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IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummaryAim
For liniians, understanding onepts and basi terms in statistis:to apply in reading and using information of published medialevideneto reinfore basi knowledge biostatistis required for designingresearh
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IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummaryStatistis - BiostatistisStatistisa siene (onepts, rules, proedures) - and art of dealingwith datato study of unertainty, to obtain reliable resultsBiostatistis - an appliation of statistis to:mediinebiologial sienes (eduation, psyhology, agriulture...)Modern soietyReadingWritingStatistial thinking: to make the strongest possible onlusionsfrom limited amounts of data.Nguyen Thi Tu Van, Nguyen Quang Vinh Learning Bio- basi terms



IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummaryObjetives ⇋ StatistisObjetives:(1) Organize & summarize data(2) Reah inferenes: sample → population
⇋Statistis:Desriptive statistis→(1)Inferential statistis: drawing of inferenes→(2)Estimation (point estimate & interval estimate  on�deneinterval)Hypothesis testing →reahing a deision (p value)Parametri statistisNon-parametri statistis <�< Distribution-free statistisModeling, PreditingNguyen Thi Tu Van, Nguyen Quang Vinh Learning Bio- basi terms



IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummaryWhy basi terms?
empowering belief:Statistis = Terms + (Normal distribution + Others)and,Terms = Basi terms + Others
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IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary CategorySummary measuresDesriptive Statistis
to ategorize available data by groupingto desribe its distribution by alulating summary measures
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IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary CategorySummary measuresGroupingRaw data needs to be organized - to be presented in a learerway.Data must be grouped into ategories, as an example below:Age (years-old) Frequeny Relative frequeny Cumulative frequeny Cumulative relative fre-quenyUnder 20 100 20% 100 20%20 - 39 350 70% 450 90%40 or over 50 10% 500 100%Nguyen Thi Tu Van, Nguyen Quang Vinh Learning Bio- basi terms
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IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary CategorySummary measuresCalulating summary data
Three summary measures:Mean (average) = Sum of all data / nMedian = 50th perentile valueMode = Most frequent value(s)
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IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary CategorySummary measuresMeasures of dispersionsFour measures to show how data is spread around the summarymeasures (variability)Range from minimum to maximumVariane = Mean of squared di�erenes of values from a meanStandard deviation (SD) = Square root of the variane.SD indiates the mean of di�erenes of values from the mean.It measures absolute dispersion.Coe�ient of variane (CV) = Ratio of SD to the mean.CV indiates the extent of variability in relation to the mean.It measures relative dispersion.There is no unit to measure CV, therefore they an beompared between any sets of data.Nguyen Thi Tu Van, Nguyen Quang Vinh Learning Bio- basi terms



IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary CategorySummary measuresThe measures of position
Two measures of position:Perentile = perent of values at or belowQuartile = 25th, 50th, and 75th perentilesZ-sore = a standardized value indiating a distane betweenthe value and the mean divided by (in units of) the standarddeviation.
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IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Estimation - Con�dene IntervalA point estimate - An interval estimateInterpretation a on�dene intervalOutline1 Introdution2 Desriptive StatistisCategorySummary measures3 Inferential StatistisEstimation - Con�dene IntervalA point estimate - An interval estimateInterpretation a on�dene interval4 Hypothesis testing - p valueHypothesis testingHypothesesp-valueThe hypothesis testing proedurePower of TestNguyen Thi Tu Van, Nguyen Quang Vinh Learning Bio- basi terms



IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Estimation - Con�dene IntervalA point estimate - An interval estimateInterpretation a on�dene intervalWhy estimation?
Two reasons:In�nite populations: inapable of omplete examinationFinite populations: ost, timeIn addition, estimation an help not to defer a onlusion untilthe whole population is observed
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IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Estimation - Con�dene IntervalA point estimate - An interval estimateInterpretation a on�dene intervalEstimatorsmean(s):a single population mean: x̄ → µthe di�erene between two population means - unpaired,paired: (x̄1− x̄2)→ (µ̄1− µ̄2)proportion(s):a single population proportion: p̂ → p or p̂ → πthe di�erene of two population proportions:
(p̂1− p̂2)→ (π1−π2)variane(s):a single population variane: s2 → σ2the ratio of two population varianes: s21s22 → σ21

σ22Nguyen Thi Tu Van, Nguyen Quang Vinh Learning Bio- basi terms



IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Estimation - Con�dene IntervalA point estimate - An interval estimateInterpretation a on�dene intervalAn estimation of these parameters
An estimation of these parameters:Point estimateInterval estimate
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IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Estimation - Con�dene IntervalA point estimate - An interval estimateInterpretation a on�dene intervalA point estimateEstimator → Parameter
In many ases, a parameter may be estimated by more than oneestimator.Example:Sample mean → estimate population meanSample median → estimate population mean
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IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Estimation - Con�dene IntervalA point estimate - An interval estimateInterpretation a on�dene intervalAn interval estimate
In general, an interval estimate is obtained by the formula:estimator ± (reliability oe�ient) x (standard error)What is di�erent is the soure of the reliability oe�ient:In partiular, when sampling is from a normal distribution withknown variane, an interval estimate for µ may be expressedas: x ± zα/2σx̄
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IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Estimation - Con�dene IntervalA point estimate - An interval estimateInterpretation a on�dene intervalHow to interpret the interval
In repeated sampling 100(1−α)% of all intervals of the formwill in the long run inlude the population mean, µThe quantity (1−α), is alled the on�dene oe�ient &The interval x± zα/2σx̄ , is alled the on�dene interval for µThe most frequently used values are: .90, .95, .99, whih haveassoiated reliability fators, respetively, of 1.645, 1.96, 2.58
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IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Estimation - Con�dene IntervalA point estimate - An interval estimateInterpretation a on�dene intervalThe pratial interpretation
We are 100(1−α)% on�dent that the single omputedinterval x ± zα/2σx̄ ontains the population mean, µExample: ...E = margin error = maximum error = pratial / linialaeptable error:E = zα/2σx̄ = zα/2 σ√n
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IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Hypothesis testingHypothesesp-valueThe hypothesis testing proedurePower of TestOutline1 Introdution2 Desriptive StatistisCategorySummary measures3 Inferential StatistisEstimation - Con�dene IntervalA point estimate - An interval estimateInterpretation a on�dene interval4 Hypothesis testing - p valueHypothesis testingHypothesesp-valueThe hypothesis testing proedurePower of TestNguyen Thi Tu Van, Nguyen Quang Vinh Learning Bio- basi terms



IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Hypothesis testingHypothesesp-valueThe hypothesis testing proedurePower of TestWhy hypothesis testing
Hypothesis (H.): a statement onerns about some one ormore populationsTesting hypothesis: to aid researher in reahing a deisiononerning a population by examining a sample from thatpopulation
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IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Hypothesis testingHypothesesp-valueThe hypothesis testing proedurePower of TestHypothesis testing formean(s)a single population meanthe di�erene between two population means: unpaired, pairedproportion(s)a single population proportionunpaired: a small sample, a su�iently large samplepairedthe di�erene of two population proportionsvariane(s)a single population varianethe di�erene of two population varianesNguyen Thi Tu Van, Nguyen Quang Vinh Learning Bio- basi terms



IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Hypothesis testingHypothesesp-valueThe hypothesis testing proedurePower of TestOutline1 Introdution2 Desriptive StatistisCategorySummary measures3 Inferential StatistisEstimation - Con�dene IntervalA point estimate - An interval estimateInterpretation a on�dene interval4 Hypothesis testing - p valueHypothesis testingHypothesesp-valueThe hypothesis testing proedurePower of TestNguyen Thi Tu Van, Nguyen Quang Vinh Learning Bio- basi terms



IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Hypothesis testingHypothesesp-valueThe hypothesis testing proedurePower of TestTwo types of hypotheses(1) Researh Hypotheses:The onjeture or suppositionIt may be the results of years of observationResearh H. leads diretly to Statistial H.(2) Statistial Hypotheses: Hypotheses are stated in suh a waythat they may be evaluated by appropriate statistial tehniques.HOHANguyen Thi Tu Van, Nguyen Quang Vinh Learning Bio- basi terms



IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Hypothesis testingHypothesesp-valueThe hypothesis testing proedurePower of TestStatistial HypothesesHO The HO is the hypothesis that is testedThe HO should ontain either =,≤,≥(The statement onerns about some one or more population'sparameters in term of equality or inequality)HA What we hope or expet to be able to onlude as a result ofthe test usually should be plaed in the HAThe HO & HA are omplementaryOne-sided vs. Two-sided Hypothesis TestsNguyen Thi Tu Van, Nguyen Quang Vinh Learning Bio- basi terms



IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Hypothesis testingHypothesesp-valueThe hypothesis testing proedurePower of TestNotes Neither hypothesis testing nor statistial inferene, in general,leads to proof a hypothesisIt merely indiates whether the hypothesis is supported or notsupported by the available dataWhen we fail to rejet the HO , we do not say that it is true,but that it may be trueWhen we speak of �aepting� a HO , we have this limitationin mind & do not wish to onvey the idea that �aepting�implies proofNguyen Thi Tu Van, Nguyen Quang Vinh Learning Bio- basi terms
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IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Hypothesis testingHypothesesp-valueThe hypothesis testing proedurePower of Testp-valueTest statisti =⇒p-valueGeneral formula:Teststatisti = relevantstatisti−hypothesizedparameterS .E .oftherelevantstatisti ⇒ p-valueExample: z = x̄−µ0
σ√np-value:Probability of observing the di�erene if the HO is true.An expression of how we believe in the HO .Deision maker.p-value overdependeneNguyen Thi Tu Van, Nguyen Quang Vinh Learning Bio- basi terms



IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Hypothesis testingHypothesesp-valueThe hypothesis testing proedurePower of TestDeision rule for a rejetion or not the HO
α = type I error = level of signi�ane (say, .01, .05, .10)
β = type II error (say, .05, .10, .20)When we rejet a HO⇐⇒ p < α , risk of ommitting a type Ierror, rejeting a true HOWhen we fail to rejet a HO : risk of ommitting a type IIerror, �aepting� a false HO
Nguyen Thi Tu Van, Nguyen Quang Vinh Learning Bio- basi terms



IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Hypothesis testingHypothesesp-valueThe hypothesis testing proedurePower of TestType I & Type II error
Conditions under 
which type I & type 
II errors may be 
committed (the four 
possibilities)

Actual Situation

(Truth in the population)

Ho false Ho true

The results 
in the study 
sample →
Conclusion:

Reject
Ho

Correct 
decision

Type I 
error

Fail to
reject Ho

Type II 
error

Correct 
decisionNguyen Thi Tu Van, Nguyen Quang Vinh Learning Bio- basi terms



IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Hypothesis testingHypothesesp-valueThe hypothesis testing proedurePower of TestTesting Hypothesis → Rejeted or not rejeted HOIn the testing proess, the HO either is rejeted or is not rejeted:If HO is not rejeted, we will say that the data on whih thetest is based do not provide su�ient evidene to auserejetionIf the testing proess leads to rejetion, we will say that thedata at hand are not ompatible with the HO , but aresupportive of some other hypothesis & may be designated byHA (HA a ontradition statement of HO)Nguyen Thi Tu Van, Nguyen Quang Vinh Learning Bio- basi terms
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IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Hypothesis testingHypothesesp-valueThe hypothesis testing proedurePower of TestThe Five-Step pratial proedure for Hypothesis Testing(opt.) Step 1: Set up HO , HA1. Data: The nature of the data (lassi�ation)2. Assumptions: The normality of the population distribution,equality of varianes, independene of samples. . .3. Hypotheses: HO , HAStep 2: De�ne the test statisti4. Test statisti5. Distribution of the Test StatistiNguyen Thi Tu Van, Nguyen Quang Vinh Learning Bio- basi terms



IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Hypothesis testingHypothesesp-valueThe hypothesis testing proedurePower of TestThe Five-Step pratial proedure for Hypothesis Testing,ont. (opt.)Step 3: De�ne a rejetion region: having determined a valuefor α6. Deision ruleStep 4:7. Calulate the value of the test statisti, and ompare it withthe aeptane & rejetion regions that have already beenspei�ed.8. State our deision: to rejet HO or to fail to rejet HOStep 5:9. Give a onlusion: this statement should be free ofstatistial jargon & should merely summarize the results of theanalysis.Nguyen Thi Tu Van, Nguyen Quang Vinh Learning Bio- basi terms



IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Hypothesis testingHypothesesp-valueThe hypothesis testing proedurePower of TestNote
A statistial pakage helps you only the step 4, but not for theother steps.
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IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Hypothesis testingHypothesesp-valueThe hypothesis testing proedurePower of TestThe Power of a Statistial Test (opt.)
The probability of a type II error, b, has remained a phantom:we know it is there,but we don't know what it isOne thing we an say is that: a wide C.I. for m means that theorresponding 2-tailed test of Ho versus HA has a large haneof failing to rejet a false Ho; that is b is large.
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IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Hypothesis testingHypothesesp-valueThe hypothesis testing proedurePower of TestDetermining b (opt.)
b = P(fail to rejet HO when HO is false)
⇐⇒1 - b = P(rejeting HO when HO is false)1 - b represents the probability of making a orret deision inthe event that HO is falseSine we like b to be small, that is we prefer 1 - b to be largeThe value of 1 - b is referred to as the power of test
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IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummary Hypothesis testingHypothesesp-valueThe hypothesis testing proedurePower of TestPower of test (opt.)
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IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummaryDetermination of sample size (opt.)Estimating a on�dene interval: for desriptive purposes,investigators just need to onsider the type I error.Testing a hypothesis: both type I & II errors need to be takeninto aount.When the sample size is �xed, beause of some logistialreasons (�nanial, and/or time onstrains):the preision of the available data, andwhether this is meaningful for the study objetive.Nguyen Thi Tu Van, Nguyen Quang Vinh Learning Bio- basi terms



IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummarySummary1 Statistis:Desriptive statistis→organize & summarize dataInferential statistis →drawing of inferenesEstimationHypothesis testingModeling2 Estimation - on�dene interval, estimator - very helpful as itgives a range of likely values3 Hypothesis testing - p-value, or �surprise-level� valueNguyen Thi Tu Van, Nguyen Quang Vinh Learning Bio- basi terms



IntrodutionDesriptive StatistisInferential StatistisHypothesis testing - p valueDetermination of sample sizeSummaryExerises1 A survey of 100 delivery ases in a population gave us themean of newborn baby weight is 3,050 grams; 95% on�deneinterval is of (2,950 - 3,150 grams). Please give yourexplanation for the results.2 Please give your brief explanations of the p value.1 ...2 ...3 ...Nguyen Thi Tu Van, Nguyen Quang Vinh Learning Bio- basi terms
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