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Breath of biostatistics

* Descriptive statistics (data types, central tendency, dispersion,
exploratory data analysis)

Probability distributions & confidence intervals

Hypo)thesis testing (null hypothesis, type | and Il errors, sample size,
power

* Inferential statistics (t-test, chi-square, trend test, Fisher’s test, log
rank test, comparative data analysis)

Correlation & regressions
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1. Study design and power
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3. Inferential statistics

4. Software and tips



Study design and power



Concepts of statistics

e Science of (1) collecting and analyzing data to help
make decisions in uncertainty, and (2) to make
inference about a phenomenon observed
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Types of clinical studies
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Power calculation
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n = sample size

o = standard deviation
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a = level of significance
d = effect size
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Descriptive statistics



Types of variables
* Nominal - categories (e.g. gender, ethnicity)

* Ordinal - categories with a trend
(e.g. cancer stage, grade)

* Numerical / scalar - quantitative
e Continuous scale (e.g. age, height)
e Discrete scale (e.g. number of polyp)



Box-and-whis

ker plot
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Bar chart

* Height is the mean

 How about error bars?
e Standard deviation (SD)
e Standard error of mean (SE / SEM)
e Confidence interval (95% Cl)



Histogram
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Q: What are the differences between bar chart and histogram? (P.T.O.)



Bar chart and histogram
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Bonus Q: what is a Pareto chart?



Normal distribution

|Mean Gaussian distribution

| (z-statistics)
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Normality

* Histogram inspection
* n>30
* Fitting shape

Normal Distribution ° Quantile—quant”e plOt

e Formal tests

e Komolgorov-Smirnov test
* Shapiro Wilk test

Paranormal Distribution



QQ plot
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Q: What is the hospital length-of-stay distribution? (right skewed distribution)



Inferential statistics



Sampling

e.g. SBP of the Hong Kong population

Producing Data

Population —

Inference V.



Sampling distribution

A sample of HK A Sample Mean Xl

Residents

Yet another Yet Another
sample of HK Sample Mean 2

Hong Kong residents
Population

Another Sample Another Sample
of HK Residents Mean

n

XX XX XX

>l

SBP 120 130 131 1134 135 140 141

Population mean (n) = 133




Central limit theorem
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Distribution of the means
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Student’s t distribution

* Described by William Sealy Gosset

Resemble normal distribution if
sample size is large (n>30)




Hypothesis testing

e Confirmatory data analysis to determine the
probability that a given hypothesis is true

* Null hypothesis ‘H,": statement of no differences or
association between variables

* Alternative hypothesis ‘H,": statement of
differences or association between variables

* Type | (alpha) and Type Il (beta) error



P-value

More likely observation

V

P-value

A

Very un-likely

Very un-likely
observations

observations

Probability density

Observed

data point\
6 '

Set of possible results

A p-value (shaded green area) is the probability of an observed
(or more extreme) result assuming that the null hypothesis is true.

Probability of mistakenly rejecting the null hypothesis (a)



Parametric tests

* Parametric tests B
assume data comes /\ —— /\/\
< > < >

from a population

similar > different

* With known
P r O b.a bil i.ty non-parametric
distribution [T camang™ I

(e.g. normal)

* Based on a fixed
set of parameters
(e.g. mean, SD)

Non-parametric tests usually
less powerful
(values discarded)




Comparative tests (interval)

2 groups

3 groups

Tests for
difference

'

Interval

|

Parametric No

I

distribution
| Yes
Related Unrelated
t-test t-test
(paired) (unpaired)
ANOVA ANOVA

Ordinal

Related Unrelated

: Mann-
O Whitney U /

signed rank .
Wilcoxon
test
rank sum test

Friedman Kruskal-

test Wallis test

}

Nominal
Related Unrelated
Chi-squared
N EE | Fisher’s
test
exact test

Post-hoc tests for
multiple comparisons



A walk-through of rank sum test
(N T 2 I N

Total rank
Median 74 75.5
n 11 12
U(A) 71
U(B) 61
U statistic 61

P-value 0.76




Comparative tests (categorical)

 Examine differences between observed and
expected counts

- (0. _EJI
Xe = Z E-I

* Two assumptions /™ Chi Square

* Independence of observations /

* Count of all cells >5 { probabilty p

M
x2/

* Degree of freedom

e df=(R-1) x (C-1) Cured 20 10 30

* No of free variables el ) A 22 34

32 32 64



v distribution and df

Degrees of Probability of a larger value of x *

Freedom 0.99 0.95 0.90 0.75 0.50 0.25 0.10 0.05
1 0.000 0.004 0.016 0.102 0.455 1.32 271 3.84

2 0.020 0.103 0.211 0.575 1.386 2.77 461 599

3 0.115 0.352 0.584 1.212 2.366 411 6.25 7.81
df — 1 4 0.297 0.711 1.064 1.923 3357 5.39 7.78 9.49
5 0.554 1.145 1.610 2.675 4351 6.63 9.24 11.07

6 0.872 1.635 2.204 3.455 5.348 7.84 10.64 12.59

7 1.239 2.167 2.833 4.255 6.346 9.04 12.02 14.07

8 1.647 2.733 3.490 5,071 7.344 10.22 13.36 15.51

9 2.088 3.325 4.168 5.899 8.343 11.39 14.68 16.92

10 2.558 3.940 4.865 6.737 9.342 12.55 15.99 18.31

11 3.053 4.575 5.578 7.584 10.341 13.70 17.28 19.68

12 3.571 5.226 6.304 8.438 11.340 14.85 18.55 21.03

13 4.107 5.892 7.042 9.299 12.340 15.98 19.81 22.36

14 4.660 6.571 7.790 10.165  13.339 17.12 21.06 23.68

5.225 7.261 8.547 11.037 14.339 18.25 2231 25.00
5.812 7.962 9.312 11.912 15.338 19.37 23.54 26.30
6.408 8.672 10.085 12.792 16.338 20.49 24.77 27.59
7.015 9.390 10.865 13.675 17.338 21.60 2599 28.87
10.117 11.651 14.562 18.338 22.72 27.20 30.14
10.851 12.443 15.452 19.337 23.83 28.41 3141
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Correlation

Perfect High Low Pearson’s correlation
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Regression

e Estimating relationships between variables
(between dependent and independent variables)

SBP (mm Hg)

* Logistic regression

200

SBP =81.54 +1.222- Age

* Linear regression

~

Y =bX +a

20 30 40 50 60 70 80 90

Age (years)



Correlation/association # causality

gs

Swrimming pool drownin
(=] Fa

Number of people who drowned by falling into a pool

correlates with
Films Nicolas Cage appeared in

Carrelation: 66.6% (r=0.666004)

& films

4 films

0 films

ageny se|oyan

19585 2000 2001 2002 2003 2004 2005 2008 2007 2008 2009

- Nicholas Cage -# Swimming pool drownings

Q: What are the differences between correlation and regression?



Tips and software



Study design

* Most important is your
research question

C :
+ Consider

e Effort

Cohort
- * |nfrastructure

* Clinical ethics,
governance and
compliance

Meta-analysis



Power calculators

Central and noncentral distributions | protocol of power analyses |

critical t =1.98932
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Test family Statistical test

%ttests v | Means: Difference between two independent means (two groups) v ‘
Type of power analysis

vl

gA priori: Compute required sample size - given o, power, and effect size

Input Parameters Qutput Parameters

Tail(s) lTwo vL

—————————— 1, r

Effect size d [ 0.6237829 [ Critical t ‘
e

o err prob l 0.05 } Df [

Power (1-p err prob) 0.8
Allocation ratio N2 fN1 1 | [

82
Sample size group 1 42
Sample size group 2 42

Noncentrality parameter & 2.858532 ‘

1589315 |

O nlil=n2

Mean group 1 |

Mean group 2 ‘

SD owithin each group ‘

® nl=n2
Mean group 1 \ 5 \’
Mean group 2 l 15 ]
SDagroup 1 \ 1§}
SD ogroup 2 l 17 ]

Effectsized | 0.6237829

Total sample size ‘. 84 ‘ [ Calculate ]
Actual power I 0.806465 J
[ X-¥ plot for arange of values ] [ Calculate I

l Calculate and transfer to main window ]

Close

GPower: http://www.gpower.hhu.de/

CUHK CCRB: http://www?2.ccrb.cuhk.edu.hk/web/

Clin Calc: http://clincalc.com/stats/samplesize.aspx



http://www.gpower.hhu.de/
http://www2.ccrb.cuhk.edu.hk/web/
http://clincalc.com/stats/samplesize.aspx

Statistical software

R Project for
Statistical
Computing

2011 x

Source on Save

# loading the data set

HollywoodMovies2011 <

Q7 -

~ Addins -

read.csv("HollywoodMovies2011.csv")

# Calculating summary stats for all columns of a data set

1
2
3
4
5 summary(HollywoodMovies2011)
6
7
8

10 # Colculating specific summary statistics

12 # mean
13 mean(HollywoodMovies2@11$RottenTomatoes)
14 mean(HollywoodMovies2@113RottenTomatoes, na.rm = TRUE)

15

16 # medion
17 median(HollywoodMovies2011SRottenTomatoes, na.rm = TRUE)

18

# _erandard davdasinn

10
843 (Top Level) <

Documents/m107/data

TheatersOpenWeek BOAverageOpenWeek DomesticGross

Console -
Genre
Action :32
Comedy :27
Drama 21
Horror 117
Thriller :13
Animation:12
(Other) :14
Budget
Min. : 0.20
1st Qu.: 20.25
Median : 36.50
Mean @ 53.48
3rd Qu.: 70.00

Max. :250.00

NA's

Min. t 3
1st Qu.:2550
Median :2995
Mean  :2828
3rd Qu.:3400
Max. 14375
NA's :16
Profitability
Min. : 9.900
1st Qu.: 1.065
Median : 2.199
Mean : 3.315
3rd Qu.: 3.667
Max. :64.673
NA's  :2

Min., : 1513
ist Qu.: 3779
Mediaon : 5686
Mean . 8339
3rd Qu.: 8923
Max.  :93230
NA's 116
Openingieekend
Min. : ©.00

1st Qu.: 7.71
Median : 13.10
Mean : 20.34

3rd Qu.: 25.00
Max, :169.19
NA's  :3

# Calculating summary stats for an individual column
summary(HollywoodMovies2@115RottenTomatoks)

Min. : 0.02
i1st Qu.: 19.03
Median : 37.35
Mean 1 63.22
3rd Qu.: 80.46
Max. :381.01
NA's 74

ForeignGross

Min. 1 0.24
ist Qu.: 14.25
Median : 47.00
Mean ¢ 96.92
3rd Qu.:102.00
Max. 1947.10
NA's @15

~# Run g

WorldGross
Min. : 0.025
1st Qu.: 30.706
Median : 76.659

Mean @ 150.742
3rd Qu.: 173,691
Max . 11328.111
NA's  :2

_+* Source

R Script =

-



Statistical software

bl SCE]

SPSS SAS Stata Minitab

Analyze, graph and present scientific data easier than ever!

AERIM7




Questions?



