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Experimental Design E
- True-experiment  assign exposure

- Quasi-experiment

- Pre-experiment

P Retrospective
%*Start

Prospective

follow-up Time
Observational Design (Descriptive)
- Case-report -
- Case-series One-time
Trend/Panel

Repeated

Analytical Design (Cause-and-Effect)

Cross-sectional (Asks about current status)

» Asks about past exposures
A Case-control

=9 Cohort

retrospective , prospective
Examines future outcomes



Research

Objective

e Design
e Cross sectional study
e Sample survey
e Statistical analysis
e Estimation (no comparison)

Comparison/Association/
Modelling

e Design

e Analytic study

e Experimental study
e Statistical analysis

e Hypothesis testing
(comparison)




What is Population and Sample?

We want to know about these

We have these
to study with

Sampling

Parameter

v
Probability inference -
Statistic




Population

* General term: Universe set

e Statistical term:
All members of a defined

group that we are studying or
collecting information

Type:
*Finite population
* Small
* Large
*Infinite population




Population

Target population

Sampling
frame
(N)

Eligible population




Sample

* Subset of population

* To represent the population well:
* randomly collected
* adequately size

* subject => smallest sampling unit



Type of

variable

(I)

®°Independent variable/
Factor/ Treatment/
Predictive

®*Dependent variable/
Outcome



® Quantitative variable

Type of ® Discrete variable

® Continuous variable

variable

® Qualitative variable

( I I) ®*Binary/dichotomous variable

®*Polychotomous variable



Measurement levels

- Quantitative variable

- Continuous data

- Qualitative variable

- Categories data Nominal



Inferential Statistics

o/2

1-a
(Confident interval)

B Z(:(/2 + Z(x/z

Hypothesis testing

o/2

N N

Rejected H, Area Accepted H, Area Rejected H, Area
Critical value Critical value




Statistical Hypothesis

® Two-tail (two-side)

o/2 2
Hg: L=, 1-a “
H,: L7 L, i i
- Za/z + Za/z
® One-tail (one-side)
Hy 1>, Hy: U<,
H: p<p, H: 1> L,
~ a /;\ \i
-Z +7



Significance and power

Truth (real world)

H, true
No difference

H, false
Difference

Accepted | Correct decision | Type II error
Decision H, (Cl)=1-a =P
(statistical | Correct
analysis) Reject Tyf)f ! errfq " level decision

H, (oo =>significance) (power) = 1-B




Significance and power

Effect size

Accepted
H,

Rejected
HO

i)

o/2

My My



/-value by significant level (a)

> ZOL/Z Za
0.10 1.645 1.282
0.05 1.96 1.645

0.01 2.576 2.326




/-value by Power of test (1-0)

Power [ Zs
80% 0.20 0.842
90% 0.10 1.282

95% 0.05 1.645




How to
select
sample
Size
eguation

Appropriated sample size
* Primary objective
* for estimation
* for hypothesis testing:
comparison, association
* Primary outcome/parameter

=> Total, Average,
Proportion, Ratio

* Research design
* Sampling technique



Sample size equation (general)

Representative sample in infinite/large
populations (Cochran, 1963)

7’ (VARIANCE)
d 2

When  ng:number of sample
andd=e
d : precision of estimation
e : acceptable sampling error

ny =



Sample size equation (general)

Finite population correction

When N : number of population
ny : initial sample size
n :adjusted sample size



Sample size equation for estimation

Mean estimation
*Infinite population

7> 0’
d2

ny =

*Finite population

Zé/zNG2
Z> 0" +(N-1)d’

n =




Sample size equation for estimation

When
*n = number of sample
*N = number of population
o =standard deviation of population parameter
(estimated by s.d.)
*d = precision of estimation
= | X-p|
=e¢*u  when ¢ = relative precision of estimation
= [xX-p|/u



Example

TUNSANUIMLNVBINISALSAAADATNLT LUSUASUSUNINATSAVDILSINIUA LAY F@DRUIUNN
YDINSNLSNAFDANIUSLINA UALRAY 2800 N5U s.d. 500 NS WINABINTITUTLUIUANRASUDIUINAIN
NINLINARDAVDILIINYIUNALYIT AZADILADNFIDYIIUITIUIUNN LA

* FILUSTANYT => UNUUANITALSAAFDA => 1FIUSUNEY

* TngUszasd => Uszunaueaie

dMIATUIUVUINGIDYS => mean estimation

* NANWINMUA  F39AURBLIU 95% (01=0.05)
AUAAIALARDUAUNNG LAY 5% (€=0.05)

* lofvun oL = 0.05 => 7, = 1.96
® d = mean*€ = 2800%0.05 = 140
® O =s.d =500
® LLNIUAN
2 2 2 2
Z2,0°  1.96x500

a — =49
d* 140?

n,

AILILADIFUNITNRINABDANITIWIU 49 AU



Sample size equation for estimation

Proportion estimation
*Infinite population

Zi/zﬂ(l —7T)
d2

*Finite population

ny, =

Zi/zNﬂ'(l —7T)
7 m(1-x)+(N-1d*

=




Sample size equation for estimation

When

*n = number of sample

*N = number of population

et = proportion of population parameter

*d = precision of estimation
= |p-m|



Example

Tuns@nwinnenszanniuludsznnsisnarsauvedlsaneruiauvianils §131nn1sAnwI709 Lekamwasam
(2009) Aimunngnszgnnsulueanaing 5.8% (p=0.058) Awiuazhaaiondiagianduaumile

U

* FWUTNANYY => A1ILNTLANNTU => LTINUAIN (FPFIUVINILNTEANNTL)

6

naUsTasA => Useanauadnaiu

e

® @NTATUIUIUINMBENT => proportion estimation

* NANWIMMUA  F9AULRTY 95% (Ql=0.05)
AuAaaLAdaunsanltAn ULl lilAn 5% (e=0.05)

Jefmun A = 0.05 =>Z,,, = 1.96

* LYIUAT

Z: ., x(1-7) 1.96°x0.058(1—0.058)

—83.96
d’ 0.05°

ny =

AL ARDIFURYIEIENANAULNTINIY 84 AU



Sample size equation for estimation

A simplified formula for proportions

* Taro Yamane (1967)

N
1+ Ne*

n

Zi/zNﬂ'(l—ﬂ')
Z: x(l—=m)+(N-1)d’

n =

Define: 7%, =2
T =0.5

Yamane, T. (1967). Statistics, An Introductory Analysis, 2nd Ed., New York: Harper and Row.



Sample size equation for estimation

A simplified formula for proportions

* Krejcie & Morgan (1970)

o ;(iNﬂ(l—ﬂ)
yor(l—-m)+(N-1)d*

Define: %, =%%0s1 = 3.841
n=0.5
d=0.05

Krejcie, RV, & DW Morgan. (1970). Determining Sample Size for Research Activities.Educational
and Psycholoaical Measurement.



Sample size equation for hypothesis testing

mean difference of one group

Hypothesis
Ho : L= Mg ot S My v Hg:p2 g
Ha i 1 # Lo At > Ly A < g

_ (Zaja + 25)"0? o (a+ Z5) 0
(i — up)* (e — 1o)?




Sample size equation for hypothesis testing

mean difference between 2 independent groups

Hypothesis
Ho : 11 = 1y
Ha iy # 1y

General

Define:

Define:

B (Z a2 +Zﬂ)2(012 +05)

Mrersron T )

2 - 2= 2
G,°=0,"=0

(Z,,+Z5) 207
PEER (i~ )

n
n=n,+n,
(Zyy+Zy) 4o
()

n



Sample size equation for hypothesis testing

mean difference between 2 dependent groups

Hypothesis
Ho: L =0
Hy:up 20




Sample size equation for hypothesis testing

proportion difference between 2 groups
Hypothesis

Hy:m =,

Hy:m #T,

nsd Nytn,=1:1

2
(Zajo2B(A=7) + Zpym (A — 1) + 1,(1 — 73))

(ry — mp)?

Nper group —

nstd nytn,=1:k

(Za/z\/(k + (1l —m) + Zﬁ\/kﬂl(l — 1) +1m,(1 — nz))z

(ry — mp)?

Nper group =



Sample size equation for hypothesis testing

correlation between 2 continuous variables

Hypothesis
Hy:p=o0
Hy:p#0 .
L+
. :( o/?2 ,B) +3
C(r)

C(r):%ln(”rj



Sample size equation for hypothesis testing

Effect size
Cohen’s d _
X1 — X2
d =
S
s |y = Dst + (n; — D)s;
. pooled — (n +n., — 2)

Effect size \ o

d =0.02 : small
d = 0.05 : medium
d =0.80: large

Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences. Routledge.



Sample size equation for hypothesis testing

Effect size (Cohen’s d)
one group difference

~ (Zaj2 + Zﬁ)z
_ =

n when 9 : effect size (d)

two independent group difference

 2(Zgp + Z5)
_ -

n



Sample size equation for Regression

Linear regression

-(Za/z + Zﬁ)O’ °
n= /110-x when 0 = \/03% — Aof
2o
Oy
A : beta cofficience
n

Mad) = (1 -R%)

Dupont, W.D. and Plummer, W.D. Power and Sample Size Calculations for Studies Involving Linear
Regression. New York, 1998. Print.



Sample size equation for Regression

Logistic regression

4t(1 — P)(Za/z + Zﬁ)2
n =
(my — my)?

when using OR
OR X my
Ty

n “(1-m)+OR x m,
n . =
%7 (1 = R?)

when R?2 : Psudo R?

Hsieh FY, Bloch DA, Larsen MD. (1998). A simple method of sample size calculation for linear and
logistic regression. Statistics in Medicine. 17(14): 1623-34.



Sample size adjustment

* Fixed percentage

%
Ngaj. =N X 1+m

* Dropout rate

. %dropout
Nggj. =N + |1 100

e Green’s rule of thumb

for regression

n =50+ 8 X #cofficients




’e
oooooooo

e 15t outcome
e important variable
e higher variance

Parameter in

equation

e Previous research
e Database register
e Pilot study
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N Hand exercise for women with rheumatoid arthritis and decreased hand function: an exploratory randomized controlled trial

https://www.ncbi.nlm.nih.gov ><
— st || PDF Hand exercise for women with rheumatoid arthritis and decreased hand function: an exploratory randomized controlled trial o =
=} e Arthritis Res Ther. 2019; 21: 158. q =
joint protection, assistive devices, and alternative ways of 051) noomMm m 0 vg) 27 Oh&-amuj) EKP&}M 0”"(/-

erforming AD. The hand-exercise program addressed range of
i i e sk

motion and muscle strength.

LY q
Primary outcome was change in observed ADL motor ability m Y nm Sm’?‘e > ?;&

measured by the Assessment of Motor and Process Skills (AMPS). 2 ! 2
W (Z&/ & Z-B> A
q¥° )\ = 2
Y 4

Results 5{\ ‘M&a (Dm_[;oy!— Mi

Baseline measures were repeated after 8 weeks.

A=z 0.05

J3 20.20

22055

significant, with no differences between groups (imean.difference =

0.04 logits; 95% CI=—0.16 to 0.25). Thirteen (46.4%) participants (8 (0 Bq -0.24 ) 27. —t
g —— = 4

in the CIPEXERCISE and 12 (444%) in the CIPCONTROL obtained

2.055 9.035, %4

clinically relevant improvements (> 0.30 logits) in ADL motor

ability; this group difference was not significant (z=0.15; p = 0.88).

[ > 2
[i% A =2005 = 26{231'6"‘ n = U.%-fof&"f) ( 6.939) = %9 o

e o 2.
D =202 2 83 2 &4 (_9'9’4’)
1.96 = 122)2(0.9%)°

Co. 24)2

wa Pzo.[0 = ng 1-24 n = 24 AW
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&’J ajvn.f\l m‘,“,?i, wa’yu/qdw;,uﬁgﬂ)sample size estimation was conducted as d€scribed by Hulley et&|. (2013) [28]. A power
© \.1 0‘9’ [“ calculation was cond on|a critical a-value of 0.05 pnd a[i- of 0.2. To reach a
(v.sv Jil') OFS 4] )\(')KJ)’!{')C\\’ U[ ) [power level of 80°4 .30 participants)were required.
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G*Power 3.1

Central and noncentral distributions

Protocol of power analyses

critical t = 1.9714
0.3
0.2 4
0.1 ﬁ a
1 2
0 T T T T T T T T T T T T T T
-3 -2 - 0 1 3 4 & 6
Test family Statistical test
t tests (%] Means: Difference between two independent means (two groups) (2]
Type of power analysis
A priori: Compute required sample size - given a, power, and effect size
Input parameters Output parameters
Tail(s) Two 2] Noncentrality parameter & 3.6228442
Effect size d 0.5 Critical t 1.9714347
a err prob 0.05 Df 208
Power (1-B err prob) 0.95 Sample size group 1 105
Allocation ratio N2/N1 1 Sample size group 2 1056
Total sample size 210
Actual power 0.9501287

X-Y plot for a range of values

Calculate

n1#n2

Mean group 1
Mean group 2

SD o within each group

O n=n2
Mean group 1
Mean group 2
SD o group 1
SD o group 2
Calculate Effect

0.5

0.5

0.5

Calculate and transfer to main window

Close effect size drawer

A



PN G Pover

Test family Statistical test

F tests e v ANCOVA: Fixed effects, main effects and interactions
ANOVA: Fixed effects, omnibus, one-way
Type of power analyg ANOVA: Fixed effects, special, main effects and interactions
— - ANOVA: Repeated measures, between factors
A priori: Compute req
| ANOVA: Repeated measures, within factors
ANOVA: Repeated measures, within-between interaction

Hotellings T*: One group mean vector

Input parameters

Hotellings T?: Two group mean vectors

MANOVA: Global effects

MANOVA: Special effects and interactions

MANOVA: Repeated measures, between factors

MANOVA: Repeated measures, within factors

MANOVA: Repeated measures, within-between interaction

Pc

Nul Linear multiple regression: Fixed model, R* deviation from zero
Linear multiple regression: Fixed model, R? increase
Variance: Test of equality (two sample case)
« Generic F test




PN G*Power

Test family Statistical test

t tests e v Correlation: Point biserial model

Linear bivariate regression: One group, size of slope
Type of power analy:  Linear bivariate regression: Two groups, difference between intercepts
Linear bivariate regression: Two groups, difference between slopes
Linear multiple regression: Fixed model, single regression coefficient
Means: Difference between two dependent means (matched pairs)
Means: Difference between two independent means (two groups)
Means: Difference from constant (one sample case)
Means: Wilcoxon signed-rank test (matched pairs)
Means: Wilcoxon signed-rank test (one sample case)
Means: Wilcoxon-Mann-Whitney test (two groups)

A priori: Compute red

Input parameters

Pc - Generic t test

Actual power

T TesvEEEE y T R RIS BT RS R W

Z tests e v Correlation: Tetrachoric model
Correlations: Two dependent Pearson r's (common index)

Type of power analy; Correlations: Two dependent Pearson r's (no common index)

A priori: Compute red Correlations: Two independent Pearson r's
| Logistic regression
Poisson regression
Proportions: Difference between two independent proportions
« Generic z test

Input parameters

H1 corr p 01 Total sample size




0 Web application

https://www.ai-therapy.com/psychology-statistics/sample-size-calculator

Al-Therapy Statistics BET™

HYPOTHESIS TESTING
Overview and terminology
Comparing two sets of data
Comparing more than two sets of
data (ANOVA)

EFFECT SIZES AND POWER

Effect size calculator

Power calculator

Sample size calculator

PLOTTING

ROC Curve

About Al-Therapy

Al-Therapy creates online fully
automated programs using the
latest evidence-based treatments,
such as cognitive behavioural
therapy. The social anxiety
program has been tested with a
randomized controlled trial. To find
out more visit:

® QOvercome Social Anxiety
e Overcome Fertility Stress
® Overcome Death Anxiety

econa dppro O use

example, if you feel that it is important to detect even small effects, you may select a value of 0.2 (see this page for a

Al-Therapy Home Blog Help and contact

udg you CO der (0 De relevd or

rough categorization of effect size levels).

Sample size calculator

This calculator tells you the minimum number of participants necessary to achieve a given power. The following

parameters must be set:

Test family

Sample groups

Tail(s)
Effect size

Significance level

Power

Test family

Sample groups
Number of tails
Effect size
Significance level (a)

Power

The online calculator currently supports the t-test and sample size estimation for
correlation co-efficients. Please contact us if there are other test families that you would
like included.

Select the "Same subjects" option if you will take multiple measurements from the same
person (this is sometimes known as "paired", "related" or "repeated measures"), and
"Independent groups" if the scores will be from two different groups of people.

The number of tails depends on whether or not your hypothesis has an implied direction.
There is more information on directionality here.

See the discussion above to select an appropriate effect size.

Alpha (a) is the probability of falsely rejecting the null hypothesis, and the most common
value is 0.05. A more thorough discussion on setting the significance level can be found
here.

Statistical power is the ability of study to detect a result that is exists in nature. Generally,
we want power to be as high as possible. However, setting it too high may result in a
sample size that is not practical. A value of 0.8 is often used in practice.

t-test

a»

>

Independent groups

Two

a»

0.5
0.05

0.8



Web application

https://sample-size.net/sample-size-means/

u

Home

Calculators

Cl for proportion
Cl for mean

Means - effect size

Means - sample size
Proportions - effect size
Proportions - sample size

Cl for proportion - sample size
Survival analysis - sample size
Prevalence

Cl for risk ratio

More calculators...

Calculator finder

About calculating sample
size

About us

U%F Clinical & Translational
Science Institute

Sample Size Calculators Explore the Training in

Clinical Research Program

for designing clinical research at UCSF

Sample size — Means

Compare the mean of a continuous measurement in two samples. The sample
sizes are calculated in two different ways: first using the T statistic (with a non-
centrality parameter), then using the Z statistic. The Z statistic approximates the T
statistic, but provides sample sizes that are slightly too small. (We provide the Z
statistic calculation to allow comparison with other calculators which use the Z
approximation.)

Instructions: Enter parameters in the green cells. Answers will appear in the blue
box below.

a (two-tailed) = 0.05 Threshold probability for rejecting the null hypothesis. Type |
error rate.
B= 02 Probability of failing to reject the null hypothesis under the
alternative hypothesis. Type Il error rate.
qi1= 0.5 Proportion of subjects that are in Group 1 (exposed)
Qo= 05 Proportion of subjects that are in Group 0 (unexposed); 1-qy
E= 05 Effect size (If y; = mean in Group 1 and pg = mean in Group 0,

then E = py - yg.)

S= 1 Standard deviation of the outcome in the population

=3



Web application

https://www.danielsoper.com/statcalc/calculator.aspx?id=89

g5 A-priori Sample Size Calculator for Structural Equation Models

This calculator will compute the sample size required for a study that uses a structural equation
model (SEM), given the number of observed and latent variables in the model, the anticipated effect
size, and the desired probability and statistical power levels. The calculator will return both the
minimum sample size required to detect the specified effect, and the minimum sample size required
given the structural complexity of the model.

Please enter the necessary parameter values, and then click 'Calculate’.

Anticipated effect size: | 0.1
Desired statistical power level: | 0.8
Number of latent variables: | 2

Number of observed variables: | 10

 © © © ©

Probability level: | 0.05

x? Formulas & References — Related Calculators Q. Search

» Related Resources



Web application

https://www.statulator.com/SampleSize/ss1P.html

Sample Size ~

Sample Size Calculator for Estimating a Single Proportion

+ Provides live interpretations.
« Assesses the influence of changing input values.
+ Adjusts sample sizes for finite population and clustering.

Calculator Visualisation Tabulate

Calculator Visualisation Tabulate

Input Values

Specify input values and click Calculate. Hover over the @
sign to obtain help.

Customize Visualisation

Level of Confidence © Customize the plot by changing input values from here.

. 0.95 Level of Confidence ©

0.95 $

Expected Proportion © Expected Proportion (x-axis) @

From Min To Max By

. m 0.05 $ 0.95 & 0.01 2

Specify Levels of Precision (Margin of Error) as @

(Select) 1st Series 2nd Series 3rd Series

Precision or Margin of Error ©
Absoluti 002 2 003 2 005 %

You may adjust sample size for clustering, finite population and
response rate by clicking the Adjust button below.

it | o Form

0.05

<
<>

Absolute value

Note: You may adjust sample sizes for finite population, clustering and
response rate by clicking the 'Adjust’ button below.

| A UTEC F Adjust | O Reset

Influence of Changing Input values on Sample Size Estimates

Visualisation
This visualisation assumes a 95% level of confidence and plots sample sizes for three precision

levels of 2, 3 and 5 percent. You may change the default values from the panel on the left.

4 Download Figure

2500 2.0% absolute precision
3.0% absolute precision
W 5.0% absolute precision

2000

I
=}
8

Estimated Sample Size
2
(=]

0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
Expected Proportion

Note: You may adjust the calculated sample size for clustering, response rate or finite population
by clicking here or the 'Adjust’ button.



Mobile application
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Mobile application

N4studies
HA.AT. TA.AT.LTHFY NNATE
Sample size Q&A L . .
Estimating a finite pop. proportion
ESTIMATION Formula[ref]: @
2
Infinite population mean Np(1 - p) Z a
n —=
2 _ _ 2
Finite population mean d (N 1) + p(l p)zl— g
Infinite population proportion Population (N) =
. . . . Proportion =
Finite population proportion P (p)
Error (d) =
HYPOTHESIS TESTING *p and delta must be a range of 0 to 1.
One mean Alpha (a... [ 0.01
for comparing with a reference value
One mean Cluster sampling? P\

for superiority or non-inferiority study

one mean Calculate  Clear

for equivalence study

One proportion Output:

for comparing with a reference value

One nronortion ,
n N 1

e Sample size  Power of study 2X2 Table About us




Mobile application

One mean
for comparing with a reference value

One mean
for superiority or non-inferiority study

One mean
for equivalence study

One proportion
for comparing with a reference value

One proportion
for superiority or non-inferiority study

One proportion
for equivalence study

Two independent means

Two dependent means
for a pair-matched study

Two independent proportions

Two dependent proportions
for a pair-matched study

Two independent proportions

Formula (without continuity
correctionjref]:

2
n = |28 vﬁ@(1+%)zzl_avp1q1+"zfz

%7(11 :]-_pqu :1_p2

p__

Proportion in group1 (p1...

Proportion in group2 (p...

®

*p, and p, must be a range of 0 to 1.

Ratio (r) = 1

Alpha (a... [ 0.01 0.05

Beta (B) = [ 0.1




Chow, S-C, J Sao, & H Wang . (2008). Sample Size Calculations in
Clinical Research. 2nd Ed. United States of America:
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