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Outlines

● Hypothesis Testing
● Parametric Test
● Two Independent Samples
● Two Related Samples
● More Than Two Independent Samples
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Learning outcomes

● Understand basic concept of hypothesis testing.
● Understand concept of P-value and significance 

level.
● Able to perform selected parametric tests for 

comparison of means between samples.
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Hypothesis Testing
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Hypothesis Testing

● In the context of comparison of samples → 
comparison of populations.

Population A
Sample A

Sample B
Population B

Infer
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Hypothesis Testing

● Stated in form of Statistical Hypothesis → Can be 
tested with statistical test.

Alternative Hypothesis:
Population A is different from Population B

Null Hypothesis:
Population A is similar to Population B
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Hypothesis Testing

● P-value – Probability that the difference is merely 
by chance → Calculated from statistical test.

● Set acceptable level so called “chance” → 
Significance level, α (0.05, 0.01, 0.001)

Alternative Hypothesis:
P-value ≤ 0.05

Null Hypothesis:
P-value > 0.05
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Hypothesis Testing

Alternative Hypothesis:
Population A is different 

from Population B

Null Hypothesis:
Population A is similar to 

Population B

Alternative Hypothesis:
P-value ≤ 0.05

Null Hypothesis:
P-value > 0.05

Statistical Test
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Hypothesis Testing

Alternative Hypothesis:
Mean SBP of PG population 

is different from L population

Null Hypothesis:
No difference in Mean SBP 

between the populations

Alternative Hypothesis:
P-value ≤ 0.05

Null Hypothesis:
P-value > 0.05

Statistical Test

Comparing mean SBP of postgraduate students' population vs lecturers' population

Independent t-test
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Parametric Test
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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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Two independent samples: 
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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Two independent samples: 
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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Two independent samples: 
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
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Independent t-test: Practical

● Dataset: cholestrol2.sav
● Sample size: 40/group
● Group: 2 (male and female)
● Outcome: cholesterol level in mmol/L
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Normality: Histogram

1. Graphs > Legacy Dialogs > 
Histogram

2. Variable: cholestrol, Display 
normal curve: [x], Rows: gender

3. OK
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Normality: Boxplot

1. Graphs > Legacy Dialogs > 
Boxplot > Simple > Define

2. Variable: cholestrol, Category 
Axis: gender

3. OK
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Independent t-test: Steps

1. Analyze > Compare Means > Independent-
Samples T Test...

2. Test Variable(s): cholestrol, Grouping 
Variable: gender

3. [Define Groups] > Group 1: 1, Group 2: 2 > 
Continue

4. OK
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Independent t-test: Results

Equal: p ≥ 0.05
Unequal: p <0.05

Use Welch t-test when variance not equal
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Two related samples:
Paired t-test
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Two related samples: 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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Two related samples: 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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Two related samples: 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
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Paired t-test: Practical

● Dataset: cholestrol_prepost.sav
● Sample size: 30 paired observations
● Repetition: 2 (before and after treatment)
● Outcome: cholesterol level in mmol/L
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Compute difference

1. Transform > Compute Variable...

2. Target Variable: difference, 
Numeric Expression: 
cholestrol_after - 
cholestrol_before

3. OK
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Normality: Histogram

1. Graphs > Legacy Dialogs > 
Histogram

2. Variable: difference, Display 
normal curve: [x]

3. OK
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Normality: Boxplot

1. Graphs > Legacy Dialogs > 
Boxplot > Simple, Data in Chart 
Are: Summaries of separate 
variables [x] > Define

2. Boxes Represent: difference

3. OK
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Paired t-test: Steps

1. Analyze > Compare Means > 
Paired-Samples T Test...

2. Select both cholestrol_before, 
cholestrol_after → Paired 
Variables

3. OK



Dr. Wan Nor Arifin IPS Basic 2019 32

Paired t-test: Results
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More than two independent 
samples: ANOVA
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More than two independent 
samples: 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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More than two independent 
samples: 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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More than two independent 
samples: 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
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ANOVA: Practical

● Dataset: cholestrol3.sav
● Sample size: 25/group
● Group: 3 (Grp A, B and C)
● Outcome: cholesterol level in mmol/L
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Normality: Histogram

1. Graphs > Legacy Dialogs > 
Histogram

2. Variable: cholestrol, Display 
normal curve: [x], Rows: group

3. OK
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Normality: Boxplot

1. Graphs > Legacy Dialogs > 
Boxplot > Simple > Define

2. Variable: cholestrol, Category 
Axis: group

3. OK



Dr. Wan Nor Arifin IPS Basic 2019 40

ANOVA: Steps

1. Analyze > Compare Means > One-
Way ANOVA...

2. Dependent List: cholestrol, 
Factor: group
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ANOVA: Steps

3. [Options...] > Statistics: 
Descriptive [x] Homogeneity of 
variance test [x] Welch [x] > 
Continue
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ANOVA: Steps

4. [Post Hoc...] > Equal Variances 
Assumed: Sidak [x], Equal 
Variances Not Assumed: Games-
Howell [x] > Continue

5. OK
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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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Q&A
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