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ÅResearch is a process of acquiring new knowledge or the process of inventing something valuable by 
using a systematic scientific process to define the research topics, research questions, literature 
reviews, research tools creation, data collection, data analysis or synthesis, reporting, discussion, 
conclusion, and publication.  

ÅResearchhas evolved over many generations to develop processes to be as accurate and reliable as 
possible or to produce results that are as close to reality as possible. In addition, The research starts 
from the process of acquiring knowledge that has been accepted. The knowledge acquisition process 
can divide into different eras starting from the ancient times Aristotle era Francis Bacon era and the 
present.

Research questions
Answers
(Results)

Processes

Step 1 Step 2 Step 3 Step n
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Statistics for Public Health Research

Statistics are essential for summarizing public 
health research and other fields of science
 The correct selection of analytical statistics is 
essential in order to reliable conclusions and refer 
them to the study population accurately.
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Process of conducting public health research 

Research questions / 
Defining research topics

Literature reviews
Research protocol / 
Research proposal

Research tools /
InterventionsData collection

Data analysis / 
Synthesis

Reporting research / 
Discussion / Conclusion 

Publication Research
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Population Sample

Parameter Statistics
Inference

ü Estimation
ü Hypothesis testing

Random

Statistical Processes
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Population VSSample

Population : the total number of units 
with qualifications as determined by the 
researcher that is interested in studying the 
conditions such as people, animals, 
organizations, some things, etc.

Sample : the group of some things that are 
part of the population studied to be 
conclusions for referring to the whole 
population. A good sample group will have 
the characteristics that can be represented 
the population.

Parameter Definitions Statistics
µ Mean ὼ

s Standard Deviation S /SD

s2 Variance S2/SD2

ʍ Correlation Coefficient r

P Proportion p

¦ ¦ ¦
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Components of research process

Å Primary Data 

Å Secondary Data 
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Types of Research

Qualitative Quantitative

Observational Experimental

Descriptive Analytical

Cross-sectional Case-control Cohort

Quasi-experimental Randomized-
controlled 

ü Action Research
ü Participatory Action Research
ü Research and Development
ü Mixed Method)
ü Evaluation Research

Bandit Thinkhamrop,
Applications of Statistics in Research, KhonKaenUniversity 
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Statistics for data analysis

1. Descriptive Statistics
ÅExplain or summarize the characteristics of the sample

2. Inferential statistics
ÅExplain or summarize the characteristics of the population
-Hypothesis testing

>null hypothesis: H0

>alternative hypothesis: HA 

-Estimation
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Descriptive Statistics
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Mean  ==> =>  = 5

Median ==> =>  = 4.5

Mode ==> =  3

Max, Min ==> =  9, 1

Range ==> =  8

Descriptive Statistics

S.Kittipong 13



Quantile
1.Quartile = distribution is divided into quarters

2.Decide = distribution is divided into tenths

3.Percentile = distribution is divided into hundredths
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Hypothesis testing

Assign a significance level (ɻ) or a possibility of error: 
-Determine whether to reject or not reject  (H0)

-Set at level as 0.10, 0.05, 0.01 (Popular: 0.05)

Find the p-value to summarize the results of the hypothesis test : 
-Take the statistical value to calculate from a computer program according 

to the probability distribution type

-Take the p-valueto compare with the level of significance.

Inferential statistics
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Estimation

Statistical estimation can be divided into 2 types:

1. Point Estimation

It is an estimate of a population parameter with a single value. It is calculated by 
calculating a statistic from the sample data. Then bring the obtained value to be an 
estimate of the parameters such as the Mean, OR value, RR value, etc.

2. Interval Estimation

It is an estimation of the parameters of the population. It lies somewhere between 
two values, the lower limit and the upper limit. This value is a range estimate of Point 
Estimation:PE, i.e. lower ůPEŮ upper Č Confidence Interval: CI

S.Kittipong 16



Summarizing results of data analysis for health research

ÅNumber+ Percentage

ÅMean+Standarddeviation; S.D.

ÅMedian + Min+ Max

ÅSignificance level; p-value

ÅEffect size

ÅConfidence Interval; CI

For describe

For inference
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Statistics choosing 

Research 
Questions

Identify the 
dependent 
variable.

Classify 
measurements 
and data type

Type of 
research

Statistics
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Measure of  variables

üNominal scale
Exp: gender, marital status

üOrdinal scale
Exp: education level, knowledge level

üInterval scale
Exp:temperature, knowledge scores

üRatio scale
Exp: age, weight
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Types of Data
1. Categorical data

Obtained from the Nominalscaleand Ordinal scale
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2. Numerical data

Obtained from the Intervalscale and Ratio scale.
Can be divided into 2 types:

- Discrete data : Data from events values cannot be decimal, 
such as the number of patients, the number of accidents. 

- Continuous data : The data obtained as numbers between the values can 
be decimal, for example, the weight that has decimal point is 24.21 Kg.
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Grouping by data type

Continuous Data

Categorical data
Nominal scale

Ordinal scale

Interval scale

Ratio scale
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Type of outcome data determines the statistics

Bandit Thinkhamrop,
Applications of Statistics in Research, KhonKaenUniversity 
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ContinuousCategorical

- Proportion, Prevalence
- Risk difference (RD)
- Odds ratio (OR)
- Risk ratio (RR) 

- Chi-square

- McNemartest

-Logistic regression
-Generalized Linear Model [GLM]

...

- ANOVA  

- t test,   -Pearsonõs correlation 

- Linear Regression,   - ANCOVA
- Generalized Linear Model [GLM]

...

- Mean (SD) 
- Median (Min:Max)
- Mean difference
- Correlation coefficient : r 
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Statistical Analysis Plan (SAP) 
For Categorical Outcome

Kittipong  Sornlorm, Dr. P.H.

Faculty of Public Health, KhonKaenUniversity



Categorical Outcome

Type of the categorical outcome
-Dichotomous : Disease (yes/no), Dead(yes/no) 
-Polytomous : Marital status (single, married, separated, divorced, 

widowed)
-Ordinal : Depressive symptom (None-minimal, Mild, Moderate, 

Moderately Severe, Severe)

Primary target of estimation 
-Proportion, Prevalence
-Risk difference (RD), Odds ratio (OR), Risk ratio (RR), 
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Categorical Outcome

Modeling
-Unconditional logistic regression
-Conditional logistic regression
-Generalized linear models 

Research Question
-What are the Xsassociated with the Y...?
-What are theXsinfluencing the Y...?
-What is the magnitude of the relationships of Xon the Y...?
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Example 
Dataset : Multivariable-groups.xlsx

Data description
id Identification Code 
gender  Gender (1=male, 2=female)                             
age Age in year           
weight Weight in kg.                  
height Height in cm. 
occupation Occupation (1= Employed,  2=Unemployed)    
income  Income of respondents (Baht per month)
fam_income Family income (Baht per month)
chronic Chronic disease  (1 = No, 2 =Yes)
qolscore Quality of life score
qolscore2 Quality of life score follow-up 2 weeks 
qolscore3 Quality of life score follow-up 3 weeks 
group Sample groups (1 =Intervention, 2 = Comparison)
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Prevalence

Level of quality of lifeNumber Percentage95% conference interval

Good (96 -130)(3) 51 3.92 2.93-5.13
Moderate(61 -95)(2) 846 65.08 62.42 -67.67
Poor(26 -60)(1) 403 31.00 28.49 -33.59

Level of quality of life (0,1)Number Percentage95% conference interval

Good and Moderate (0)897 69.00 66.41 -71.51
Poor(1) 403 31.00 28.49 -33.59

Prevalence of a quality of life among the elderly (n=1,300)
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Level of quality of lifeNumber Percentage95% conference interval

3 Good (96 -130)
2 Moderate(61 -95)
1 Poor(26 -60) 403 31.0 28.5 -33.6
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Recoding to be 2 levels of quality of life
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Odds ratio

Factors associated with poor quality of life among the elderly (n=1,300)

Factor Number
% of poor 

QOL
Odds ratio 95%CI p-value

Gender 0.591
Male 446 30.04 Ref.
Female 854 31.50 1.07 0.83 to1.37

Odds ratio -> a measure of association between an exposure and an outcome, 
often abbreviated as OR = Odds ratio 

Research question: Is there an association between genderand the poor 
quality of life?

There is NOT an association between genderand the poor quality of life.
(Odds female/ Odds male=1.07)
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Crosstabulation between X and Y(% of events) 
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Bivariate analysis (Crude OR) 
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Factor Number
% of poor 

QOL
Odds ratio 95%CI p-value

Gender 0.591
Male (1) 446 30.04 Ref.
Female (2) 854 31.05 1.07 0.83 to1.37
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Categorical 
outcome

Proportion

1 group 2 groups ů 3 groups

üP , (95%CI)
üp-value 

(Binomial Test)

dependent 
üPg1-Pg2-Pg3, (95%CI)
üp-value 

(GEE, GLMM)

Binomial exact 
probability test

Fisher's Exact test Binomial exact 
probability test

FremanHalton 
conditional exact test

Small sample size

independent
üP1-P2  , (95%CI)
üp-value 

(x2-test) 

dependent 
üPg1-Pg2   , (95%CI)
üp-value 

(McNamar-test)

independent 
üP1 , P2 , P3   , (95%CI)
üp-value 

(x2-test)

Association

independent (2 groups)
üOR / RR , (95%CI)
üp-value (x2-test)

(Unconditional Logistic Regression) 

dependent (2 groups)
üOR  , (95%CI)
üp-value (McNamar-test)
(Conditional Logistic Regression) 

ů3 groups 
üOR , (95%CI)
üp-value 

(GEE, GLMM)
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Multivariable Analysis
For Categorical Outcome
Kittipong  Sornlorm, Dr. P.H.

Faculty of Public Health, KhonKaenUniversity



Why do we need to use multivariable models?
The relationship between an event (or outcome measure / Y) and a 

risk factor (X) may be confounded by other variables. 
Confounding occurs when the apparent association between an X 

and a Yis affected by the relationship of a third variable (Z) to the Xand 
to the Y.

X Y

Z
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X Y

Z

X Y

X : Alcohol consumption (Y/N)
Y : Lung cancer (Y/N)
Z : Smoker (Y/N)

X Z

X/Z Y

Odds ratio of X on Y:  2.80 (95%CI:2.40 ·3.20), p-value = 0.012

Odds ratio of X on Z :  3.80 (95%CI:3.40 ·4.20), p-value = 0.002

Odds ratio of X & Z on Y :   1.20 (95%CI:0.80 ·1.60), p-value = 0.112
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Multiple Logistic Regression

Assumptions
1. Binary logistic regression requires the dependent variable to be binary, ordinal 

logistic regression requires the dependent variable to be ordinal, and  multinomial logistic 
regression requires the dependent variable is categorical (or nominal).

2. Logistic regression requires the observations to be independent of each 
other. 

3. Logistic regression requires there to be little or no multicollinearity
among the independent variables.

4. Logistic regression assumes linearityof independent variables and log odds. 
5. Logistic regression typically requires a large sample size.  
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The model

-Initial model
-Final model
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Variable selection to the initial model 
and finding the final model

1.Enter Regression method
2.Forward Selection method
3.Backward Elimination method
4.Stepwise Regression method
*** Mix methods (depend on researcher)
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Initial model

**  p-value for entry (Pe)  < 0.15 to 0.25,  
p-value for remove (Pr)  > Pe  
(Hosmer & Lemeshow, 2000) 

Selecting the independent variables to 
the initial model

-Include the factor interest
-Include the factor/co-variable 

which the p-value < 0.15, 0.20 or 0.25
The initial model :

gender,age, occupation, income, 
fam_income, and chronic

*If the gender is a factor interest
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Final model

* Assumptions

** Rule of thumb => Each of groups should more than 10% of the number 
or at least. The value of the cell expected should be 5 or more in at least 
80% of the cells, and no cell should have an expected of less than one.

*** Goodness of fit test ==> A statistical hypothesis test to see how well 
sample data fit a distribution from a population with a normal distribution.
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Factors associated with poor quality of life among the elderly (n=1,300)

Factor Number
% of poor 

QOL
Crude
OR

Adjusted
OR

95%CI p-value

Gender 0.xxx
Male xxx xx.xx Ref. Ref.
Female xxx xx.xx xx.xx xx.xxxx.xxtoxx.xx

Age group 0.xxx
< 70 xxx xx.xx Ref. Ref.
70 -80 xxx xx.xx xx.xx xx.xxxx.xxtoxx.xx

>  80 xxx xx.xx xx.xx xx.xxxx.xxtoxx.xx

Research question: Is there an association between genderand the poor quality 
of life when control another factors?
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Multivariable analysis (Adjusted OR) 
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There is NOTan association between genderandthe poor quality of lifewhen...

Factor Number
% of poor 

QOL
Crude
OR

Adjusted
OR

95%CI p-value

Gender 0.835
Male 446 30.04 Ref. Ref.
Female 854 31.05 1.07 1.02 0.79 to1.32

Age group <0.001
< 70 768 26.69 Ref. Ref.
70 -80 395 32.66 1.33 1.33 1.02 to1.73
>  80 137 50.36 2.78 2.77 1.91 to 4.03
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Test : Linearity of independent variables and log odds
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Linearity of Xs
and log odds

(p < 0.5 : Against assumption) 
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Test : Multicollinearity
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Assignment  I



Statistical Analysis Plan (SAP) 
For Continuous outcome

Kittipong  Sornlorm, Dr. P.H.

Faculty of Public Health, KhonKaenUniversity



Continuous outcome

Example of the continuous outcome
-Age in year, Income, Weight, BP, Score of ?, etc.

Primary target of estimation 
-Mean (SD), Mean difference
-Median (Min:Max), Median difference
-Correlation coefficient : r 

S.Kittipong 55



Continuous outcome

Research Question
1). Magnitude of effect = mean of Yamong the samples (unit of analysis)

-How large is the mean of Yamong the samples? 

2). Magnitude of effect = mean difference of Ybetween groups-> the 
difference of two means 

- What is the difference of Ybetween group 1 and group 2 among 
the samples?
- What is the magnitude of the association between Xand Y ¦?
- What are the factorsaffecting Y¦? 
- What are the predictorsof Y¦?
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Modeling
ü General Linear models (The model coefficient / Mean difference)

- t test, Pearson product-moment correlation coefficient (Pearson³s 
correlation) => the magnitude without controlling confounding effect

- ANOVA  => p-value only, not very useful 
- Linear Regression
- ANCOVA

üQuantile regression (The model coefficient / Median difference)
ü Generalized linear models (The model coefficient / Mean difference)
ü etc. 

Continuous outcome
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One group

Quality of life 
among the elderly 

Mean SD 95% conference interval

Quality of life score 68.36 17.845 67.39 ·69.33

Median70

Min-Max11 ·103
The quality of life among the elderly (n=1,300)

Inference on ´meanµ

One group -> Y of the samples 

Research question: How large is the mean of  the quality of life 
score among the elderly? 
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Answer: mean of the QOLS among the elderly  was 68.36 (95%CI: 67.39 to 69.33) 

Mean One group
1

2 3
4

5

6

7
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Two independent groups

The quality of life among the elderly (n=1,300)

Factor Number Mean (SD)
Mean

difference
95%CI p-value

Gender 0.710 
Male 446 68.61(18.94) Ref. Ref.
Female 854 68.23(17.25) 0.38 -1.65 to2.43

Two independent groups -> the difference of two means

Research question: What is the difference of the quality of life 
score between males and femalesamong the elderly?
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Mean Two groups (Independent)
1

2
3

4

5

6

Answer: the mean difference of the QOLS between males and females 
was 0.38 (95%CI: -1.65 to  2.43, p-value=0.710) 
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Comparison of differences in performance 
before and after developing the potential of caregivers of the elderly.

Research question: What is the effect of the potential development model for caregivers 
of the elderly? 

Paired Samples t Test

Factor Mean (SD)
Mean Difference
(Unadjusted)

95%CI p-value

Comparison of differences in 
performance 

< 0.xxx

Before xx.xx(xx.xx) Ref. Ref.

After xx.xx(xx.xx) xx.xx xx.xx-xx.xx
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Mean Two groups (Dependent)
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Three or more groups 

The quality of life among the elderly (n=1,300)

Factor Number Mean (SD)
Mean

difference
95%CI p-value

Age groups <0.001
< 70 768 69.61(18.09) Ref. Ref.
70 -79 395 68.27(17.02) -1.33 -3.48 to0.81
ů80 137 61.62(17.34) -7.9-11.20 to-4.76

Three or more groups -> the difference of there means or more 

Research question: What are the magnitudes of the association between age 
groups and the quality of life scoreamong the elderly?
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Three or more groups of mean
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