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Statistics

Descriptive:

To describe sample 
statistics

Inferential:

To make statistical inference 
about population parameter 

using sample statistics

Hypothesis Test:

To test difference/ 
association/ effect

Estimate:

To estimate the magnitude/ 
strength of the difference/ 

association/ effect

Measure of 
association/ effect: 

Confidence 
Interval 95%

Statistical Test:
Report p value

The Function of Statistics

MD, SMD, RR, OR, HR, 
regression coefficient (b), 

correlation coefficient (r), etc.



What is the 
Function of 

Statistical Test?
A statistical test helps test a 
hypothesis to make decision 
about whether a difference/ 

association/ effect statistically 
meaningful, i.e. statistically 

significant

What is the single 
statistic that must 

be reported of a 
statistical test?

P value



What is the Utility 
of Estimation?
An estimation helps an analytical 

study to estimate the magnitude (i.e. 
strength) of difference/ association/ 
effect of the study variable in the 

target population

Give an Example 
of Estimation in 
a Health Study

A sample data analysis regarding 
the association between smoking 
and stroke showed OR= 3. That 
means, smokers have 3 times as 

many risk of  contracting stroke 
as non-smokers



What is Confidence 
Interval?

Confidence Interval is an estimate 
about the strength or magnitude of 

the difference/ association/ effect in 
the target population presented in a 

range of values with a specified 
confidence level, typically 95%

For example, a sample data analysis 
from a study of the association 

between smoking and stroke showed 
OR= 3 with 95%CI= 2.3 to 5.7. That 

means, with a confidence level of 95% 
it can be said that smokers have 2.3 to 

5.7 kali times as many risk of 
developing stroke as non-smokers.



Does p Value (e.g. 
p= 0.023) Indicate 

the Strength or 
Magnitude of a 

Difference/ 
Association/ 

Effect of a Study 
Variable?

No. P value does not at all indicate 
the difference/ association/ effect of 

a study variable. For example, with p= 0.023 we 
should not say that there is a 

difference/ association/ effect. 
Conversely, with p= 0.223 we should 

not say that there is not a 
difference/ association/ effect.

p Value 

Misinterpretation

The p value should never be 
interpreted as the strength or 
magnitude of the difference/ 

association/ effect



The p value is the probability 
of obtaining a difference/ 

association/ effect at least as 
much as an observed value in 
the sample, assuming the null 

hypothesis in the target 
population were true.

The Definition 
of p Value

Inference

Random 

Sampling 

Error 

(Sample to 

Sample 

Variation)

Assumption: 

There is no 

difference/ 

association/ effect

There is 
difference/ 

association/ 
effect in the 

observed 
sample

Target 

Population

Sample

P Value

In fact:

1. The p value is NOT a measure of 
association or measure of effect

2. The p value is NOT the probability of 
rejecting the null hypothesis if the null 
hypothesis were true.

3. The p value is NOT the probability of 
incorrectly reject the null hypothesis if the 
null hypothesis were true.

The variation in the 
probability stems from  
random sampling error 

(random sampling 
variation)

The p value is one of the 
commonest misinterpretation 

in  statistics. Most people 
mistakenly think of the p 
value as an indicator of  

association/ effect.



Correct Interpretation 
of p Value

For example, a sample data analysis from a 
study of the association between smoking 
and stroke showed OR= 3 with p=0.063. 
The interpretation is as follows.

CORRECT: Assuming no association between 
smoking and stroke is present in the target 
population, the probability of obtaining an 
observed value that smokers at least have 3 
times as many risk of developing stroke as non-
smokers due to random sampling error is 6.3%.

INCORRECT: There is no association 
between smoking and stroke.

INCORRECT: The probability is making a 
wrong conclusion that there is an association 
between smoking and stroke if the null 
hypothesis were true in the population, is 6.3%

Inference

Random 

Sampling 

Error 

(Sample to 

Sample 

Variation)

Assumption: 

There is no 

difference/ 

association/ effect

There is 
difference/ 

association/ 
effect in the 

observed 
sample

Target 

Population

Sample

P Value



If p value is low (small): 
The observed sample is 

inconsistent with the null 
hypothesis assumption of 

the population.

If p value is small, we 
can conclude that the 

observed sample is 
incompatible with the 

null hypothesis 
assumption of the 

target population, so 
that we can reject null 

hypothesis of the 
population.

Correct Interpretation 
of p Value

If p value is high (large): 
The observed sample is 
consistent with the null 

hypothesis assumption of 
the population.

In this way the p value 
can be used to help 

make statistical 
inference, i.e. making 
use of sample statistic 

to make conclusion 
about the population 

parameter.

Inference

Random 

Sampling 

Error 

(Sample to 

Sample 

Variation)

Assumption: 

There is no 

difference/ 

association/ effect

There is 
difference/ 

association/ 
effect in the 

observed 
sample

Target 

Population

Sample

P Value



The p value can be used to predict  
reproducibility of the study result. 

The smaller p value, the higher 
reproducibility rate of the study 

result when it is replicated.

Replication of a study refers to 
repetition of a study using the same 
methodological procedure and yet 

different samples. 

Reproducibility refers to the extent 
to which replication of a study would 

provide the same results as the 
original study.

Replication, 
Reproducibility, 

and p Value
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P Value of a study

Reprodicibility Rate 
by p Value

Source: Frost, 2020



An analytical study should report 
the p value with three digit numbers 
after the decimal point (e.g. p=0.023, 

instead of p<0.05)

The p value provides the strength of 
evidence to reject the null 

hypothesis of the population.

The smaller p, the stronger evidence 
to reject the null hypothesis. For 

example, p= 0.023 provides stronger 
evidence than p= 0.043, despite both  

p values are less than 0.05

How to Report 
p Value



Attention! The p Values 
are Affected by the 

Sample Size

The larger sample of a study, the smaller p value.

Source: Filho et al. 2014



1. Never report only the p value. First, the p 
value does not tell about the strength of the 
difference/ association/ effect. Second, it is 
affected by the sample size.

2. An analytical study must report the measure 
of association/ measure of effect along with 
its 95% Confidence Interval and p value (e.g.  
OR=3.0; 95%CI= 2.3 to 5.7; p=0.063)

3. The p value tells about the probability 
compatibility of the observed sample with the 
null hypothesis assumption of the population. 
The measure of association (measure of 
effect) tells about the strength of the 
association if exists. 

How to Report 
The Results of 

Statistical Analysis



OrdinalDiscreteContinuous Nominal

Variable Type 
(Data Type)

Continuous 
(Numeric) Categorical

E.g. Number of 
visits, number of 

erythroyctes,  
viral load

E.g. Z score,  
HbA1c level, 

Blood glucose 
(mg/ dL), BH (cm), 

BW (kg)

Eg. Education 
level, pain level 
(Visual Analog 

Scale), stages of 
cancer

Eg. Disease 
status, exposure 
status, nutrition 

status, race

Attention:

1. Ordinal >10 scores → Continuous
2. 2 categories= dichotomous= binary
3. Discrete has no decimal point.

Data Type



Measure of
Association
(Measures of Effect)

Dependent 
variable

Independent 
variable

Range of 
values

Null 
hypothesis

Mathematical model Can 
multivariate 
analysis?

Effect Size/ ES 
(Standardized Mean 
Difference/ SMD, 
Cohen’s d, Z score)

Continuous Dichotomous -3≤ES≤3 ES=0 Mean difference 
between two samples

No

Correlation coefficient 
(r)

Continuous Continuous -1≤r≤1 r=0 Correlation No

Regression coefficient 
(b)

Continuous Continuous, 
Dichotomous, 
dummy variable

-∞≤b≤∞ b=0 Linear regression 
analysis, multilevel 
linear regression 
analysis, path analysis

Yes

Odds Ratio (OR) Dichotomous Dichotomous, 
dummy variable

1/∞≤OR ≤∞ OR=1 Logistic regression 
analysis, multilevel 
logistic regression 
analysis, path analysis

Yes

Hazard Ratio (HR) Time to Event Dichotomous, 
Dummy Variable

1/∞≤HR ≤∞ HR= 1 Cox proportional hazard 
model

Yes

Measures of Association (Measures of 
Effect) and the Related Statistics



Summary
1. You must be able to 

distinguish between measures 
of difference/ association/ 
effect on the one hand, and 
statistical tests and 
mathematical models on the 
other.

2. The p value is one of the 
commonest misinterpretation 
in  statistics. Most people 
mistakenly think of the p 
value. The p value is NOT a 
measure of association or 
measure of effect

3. The p value is NOT the 
probability of rejecting the 
null hypothesis if the null 
hypothesis were true.

7. An analytical study must 
report the measure of 
association/ measure of 
effect along with its 95% 
Confidence Interval and p 
value (e.g.  OR=3.0; 95%CI= 
2.3 to 5.7; p=0.063)

8. The p value can be used to 
predict  reproducibility of 
the study result. The 
smaller p value, the higher 
reproducibility rate of the 
study result when it is 
replicated.

4. The p value is NOT the 
probability of incorrectly reject 
the null hypothesis if the null 
hypothesis were true.

5. The p value is the probability of 
obtaining a difference/ 
association/ effect at least as 
much as an observed value in 
the sample, assuming the null 
hypothesis in the target 
population were true.

6. If p value is small, we can 
conclude that the observed 
sample is incompatible with the 
null hypothesis assumption of 
the target population, so that 
we can reject null hypothesis 
of the population.
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