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Outlines

● Introduction
● Independent t-test
● Paired t-test
● ANOVA
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Learning outcomes

● Understand the concept of parametric test
● Familiarize with selected parametric tests for a 

numerical outcome
● Understand and able to interpret the results of the 

selected parametric tests
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Introduction
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Parametric Test

● Statistical test that requires:

– Sample data come from population data that can be 
modeled by specific statistical distribution.

– e.g. SBP of sample ← Normally distributed SBP of 
population.

– Fixed set of parameters for chosen distribution.

– e.g. normal distribution ← mean, SD.
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Parametric Test

● Statistical test that requires (cont.):

– Specific parameters to be tested.

– e.g. MEAN is different or not.

– Several assumptions to be tested before performing 
analysis.

– Less flexible, BUT powerful and commonly used.
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Parametric Test

● Parametric tests for comparison of means:

– Two independent samples: Independent t-test

– Two related samples: Paired t-test

– More than two independent samples: ANOVA
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Two independent samples: 
Independent t-test
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Independent t-test

● Purpose: Compare MEANS of TWO independent 
samples/groups.

● Assumptions:

1.Numerical outcome.

2.Normal data distribution for each group.

3.Equal variance between groups.
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Independent t-test

Research objective:

To compare mean cholesterol level between male and 
female.

Research question:

Is there any difference in mean cholesterol level 
between male and female populations?
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Independent t-test

Alternative Hypothesis:
Mean cholesterol level of 

male population is different 
from female population

Null Hypothesis:
No difference in mean 

cholesterol level between the 
populations

Alternative Hypothesis:
P-value ≤ 0.05

Null Hypothesis:
P-value > 0.05

Statistical Test

RQ: Is there any difference in mean cholesterol level between male and 
female populations?

Independent t-test
→t-stat

P-value
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Independent t-test: Example

● Sample size: 40/group
● Group: 2 (male and female)
● Outcome: cholesterol level in mmol/L
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Normality: Histogram
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Normality: Boxplot
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Independent t-test: Results

Equal: p ≥ 0.05
Unequal: p <0.05

Use Welch t-test when variance not equal



Dr. Wan Nor Arifin (4) Univariable Analysis of Numerical Data 16

Independent t-test: Results
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Two related samples:
Paired t-test
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Paired t-test

● Purpose: Compare MEAN DIFFERENCE between 
TWO related samples, i.e. equal to ZERO if there is 
no difference.

● Assumptions:

1.Numerical outcome.

2.Normal distribution of the DIFFERENCES between 
TWO paired observations (e.g. SBP after treatment – 
SBP before treatment).
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Paired t-test

Research objective:

To compare mean cholesterol level of hypertensive 
patients before and after treatment.

Research question:

Is there any difference in mean cholesterol level of 
hypertensive patients before and after treatment?
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Paired t-test

Alternative Hypothesis:
Mean cholesterol level of 
HPT patients is different 

before and after treatment

Null Hypothesis:
No difference in mean 

cholesterol level of HPT 
patients before and after 

treatment

Alternative Hypothesis:
P-value ≤ 0.05

Null Hypothesis:
P-value > 0.05

Statistical Test

RQ: Is there any difference in mean mean cholesterol level of 
hypertensive patients before and after treatment?

Paired t-test →
t-stat

P-value
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Paired t-test: Example

● Sample size: 30 paired observations
● Repetition: 2 (before and after treatment)
● Outcome: cholesterol level in mmol/L
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Normality: Histogram
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Normality: Boxplot
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Paired t-test: Results

mean difference = 8.247 – 7.440
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Paired t-test: Results
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More than two independent 
samples: ANOVA
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ANOVA

● ANalysis Of VAriance.
● Purpose: Compare MEANS of THREE/MORE 

independent samples/groups.
● Assumptions:

1.Numerical outcome.

2.Normal data distribution for each group.

3.Equal variance between groups.
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ANOVA

Research objective:

To compare mean cholesterol level between Group A, 
B and C treatment groups.

Research question:

Is there any difference in mean cholesterol level 
between Group A, B and C treatment groups?
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ANOVA

Alternative Hypothesis:
Mean cholesterol level 

between any of the 
populations are different.

Null Hypothesis:
No difference in mean 

cholesterol level between any 
of the populations

Alternative Hypothesis:
P-value ≤ 0.05

Null Hypothesis:
P-value > 0.05

Statistical Test

RQ: Is there any difference in mean cholesterol level between Group A, 
B and C treatment groups?

ANOVA →
F-stat

P-value
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ANOVA: Example

● Sample size: 25/group
● Group: 3 (Grp A, B and C)
● Outcome: cholesterol level in mmol/L
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Normality: Histogram
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Normality: Boxplot
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ANOVA: Results
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ANOVA: Results

Equal: p ≥ 0.05
Unequal: p <0.05

df1 = 2
df2 = 72

Use Welch ANOVA when variance not equal
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ANOVA: Results

Equal variance

Unequal variance
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ANOVA: Results
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Quiz

● Briefly describe about parametric test
● Describe the purpose of testing by independent t-test
● Describe the purpose of testing by paired t-test
● Describe the purpose of testing by ANOVA
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Quiz

Ezema, C. I., Omeh, E., Onyeso, O. K. K., Anyachukwu, C. C., Nwankwo, M. J., Amaeze, A., ... & Ugwuanyi, I. (2019). The effect of an aerobic exercise 
programme on blood glucose level, cardiovascular parameters, peripheral oxygen saturation, and body mass index among Southern Nigerians with type 2 diabetes 
mellitus, undergoing concurrent sulfonylurea and metformin treatment. The Malaysian journal of medical sciences: MJMS, 26(5), 88.
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Quiz

Kuan, G., Abdullah, N., Kueh, Y. C., Ismail, M., Shafei, M. N., & Morris, T. (2019). Co-curricular activities and motives for participating in physical activity 
among health sciences students at Universiti Sains Malaysia, Malaysia. The Malaysian journal of medical sciences: MJMS, 26(1), 138.
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Thank You
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