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Bias

Selection Bias

Measurement Bias

Confounding
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Accessible  
Population
Accessible  
Population

Target Population

Study 
sample

Waist Circumference

Women in this room

Women in Thailand
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Body weight of Thai woman
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����*�+��.��
������( (Risk factor)

����*�+�������&),'(�./�� (Cause)

����*�+������
��
�2-,'(�./���
��.��
�
&1�(6(Correlation)

����*�+��.��
���������
-���
�2-,'(�./��(Prognostic)

����*�+��������
�����
�+�$�%�7'(�
�0��(Therapy, 
Prevention)

��%�	5����
� R2R     
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Comparison (��)1������������?)

Descriptive study (���
��)

Analytical study (������%�-)

Interventions

Observational study (�
(��&)���
-)

Experimental study (�	�'()

Type of Study designs
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Time Horizon (��&�����)

� Prospective (8�,"�(��"�)

Retrospective (�"'���
()

9 Crossectional (&
	,��()

Type of Study designs

⬅
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Descriptive study (���(���
��)

Analytical study (���(������%�-)

Type of Study designs
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8�1����)1������������, �
�����%����
�*�+�����(��)1��	���                        

��������*�+�$�� Experimental (�	�'(), 

Observational (�
(��&)���
-), Prospective (8�
,"�(��"�, Retrospective (�"'���
() ��3' 

Crossectional (&
	,��() �58	"

Descriptive study design  
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Case report

Case series

�����)� (Cross-sectional) 

����*�+�2�����&�,'(0�� (Natural history) 

Normal value (������1����&�)

Phase I, II drug efficacy study

Descriptive study design
 (���(���
��)
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Tongue tie: Anklyoglossia
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��� Vit. C 

�'��4�6 

�����
	 
90/100

4 �
�

�����
	 
89/100

4 �
�

�	5�������
	
100 ��

�����
	
90 ��

�	5�������
	
100 ��

�����
	
89 ��

Descriptive study design  
(���(���
��)
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8�1����)1������������

0����(0������'(

Placebo effect

Co-intervention

Regression to mean

�)	'1'�
(Descriptive study design)
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8�1���./����(����2���

#�"#������"�(���)&�:��

�)	$,5(
(Descriptive study design)
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Target Population

Study 
sample

Accessible  
Population
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Observational design

Cross-sectional study

Case-control study

Cohort study (Prospective)

Analytical study design 
(������%�-)
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Experimental study

Before-after study design

Controlled trial

Cross – over

Analytical study design 
(������%�-)
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(5)

�!��)���/
�
�
��� �
!��

Present Past Future

Sample=240

(164) 

�!��)���/
�%��5(�'	

(69)

8�1�!��)���/
�
�
��� �
!��

(2) 

8�1�!��)���/
�%��5(�'	

Prevalence = 166/240= 0.69
 of cancer

Relative prevalence 
= (164/171)

   (2/71)
     = 34.25�

           

  �����)�,'(0���%��5(

�!��)����/�%��5(�'	

(5)
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(164) 
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�%��5(�'	

(69)
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�
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(2) 
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#�"�����"'�,8�1$�(

8�1&"'(�'#�"���	���
�2-

8�1����� loss follow up 

�.��
������(, �����)�

�)	$,5(
(Cross-sectional)
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8	"�����)�$&18�18	"')�
&����
-

8�1����� �'��1���������&)8	"

8�1����� �'���������
-0��$�%���
	������0�� 

8�1����%�
�0�������8�1�1'�

�)	'1'�
 (Cross-sectional)
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��0'������	'�&�8	"(1��: 

��������8�1��1��
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%�3;�:��$&�&1�(�
�

Confounders

�)	'1'�
 (Cross-sectional)

�
����
��	���� 16 �������  2009



Present Past Future

Gold Standard test

New Test

All patients

New Test

Gold Standard test

�*�+��)
�1�,'(��2�����	�'�
��3�'��������4
�

����0�� 8�1����0��

���

��

a b

c d
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a b

c d

       
�Sensitivity = a/(a+c)
�Specificity = d/(b+d) 
�Prevalence = (a+c)/(a+b+c+d)
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Cross-sectional 

Present Past Future

�� ��������

STT Score

����"��
�
�
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35

 ��� �
����

<8 a b

>=8 c d
STT Score

����"��
�
�
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STT score <8 #���������� BF problem

Negative predictive value = 98.2%

Sensitivity = 88.3%
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A method having established or widely accepted accuracy for 
determining a diagnosis of disease.

The method need not be a single or simple procedure but could 
include follow-up of patients to observe the evolution of their 
conditions or the consensus of an expert panel of clinicians

THE GOLD STANDARD
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Case-control Study

DiseaseExposure

���.��
������(
(Y/N)

���.��
������(
(Y/N)

8�1����0��

����0��
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Case-control Study

�.��
������(

Vit E Supl. (Y/N)

Non-CAD

CAD

Vit E Supl. (Y/N)

�
����
��	���� 16 �������  2009



Hypothetical data on the association between vitamin E 
supplementation and the risk of CAD

Present         Absent

Yes

No

50 501

65 384

CAD

Vit. E sup.

ORC= (50*384)/(501*65) = 0.59
P=0.003        
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����*�+��.��
������( (Risk factor)

����*�+�������&),'(�./�� (Cause)

����*�+������
��
�2-,'(�./���
��.��
�
&1�(6(Correlation)

(Case-control Study)
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����%0���-#�0�������8�1�1'�, ���%�%���	������
0�����

#�"�����"'� 

����%0���-#�����*�+�����6�.��
�

#�"��������)1�&
�'�1�(�"'�

8�1$�(

�)	$,5(
(Case-control Study)
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��*�(���
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(Case-control Study)
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�)	'1'� (Case-control Study)

��0'������	'�&�8	"(1��: 

Sampling bias : '�&���������3'�&
�'�1�(

Cases and controls  

����������������:����%������)1��	����
�

��0'�����1�������
�#����8	"�
��.��
������(

Measurement bias : '�&��������
	��3'�����%�����.��
�
�����( (recall bias) 

Confounders 

�
����
��	���� 16 �������  2009



Interview bias (�
�<�+
-)

Blinding interview (���=	)

Standard questionnaire ($���'� ��)

������������
�$��1(,"'�!�'3��

Recall bias (�������)

Alternative sources ($��1(,"'�!�'3��)

Memory aids (���3�'(�1�����)

Measurement bias
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��������*�+�0	�&�	&����%������)1���������%8�1��
�.��
������(>*�(���8��!1 ���
�2-��3'0�������#� 

�!"���
���3'�

1. ��)1���%����������.��
������($�%�
(8�1����0��

2. ��)1���%�������8�1���.��
������($�%�
(8�1����0��

�
;( 2 ��)1��% !�&�	&����3�'�����������')�
&�������
���	0��

Cohort Study
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Cohort Study

���.��
������(/
Prognostic factor

���
�2-
(Y/N)

���
�2-
(Y/N)

8�1���.��
������(/
Prognostic factor
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Historical cohort
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�"���#�$�/
��� �!��


��� �
!��

�
�
��� �
!��

���#�$�
�"� a (80) b (10)

�"���#�
�
��"� c (20) d (90)

Relative risk  =  a/(a+b)  

                   c/(c+d)

                   = 80/(80+10)

                  20/(20+90)

                   = 4.89
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�*�+��.��
������( (Risk factor)

�*�+�������&),'(�./�� (Cause)

�*�+������
��
�2-,'(�./���
��.��
�
&1�(6(Correlation)

�*�+��.��
���������
-���
�2-,'(�./��(Prognostic) 

�*�+�2�����&�,'(0�� (Natural history)

Cohort study
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�)	$,5( 
(cohort studies)

')�
&����
-/���	������0��

�.��
����	�1'�0��

0�������8�1�1'�

��*�(�.��
� �������
�2- 

�!��)���� (��*�(�.��
� ) 

Stroke, emphysema, and heart disease (�������
�2- ). 
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Selection bias: '�&���������3'�&
�'�1�(

Loss to follow-up 

� ��% ������.��
������(,'(��)1���%����$&1�%
��)1�'���������$��(8	"#��%��1�(&�	&�� 
(contamination)

Bias in measurement of outcome 

Confounding factors

Weakness 
(cohort studies)

�
����
��	���� 16 �������  2009



A variable that associated with the 
exposure and affects the outcome, but it 
is not an intermediate link in the chain 
of causation between exposure and 
outcome

Confounding Bias
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�
���� ��8'����� ���3�'(
1 Non vanilla &�	
2 vanilla

&�	

3 vanilla

8�1&�	

4 Non vanilla &�	
5 Non vanilla &�	
6 vanilla

&�	7 vanilla

8�1&�	

8 vanilla 8�1&�	
9 Non vanilla 8�1&�	
10 vanilla

8�1&�	

11 Non vanilla 8�1&�	
12 Non vanilla &�	
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vanilla

8�1&�	8�1&�	8�1&�	8�1&�	8�1&�	8�1&�	
4

&�	
2

Non vanilla 42

&�	&�	&�	&�	&�	8�1&�	

OR: 4x4/2x2 = 4
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�
���� ��8'����� �%�%�����'	� 

1 Non vanilla  9

2 vanilla 10

3 vanilla 17

4 Non vanilla 5

5 Non vanilla 7

6 vanilla 12

7 vanilla 23

8 vanilla 24

9 Non vanilla 16

10 vanilla 26

11 Non vanilla 16

12 Non vanilla 9

���&�	���3�'(
&�	
&�	
8�1&�	
&�	
&�	
&�	
8�1&�	
8�1&�	
8�1&�	
8�1&�	
8�1&�	
&�	
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Duration

Start (x)Vanila

Confounding factor

�
����
��	���� 16 �������  2009



Hypothetical data on the association between vitamin E 
supplementation and the risk of CHD

Present         Absent

Yes

No

50 501

65 384

CHD

Vit. E sup.

ORC= (50*384)/(501*65) = 0.59
P=0.003        

0.1

0.17
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Smokers group

Present         Absent

Yes

No

11 40

49 200

CHD

Vit. E sup.

ORSmoker= (11*200)/(49*40) = 1.12        

0.275

0.245
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Non-Smokers group

Present         Absent

Yes

No

39 461

16 184

CHD

Vit. E sup.

ORNon-Smoker= (39*184)/(16*461) = 0.97       

0.085

0.086
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Smoke

CADVit.E

Confounding factor
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Confounding bias

Can be dealt with in 

Design phase by randomization, restriction 
or matching

Analysis phase with analytical techniques 
such as logistic regression or stratification 
with Mantel-Haenszel approaches.
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Controlled trial 

Before-after study design with same individuals

Cross – over

Experimental study
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����*�+��������
�����
�+�$�%�7'(�
�
0��(Therapy, Prevention)

��%���2��� (Efficacy), ��%���2�<�� 
(Effectiveness), 

�����)"��1�(Efficiency)

Experimental study
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��%����
����*�+�

Design of a Controlled Trial

8	"�.��
�
A

8	"�.��
�
B

���
�2- A

���
�2- B
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Ischemic 
Stroke

Design of a Controlled Trial

ASA+PPI (100)

Clopidogrel(100)

UGIH
2/100

UGIH
8/100

1�?
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Allocation of subjects / interventions

Non-randomized control trial ($��8�1�)1�)

Randomized control trial ($���)1�)

Blinding

Non-blind clinical trial ($��8�1���=	)

Double-blind clinical trial ($�����=	)

Types of Controlled Trials
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Difference prognosis
Randomized
Concealment

Placebo effect
Co-intervention
Contamination
Blinding

Measurement bias
Blinding Assessor
Objective outcome

Possible Bias

Lost to follow up
ITT analysis

Ischemic 
Stroke

ASA+PPI (100)

Clopidogrel(100)

UGIH
2/100

UGIH
8/100

1�?
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Intention to treat analysis (ITT)

Child 

��� Vit C
100 

�������'�
100 

8�1��&���
	 20

1�? ��&���
	 80

��&���
	 100

⎬
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Complete information of intervention

Minimize selection bias and confounders by 
randomization and blinding.

�)	$,5(
(Clinical Trials)
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����2���

$�(

#�"�������

�)	'1'�
(Clinical Trials)
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Time Horizon

Intervention

���
�2- 1 ���
�2- 2

�1'� ��
(

Before-after study design with same individuals

��%����
(A)

��%����
(A)
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Time Horizon

�����	 

��	���+%�1'���	
 (9/10)

�1'� ��
(

Before-after study design with same individuals

Tension HA     Tension HA     

��	���+%��
(��	
 (5/10)
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No ethical issues 

Easy to do, low cost

Fast

Small sample size

No biological variation

�)	$,5(
(Before-after same individuals)
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No Control group, only one group

������������1'�$�%��
(

Prone to biases

Self-limited

Placebo effect

Co-intervention

�)	'1'� 
(Before-after, same individuals)
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�����	 �1'� ��
(

Before-after study design with same individuals

Tension HA
(9/10)

Tension HA
(5/10)

�'�

Tension HA
(9/10)

Tension HA 

( )6/10)

�
����
��	���� 16 �������  2009



Time Horizon

���
�2- 1 ���
�2- 2

Intervention A
2005

Intervention B
2006

Before-after study design with difference 
individuals

��%����
(A)

��%����
(B)
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Strengths

No ethical issues 

Easy to do, low cost

Fast

Weakness

Different time, 
environment

Co-intervention

Confounding

(Before-after different individuals)
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Epilepsy

Cross over design

����� A

����� B ����� A

����� B�
	
��
1

�
�
�
	
��
2
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��%���2������#�" YEESOON’S STYLET #��)1�����'(���#�1 Endotracheal tube

�

�
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�������	 ET 
��
���� 1 ���� Stylet A

�����

���������������	�	��	������������	���!������ Stylet 

��
� 2 "�#$%���$�&�
��''�������$�!� 10 ����

�������	 ET 
��
���� 1 ���� Stylet B

�������	 ET 
��
���� 2 ���� Stylet A�������	 ET 
��
���� 2 ���� Stylet B

���

�����

Random
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�)	$,5( 

8�1�������
�$����(���<��

#�"��������)1�&
�'�1�(�"'�

�)	'1'�
 #�"8	"�4��%0����3;'�
( �
�+�8�1���

Cross over design
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Time series with Control Chart
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Common and special 
cause variation
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��'�$����	�����
�$��,'( 
Walter Shewhart

Common causes (����&)����������&����
�)
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Special causes (����&)�����	���&����
�)
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My trip to work

Mean

Upper process limit

Lower process limit

�
����
��	���� 16 �������  2009



Shewhart control chart

��"�,'��,&����)��1��!((Upper control  limit = UCL) 

$�%�1�&���(Lower control limit  =  LCL)

�����
8	"���

UCL    =    u +3 sigma

LUL    =    u – 3 sigma
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Detecting Special Cause

�
����
��	���� 16 �������  2009



�
����
��	���� 16 �������  2009



�
����
��	���� 16 �������  2009



�
����
��	���� 16 �������  2009



�
����
��	���� 16 �������  2009



�
����
��	���� 16 �������  2009



Intervention
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Aug 
2003
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Average CABG protocol before and after implementation of new protocol
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Type of data.

1. Count data
� p-Chart

� u-Chart
� c-Chart

� g-Chart

2. Measurement data (Continuous 
data) 

� I or XmR chart

� X-bar and S-Chart

CHOOSING THE APPROPRIATE CONTROL CHART
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C-Chart: MRSA in vascular unit
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Count Data (g-chart)

� R=  Number of cases between event

            Number of cases with event

� Then the UCL can be calculated as follows:

� UCL = R + 3 [R(1+R)]0.5
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g-chart

R=  Number of cases between event

            Number of cases with event
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=(   +     +     +     +     +     +     +     ) / 99 15 12 14 17 21 3424RRR
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g-chart

R=  Number of cases between event

            Number of cases with event
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=(   +     +     +     +     +     +     +     ) / 99 15 12 14 17 21 3424RRR
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=    + 3 [    (1+    )]0.5R RRUCL
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g-Chart: Surgical site infection

UCL
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g-chart Fatal air accident in US
114
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Thank You

�
����
��	���� 16 �������  2009



Questions???
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