e —— i B

ligl rrgxe uctlon to Biostatistics
And Epidemiology

=
s l-.ﬂ_:.-
=

i
=

-. L=
_..'.'— = -

:.:-:Ff‘-'ﬂ David Dayya, D.O., M.P.H.

e gy

= f = i

B =
—'-:.:.—-'.

i
e

-~ Saint Barnabas Hospital
— Department of Family Practice



analy 515 an interpretation of data (s.
Jm) 1th a view toward objective
iat Gn of the reliability of the
ﬁ’smns based on the data.



dlypes ..

NORPEEMELHC Data

NogrlrlFeos Categorlcal Data —
solIt data), devoid of

relf) "/orrléj:—e “magnitude i.e.
iCity, survival.

-? ‘Data — has rank/order

- fIF d magnitude but does not

maintain equ1d|stant IEAELS

vbetween successive values i.e.

~ Small, medium, large; grade 1-
S stage 1-5.

Sex er

Darametric Data

Interval Data — number-line
data has rank/order,
magnitude, and maintains
equidistant intervals between
successive values i.e. blood
pressure, age, cholesterol,
blood sugar, weight,
temperature, time.

Ratio scale — Interval data with

a meaningful 0-value i.e. blood
pressure, age, cholesterol,
blood sugar, weight.
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Contlgltigtiss o ‘Discrete (discontinuous)

At I)o;;uléqizs exists e A variable that can only
SEWVEER Ny other take on specific values.

Vel Les,

Apnfinite range of o Usually integers
erLﬁmk between Y J

.—«r V.other range of
.' —— .G-es

= "_5'0 kg, 50.1 kg or
- 50. 1111 kg

e Ratio, Interval or Ordinal ® Ratio, Interval, Ordinal,
or Nominal

=



Stauer plot
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Response Variable

E:-.planalﬂry Variable NethBA . com



Histogram
[swrnrmetrical distribution)

Averaqge




Frequency Polygon — CUNY-CSI



‘Cumulative Frequency distribution

1,200
E 1;':":"3 ™
an
©
[
S3 800
85
EZ sool
z2
) =
| 2 €
= A00F
= F o
e~
e
..-:—_,—',_. - 0

1979 80 81 82 B3 B4 B85 86 87 8B B2 9D o1
Year

NIAID-NIH

92 93 94 95



St'ﬁﬁard Normal Distribution

—

Gaussian Curve

FREQUENCY
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der summary. BexsPlot
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skewed to the right no skewness skewed to the |eft

Shkew x) = 0.99 Skew o) =-2.13

H.Lohninger: Teach/Me Data Analysis, Springer-Verlag, Berlin-New York-Tokyo, 1999. ISBN 3-540-14743-8
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Poglllitlonl ZelElgleie] e ample Statistics

I—

gRUTH e ESTIMATE OF THE TRUTH
Cragid S \\/mr 0 s : e Roman Symbols
U grlezlgh =" ® X mean
9] chmc deV|at|on e s standard deviation
J/ T pﬁlatlon variance ® s) sample variance
—u—-w bar population standard ® sxbar sample standard error of
=" —-*@r-r0r r of the mean the mean

_-—l-

—

~ » Nipopulation size n sample size
o P population proportion ® p sample proportion
e B population parameter e b sample coefficient
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o ”’mrlom Sampling — each member of the populatlon has
gnregualliand Independent chance of being selected. The
SQJECI‘JOJ'I‘ pirone in no way influences the other.

J Jruj: sed! estimate - long run average of statistic will

s £

Eg e }a opulatlon parameter.
--;:._u,gf{f efficiency, or reliability - prefer the statistic

;;.:_--;on'-”-n any single sample be close to the paramaters
- actual value.
& Consistent Statistic — is one that as we take larger
samples it will better estimate of the parameter.




® Statistics that enable

the researcher to
draw conclusions
about data and the
relationships between
variables.
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escriptive Statistics
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VMEZSLINES Of Ceng_ﬁw
the Midaleof the Data
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- A measure of central tendency
: affected by extreme values in the data,
also known as outliers.
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YiEdian Obsenvatio
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ranked data point

“Middle Observation” or 50t percentile.
No more than half the observations are above
and half are below the observation.
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'_"[j'ently occurring observation(s).
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VeI Fulcrum

0 Merhfm mlddle measurement that
rJJerJA the data into two equal parts.
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J ]\/ee —'-unlmodal bimodal
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Viegsiiies: of DiSpersion Of.
- Spread.in Datar=

J relp) J ——
2 [l el quartile Range
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Z'JStandard Deviation
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ence between the highest and
owest values. Not practical as it is

| _nced by a single extreme value.
: _:-;—.'. .igreater the number of observations

-'_"_—-n-

= " the larger it gets.
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Sometimes an interquartile range
(25-75 percentiles)
= is used to limit the influence of extreme
e o values.

~ Rank the orders from lowest to highest and use (n+1)/4 ranked value as the
-~ 01, (n+1)/2 ranked value as the Q2, 3(n+1)/4 ranked value as the Q3.

e IQR = Q3-Q1
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= A measurement of dispersion about the
'—'.,:.;_h;-_:_s:-: mean. An average of squared deviations
-~ from the mean.




'-'_-ﬁ' : a erage of the square root of the squared

Hﬁewatlons from the mean.

*—5-4- ] - standard deviation on either side of the
__,.-—_ -—== “mean will include about 68% of data
-~ values.

2 standard deviations, 95%.

3 standard deviations, 999%o.
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r Eewrral @nd pencemral dsrbutions

G Power 3
Frotoce of porstr analyses
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Test family Statistical test
[ tests i Means: Difference benseen two Independert means {twn groups) +
Type of power analys.s
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Nonrcentrality pasasmees b 3316625
[N One - Critical 1 1 A53E5R
Deterrmine Effecr size d 0.5 o 178
o err prob Efert size comvenrinns| Do SoHp B G
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; o o 3 ample size 178
Allocation ratia M2 /N L d = B0 - large 5
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X =¥ plot fora range of values Em
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NI thEN natical formula that generates a
WESIIST a stlc from the data which is then
conIpa red to a table or manipulated by

| r“cz puter software to generate a p-value
— ﬁ/or a confidence interval.
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J ]/) — —. e
o Ve g —*' = 95
S o 4 Y= 1/8 = 125

-t-..=h:-*‘ -

»- U / "* 1L *1h =1/16 = .06125

. l'I__
o ——

':—-— _fyz * 1/2 * 1/2 1/2 X 1/2 — 1/32 — 0.030625

——



T—)

*llil""

e I)m alial ~F~aJ§&P{~)Sit-w
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2 The threshold below WhICh you can
| '_f ‘reject random error or chance as the

- explanation for the observed group
~difference (effect size) or outcome.

Two possibilities P>/= or p<

o False positive rate =
: — Also approximately n* where n in this
case Is the number of hypotheS|s tests
performed. {FPR=1-(1- ) }



HEP ‘aluefgﬁgjlpha}'

ABhER="Tihe probability” cut off below: which we can reject the nuII
IYSOIESIS| 2 nd conclude that our findings are statistically
Jumnmnn. (p < alpha).

Tris eifeloks __ljlty that the observed group difference was due to
igndemierior or chance. (p >/= alpha).

: ,)-_i#ﬁ el pr'bbability you would obtain an outcome (or group
:{_,-—.:e i :'rence) as large as the one observed or more extreme than the
= one observed, if you repeated your experiment multiple times.

- e

- —

-~ 8 Akey objective behind all hypothesis testing is to generate a p
~ value and/or confidence interval.

e See table of hypothesis tests and choosing the right test.



e Cc -fide-n@ﬂtewai? p—

f Vou repeated Your experiment nUmerous times
withirandom sampling and generated a confidence
tervals for each experiment than the true

: opulatlon difference will be contained within 95 %
3 ~ of those confidence intervals generated. The true

: ".',__- population difference will not be contained within
- 5% of the confidence intervals.

, ® [he advantage of the confidence interval is it not
= only allows us the opportunity to accept or reject

: the null hypothesis and conclude our findings are
statistically significant but also permits us to see
how large the observed group difference might be.
Whereas this is not available with the p value alone.
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SMYPEd Error @ Type 2 Error

> Corjell JrIJrTs: the e Concluding that the
wservwke roup observed group

difference;was a true difference was due to

— €re =__When I fiact It was chance or random error,

=~ dUe to chance or when in fact it was a true

_ "-§ystemat|c error. effect.

s Convicting the innocent ® Absolving the guilty man.
- man.

e False Positive rate ® False Negative rate

—_—
_-—‘
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JJJerl / Of detectlng an

erre’f" E

=l bablllty of type 2 error
’f= - = False Negative
~ Rate
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Parametric

e B ——

Ordinal Data

Interval Data

One Sarmplg Tast IﬁomIEﬂ (binemiallequation or Z Kolmogorov-Smirnov: One-Sample Z test
| ] prOX|mat|on)
-
Chi-Square RUNS
Goodness off Fit Tiest
S IWOo SampiE; Tlest
- "".f:"-
-~ Related Sam 'ies McNemar Sign Paired t
FUnreiafEa‘ Samples Contingency Chi Square Wilcoxan Two Sample Rank Unpaired t
| - -
= e :
- Fishers Exact
- K Sample Test

Related Samples

Unrelated Samples

Cochran Q

Contingency Chi Square

Friedman Chi-square test

Kruskal-Wallace

Randomized Block Analysis Of
Variance

Analysis Of Variance (ANOVA)
(followed by Tukey or SNK))
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EXEME Iesﬂgst

— i

J ]\JOJ’JI)rJJ’“"' etric Data
o U erJ Jr‘ ~ Wilcoxan Rank Sum
o Cpljelt are Chi' Square test
J 2| -anietnc Data

i

:f 3‘ value — Paired and Unpaired t-tests
® Z value — Z test
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— ; nple and Multiple Linear Regression
f{'fio

T

ol

OIHEREY ANOVA™
TWeWENA ‘f‘ OVA
POSEIHOCIAT nalysis
ANCOVA

VA \ F- “A'I

-e istic Regression
Survwal Analysis Cox Hazard Proportions Analysis

e Nonlinear Regression

NelVzllee StatisﬂfaT HyPOTHESIS
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A"brief summary of the Study:
and its findings.

® Historic overview information
related to the research
guestion and its relevance.

® A detailed discussion of the
research design including

R limitations.

= uIts e Descriptive statistics, graphical

—— representation of data and
=< results of hypothesis testlng

) = _ _ and findings.

2 Discusdlon/Conciusion * An interpretation of the

findings.



ntem Ing the IVI‘edlcaI

Oierature

Approachi
b Stiidy De5|gn l.e. bias, confounding, internal/external
\mm and other forms of systematic error.

- e

s Hypothesis testing and appropriate test selection.

._.!_.

' Pvalue, critical value, alpha value, minimum effect size,
o a.:; -*-conﬂdence interval, OR, RR, power calculation.

== = s Type 1 or Type 2 error probability.

- = ® Methods most important not limited to the abstract and
~ ~ _ conclusion.

= ® Problems with Summary information
® Problems with Consensus panels

D) ]\/J\—i cs‘-
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R EpIdemielogy/Research Methods:
Genly ,m SH. Interp _c.ggj?a the Medlcal Literature. Practical Epldemlology For Clinicians. 5th Ed. 2006.
Gorclis I)Jrlérmobg. - 3rc rd Ed. 2004.
'rJuIJey SE/DESIgNIN J ﬂ t_:@l Research. Ani Epidemiologic Approach. 3rd Ed. 2006.

) -zﬁDatabase Management

selVaran R, Microsoft Office 2000 Simplified. 1999.
\Jzlfzlr) 74 J\/J_mrn: ustrated Office 2003. 1st Ed. 2005.

Maran R, Maran il]r.lstrated Access 2003. 1st Ed. 2005.

Maran ”iw- *an::lllustrated Excel 2003. 1st Ed. 2005.

e - ,J""f_'llir e. D, Mallory P. SPSS For Windows: Step-by-Step. 7th Ed. 2006

= “HintoniPR. Brownlow C, McMurray 1. et. al. SPSS Explained. 1st Ed. 2004.

- --—_ _.--__j_B_BJWIChe LD, Slaughter SJ. The Little SAS Book: A Primer. 3rd Ed. 2003
- _Acoc_ls AC. A Gentle Introduction to Stata. 1st. Ed. 2005.
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.~ ® Scholarly Research Paper Publication/Bibliography Software
= -~ o  Agrawal A. EndNote 1-2-3 Easy! Reference Management For the Professional. 1st ed. 2005.
4 Maran R. Microsoft Office 2000 Simplified. 1999.
e  Maran R. Maran Illustrated Office 2003. 1st Ed. 2005.
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Glarliz SA, SliplEE rlmer of' Applied Regression and Analysis of Variance. 2nd Ed. 2000.
lelnezltnn DE M e -LL Nizami A, Muller KE. Applied Regression Analysis and Multivariable Methods. 4th Ed..
2007, o
WIRERES) %ﬁﬁ R, Mlchels KM. Statistical Principles in Experimental Design, 3rd Ed.
SHEAECON G ‘_chran WG. Statistical Methods. 8th Ed. 1989.

Meaxwell'S|

sk, Delaney HD. Designing Experiments and Analyzing Data: A Model Comparison Approach. 2nd Ed.
T ’qJQ,_L:’]-C It:kens 1ID. Design And Analysis. A Researchers Handbook. 4th Ed. 2004.
s VcMahon D. Linear Algebra Demystified. 1st Ed. 2005.
L2 E.lmear Algebrai and its Applications. 3rd Ed. 2005.
G:Iark-Carter D. Quantitative Psychological Research: A Students Handbook. 2004.
e _Russ_q R. Statistics for the Behavioral Sciences. 2003.
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= - Epidemiology/Research Methods

- (1)Evans JS, Evans BT. How To Do Research. 2005.
(2) Boynton PM. The Research Companion. A Practical Guide for the Social and Health ~ Sciences. 2005.

— Medical Health Informatics

Englebardt SP. Health Care Informatics: An Interdisciplinary Approach
Medical Informatics: Knowledge Management and Data Mining in Biomedicine
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= Useiul WWW Online Resources
RIGENTN 1\/~ur\ Virtual Lab in Statlstlcs (onllne multimedia tutorial
fmrl ERBBRk) Wwi.onlinestatbook.com/ivs/

JEIFASSEatistical Computing Online Tutorial on SAS, STATA, and
SPIY. WIEELES Uclaredu/stat/everview.htm

Hmczjm_ r asets www.vetmed.wsu.edu/appliedregression/

—— :’ exﬂ nstructlon Resources

-_ == amst AlllOdds: Inside Statistics
H-www*learner org/resources/series65.html

— Statlstlcs Www.Vvideoaidedinstruction.com/
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