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OUTLINE

• INTRODUCTION TO STATISTICS

• TYPES OF DATA AND MANAGEMENT

• TYPES STATISTICS

• SELECTION OF STATISTICS
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INTRODUCTION TO STATISTICS 

Statistical analysis on study sample was consists 

of the principles and methods for:
❖ Collecting data and data management 

❖ Analysing data 

❖ Interpreting and explaining results 

❖ Presenting data 

❖ Making decision 
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DEFINITION: POPULATION AND SAMPLE 

• POPULATION THE COLLECTION OF ALL INDIVIDUALS OR

ITEMS UNDER CONSIDERATION IN A STATISTICAL STUDY

• SAMPLE THE PART OF THE POPULATION FROM WHICH

INFORMATION IS COLLECTED

Basic statistical analysis for clinical research: ดร.ณปภัช  โพธิ์พรหม Slide 4/94



Basic statistical analysis for clinical research: ดร.ณปภัช  โพธิ์พรหม Slide 5/94



DESCRIPTIVE AND INFERENTIAL STATISTICS 
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TYPE OF DATA 
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LEVEL OF MEASUREMENT 

CATEGORICAL DATA

• NOMINAL DATA

❖BLOOD GROUPS: A/B/AB/O 

❖SEX: MALE/FEMALE -> BINARY OR DICHOTOMOUS

• ORDINAL DATA

❖STAGING SYSTEMS FOR CANCERS: STAGE I/II/III/IV 

❖DEGREES OF INJURIES: MILD/MODERATE/SEVERE
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LEVEL OF MEASUREMENT 

NUMERICAL DATA

• DISCRETE DATA

❖ A COUNT DATA THAT INVOLVES ONLY INTEGER VALUES.

❖ NO DECIMAL POINT.

❖ EXAMPLE: NUMBER OF PATIENTS WHO VISIT OPD.

• CONTINUOUS DATA

❖ ALL VALUES OF NUMERICAL DATA THAT CAN MEASURE INCLUDE DECIMAL POINT.

❖ NOT ALWAYS CLEAN AND INTEGER NUMBER.

❖ EXAMPLE WEIGHT, HEIGHT, BMI, LABORATORY RESULTS.
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TYPES OF VARIABLES

• ตวัแปร (VARIABLES) เป็นคุณลกัษณะดา้นต่างๆ ของสิง่ทีต่อ้งการศึกษา ซึง่แบ่งเป็น 2 

ประเภท คอื

- ตวัแปรตามหรอืผลลพัธ ์(DEPENDENT VARIABLES OR OUTCOME

VARIABLES) 

- ตวัแปรอสิระหรอืตวัแปรปจัจยั/ตวัแปรกวน (INDEPENDENT VARIABLES OR

FACTOR VARIABLES/CONFOUNDING)
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P = Complicated Appendicitis

I = Primary closure

C = Delayed primary closure

O = Superficial SSI/**Dependent variable
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DATA COLLECTION AND DATA MANAGEMENT
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TYPES STATISTICS AND HYPOTHESIS
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DESCRIPTIVE STATISTICS 

• SUMMARISING CATEGORICAL DATA

• SUMMARISING CONTINUOUS DATA
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MEASURES OF CENTRAL TENDENCY 

Measure of central tendency is a number 

which indicates the middle of the distribution 

of data 

•Mainly used measures are 
❖Mean 

❖Median 

❖Mode 
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MEASURES OF CENTRAL TENDENCY 

Example 
• Mean of 2, 4, 6, 8, 10 is 

• (2+4+6+8+10)/5 = 6 
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MEASURES OF CENTRAL TENDENCY 

MEDIAN IS THE MIDDLE VALUE IN THE LIST AFTER SORTING THE

LIST

EXAMPLE: 

• MEDIAN OF 2, 8, 6, 10, 4 IS

• 2, 4, 6, 8, 10 (SORTED LIST) 
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MEASURES OF DISPERSION 

• STANDARD DEVIATION IS A SQUARE ROOT OF THE

VARIANCE. 

• THE STANDARD DEVIATION IS DENOTED BY SD. 

• THE LARGER VALUE OF THE STANDARD DEVIATION

INDICATES A GREATER AMOUNT OF VARIATION. 
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MEASURES OF DISPERSION 

Standard deviation: 
Example: 

• Find SD of 2, 4, 6, 8 

ҧ𝑥 =(2+6+4+8)/4 = 5 
• (𝑥− ҧ𝑥 )2 

❖ (2−5 )2= 9 

❖ (4−5 )2=1 

❖ (6−5 )2=1 

❖ (8−5 )2=9 

• (𝑥 − ҧ𝑥)2=9+1+1+9=20 

• (n-1)=(4-1)=3 

• Sqrt(20/3)=2.58 
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MEASURES OF DISPERSION

RANGE IS DIFFERENCE BETWEEN THE LOWEST AND

HIGHEST OBSERVATIONS. 

EXAMPLE: 

• RANGE OF 2, 8, 5, 6, 6, 4 

• HIGHEST (8)-LOWEST(2) = 6 
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MEASURES OF DISPERSION

INTERQUARTILE RANGE (IQR) 

• THE DIFFERENCE BETWEEN Q1 AND Q3 

• Q1 IS THE 25TH PERCENTILE

• Q3 IS THE 75TH PERCENTILE
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CHECKING FOR NORMAL DISTRIBUTION

• CONSTRUCT THE HISTOGRAM

• CONSTRUCT THE NORMAL PROBABILITY PLOT

• COMPARE MEAN AND MEDIAN

• COMPARE MEAN AND STANDARD DEVIATION
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HISTOGRAM
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NORMAL PROBABILITY PLOT
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COMPARE MEAN AND MEDIAN 

FOR CD4 COUNT DATA: 

• THE MEAN IS 62.4 

• THE MEDIAN IS 30.5 

THEREFORE, THE DISTRIBUTION OF THE CD4 COUNT DATA IS SKEWED TO THE RIGHT

BECAUSE THE MEAN IS GREATER THAN THE MEDIAN. 
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SUMMARIZING OF NUMERICAL DATA 
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INFERENTIAL STATISTICS 

•Parameter estimation 

•Hypothesis testing 
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PARAMETER ESTIMATION 

POINT ESTIMATE

• SINGLE VALUE WHICH IS CALCULATE FROM A SAMPLE

INTERVAL ESTIMATE

• CONFIDENCE INTERVAL IS CALCULATED AROUND A POINT ESTIMATE, WHICH

CONTAINS THE TRUE POPULATION PARAMETER

• THE CONFIDENCE LEVEL IS DEFINED AS 100(1-Α)%, WHERE Α IS THE LEVEL OF

SIGNIFICANCE
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HYPOTHESIS TESTING  

• TYPE OF HYPOTHESIS TESTING

• TYPE OF ERROR

• TEST STATISTICS

• THE P VALUE

• STEPS OF HYPOTHESIS TESTING
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HYPOTHESIS TESTING

การทดสอบสมมตฐิาน คอื การทดสอบขอ้สมมต ิ(Assumption) ซึง่อาจจะเป็นจรงิหรอืไมเ่ป็นจรงิก็ได ้(type I and II 

error)
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แนวความคิดในการทดสอบสมมตฐิาน

• เพือ่น าไปสู่การตดัสนิและการสรุปผลโดยตัง้อยู่บนพื้นฐานของหลกัฐานทีไ่ดจ้ากการสุ่มตวัอย่าง

• การตดัสนิบนกลุม่ตวัอย่างอาจจะมคีวามผดิพลาด (ERROR) เกิดขึ้นได ้

- TYPE I ERROR OR  ERROR คอื โอกาสทีผ่ลการศึกษาจะปฏเิสธความจรงิ

- TYPE II ERROR OR  ERROR คอื โอกาสทีผ่ลการศึกษาจะยอมรบัสิง่ทีไ่มใ่ช่

ความจรงิ
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TYPE OF HYPOTHESES 

A NULL HYPOTHESIS

• 𝐻0 

• A POPULATION PARAMETER IS ASSUMED TO BE TRUE OR THERE IS NO

DIFFERENCE BETWEEN GROUPS

AN ALTERNATIVE HYPOTHESIS

• 𝐻𝐴

• IT IS OPPOSED TO A NULL HYPOTHESIS
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TYPE OF HYPOTHESES 

•A one-tailed test 
•Test for one direction of real difference 

•Less than (<) or greater than (>) 

•A two-tailed test 
•Test for two directions of real difference 

•Not equal to (≠) 
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SELECT AN APPROPRIATE TEST STATISTICS

• วตัถปุระสงคก์ารวจิยั

• ชนดิของขอ้มลู

• จ านวนกลุม่ขอ้มลู

• ความสมัพนัธข์องขอ้มลูแต่ละกลุม่
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การเลอืกใชส้ถติิส าหรบัหาความสมัพนัธข์องงานวจิยัเชิงวิเคราะห ์

Independent

Outcome

Categorical Continuous

Categorical 2 group
- Chi square 
- Fisher’s exact

Normal distribution

- Independent t test 

- Pairs t test

Non-normal distribution

- Mann-Whitney test
- Wilcoxon sign rank test

Categorical >2 group
- Chi square 
- Fisher’s exact

Normal distribution

- ANOVA

Non-normal distribution

- Kruskal Wallis
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การเลอืกใชส้ถติิส าหรบัหาปจัจยัเสีย่งของการวิจยัเชิงวิเคราะห ์

Independent
Outcome

Categorical Time to event

Categorical - Odds Ratio

- Risk Ratio
- Logistic regression

- Hazard Ratio

- Cox proportional hazards 
regression

Ordinal - Odds Ratio

- Risk Ratio
- Logistic regression

- Hazard Ratio

- Cox proportional hazards 
regression

Continuous - Odds Ratio

- Risk Ratio
- Logistic regression

- Hazard Ratio

- Cox proportional hazards 
regression
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CATEGORICAL DATA
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CHI-SQUARE TEST

ตวัอย่างค าถามการวจิยั

- ผูป่้วยเพศหญงิและชาย มสีดัสว่นของชนิดของการผ่าตดัแตกต่างกนัหรอืไม่
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ขอ้ตกลงเบื้องตน้ในการใช ้CHI-SQUARE TEST

• ประชากร 2 กลุม่หรอืมากกวา่ และเป็นอสิระต่อกนั

• ขอ้มลูเป็น CATEGORICAL DATA

• ค่าคาดหวงั (EXPECTED FREQUENCY) นอ้ยกวา่ 5 ไมเ่กิน 20% ของจ านวน CELL

ทัง้หมด

*****ถา้ไม่เป็นไปตามขอ้ตกลงน้ีใหใ้ช ้FISHER’S EXACT TEST*****
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EXAMPLE 
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CHI-SQUARE TEST BY STATA
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ASSUMPTION FAILURE

100/6=16.67**
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CONTINUOUS DATA
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INDEPENDENT OR STUDENT T-TEST

ขอ้ตกลงเบื้องตน้

• ประชากร 2 กลุม่ ทีเ่ป็นอสิระต่อกนั

• ขอ้มลูเป็นแบบ CONTINUOUS DATA

• การกระจายเป็นแบบ NORMAL DISTRIBUTION

**หากไมเ่ป็นไปตามขอ้ตกลงเบื้องตน้ใหใ้ช ้MANN WHITNEY U TEST, WILCOXON

RANK SUM TEST**
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EXAMPLE

ตัง้สมมตฐิานการวจิยั

• อตัราการสูญเสยีเลอืดระหว่างการท า HEPATECTOMY เฉลีย่ของคนไขเ้พศหญงิแตกต่างจากเพศชาย
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ANALYSIS STUDENT T-TEST OUTPUT

Mean
P-value

SD and 95%CI
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PAIRED T-TEST

ขอ้ตกลงเบื้องตน้

• ประชากร 2 กลุม่ ทีเ่ป็นไมอ่สิระต่อกนั

• ขอ้มลูเป็นแบบ CONTINUOUS DATA

• การกระจายเป็นแบบ NORMAL DISTRIBUTION

****หากไมเ่ป็นไปตามขอ้ตกลงเบื้องตน้ใหใ้ช ้WILCOXON MATCHED SIGNED

RANKS TEST***
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EXAMPLE

ตัง้สมมตฐิานการวจิยั

• คะแนนความพงึพอใจเฉลีย่ของคนไขก่้อนและหลงัฉีด KENACORT 1 เดอืน บรเิวณรอยแผลเป็น

ทีหู่แตกต่างกนั 
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ANALYSIS OF PAIRED T-TEST OUTPUT

Mean
P-value

SD and 95%CI
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ANALYSIS OF VARIANCE (ANOVA)

ขอ้ตกลงเบื้องตน้

• ประชากรมากกว่า 2 กลุม่ ทีเ่ป็นอสิระต่อกนั

• ขอ้มลูเป็นแบบ CONTINUOUS DATA

• การกระจายเป็นแบบ NORMAL DISTRIBUTION

**หากไมเ่ป็นไปตามขอ้ตกลงเบื้องตน้ใหใ้ช ้KRUSKAL WALLIS TEST**
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EXAMPLE

ตัง้สมมตฐิานการวจิยั

• จ านวน LIVING CELL CARTILAGE เฉลีย่ในการเก็บรกัษาแบบ NSS, UW, และแบบ FREEZE เป็น

เวลา 1 เดอืนมคีวามแตกต่างกนั

More than 2 comparisons
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RESHAPE TO LONG FORMAT
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ANALYSIS ANOVA OUTPUT

Mean and SD
P-value
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ปจัจยัเสีย่งของการวิจยัเชิงวเิคราะห์ (RISK FACTORS ANALYSIS)
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LOGISTIC REGRESSION

Outcome: Explored pre-operative factors associated 

with delayed ERCP.
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EXAMPLE
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ANALYSIS LOGISTIC REGRESSION OUTPUT
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STATISTICAL SOFTWARE 
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SAMPLE SIZE ESTIMATION
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OUTLINE

CATEGORICAL DATA

• TWO INDEPENDENT PROPORTIONS

• MORE THAN TWO GROUPS OF PROPORTIONS

CONTINUOUS DATA

• TWO INDEPENDENT MEANS

• TWO DEPENDENT MEANS

• MORE THAN TWO GROUPS OF MEANS
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TWO INDEPENDENT PROPORTIONS
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EXAMPLE

• COMPARE INCIDENCE OF SSI EVENT IN COLECTOMY BETWEEN

PATIENTS WHO RECEIVED BETA-LACTAM AND NON-BETA-LACTAM.

• COMPARE INCIDENCE OF MICRO OR MACRO-ALBUMINURIA

BETWEEN PATIENTS WHO RECEIVED ACEI AND OTHER HYPERTENSIVE

DRUGS.

• COMPARE RATES OF BREAST CANCER BETWEEN HRT VS NON-

HRT.
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FORMULA OF TWO INDEPENDENT PROPORTIONS 
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P1= 6.1%

P2= 9.5%
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ESTIMATION FOR 2 INDEPENDENT PROPORTION
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MORE THAN TWO GROUPS OF PROPORTIONS
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EXAMPLE

• COMPARE SSI RATES AMONG THE METHODS OF IRRIGATION AFTER

OPEN APPENDECTOMY FOR ACUTE APPENDICITIS.

• COMPARE INCIDENCE OF GI ULCER BETWEEN CELECOXIB, 

VALECOXIB, AND NAPROXEN IN ARTHRITIS PATIENTS.

• COMPARE RECOVERY RATES AMONG ACYCLOVIR PLUS

PREDNISOLONE, ACYCLOVIR ALONE, AND PREDNISOLONE ALONE IN

BELL’S PALSY PATIENTS.
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Gr1 =4.3%

Gr2 =2.9%

Gr3 =17.4%
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ESTIMATION FOR MORE THAN 2 INDEPENDENT 

PROPORTION

This study needs to enroll 171 subjects and then randomly 

allocate 57 subjects for each group
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TWO INDEPENDENT MEANS
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EXAMPLE

• COMPARE DURATION TIME OF SURGERY BETWEEN OPEN AND

LAPAROSCOPIC APPENDECTOMY.

• COMPARE BMD BETWEEN PATIENTS WHO RECEIVED CALCIUM

SUPPLEMENT VS PLACEBO.

• COMPARE PAIN SCORE OF PATIENT WHO RECEIVED ROBOTIC

HEPATECTOMY AND OPEN HEPATECTOMY.

• COMPARE BLOOD PRESSURE BETWEEN ANGIOTENSIN-RECEPTOR

BLOCKER AND ANGIOTENSIN-CONVERTING ENZYME INHIBITOR (ACEI) IN DM PATENTS.
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FORMULA
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ESTIMATION FOR 2 INDEPENDENT MEANS

This study needs to enroll 274 subjects and then randomly 

allocate 137 subjects for each group
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TWO DEPENDENT MEANS
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EXAMPLE

**BEFORE AND AFTER STUDY**

• COMPARE MEAN OF VAS SCORE BEFORE AND AFTER MINIMAL

INVASIVE ENDOSCOPIC TECHNIQUE IN PATIENTS WITH BENIGN BONE

LESION.

• COMPARE MEAN BP BEFORE AND AFTER RECEIVING ANALGESIC

TREATMENT.
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FORMULA
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ESTIMATION FOR 2 DEPENDENT MEANS

Three subjects needed to enroll in order to detect a difference of 

VAS score of 4.6 between before and after receiving treatment
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MORE THAN TWO GROUPS OF MEANS
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EXAMPLE

• COMPARE VAS SCORE AMONG THE METHODS OF IRRIGATION

AFTER OPEN APPENDECTOMY FOR ACUTE APPENDICITIS.

• COMPARE MEAN VAS SCORE BETWEEN TREATMENT OF

CELECOXIB, VALDECOXIB, AND NAPROXEN AFTER RECEIVING

TREATMENTS FOR 7 DAYS. 

Basic statistical analysis for clinical research: ดร.ณปภัช  โพธิ์พรหม Slide 90/94



Basic statistical analysis for clinical research: ดร.ณปภัช  โพธิ์พรหม Slide 91/94



ESTIMATION FOR MORE THAN 2 INDEPENDENT 

MEANS

This study needs to enroll 657 subjects and then 

randomly allocate 219 subjects for each group
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TO BE CONTINUE ON WORK SHOP
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QUESTION?

THANK YOU
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