 week period.

Group
Code

Treatment No.
Subjects

C No dieting, no exercise (control group) 5

D Dieting, no exercise 5

E Exercise, no dieting 5

DE Dieting + exercise 5



Effect of diet/exercise on weight: Results

Group
Weight Loss (kg)

Avg.

Control (C) 3 4 -2 1 -2 0.34

Diet (D) 5 3 2 1 2.5 2.94

Exercise (E) 6 4 5 3 5 4.6

Diet+Exercise
(DE) 8 7 6 6.5 8.5 7.2



Effect of diet/exercise on weight: Box Plot



Effect of diet/exercise on weight loss?
4 Groups

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
Control vs. Diet + Exercise
Diet vs. Exercise
Diet vs. Diet + Exercise
Exercise vs. Diet + Exercise
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Do any
of the treatments
work?

Which is better?





LSD0.05=
%(*+)
,

=??

**
**

Significant
differences
between 
groups 
indicated by
asterisks and
lines joining 
bars

* P < 0.05
** P < 0.01


