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I t d tiI t d tiIntroductionIntroduction

Any errors in statistical analyses will mean that Any errors in statistical analyses will mean that 
the conclusions of the study may be incorrect.the conclusions of the study may be incorrect.
I thi f idI thi f id b d h lth b thb d h lth b thIn this era of evidenceIn this era of evidence--based health care, both based health care, both 
clinicians and researchers need to critically clinicians and researchers need to critically yy
appraise the statistical aspects of published appraise the statistical aspects of published 
articlesarticlesarticles.articles.



I t d tiI t d tiIntroductionIntroduction

“Bad statistics leads to bad research and“Bad statistics leads to bad research andBad statistics leads to bad research and Bad statistics leads to bad research and 
bad research is unethical.”bad research is unethical.” -- Altman (1982)Altman (1982)bad research is unethical.  bad research is unethical.  Altman (1982)Altman (1982)

“Statistical thinking will one day be as “Statistical thinking will one day be as g yg y
necessary for efficient citizenship as the necessary for efficient citizenship as the 
bilit t d d it ”bilit t d d it ” W llW llability to read and write.” ability to read and write.” -- WellsWells



The Most Common Type of FlawThe Most Common Type of Flaw
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6 S6 SIV.A.6.c. StatisticsIV.A.6.c. Statistics

Describe statistical methods with enough detail Describe statistical methods with enough detail 
t bl k l d bl d ith tt bl k l d bl d ith tto enable a knowledgeable reader with access to to enable a knowledgeable reader with access to 
the original data to verify the reported results. the original data to verify the reported results. 
When possible, quantify findings and present When possible, quantify findings and present 
them with appropriate indicators of them with appropriate indicators of pp ppp p
measurement error or uncertainty (such as measurement error or uncertainty (such as 
confidence intervals). confidence intervals). ))



6 S6 SIV.A.6.c. StatisticsIV.A.6.c. Statistics

Avoid relying solely on statistical hypothesis Avoid relying solely on statistical hypothesis 
t ti h th f P l hi h f il tt ti h th f P l hi h f il ttesting, such as the use of P values, which fails to testing, such as the use of P values, which fails to 
convey important information about effect size.convey important information about effect size.
References for the design of the study and References for the design of the study and 
statistical methods should be to standard works statistical methods should be to standard works 
when possible (with pages stated). when possible (with pages stated). 
Define statistical terms abbreviations and mostDefine statistical terms abbreviations and mostDefine statistical terms, abbreviations, and most Define statistical terms, abbreviations, and most 
symbols. symbols. 
Specify the computer software usedSpecify the computer software usedSpecify the computer software used.Specify the computer software used.



IV.A.7. ResultsIV.A.7. Results
When data are summarized in the Results When data are summarized in the Results 
section, give numeric results not only assection, give numeric results not only assection, give numeric results not only as section, give numeric results not only as 
derivatives (for example, percentages) but also derivatives (for example, percentages) but also 
as the absolute numbers.as the absolute numbers.as the absolute numbers.as the absolute numbers.
Specify the statistical methods used to analyze Specify the statistical methods used to analyze 
themthemthem. them. 
Use graphs as an alternative to tables with Use graphs as an alternative to tables with 

i d d li d i hi d d li d i hmany entries; do not duplicate data in graphs many entries; do not duplicate data in graphs 
and tables. and tables. 



GoldenGolden Rules for Reporting NumbersRules for Reporting Numbers
Rule Correct Expression

Use a zero before the decimal point The P value was 0.013

Report percentages to only one decimal place if the 
sample size is larger than 100

In the sample of 212 children, 10.4% had diabetes

Report percentages with no decimal places if the In the sample of 44 children 11% had diabetesReport percentages with no decimal places if the 
sample size is less than 100

In the sample of 44 children, 11% had diabetes

Do not use percentages if the sample size is less than 
20

In the sample of 18 children, 2 had diabetes
20

Do not imply greater precision than the measurement 
instrument

Only use one decimal place more than the basic unit 
of measurement when reporting statistics (mean,
median, SD, 95% CI, etc.) e.g. mean height wasmedian, SD, 95% CI, etc.)  e.g. mean height was 
143.2 cm

For ranges use ‘to’ or a comma but not ‘-’ to avoid 
confusion with a minus sign

The mean height was 162 cm (95% CI 156 to 168)
g

P values between 0.001 and 0.05 should be reported to 
three decimal places

There was a significant difference in blood pressure 
between the two groups (t = 3.0, df = 45, P = 0.004)

P values shown on output as 0 000 should be reported There was a significant difference in blood pressureP values shown on output as 0.000 should be reported 
as <0.0001

There was a significant difference in blood pressure 
between the two groups (t = 5.47, df = 78, P < 0.0001)



IV.A.7. ResultsIV.A.7. Results
Avoid nontechnical uses of technical terms in Avoid nontechnical uses of technical terms in 
statistics, such as “random” (which implies astatistics, such as “random” (which implies astatistics, such as random  (which implies a statistics, such as random  (which implies a 
randomizing device), “normal,” “significant,” randomizing device), “normal,” “significant,” 
“correlations,” and “sample.”“correlations,” and “sample.”correlations,  and sample.correlations,  and sample.
Where scientifically appropriate, analyses of Where scientifically appropriate, analyses of 
the data by variables such as age and sexthe data by variables such as age and sexthe data by variables such as age and sex the data by variables such as age and sex 
should be included.should be included.





통계적통계적 오류의오류의 종류종류

부적절한부적절한 통계적통계적 기법기법 적용적용부적절한부적절한 통계적통계적 기법기법 적용적용

통계학적통계학적 방법론방법론 서술의서술의 과오과오

통계분석통계분석 결과결과 해석의해석의 과오과오

통계용어통계용어 및및 기호기호 사용사용 과오과오통계용어통계용어 및및 기호기호 사용사용 과오과오



의학논문의학논문 11

방방 법법: 40: 40명의명의 아토피성아토피성 천식천식 소아에게소아에게 흡입용흡입용 스테로스테로
이드를이드를 1212주주 동안동안 투여하고투여하고 투여투여 전과전과 투여투여 후에후에 PCPC이드를이드를 1212주주 동안동안 투여하고투여하고 투여투여 전과전과 투여투여 후에후에 PCPC2020

의의 변화를변화를 비교비교 분석하였다분석하였다..

통계통계 분석분석: : 결과는결과는 meanmean++SESE로로 제시하였다제시하였다. . 각각 군간의군간의
비교는비교는 Student tStudent t--testtest로로 시행하였으며시행하였으며 통계적통계적 유의수유의수
준은준은 P valueP value가가 0.05 0.05 이하로이하로 하였다하였다. . 



의학논문의학논문 11

결결 과과: PC: PC2020은은 치료전치료전 1.89 mg/mL1.89 mg/mL에서에서 치료후치료후
4 56 / L4 56 / L로로 의미있게의미있게 증가하였다증가하였다(P 0 01)(P 0 01)4.56 mg/mL4.56 mg/mL로로 의미있게의미있게 증가하였다증가하였다(P<0.01). (P<0.01). 

Table 1. Comparison of PCTable 1. Comparison of PC2020

Before TxBefore Tx After Tx After Tx 

PCPC2020(mg/mL)*(mg/mL)* 1 891 89++0 450 45✝✝ 4 564 56++0 980 98✝✝PCPC2020(mg/mL)(mg/mL) 1.891.89++0.450.45✝✝ 4.564.56++0.980.98✝✝

*Mean*Mean++SESE ✝✝P<0 01P<0 01*Mean*Mean++SE, SE, ✝✝P<0.01P<0.01



Population and SamplePopulation and Sample

ParameterParameter

StatisticStatistic



D t TD t TData TypeData Type

Nominal
OrdinalOrdinal 

Interval

Ratio



Level of MeasurementLevel of Measurement

DataData CharacterCharacter ExampleExample

Nominal Nominal categoricalcategorical gender, race, blood type, gender, race, blood type, 
hypertensivehypertensiveypyp

OrdinalOrdinal
categoricalcategorical
rankedranked

rating scale, anxiety score, grade, rating scale, anxiety score, grade, 
tumor stagetumor stagerankedranked tumor stagetumor stage

IntervalInterval continuouscontinuous temperature, calendar year, IQ, temperature, calendar year, IQ, IntervalInterval continuouscontinuous psychological testpsychological test

R iR i interval withinterval with blood pressure, age, days in theblood pressure, age, days in theRatioRatio interval with interval with 
true zerotrue zero

blood pressure, age, days in the blood pressure, age, days in the 
hospitalhospital



Statistical VariablesStatistical VariablesStatistical VariablesStatistical Variables

VARIABLES

CATEGORY QUANTITYCATEGORY QUANTITY

Nominal DiscreteOrdinal Continuous

Ordered
Nominal RanksNominal



St ti ti l A l iSt ti ti l A l iStatistical AnalysisStatistical Analysis

i i S i ii i S i i11 Descriptive Statistics Descriptive Statistics 

22 Inferential StatisticsInferential Statistics



How to Summarize DataHow to Summarize DataHow to Summarize DataHow to Summarize Data



C t l T dC t l T dCentral TendencyCentral Tendency

MeanMean

MedianMedian

ModeMode



Symmetrical Symmetrical 
DistributionDistribution

NormalNormal
DistributionDistribution



DispersionDispersionDispersionDispersion
Variability of a single sample valuesVariability of a single sample values

SD (Variance)SD (Variance)

RangeRange

IQR (InterIQR (Inter--quartile range)quartile range)



Standard DeviationStandard Deviation



InterquartileInterquartile Range Range 

QuantilesQuantiles (Percentiles)(Percentiles)QuantilesQuantiles (Percentiles)(Percentiles)

Quartiles (25Quartiles (25thth, 50, 50thth,75,75thth))Q (Q ( ,, ,, ))

IQ Range = QIQ Range = Q33 –– QQ11
QQ11 QQ22 QQ33

The percentiles divide a data set into 100 equal partsThe percentiles divide a data set into 100 equal parts

The quartiles divide a data set into quarters (four equal parts).The quartiles divide a data set into quarters (four equal parts).

The percentiles divide a data set into 100 equal parts.The percentiles divide a data set into 100 equal parts.



S ?S ?What is the Standard Error?What is the Standard Error?

V i bilit f lV i bilit f lVariability of sample meansVariability of sample means
SD of sample means (SEM)SD of sample means (SEM)SD of sample means (SEM)SD of sample means (SEM)
Prediction of how close a sample mean Prediction of how close a sample mean pp
is to the true population meanis to the true population mean
Parametric statisticParametric statistic



Standard ErrorStandard ErrorStandard ErrorStandard Error

Mean = 3
SD = 1.22FrequencyFrequency

μ = 3μ = 3
3

4

1

2

xx = 2= 2 xx = 3= 3 xx = 4= 4 xx = 5= 5 1 2 3 4 5 60
0

1

1 2 3 4 5 60

Samples MeanSamples Mean

xx = 3= 3 xx = 4= 4 xx = 1= 1 xx = 3= 3 xx = 2= 2



Measures of VariabilityMeasures of Variability

Statistic Variability Mean ++ 2SD (2SE)Statistic Variability Mean ++ 2SD (2SE)

Standard DeviationStandard Deviation Single Sample’s Values 95% of Population Values

Standard ErrorStandard Error Sample Means 95% of Population Meanp p



ShShape

SkewnessSkewness

KurtosisKurtosis



SkewedSkewedSkewed Skewed 
DistributionDistribution

Negatively skewedNegatively skewedNegatively skewedNegatively skewed

Positively skewedPositively skewed



Descriptive StatisticsDescriptive StatisticsDescriptive StatisticsDescriptive Statistics
Data AnalysisData Analysis

Central TendencyCentral Tendency DispersionDispersion ShapeShape

MeanMean VarianceVariance SkewnessSkewness

MedianMedian SDSD KurtosisKurtosis

ModeMode RangeRange



Descriptive StatisticsDescriptive Statisticspp
Data TypeData Type

NominalNominal OrdinalOrdinal IntervalInterval RatioRatio

FrequencyFrequency MedianMedian MeanMean GMGM

ModeMode RR SDSD CVCVModeMode RangeRange SDSD CVCV



Example: Descriptive StatisticsExample: Descriptive Statistics
The follo ing al es ere obtained from 20The follo ing al es ere obtained from 20The following values were obtained from 20The following values were obtained from 20
newborn babies.newborn babies.

IDID Weight Weight IDID WeightWeight

001001 32653265 011011 25812581

002002 32603260 012012 24812481

003003 32453245 013013 36093609

004004 34843484 014014 28382838004004 34843484 014014 28382838

005005 41464146 015015 35413541

006006 33233323 016016 27592759006006 33233323 016016 27592759

007007 36493649 017017 32483248

008008 32003200 018018 33143314

009009 30313031 019019 31013101

010010 20692069 020020 28342834

weight (gm)



Distribution in SampleDistribution in SampleDistribution in SampleDistribution in Sample

VariableVariable NN Mean (SD)Mean (SD) Median (IQ range)Median (IQ range)

Birth weight 20 3166.9 (445.3) 3246.5 (2839.5 to 3403.5)



Data ScreeningData ScreeningData ScreeningData Screening
for Statistical Analysisfor Statistical Analysisfor Statistical Analysisfor Statistical Analysis



FiveFive--Number SummaryNumber SummaryFiveFive Number SummaryNumber Summary
Box Plot (BoxBox Plot (Box--andand--Whisker)Whisker)

Max

IQR = Q3 – Q1
Q3
Q2
Q1

Min



You Will Need to Learn You Will Need to Learn You Will Need to Learn You Will Need to Learn 
Inferential StatisticsInferential StatisticsInferential StatisticsInferential Statistics



P ValueP Value

A P value is an estimate of the probability of results A P value is an estimate of the probability of results 
such as yours could have occurred by chance alone if such as yours could have occurred by chance alone if 
there truly was no difference or association.there truly was no difference or association.yy
P < 0.05 = 5% chance, 1 in 20.P < 0.05 = 5% chance, 1 in 20.

h ih iP < 0.01 = 1% chance, 1 in 100.P < 0.01 = 1% chance, 1 in 100.
Alpha is the threshold. If P is < this threshold, youAlpha is the threshold. If P is < this threshold, youAlpha is the threshold.  If P is  this threshold, you Alpha is the threshold.  If P is  this threshold, you 
consider it statistically significant.consider it statistically significant.



Normal DistributionNormal DistributionNormal DistributionNormal Distribution



Tests of NormalityTests of Normality

11 95% Range (mean 95% Range (mean + 2SD)2SD)

22 SkewnessSkewness and Kurtosisand Kurtosis

OutliersOutliers33

Statistical TestsStatistical Tests44

Normality PlotsNormality Plots55 Normality PlotsNormality Plots55



95% Range95% Range of Variablesof Variables

95% of the data value = mean 95% of the data value = mean ++ 1.96 SD1.96 SD
Mean < 2 SD Mean < 2 SD 
nonnon normally distributednormally distributednonnon--normally distributednormally distributed
assuming that negative values are impossible.assuming that negative values are impossible.

Variable Mean + 2 SD 95% range Minimum and Maximum

A 38 (2 6 1) 26 50 20 57Age 38 + (2 x 6.1) 26 to 50 20 to 57

Weight 54.2 + (2 x  4.0) 46.2 to 62.2 41.0 to 63.0

Length of Stay 7.5 + (2 x 5.0) -2.5 to 17.5 0 to 42



P ti l E lP ti l E lPractical ExamplePractical Example



T t f N litT t f N litTest for NormalityTest for Normality

Kolmogorov-Smirnov
Shapiro-Wilk test

C h

Lilliefors test

Chi square
Cochran test
Chi-square
Anderson-Darling testAnderson Darling test



N lit Pl tN lit Pl tNormality PlotsNormality Plots

HistogramsHistograms
Normal Q-Q plot
Box plot

Detrended normal Q-Q plot



Example: Normal DistributionExample: Normal DistributionExample: Normal DistributionExample: Normal Distribution
The serum cortisol levels for 30 patients with The serum cortisol levels for 30 patients with 
diabetes is shown below.diabetes is shown below.

IDID Cortisol Cortisol IDID CortisolCortisol IDID CortisolCortisol

001001 13 113 1 011011 9 79 7 021021 10 610 6001001 13.113.1 011011 9.79.7 021021 10.610.6

002002 8.68.6 012012 11.311.3 022022 11.411.4

003003 11.711.7 013013 11.811.8 023023 10.810.8

004004 10.410.4 014014 8.98.9 024024 9.79.7

005005 9.09.0 015015 12.512.5 025025 10.110.1

006006 12.912.9 016016 7.77.7 026026 9.49.4

007007 9.59.5 017017 10.010.0 027027 17.317.3

008008 12.012.0 018018 9.69.6 028028 11.511.5

009009 10.210.2 019019 12.212.2 029029 10.910.9

010010 11 611 6 020020 11 811 8 030030 12 012 0010010 11.611.6 020020 11.811.8 030030 12.012.0

TRUE EPISTAT, 5TRUE EPISTAT, 5thth editionedition



DescriptivesDescriptives

Sample sizeSample size CenterCenter DispersionDispersion ShapeShapepp pp pp

30 Mean 10.94 SD 1.80 Skewness 1.3

Median 10.85 IQ Range 2.10 Kurtosis 4.2

VariableVariable NN Mean (SD)Mean (SD) Median (IQ range)Median (IQ range)

Cortisol 30 10.94 (1.80) 10.85 (2.10)



HistogramHistogram



Box Plot and OutlierBox Plot and OutlierBox Plot and OutlierBox Plot and Outlier

ValueValue Z scoreZ score OutlierOutlier
Minimum 7 7 1 80 NoMinimum 7.7 1.80 No
Maximum 17.3 3.53 Yes



Normal QNormal Q--Q PlotQ Plot



Normality TestNormality Test



C l Li i ThC l Li i ThCentral Limit TheoremCentral Limit Theorem

The distribution of sample meansThe distribution of sample means
will be approximately normalpp y
if sample size is sufficiently large.

N > 30N > 30N > 30 N > 30 



S li di t ib ti f lS li di t ib ti f l

t Distributiont Distribution
Sampling distribution of sample meansSampling distribution of sample means

DegreesDegrees of Freedom, of Freedom, dfdf = n = n –– 11gg ,,
A parameter that  identifies each different distribution of the Student’s A parameter that  identifies each different distribution of the Student’s 
tt--distribution.distribution.



StatisticalStatistical HypothesisHypothesisStatistical Statistical HypothesisHypothesis

11 Null HypothesisNull Hypothesis

22 Alternate HypothesisAlternate Hypothesis22 Alternate HypothesisAlternate Hypothesis



Rejection RegionRejection Region

OneOne--tailedtailed TwoTwo--tailedtailed OneOne--tailedtailed

Ha: a: μμ < k< k Ha: a: μμ > k> kHa: a: μμ == kkμμ μμμμ



T I d T II ET I d T II EType I and Type II ErrorsType I and Type II Errors

TT F lF l

Null Hypothesis (Null Hypothesis (HHo)o)

TrueTrue FalseFalse

R j tR j t CRejectReject Type I Correct

AcceptAccept Correct Type II

•• Type  I errors Type  I errors –– False positive result, no clinically important differenceFalse positive result, no clinically important difference
•• Type II errorsType II errors –– False negative result small sample sizeFalse negative result small sample sizeType II errors Type II errors False negative result, small sample sizeFalse negative result, small sample size



Level of SignificanceLevel of Significance

α Levelα Levelα Levelα Level
Probability of a type I errorProbability of a type I errory ypy yp
Rejecting a true null hypothesis Rejecting a true null hypothesis 
α = 0.05 (5%) in biostatisticsα = 0.05 (5%) in biostatistics



St ti ti l M th d  fSt ti ti l M th d  fStatistical Methods forStatistical Methods for
C ti  St diC ti  St diComparative StudiesComparative Studies



Use Inference Statistics to Test forUse Inference Statistics to Test forUse Inference Statistics to Test for Use Inference Statistics to Test for 
Differences and AssociationsDifferences and Associations

There are hundreds of statistical tests.There are hundreds of statistical tests.
A clinical researcher does not need to know A clinical researcher does not need to know 
th llth llthem all.them all.
Learn how to perform the most common testsLearn how to perform the most common testsLearn how to perform the most common tests.Learn how to perform the most common tests.
Learn how to use the statistical flowchart to Learn how to use the statistical flowchart to 
determine which test to use.determine which test to use.



Commonly Used Statistical MethodsCommonly Used Statistical MethodsCommonly Used Statistical MethodsCommonly Used Statistical Methods

St d t' tSt d t' t t tt tStudent's tStudent's t--test test 
Paired Paired tt--test test a eda ed tt testtest
OneOne--way analysis of variance (ANOVA)way analysis of variance (ANOVA)
ChiChi--square testsquare test
Fisher's exact testFisher's exact testFisher s exact testFisher s exact test
MannMann--Whitney U (Wilcoxon rankWhitney U (Wilcoxon rank--sum) testsum) testy (y ( ))
Wilcoxon signedWilcoxon signed--rank testrank test

k lk l llilliKruskalKruskal--Wallis testWallis test



Commonly Used Statistical MethodsCommonly Used Statistical MethodsCommonly Used Statistical MethodsCommonly Used Statistical Methods
Pearson correlationPearson correlationPearson correlationPearson correlation
Spearman rankSpearman rank--order correlationorder correlation
Linear regression analysisLinear regression analysis
RepeatedRepeated measures analysis of variancemeasures analysis of varianceRepeatedRepeated--measures analysis of variance measures analysis of variance 
Analysis of covariance (ANCOVA)Analysis of covariance (ANCOVA)
Discriminant analysisDiscriminant analysis
L i ti iL i ti iLogistic regressionLogistic regression
KaplanKaplan--Meier methodMeier methodpp
LogLog--rank testrank test



St ti ti l A l iSt ti ti l A l iStatistical AnalysisStatistical Analysis

i S i ii S i i11 Parametric Statistics Parametric Statistics 

22 Nonparametric StatisticsNonparametric Statistics



P t i T tP t i T tParametric TestParametric Test

Z t tZ test
t test
F test
ANOVA



When to Use Parametric TestWhen to Use Parametric Test

Interval or Ratio ScaleInterval or Ratio Scale11 Interval or Ratio ScaleInterval or Ratio Scale11

Normal DistributionNormal Distribution22 Normal Distribution Normal Distribution 22

Equal VarianceEqual Variance33 Equal VarianceEqual Variance33



Nonparametric TestNonparametric TestNonparametric TestNonparametric Test



When to Use Nonparametric TestWhen to Use Nonparametric Test

Ordinal ScaleOrdinal Scale11 Ordinal ScaleOrdinal Scale

Lack NormalityLack Normality22

11

Lack NormalityLack Normality22

Si ifi t Diff t V iSi ifi t Diff t V i33 Significant Different VarianceSignificant Different Variance33



Statistical Terminology Required toStatistical Terminology Required toStatistical Terminology Required to Statistical Terminology Required to 
Select the Proper Inferential TestSelect the Proper Inferential Testpp



Unmatched vs. MatchedUnmatched vs. Matched

Some statistical tests are designed to assess groups Some statistical tests are designed to assess groups 
that are that are unmatchedunmatched or or independentindependent..

Is the admission systolic blood pressure differentIs the admission systolic blood pressure differentIs the admission systolic blood pressure different Is the admission systolic blood pressure different 
between men and womenbetween men and women??

i i l d i di i l d i dSome statistical tests are designed to assess groups Some statistical tests are designed to assess groups 
that are that are matchedmatched or data that are or data that are pairedpaired..

Is the systolic blood pressure different between Is the systolic blood pressure different between 
admission and dischargeadmission and discharge??admission and dischargeadmission and discharge??



Example:Example:
Two tests were given to 7 individuals.Two tests were given to 7 individuals.

Paired DataPaired Data

SubjectSubject First TestFirst Test Second TestSecond Test

Two tests were given to 7 individuals.Two tests were given to 7 individuals.

Subject Subject First TestFirst Test Second TestSecond Test

001001 5050 6969

002002 6666 8585

003003 7373 8888

004004 8484 7070

005005 5757 8484

006006 8383 7878

007007 7676 9090



Example:Example: Independent DataIndependent Datapp
Heart rate was assessed among newborns.Heart rate was assessed among newborns.

pp

ID Number ID Number GenderGender Heart RateHeart Rate

001001 11 125125001001 11 125125

002002 11 110110

003003 11 130130

004004 11 120120

005005 22 133133

006006 22 136136

007007 22 124124

008008 22 118118008008 22 118118

Gender  1 = male, 2 = femaleGender  1 = male, 2 = female



Independent vs. DependentIndependent vs. Dependent

The classification of variables depends on the The classification of variables depends on the 
study design.study design.
I t b ti l d i t lI t b ti l d i t lIn most observational and experimental In most observational and experimental 
studies, the studies, the exposureexposure will be the will be the explanatory explanatory ,, pp p yp y
(independent)(independent) variable and the variable and the diseasedisease will be will be 
the outcome (dependent)the outcome (dependent) variablevariablethe outcome (dependent) the outcome (dependent) variable.variable.



ExampleExample
R x C Contingency TableR x C Contingency Table

DependentDependent

Asthma (Asthma (--)) Asthma (+)Asthma (+)

DependentDependent

Asthma (Asthma (--)) Asthma (+)Asthma (+)
IndependentIndependent

Smoking (Smoking (--)) 300 200

Smoking (+)Smoking (+) 100 400



You Will Need to Know You Will Need to Know You Will Need to Know You Will Need to Know 
Which Statistical Test to UseWhich Statistical Test to UseWhich Statistical Test to UseWhich Statistical Test to Use



TwoTwo--Sample MethodsSample Methods



Statistical TestStatistical Test
Interval DataInterval Data

Hypothesis

Independent Matched

2 Group >2 Group 2 Group >2 Group

t Test ANOVA Paired t Test ANOVA



Example: Student’s tExample: Student’s t--testtest
24 ho r total energ e pendit re in gro ps24 ho r total energ e pendit re in gro ps

L ( 13)L ( 13) Ob ( 9)Ob ( 9)

24 hour total energy expenditure in groups24 hour total energy expenditure in groups
of lean and obese womenof lean and obese women

Patient No.Patient No. Lean ( n = 13)Lean ( n = 13) Obese (n = 9)Obese (n = 9)

11 6.136.13 8.798.79
22 7 057 05 9 199 1922 7.057.05 9.199.19
33 7.487.48 9.219.21
44 7.487.48 9.689.68
55 7.537.53 9.979.97
66 7.587.58 11.5111.51
77 7 907 90 11 8511 8577 7.907.90 11.8511.85
88 8.088.08 12.7912.79
99 8.098.09
1010 8.118.11
1111 8.408.40
1212 10.1510.151212 10.1510.15
1313 10.8810.88

Practical Statistics for Medical Research, 1991 by AltmanPractical Statistics for Medical Research, 1991 by Altman



When to Use Student’s t TestWhen to Use Student’s t Test

Difference - Means of 2 SamplesDifference - Means of 2 Samples

Interval or Ratio ScaleInterval or Ratio Scale
Normal DistributionNormal Distribution
Equal Variance Equal Variance -- F testF test
Two Independent SamplesTwo Independent Samples

**SatterthwaiteSatterthwaite tt--test test –– Unequal VarianceUnequal Variance



Assumptions for twoAssumptions for two--sample tsample t
Normal DistributionNormal Distribution Equal VarianceEqual Variance

Sampling Distribution of Sampling Distribution of XX11 –– XX22



Student’s t testStudent’s t test



Example: Paired tExample: Paired t--testtest
A st d as done to see ho blood cholesterolA st d as done to see ho blood cholesterol

Ch l t l L lCh l t l L l Ch l t l L lCh l t l L l

A study was done to see how blood cholesterolA study was done to see how blood cholesterol
level changed following a heart attack.level changed following a heart attack.

Patient No.Patient No.
Cholesterol LevelCholesterol Level

2 Days After2 Days After
Cholesterol LevelCholesterol Level

4 Days After4 Days After
11 270270 21821811 270270 218218
22 236236 234234
33 210210 214214
44 142142 116116
55 280280 200200
66 272272 276276
77 160160 146146
88 220220 182182
99 226226 23823899 226226 238238
1010 242242 288288
1111 186186 190190
1212 266266 236236

Minitab Handbook , 2Minitab Handbook , 2ndnd editionedition



When to Use Paired t TestWhen to Use Paired t Test
Difference – Means of 2 SamplesDifference – Means of 2 Samples

Interval or Ratio ScaleInterval or Ratio ScaleInterval or Ratio ScaleInterval or Ratio Scale
Two Paired SamplesTwo Paired SamplesTwo Paired SamplesTwo Paired Samples
Normal Distribution of DifferencesNormal Distribution of Differences



Statistical TestStatistical Test
Ordinal DataOrdinal Data

Hypothesis

Independent Matched

2 Group >2 Group 2 Group >2 Group

M Whit K k l W lli Wil F i dMann-Whitney Kruskal-Wallis Wilcoxon Friedman



Example: MannExample: Mann--Whitney TestWhitney Test
An optometrist is st d ing the length of timeAn optometrist is st d ing the length of timeAn optometrist is studying the length of timeAn optometrist is studying the length of time
patients can wear two types of contact lens.patients can wear two types of contact lens.

Patient IDPatient ID Type A LensType A Lens Patient IDPatient ID Type B LensType B Lens

001001 88 011011 77

002002 1111 012012 44

003003 1010 013013 1010

004004 1515 014014 88004004 1515 014014 88

005005 1212 015015 2222

006006 88 016016 66006006 88 016016 66

007007 1212 017017 77

008008 99 018018 66

009009 1111 019019 66

010010 1616 020020 1010

Each patient wears the lens for a week and reports the maximum number of hours Each patient wears the lens for a week and reports the maximum number of hours 
they can wear without irritations.they can wear without irritations.



When to Use MannWhen to Use Mann--Whitney TestWhitney Test

Difference - Distribution of 2 SamplesDifference - Distribution of 2 Samples

Ordinal ScaleOrdinal ScaleOrdinal ScaleOrdinal Scale
Two Independent Samples > 3Two Independent Samples > 3Two Independent Samples > 3Two Independent Samples > 3
SameSame--shape populationsshape populationsp p pp p p
Wilcoxon Rank Sum TestWilcoxon Rank Sum Test -- MedianMedian



Practical ExamplePractical ExamplePractical ExamplePractical Example



Practical ExamplePractical ExamplePractical ExamplePractical Example

Two Group: N1 = 10, N2 = 5Two Group: N1 = 10, N2 = 5



Example: Example: WilcoxonWilcoxon Signed Rank TestSigned Rank Test
A do bleA do ble blind randomi ed crosso er st d asblind randomi ed crosso er st d asA doubleA double--blind randomized crossover study was blind randomized crossover study was 
done to see the effect of a new drug for headache.done to see the effect of a new drug for headache.

Patient No.Patient No. AspirinAspirin New DrugNew Drug

11 22 44

22 33 66

33 11 33

44 55 66

55 44 44

66 55 3366 55 33

77 66 77

88 55 7788 55 77

99 33 66

1010 33 77

Each patient ranks their relief from excellent (1) to poor (10).Each patient ranks their relief from excellent (1) to poor (10).
TRUE EPISTAT, 5TRUE EPISTAT, 5thth editionedition



When to Use Wilcoxon Signed Rank TestWhen to Use Wilcoxon Signed Rank Test

Difference - Distribution of 2 SamplesDifference - Distribution of 2 Samples

IntervalInterval ScaleScaleIntervalInterval ScaleScale
Two Paired Samples > 3Two Paired Samples > 3pp
Symmetric Distribution of DifferencesSymmetric Distribution of Differences
Differences are IndependentDifferences are Independent



Statistical TestStatistical TestStat st ca estStat st ca est
Nominal DataNominal Data

Hypothesis: Differenceyp

Independent Samples Matched SamplesIndependent Samples Matched Samples

Chi-square Test McNemar TestChi-square Test McNemar Test



Example: ChiExample: Chi--Square TestSquare Testa p e: Ca p e: C Squa e estSqua e est
A group of 480 patients with pneumonia were A group of 480 patients with pneumonia were 
treated with either amoxicillin or erythromycin.treated with either amoxicillin or erythromycin.y yy y

ImprovementImprovement

Yes NoYes No

AmoxicillinAmoxicillin 144 (60%) 96 (40%)AmoxicillinAmoxicillin 144 (60%) 96 (40%)

ErythromycinErythromycin 160 (67%) 80 (33%)

Medical Statistics Made Easy , 2006Medical Statistics Made Easy , 2006



Example: ChiExample: Chi--Square TestSquare TestExample: ChiExample: Chi Square TestSquare Test
Comparison of effects of treatment of pneumonia Comparison of effects of treatment of pneumonia 
with amoxicillin or erythromycin.with amoxicillin or erythromycin.

IDID AntibioticsAntibiotics ImprovementImprovement IDID AntibioticsAntibiotics ImprovementImprovement

y yy y

001001 AmoxicillinAmoxicillin YesYes 241241 ErythromycinErythromycin YesYes

002002 AmoxicillinAmoxicillin YesYes 242242 ErythromycinErythromycin YesYes

003003 AmoxicillinAmoxicillin YesYes 243243 ErythromycinErythromycin YesYes

004004 AmoxicillinAmoxicillin YesYes 244244 ErythromycinErythromycin YesYes

AmoxicillinAmoxicillin YesYes 245245 ErythromycinErythromycin YesYes…… AmoxicillinAmoxicillin YesYes 245245 ErythromycinErythromycin YesYes

144144 AmoxicillinAmoxicillin YesYes …… ErythromycinErythromycin YesYes

145145 AmoxicillinAmoxicillin NoNo 400400 ErythromycinErythromycin YesYes145145 AmoxicillinAmoxicillin NoNo 400400 ErythromycinErythromycin YesYes

146146 AmoxicillinAmoxicillin NoNo 401401 ErythromycinErythromycin NoNo

AmoxicillinAmoxicillin NoNo ------ ErythromycinErythromycin NoNo…… AmoxicillinAmoxicillin NoNo ErythromycinErythromycin NoNo

240240 AmoxicillinAmoxicillin NoNo 480480 ErythromycinErythromycin NoNo



When to Use ChiWhen to Use Chi--square Testsquare Test

Association – Proportion of 2 SamplesAssociation – Proportion of 2 Samples

Nominal ScaleNominal ScaleNominal ScaleNominal Scale
<< 20% Cells Expected Frequency < 520% Cells Expected Frequency < 5<< 20% Cells, Expected Frequency < 520% Cells, Expected Frequency < 5
No Cell, Expected Frequency < 1No Cell, Expected Frequency < 1, p q y, p q y
A Random SampleA Random Sample



Table with Small Expected CountsTable with Small Expected Counts
A th l i t i t d i th l ti hiA th l i t i t d i th l ti hiA pathologist is studying the relationship A pathologist is studying the relationship 
between between histologichistologic type and tumor stage in type and tumor stage in 
epithelial ovarian cancerepithelial ovarian cancer

Stage 1Stage 1 Stage 2Stage 2 Stage 3Stage 3 Stage 4Stage 4

epithelial ovarian cancer.epithelial ovarian cancer.

gg gg gg gg

SerousSerous 4 16 16 6

MucinousMucinous 1 7 7 3

EndometrioidEndometrioid 3 4 12 5

3 x 4 table3 x 4 table



Table with Small Expected CountsTable with Small Expected Counts
Table with Observed and Expected Frequencies Table with Observed and Expected Frequencies 
for Example.for Example.

Stage 1Stage 1 Stage 2Stage 2 Stage 3Stage 3 Stage 4Stage 4

pp

gg gg gg gg

SerousSerous 4 4.5 16 15.3 16 14.2 6 7.9

MucinousMucinous 1 1.9 7 6.6 7 6.1 3 3.4

EndometrioidEndometrioid 3 1.5 4 5.1 12 4.7 5 2.6

Expected frequency = Row total x Column total / Grand totalExpected frequency = Row total x Column total / Grand total



Table with Small Expected CountsTable with Small Expected Counts
A th l i t i t d i th l ti hiA th l i t i t d i th l ti hiA pathologist is studying the relationship A pathologist is studying the relationship 
between between histologichistologic type and tumor stage in type and tumor stage in 
epithelial ovarian cancerepithelial ovarian cancer

Early StageEarly Stage Advanced Stage Advanced Stage 

epithelial ovarian cancer.epithelial ovarian cancer.

y gy g gg

SerousSerous 20 22

MucinousMucinous 8 10

EndometrioidEndometrioid 7 17

3 x 2 table3 x 2 table



Table with Small Expected CountsTable with Small Expected Counts
Table with Observed and Expected Frequencies Table with Observed and Expected Frequencies 
for Example.for Example.

Early StageEarly Stage Advanced Stage Advanced Stage y gy g gg

SerousSerous 20 17.5 22 24.5

MucinousMucinous 8 7.5 10 10.5

EndometrioidEndometrioid 7 10.0 17 14.0

Expected frequency = Row total x Column total / Grand totalExpected frequency = Row total x Column total / Grand total



Example: Fisher Exact TestExample: Fisher Exact TestExample: Fisher Exact TestExample: Fisher Exact Test
Comparison of effects of treatment of pneumonia Comparison of effects of treatment of pneumonia 
with amoxicillin or erythromycin.with amoxicillin or erythromycin.

IDID AntibioticsAntibiotics ImprovementImprovement IDID AntibioticsAntibiotics ImprovementImprovement

y yy y

001001 AmoxicillinAmoxicillin YesYes 011011 ErythromycinErythromycin YesYes

002002 AmoxicillinAmoxicillin YesYes 012012 ErythromycinErythromycin YesYes

003003 AmoxicillinAmoxicillin YesYes 013013 ErythromycinErythromycin YesYes

004004 AmoxicillinAmoxicillin YesYes 014014 ErythromycinErythromycin YesYes

005005 AmoxicillinAmoxicillin YesYes 015015 ErythromycinErythromycin YesYes005005 AmoxicillinAmoxicillin YesYes 015015 ErythromycinErythromycin YesYes

006006 AmoxicillinAmoxicillin YesYes 016016 ErythromycinErythromycin YesYes

007007 AmoxicillinAmoxicillin NoNo 017017 ErythromycinErythromycin YesYes007007 AmoxicillinAmoxicillin NoNo 017017 ErythromycinErythromycin YesYes

008008 AmoxicillinAmoxicillin NoNo 018018 ErythromycinErythromycin NoNo

009009 AmoxicillinAmoxicillin NoNo 019019 ErythromycinErythromycin NoNo009009 AmoxicillinAmoxicillin NoNo 019019 ErythromycinErythromycin NoNo

010010 AmoxicillinAmoxicillin NoNo 020020 ErythromycinErythromycin NoNo



Example: Fisher Exact TestExample: Fisher Exact Testa p e: s e act esta p e: s e act est
A group of 20 patients with pneumonia were A group of 20 patients with pneumonia were 
treated with either amoxicillin or erythromycin.treated with either amoxicillin or erythromycin.y yy y

ImprovementImprovement

Yes NoYes No

AmoxicillinAmoxicillin 6 (60%) 4 (40%)AmoxicillinAmoxicillin 6 (60%) 4 (40%)

ErythromycinErythromycin 7 (70%) 3 (30%)

Medical Statistics Made Easy, 2006Medical Statistics Made Easy, 2006



When to Use Fisher Exact TestWhen to Use Fisher Exact Test

Association – 2 x 2 Contingency Table Association – 2 x 2 Contingency Table 

Nominal ScaleNominal ScaleNominal ScaleNominal Scale
Sample Size NSample Size N << 2020Sample Size  N Sample Size  N << 2020
20 < N < 40, Expected Frequency < 520 < N < 40, Expected Frequency < 5, p q y, p q y
A Random SampleA Random Sample



Practical ExamplePractical ExamplePractical ExamplePractical Example



Practical ExamplePractical ExamplePractical ExamplePractical Example



MultiMulti--Sample MethodsSample Methods



Statistical TestStatistical Test
Interval DataInterval Data

Hypothesis

Independent Matched

2 Group >2 Group 2 Group >2 Group

t Test ANOVA Paired t Test ANOVA



Example: OneExample: One--Way ANOVA TestWay ANOVA Test
Red cell Red cell folatefolate levels in three group of cardiac bypass levels in three group of cardiac bypass 
patients given different levels of nitrous ventilation.patients given different levels of nitrous ventilation.

Group IGroup I
(n = 8)(n = 8)

Group IIGroup II
(n = 9)(n = 9)

Group IIIGroup III
(n = 5)(n = 5)

243243 206206 241241

251251 210210 258258

275275 226226 270270

291291 249249 293293

347347 255255 328328

354354 273273

380380 285285

392392 295295

309309

Practical Statistics for Medical Research by Altman, 1999Practical Statistics for Medical Research by Altman, 1999



When to Use OneWhen to Use One--Way ANOVAWay ANOVA

Difference - Means of  >3 SamplesDifference - Means of  >3 Samples

Interval or Ratio ScaleInterval or Ratio Scale
Normal DistributionNormal Distribution
Equal Variance Equal Variance -- Bartlett's test Bartlett's test 
k Independent Samplesk Independent Samples



T f V iT f V iTest for VarianceTest for Variance

B tl tt t tB tl tt t tBartlett testBartlett test

LeveneLevene testtest

Hartley testHartley test

LeveneLevene testtest

Hartley testHartley test



Multiple Comparison After ANOVAMultiple Comparison After ANOVAMultiple Comparison After ANOVAMultiple Comparison After ANOVA

D l i lD l i lDo not use multiple t testDo not use multiple t test

Scheffe’s testScheffe’s test
D ncan’s m ltiple range testD ncan’s m ltiple range testDuncan’s multiple range testDuncan’s multiple range test
Tukey’s honestly significance differenceTukey’s honestly significance differenceTukey s honestly significance differenceTukey s honestly significance difference
StudentStudent--NewmanNewman--Keuls (SNK) testKeuls (SNK) test
Least Significance Difference (LSD) testLeast Significance Difference (LSD) test
B f i t tB f i t tBonferroni testBonferroni test



postpost--hoc testshoc testspostpost--hoc testshoc tests

PostPost--hoc testhoc test Equal sizeEqual size GroupGroup--wisewise PairwisePairwise

ScheffeScheffe -- ++ ++
BonferroniBonferroni -- -- ++
Tukey’s HSDTukey’s HSD ++ ++ ++
SNKSNK ++ ++SNKSNK ++ ++ --
DuncanDuncan ++ ++ --
LSDLSD ++ -- ++
Games HowellGames Howell -- -- ++
Dunnet’s CDunnet’s C -- -- ++



Statistical TestStatistical Test
Ordinal DataOrdinal Data

Hypothesis

Independent Matched

2 Group >2 Group 2 Group >2 Group

M Whit K k l W lli Wil F i dMann-Whitney Kruskal-Wallis Wilcoxon Friedman



Example: KruskalExample: Kruskal--Wallis TestWallis Test
Ocular antiOcular anti--inflmmatory effects of four drug  oninflmmatory effects of four drug  on
lid closure after administration of arachidonic acidlid closure after administration of arachidonic acid

Rabbit Rabbit 
NumberNumber IndomethicinIndomethicin AspirinAspirin PiroxicamPiroxicam BW755CBW755C

11 +2+2 +1+1 +3+3 +1+1

22 +3+3 +3+3 +1+1 0022 +3+3 +3+3 +1+1 00

33 +3+3 +1+1 +2+2 00

44 +3+3 +2+2 +1+1 00

55 +3+3 +2+2 +3+3 00

66 00 +3+3 +3+3 1166 00 +3+3 +3+3 --11

Fundamentals of Biostatistics, 6Fundamentals of Biostatistics, 6thth editionedition



When to Use KruskalWhen to Use Kruskal--Wallis TestWallis Test

Difference - Medians of > 3 SamplesDifference - Medians of > 3 Samples

Ordinal ScaleOrdinal ScaleOrdinal ScaleOrdinal Scale
k Independent Samplesk Independent Samplesk Independent Samplesk Independent Samples
OneOne--Way ANOVA by RanksWay ANOVA by Ranksy yy y
All Sample Sizes All Sample Sizes >> 55



Multiple Comparison After KW Multiple Comparison After KW 

Do not use multiple Mann-Whitney testDo not use multiple Mann-Whitney test

Dunn testDunn testDunn testDunn test
Miller testMiller test
MannMann--Whitney test with Bonferroni Whitney test with Bonferroni 
correctioncorrection



Summary of Inferential TestsSummary of Inferential Tests



Statistical TestStatistical Test
Parametric vs NonparametricParametric vs Nonparametric

ParametricParametric NonparametricNonparametric

Interval / RatioInterval / Ratio Ordinal / NorminalOrdinal / NorminalScaleScale

NormalNormal Normal or NotNormal or NotDistributionDistribution

Large (>10)Large (>10) SmallSmallSample SizeSample Size

Random SampleRandom Sample Random or NotRandom or NotSelectionSelection

More PowerfulMore Powerful Less PowerLess PowerPowerPower

Random SampleRandom Sample Random or NotRandom or NotSelectionSelection



Statistical TestStatistical Test
Parametric vs NonparametricParametric vs Nonparametric

SampleSample ParametricParametric NonparametricNonparametric

OneOne t testt test KolmogorovKolmogorov SmirnovSmirnovOneOne t testt test KolmogorovKolmogorov--SmirnovSmirnov

TwoTwo

IndependentIndependent Student t testStudent t test MannMann--WhitneyWhitney

P i dP i d P i d t t tP i d t t t Wil i d kWil i d kPairedPaired Paired t testPaired t test Wilcoxon signed rankWilcoxon signed rank

ThThThreeThree

IndependentIndependent ANOVAANOVA KruskalKruskal--WallisWallis

RepeatedRepeated ANOVAANOVA FriedmanFriedman



Comparative StatisticsComparative Statisticspp

NominalNominal OrdinalOrdinal IntervalInterval RatioRatioNominalNominal OrdinalOrdinal IntervalInterval RatioRatio

FrequencyFrequency MedianMedian MeanMean GMGM

ModeMode RangeRange SDSD CVCVModeMode RangeRange SDSD CVCV

ChiChi--squaresquare MannMann--WhitneyWhitney
KruskalKruskal--WallisWallis

Student tStudent t--testtest
OneOne--Way ANOVAWay ANOVA

McNemarMcNemar WilcoxonWilcoxon Paired tPaired t--testtestMcNemarMcNemar
FriedmanFriedman Repeated ANOVARepeated ANOVA



Classification of Statistical MethodsClassification of Statistical Methods

ZZ--test test 
Student's tStudent's t--test test 
paired tpaired t--testtestpaired tpaired t--test test 
ANOVA ANOVA 
(1) / t(1) / t / lti/ lti(1) one way / two(1) one way / two--way / multiway / multi--way way 
(2) repeated measures (2) repeated measures 
multiple comparisons multiple comparisons 
(1) Bonferroni(1) Bonferroni (2) Scheffe(2) Scheffe (3) Duncan(3) Duncan (4) other (4) other ( )( ) ( )( ) ( )( ) ( )( )
Pearson correlation analysis Pearson correlation analysis 
simple linear regressionsimple linear regressionsimple linear regression simple linear regression 



Classification of Statistical MethodsClassification of Statistical Methods

contingency tables contingency tables g yg y
(1) chi(1) chi--square testsquare test (2) Fisher’s exact test (2) Fisher’s exact test 
(3) McNemar’s test(3) McNemar’s test (4) other(4) other(3) McNemar s test(3) McNemar s test (4) other (4) other 
nonparametric test nonparametric test 
(1) M(1) M Whit U t t (Wil k t t)Whit U t t (Wil k t t)(1) Mann(1) Mann--Whitney U test (Wilcoxon rank sum test) Whitney U test (Wilcoxon rank sum test) 
(2) Wilcoxon signed rank test (2) Wilcoxon signed rank test 
(3) Kruskal(3) Kruskal--Wallis test Wallis test 
(4) test for trend (4) test for trend ( )( )
(5) Spearman rank correlation (5) Spearman rank correlation 
(6) other(6) other(6) other (6) other 



Classification of Statistical MethodsClassification of Statistical Methods

survival analysis survival analysis yy
(1) life table method(1) life table method (2) Kaplan(2) Kaplan--Meier method Meier method 
(3) log(3) log--rank testrank test (4) Cox regression(4) Cox regression(3) log(3) log--rank testrank test (4) Cox regression (4) Cox regression 
(5) other (5) other 

id i l i l t ti tiid i l i l t ti tiepidemiological statistics epidemiological statistics 
(1) sensitivity/specificity, odds ratio, relative risk (1) sensitivity/specificity, odds ratio, relative risk 
(2) other (2) other 
multivariate analysis multivariate analysis yy
(1) multiple regression  (1) multiple regression  
(2) logistic regression (3) other(2) logistic regression (3) other(2) logistic regression   (3) other (2) logistic regression   (3) other 
others others 



Check Lists inCheck Lists inCheck Lists in Check Lists in 
Assessing the Statistical ContentsAssessing the Statistical Contents

연구종류연구종류
1)1) 원저원저 2)2) 증례증례 3)3) 종설종설 4)4) 기타기타1) 1) 원저원저 2) 2) 증례증례 3) 3) 종설종설 4) 4) 기타기타

통계기법통계기법 종류종류
1) 1) 추측통계추측통계 2) 2) 기술통계기술통계 3) 3) 사용안함사용안함 4) 4) 기타기타

통계기법통계기법 적용적용통계기법통계기법 적용적용

11 기술통계기술통계1. 1. 기술통계기술통계
1) 1) 대표값대표값 (1) (1) 적절적절 (2) (2) 부적절부적절 (3) (3) 사용안함사용안함
2) 2) 산포도산포도 (1) (1) 적절적절 (2) (2) 부적절부적절 (3) (3) 사용안함사용안함



Check Lists inCheck Lists inCheck Lists in Check Lists in 
Assessing the Statistical ContentsAssessing the Statistical Contents

통계기법통계기법 적용적용

2. 2. 추측통계추측통계
1) 1) 방법방법
2) 2) 적정성적정성 (1) (1) 적절적절 (2) (2) 부적절부적절
3) 3) 통계적통계적 가정가정

(1)(1) 정규성정규성 (2)(2) 등분산성등분산성 (3)(3) 독립성독립성(1) (1) 정규성정규성 (2) (2) 등분산성등분산성 (3) (3) 독립성독립성
(4) (4) 표본크기표본크기 (5) (5) 기대도수기대도수 (6) (6) 기타기타

4)4) 통계적통계적 절차절차4) 4) 통계적통계적 절차절차
(1) (1) 사후검정사후검정 (2) (2) 기타기타



Check Lists inCheck Lists inCheck Lists in Check Lists in 
Assessing the Statistical ContentsAssessing the Statistical Contents

방법론방법론 ((기법의기법의 서술서술))방법론방법론 ((기법의기법의 서술서술) ) 
(1) (1) 상세상세 기술기술 (2) (2) 유의수준유의수준 ((신뢰구간신뢰구간) (3) ) (3) 통계프로그램통계프로그램
(4) (4) 양측양측//단측단측 검정검정 (5) (5) 기타기타
분석결과분석결과
(1) p(1) p--값값 (2) (2) 신뢰구간신뢰구간 (3) (3) 통계량통계량, , 자유도자유도 (4) (4) 해석해석 오류오류
(5)(5) 계산계산 오류오류 (6)(6) 비교군비교군 언급언급 (7)(7) 연구가설과연구가설과 일치일치(5) (5) 계산계산 오류오류 (6) (6) 비교군비교군 언급언급 (7) (7) 연구가설과연구가설과 일치일치
(8) (8) 한계점한계점 (9) (9) 인용문헌의인용문헌의 통계적통계적 서술서술 (10) (10) 기타기타
기타기타기타기타
(1) (1) 통계용어통계용어
(2) (2) 보조적보조적 분석기법분석기법 (Table, Chart,…) (Table, Chart,…) 
(3) (3) 통계학적통계학적 방법론에방법론에 관한관한 참고문헌참고문헌
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방방 법법: 40: 40명의명의 아토피성아토피성 천식천식 소아에게소아에게 흡입용흡입용 스테로스테로
이드를이드를 1212주주 동안동안 투여하고투여하고 투여투여 전과전과 투여투여 후에후에 PCPC이드를이드를 1212주주 동안동안 투여하고투여하고 투여투여 전과전과 투여투여 후에후에 PCPC2020

의의 변화를변화를 비교비교 분석하였다분석하였다..

통계통계 분석분석: : 결과는결과는 meanmean++SESE로로 제시하였다제시하였다. . 각각 군간의군간의
비교는비교는 Student tStudent t--testtest로로 시행하였으며시행하였으며 통계적통계적 유의수유의수
준은준은 P valueP value가가 0.05 0.05 이하로이하로 하였다하였다. . 



통계학적통계학적 방법론방법론

통계프로그램통계프로그램

통계분석은통계분석은 dBSTATdBSTAT((verver 4 0)4 0)을을 이용하여이용하여 실시하였다실시하였다통계분석은통계분석은 dBSTATdBSTAT((verver 4.0)4.0)을을 이용하여이용하여 실시하였다실시하였다..

통계적통계적 기법기법통계적통계적 기법기법

각각 측정치는측정치는 평균평균++표준편차로표준편차로 요약하였으며요약하였으며 스테로이드스테로이드 투여투여 전전
후간의후간의 PCPC2020의의 차이는차이는 paired tpaired t--testtest를를 적용하여적용하여 유의성을유의성을 검정검정
하였다하였다하였다하였다. . 

유의수준유의수준유의수준유의수준

양측검정을양측검정을 시행하였으며시행하였으며 p p 값이값이 0.05 0.05 미만인미만인 경우경우 통계적으로통계적으로
유의하다고유의하다고 판정하였다판정하였다. (. (유의수준은유의수준은 0.050.05로로 하였다하였다.) .) 
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결결 과과: PC: PC2020은은 치료전치료전 1.89 mg/mL1.89 mg/mL에서에서 치료후치료후
4 56 / L4 56 / L로로 의미있게의미있게 증가하였다증가하였다(P 0 01)(P 0 01)4.56 mg/mL4.56 mg/mL로로 의미있게의미있게 증가하였다증가하였다(P<0.01). (P<0.01). 

Table 1. Comparison of PCTable 1. Comparison of PC2020

Before TxBefore Tx After Tx After Tx 

PCPC2020(mg/mL)*(mg/mL)* 1 891 89++0 450 45✝✝ 4 564 56++0 980 98✝✝PCPC2020(mg/mL)(mg/mL) 1.891.89++0.450.45✝✝ 4.564.56++0.980.98✝✝

*Mean*Mean++SESE ✝✝P<0 01P<0 01*Mean*Mean++SE, SE, ✝✝P<0.01P<0.01



통계학적통계학적 방법론방법론

통계분석통계분석 결과결과 해석해석

PCPC2020의의 평균값은평균값은 치료전치료전 1 89 mg/mL1 89 mg/mL에서에서 치료후치료후 4 56 mg/mL4 56 mg/mLPCPC2020의의 평균값은평균값은 치료전치료전 1.89 mg/mL1.89 mg/mL에서에서 치료후치료후 4.56 mg/mL4.56 mg/mL
로로 통계적으로통계적으로 유의한유의한 증가를증가를 보였다보였다(p = 0.028). (p = 0.028). 

Table 1. Comparison of PCTable 1. Comparison of PC2020 (n=40) (n=40) 
================================================== ================================================== 

B f TB f T Aft TAft T l *l *Before TxBefore Tx After TxAfter Tx pp--value* value* 

PCPC2020(mg/mL)(mg/mL) 1.891.89++0.720.72 4.564.56++1.26 1.26 0.021 0.021 

value are expressed as meanvalue are expressed as mean++SD SD 
* calculated by paired t* calculated by paired t--test test y py p
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