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Census vs. Sampling

+» Census |
Sample
“»Sample &

Census




Sample

“»A sample is a sub-collection of members selected from a population.

“» Key Objective: The primary goal iIs to make statistical inferences about the
whole population based on the data collected from the sample, saving time and

resources while maintaining accuracy.

Population




% The sample MUST be a
miniature of the target
population.

* It MUST be the same as
target population, but with
smaller dimensions.
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Randomization vs Random S

e Critical for clinical e Critical for
trial observational studies
* Increase internal * |Increase external
validity validity

« Comparability » Generalizability



Statistical Population

*» The entire set of individuals, objects, or units that share at least one common

characteristic.

The study population can be classified into two main

< Infinite Population: Members are not <« Finite Population: Members are

fully countable, or access to all of them Is  « countable.

Impossible. It is possible to examine every individual in
v" Fish in the sea the population.
v" Butterfly populations v" Finite Population Workers in a specific
A census Is not feasible; therefore, sampling* factory Students of a university

must be used. If everyone is examined — Census




“* Why Sampling?
v" Cost Reduction
v Time-saving
v" Feasibility for large populations
v" Achieving acceptable accuracy through statistical inference
v" Better quality control and monitoring of data collection

v" Essential when a census is impractical or costly

Sampling is a practical, cost-effective, and scientifically valid method for

making inferences about a statistical population.
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Study Population

population of the 7
selected provinces

Total Population =» Target Population =» Study Population =» Sample Population
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Sampling Frame

“ A list of population members or the group from which the sample is selected.
Example: University Students

*» Key Note: In many studies, a complete sampling frame does not exist.
In this case, field sampling i1s conducted from the community.

The sampling frame is the basis from which the Study Population.
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Convenience Sampling

“»Convenience sampling collects results that are easiest to obtain.

CONVENIENCE SAMPLING

Question




of being selected.

Simple random sampling

++ Participants are selected using the following methods:

g

~

Computer random number generator

https://www.randomizer.org/

~

Random number table

Drawing of lots

** In this method, every individual in the population has an equal and known chance
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Simple Random Sampling

RANDOM SAMPLE

®
-\ TOMMY

In this scenario, every member of the population is assigned a number, and those numbers are placed

In a hat. "Tommy" then randomly draws several numbers from the hat.
This is a classic example of Simple Random Sampling, as every member of the population has an

exactly equal and known chance of being selected.



Simple Random Sampling

J Sampling can be conducted with or without replacement, depending on the study's
objective.

v" Sampling with Replacement: After an individual is selected, they are returned to
the population; therefore, they may be chosen more than once.

v' Sampling without Replacement: Once an individual is selected, they are

removed from the list; thus, each person can only be chosen once.
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Table of Random Numbers

3244448277
8857074015
9516039221
805804 18 67
6047 80 3343

95 04 35 26 80
45547708 18
3173257260
859959 03 07
3584185771

8530188977
54 06 61 52 43
98 52524335
9039161105
26 62 91 90 87

3730142678
92 00 39 80 85
16 453945 14
99 83 70 05 82
0736297703

598209 61 63
2570491035
22304903 14
17710596 21
2585258905

45 78 05 64 87
59 8499 61 69
47 670076 54
543047 18 03
08 105599 87

29490697 14
4772 45 67 33
24 43 22 48 96
5741106368
24 47 288779

459904 3242
76 66 87 3209
3901497066
81 23 24 49 87
76 44 74 25 37

64 65 42 58 43
0175514750
7287717334
06 5540 78 50
5721639618

0997159481
614592 16 47
45 37 62 53 66
26 82 50 5511
8711221476

7303 54 12 07
47 43 14 39 05
732775 88 84
5385630743
305402 78 86

173745 2003
5920211973
83012098 32
0950496412
98524978 31

41 14 54 28 20
48 96 83 86 03
3928304149
739507 5552
49 85 69 93 26

370062 21 86
6741717198
94 74 64 95 80
12459913 14
1471371181

74699093 10
3104 856699
11 45 61 60 82
0867084741
6173 27 54 54

7070770214
02 90 23 32 50
2557177628
9019375568
65704055 14

0399110461
38 55 59 55 54
1754 67 37 04
3246 352861
69 57268777

2412 26 6591
6119630231
3053221704
0378897599
48 22 853379

60 36 39 45 53
837994 2402
329500 76 05
1932 253845
11220947 47

3175157260
8849 29 93 82
3093447744
22 88 84 88 93
7821216993
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Systematic Random sampling

« Systematic sampling is a method in which units are selected from a sampling frame in a
regular and organized manner.
“* Suppose we want to select a sample of size n from a finite population of size N.

% In systematic sampling, we first calculate the sampling interval g — L2 get Population

Sample sizea

v" Selecting the First Unit Randomly: A number between 1 and K is chosen at random. This
number represents the first unit to enter the sample.

v" Selecting Subsequent Units Systematically: Each subsequent unit is selected at an
Interval of K from the previous one. This process continues until the desired sample size

n Is reached.
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Systematic Random sampling

—

Population
/'_' "\

OQI ‘000 ‘m &

\3@ .f./

Sample (every 3 d)

1

If the population size is 12 and the sample size is 4 — K=12+4=3

First, a number between 1 and 3 is chosen at random (for example, the number 2).Then,

a selection Is made every 3 people:*2, 5, 8, 11*

In this way, 4 individuals are systematically included in the sample.
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Systematic Random sampling

 Even if a complete list of the population is not available, systematic sampling can
still be used.

Suppose a researcher wants to assess the satisfaction level of clients visiting a

center. He decides to interview one person for every five clients.

In this case: K=5

One individual is randomly selected from the first five clients.

Then, every fifth client is included in the study.

This process continues until the desired sample size is reached.
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Cluster Random Sampling

¢ In cluster sampling, instead of selecting individual members, the population is
divided into groups (clusters), and then a number of clusters are randomly selected.

s Applications of Cluster Sampling

» Lack of a complete sampling frame: When a list of all individuals in the target
population is not available.

» Geographical dispersion: When the population is widely dispersed, making simple
random sampling very costly, time-consuming, or impractical.

» Large-scale studies: Frequently used in large studies where the goal is to reduce

the cost and time required for data collection.



Cluster Random Sampling

In this method, the target population is first divided into several areas or clusters. Then, a number of

clusters are randomly selected. After selecting the clusters, the units within those clusters are included in

the sample (either all units or a random sample of them).

OX NOX |

o R
O a a | pairs, and then two of these pairs are

‘/ Sl °

. RN randomly selected.

O @

n A group of twelve people is divided into

CXol Yol =g|  IE3
9 10 - 12 Sample
———4 (2 clusters)

Clustered Population
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Cluster Random Sampling

Suppose a researcher wants to conduct a study at
the national level.

The researcher aims to select a sample of 4,000
individuals. The country's population is divided
Into distinct provinces (clusters).

From all the provinces in the country
(31provinces), 8 provinces are randomly selected.
From each of the selected provinces, 500

Individuals are then randomly chosen to form the

final sample.
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Cluster Random Sampling

Section 5
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Stratified Random Sampling

«»Stratified sampling subdivide the population into at least two different groups

called strata that share the same characteristics.

“+»Then draw a sample from each group.
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Stratified Random Sampling
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Stratified Cluster Random Sampling

[ Hamadan J

Strata

Stratum 1: Region (2)

Stratum 2: Gender (2)

Cluster 1: School (4)

Stratum 3: Grade (4)

Cluster 2: Class (1)

Sampling unit: student
(20)

Prevalence of Cigarette Smoking and Associated Risk Factors among Adolescents in Hamadan City, West of

[
[ Region 1 ]
|

]
[ Region 2 ]
|

High schools High schools High schools High schools
(Boys) (Girls) (Boys) (Girls)

4 Schools 4 Schools 4 Schools 4 Schools
Grade s Grade s Grade s Grade s
1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4

1 Class 1 Class 1 Class 1 Class
N=20 N=20 N=20 N=20

Iran In 2010. J Res Health Sci. 2012;12(1):31-7.
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Sample Size Calculation
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Sample Size Calculation

“*We have to determine the minimum sample size needed to

estimate a parameter, such as:

»Mean (p)

»Proportion (P)



Sample Size Formula

- -




Factors effecting sample size

“»*Variation

> G2

»P(1-P)

» If variance Is zero, a sample of one iIs enough.
“*Difference

U= My

»P,—P,
“»Confidence level (1 — a)

»95%, 99%, etc.
«»Statistical power (1 — )

» 80%, 90%, etc.
“*Population size?

34



Descriptive Studies

“*Estimation of Probability (P)

sFormula |
_ZZXV_ZZXP(l—P)

1= TRe E2

“*Estimation of Mean ()

*Formulall
7% XV 7% X o°
n= EZ — EZ

35



Determinants of Sample Size
Descriptive studies

« Confidence level (95%, 98%, 99%, etc.)
 Two-way hypothesis: Z,_,
 One-way hypothesis: Z,_,

Y4

» Variance for qualitative variables: P (1 — P)
« Variance for quantitative variables: ¢?

Y4

* Margin of error or confidence interval: uy£ E | P E

« Maximum difference between the observed sample estimate (X) and
the true population parameter ()

e E 1s usually considered < 0.2 P.

36



Z -values

One-tail 020 | 0.15 | 0.10 | 0.05 | 0.025| 0.01 | 0.005 | 0.0025 | 0.001 | 0.0005
Two-talil 040 | 0.30 | 0.20 | 0.10 | 0.05 | 0.02 | 0.01 | 0.005 | 0.002 | 0.001
Z 0.842 | 1.036 | 1.282 | 1.645 | 1.960 | 2.326 | 2.5/6 | 2.807 | 3.090 | 3.291

+**One-tail
>Zl-()t
>Zl_B

+* Two-tail
>Zl-oL/Z

37



Variance

Parameter P Parameter o2

 Previous studies  Previous studies

* Pilot study * Pilot study

» Maximum logically *  Normal distribution
acceptable proportion o = (Max — Min)/4

* Pis considered 0.5 to « Unknown distribution
maximize variance o = (Max — Min)/6



Example
Estimation of Standard Deviation

»Minimum weight of a newborn: 1500
»Maximum weight of a newborn: 4500

_ 4500 -1500 _3000 ___
° = 4 T2
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Descriptive Studies

“*Estimation of Probability (P)
s Formula |

Z° x P x (1 —P)

n



Example
Cross-sectional Study
«»Cigarette smoking among adolescents
»Prevalence (P) = 14.3%
»95% Cl =1.96
»E=02P

B 1.96% x 0.143 x 0.857 B

_ — 576
. (0.2 X 0.143)2

Source: Prevalence of cigarette smoking and associated risk factors among adolescent in Hamadan city in 2010. Journal of Research in Health Sciences.
2012;12(1):31-7
41



Example
Cross-sectional Study

“»Low birth weight in Iran in 2002
»Prevalence (P) = 7%
»95% Cl =1.96

»E=02P
_ Z°xPx(1-P) _, _ 1.96°%0.07x0.93
= E2 =/7n = (0.2x0.07)2 1276

Source: Analyzing socioeconomic related health inequality using the concentration index. Epidemiology, Biostatistics and Public Health.
2014;11(3):9086-1-10
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Example
Cross-sectional Study

“*The resistance rate of E. coli to co-trimoxazole among outpatients
with UTI

»Prevalence (P) = 38.5%
»95% Cl =1.96
»E=0.2P

_ 1962 0.385x 0615 _
BT T 02%0385)2

Source: Antibacterial susceptibility of Escherichia coli among outpatients with community-acquired urinary tract infection in Hamadan, Iran. Journal
of Global Antimicrobial Resistance. 2015;3:40-3.
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Descriptive Studies

“*Estimation of Mean (u)
‘*Formula I
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Example
Cross-sectional Study

“*Height in newborns
» Standard deviation (o) = 15

»Mean (n) =45 cm
»95% Cl =1.96
»E=15cm

- 1.96% x 15% 285
"TTasz T
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Analytical Studies
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Determinants of Sample Size
Analytic studies

Confidence level (95%, 98%, 99%, etc.)
Two-way hypothesis: Z,_,
One-way hypothesis: Z,

Variance for qualitative variables: P (1 — P)
Variance for quantitative variables: ¢?

«E=P,-P,
*E=p -

— /o e
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Analytical Studies
Testing Difference in Proportion (P)
Formula Il

- — 2
) [Zl_oc N2ZP(L=P) + Zy_pPi(T— P + P (1 — Pz)]
h (P,—P,)?
(Zy—x/, +Zy-p)*x [P1(1 —P) + P, (1 — P,)]
B (P—P,)?

2(Zy_x;, + Z1-3)*X P(1-P)
n = 2 For each group
(Pl_Pz)z

I
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Example
Case-control study

“*Prevalence of periodontitis

“*In rheumatoid subjects: 60%
“*In non-rheumatoid subjects: 16%
<0 =0.01

B =0.01



Example
Case-control study

_0.60+0.16
P = = 0.38
2
_ [2.576v2 % 0.38 X 0.62 + 2.326+/0.60 x 0.40 + 0.16 x 0.84]* 3
ne (0.60 — 0.16)2 B

(2576 + 2.326)?% (0.60 x 0.40 + 0.16 x 0.84) B

47
" (0.60 — 0.16)2
B 2(2.576 + 2.326)2 X (0.38 X 0.62) -
n= (0.60 — 0.16)>2 =59 For each group

Source: Effect of rheumatoid arthritis on periodontitis: a historical cohort study. Journal of Periodontal and Implant Science. 2012;42:67-72.
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Example
Clinical Trial

“*Quality of the surgical field during endoscopic sinus surgery
» Score of bleeding in the intervention group: 14.3%
» Score of bleeding in the control group: 42.9%
»a=0.05 (one-way)
»B=0.20

en="
0.143 + 0.429

P= = 0.286
2

[1.645v2 %X 0.286 x 0.714 + 0.842+1/0.143 X 0.857 + 0.429 x 0.571]°

ne (0.143 — 0.429)2

30

Source: Effect of Topical Tranexamic Acid on Bleeding and Quality of Surgical Filed During Functional Endoscopic Sinus Surgery in Patients with Chronic Rhinosinusitis: A

Triple Blinded Randomized Controlled Trial. Plos One. 2014;9(8):e104477.
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Analytical Studies
Testing Mean (u) Difference
Formula IV

(Zl_O(/z + Z]__B)zx (012 + 022)
n= >
(M1 — H2)

Z(Zl_DC/ + Zl_B)ZX 0-2
n = 2 >
(M — H1p)
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Example
Case-control Study

“*Assoclation between Early Childhood Caries (ECC) and
level of alpha-amylase
»Mean (SD) in ECC-active children: 71.8 U/L (48.6)
»Mean (SD) in ECC-free children: 122.8 U/L (101.5)
»a=0.01
»B=0.05

Son — 9 _ (2.576+1.645)%2x(48.6%2+101.52) _
+N=7—> n Ti5-1228) 87 for each group

Source: Effect of alpha amylase on early childhood caries: a matched case-control study. Brazilian Dental Science. 2013;16(1):41-5
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Analytical Studies

Estimation of Proportion (P) Using OR

OR

P,="P
2 "114+P,(OR-1)

54



Example
Case-control Study
“*Prevalence of unintended pregnancy was in Iran:
24.1%

“*Considering the OR to be at least 2 for the
potential risk factors.

o =0.05

B =0.10

P, = 0.241 - = 0.388
27T 140241 2-1)
_0.241 4+ 0.388

P = - = 0.3145

[1.645v2 x 0.3145 x 0.6855 + 1.282+/0.241 x 0.759 + 0.388 x 0.612]>

_ — 208
. (0.388 — 0.241)2

Source: Predictors of unintended pregnancy among married women in Hamadan, Eastern Iran: a case-control study. Iranian Journal of Public Health. 2013;42(8):854-9.



Imbalance Sample Size
“r” 1s the Proportion of Controls to Cases

“*Risk factors for unwanted pregnancy
<P, for unwanted pregnancy: 24.1%
“*Sample size (¢=0.05, $=0.10): 208

. T+l 241 _

Source: Predictors of unintended pregnancy among married women in Hamadan, Eastern Iran: a case-control study. Iranian Journal of Public Health. 2013;42(8):854-9.
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Imbalance Sample Size
“r” iIs the Proportion of Controls to Cases

r Cases Controls
1 208 208
2 156 312
3 139 417
4 130 520




Correction of Sample Size
Dropouts

“*1f we estimate that, for instance, 20% of the participants will be withdrawal.

“*We should correct the sample size for these dropouts as follows.
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Correction of Sample Size
Dropouts

“*Sample size: 105

*»Estimated dropouts: 5%

1 1
- — %105 =11
=1 "005" " 095 X102 0

Source: Effect of Topical Sucralfate vs Clindamycin on Posttonsillectomy Pain in Children Aged 6 to 12 Years A Triple-Blind Randomized Clinical Trial. JAMA Otolaryngology - Head
& Neck Surgery. 2014;140(8):698-703



Correction of Sample Size
Finite Population

“*When population is limited and estimated sample size (n) is more

than 5% of total population (N); we can correct the sample size:

n>5% N
n

I]C= n
1+N
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Example 1
Finite Population

“*Prevalence of brucellosis in HIVV+ subjects: 6%

<o =0.05
wd=0.2P
“*Number of HIVV+ subjects in Hamadan

N = 1.96%x0.06x0.94 — 1505 N> 5% N

(0.2%x0.06)2
_n 1505 _ 401
e T o 1505
N 546
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A Control Group for Multiple Comparison

“*We should use a larger control group in comparison
with other intervention or case groups
“*n= Sample size

“*k= Number of groups

Neontrol = n\/E
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