
Serik Sagitov, Chalmers Tekniska H�ogskola, April 13, 2005Chapter 10. Summarizing data1. Empirial probability distributionIID sample (X1; : : : ; Xn) with population df F (x)Empirial df Fn(x) = proportion of Xi � xFor �xed x sample proportion Fn(x) is an unbiasedand onsisitent estimate of pop. proportion F (x)After the sample is olletedFn(x) is a df with mean �X and variane n�1n s2LifelengthsLifelength Tdf F (t) = P(T � t), pdf f(t) = F 0(t)Survival funtion S(t) = P(T > t) = 1� F (t)Empirial survival funtion Sn(t) = 1� Fn(t)the proportion of the data greater than tHazard funtion h(t) = f(t)=S(t)Mortality rate at age tP(t < T � t + ÆjT � t) � Æ � h(t)The negative of the slope of the log survival funtionh(t) = � ddt log S(t)
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Exp(�): at hazard funtion h(t) = �f(t) = �e��t, S(t) = e��tWeibull(; �) distribution on [0;1)f(t) = �t�1e��t , S(t) = e��t , h(t) = �t�1sale parameter � > 0 and shape par.  > 0Ex 1: Guinea pigsGuinea pigs infeted with tuberle baillus, p. 349-3535 treatment and one ontrol groupFig 10.2: survival funtionFig 10.3: log survival funtionDensity estimationHistogram: observed ounts Oj for ells of width hsmall h - ragged histogramlarge h - obsured histogram, �nd a balaned hSaled histogramfh(x) = 1nhOj for x in ell j to ensure R fh(x)dx = 1Kernel density estimate with bandwidth hprodues a smooth urvefh(x) = 1nh P�(x�Xih ), where �(x) is the N(0,1) pdfEx 2: male heightsIf hm is a olumn of 24 male heightsx=160:0.1:210; l=length(x);f=normpdf((ones(24,1)*x - hm*ones(1,l))/h);fh=sum(f)/(24*h); plot(x,fh)2



Steam-and-leaf plot for 24 male heights17:05667889918:000011234619:229distribution shape plus the numerial information2. Q-Q plotsp-quantile of a distribution xp = F�1(p), 0 � p � 1Quantile xp uts o� proportion p of smallest valuesP(X � xp) = F (xp) = F (F�1(p)) = pOrdered sample X(1) � X(2) � : : : � X(n)Fn(X(k)) = kn and Fn(X(k) � �) = k�1nX(k) is the empirial (k�0:5n )-quantileTwo samples (X1; : : : ; Xn), (Y1; : : : ; Ym)test H0: two PDs are equalby Q-Q plot = plot Y -quantiles against X-quantilesAept H0 if the satter plot is lose to the bisetorequal quantiles = equal distributionsLinear model: Y = a + b �X in distributionP(X � x) = P(Y � a + bx)Linear model implies linear Q-Q plot yp = a + bxp3



Normal probability plotTo test H0: PD = N(�; �2) with unspei�ed parametersplot the normal quantiles ��1(k�0:5n ) against X(k)Aept H0 with � = a, � = bif the satterplot is lose to the line x = a + byLight tails pro�le and heavy tails pro�leCoeÆient of skewness: b1 = 1s3n P(Xi � �X)3
b1 = 0 b1 > 0 b1 < 0Kurtosis b2 = 1s4n P(Xi � �X)4, normal data b2 = 3Leptokurti distribution: b2 > 3 heavy tailsplatykurti distribution: b2 < 3 light tailsEx 2: male heights�X = 181:46, M̂ = 180, b1 = 1:05, b2 = 4:31Heights of adult males are positively skewedP(height of a random male < the average) > 50%3. Measures of loationCentral point of a distribution:population mean �, mode or median MM = x0:5 if distribution is ontinuous4



Population median M : P(X < M) = P(X > M)Sample median M̂ = X(k), if n = 2k � 1M̂ = X(k)+X(k+1)2 , if n = 2kM̂ is a robust estimate = insensitive to outlierssample mean �X is sensitive to outliersNonparametri sign testTest H0: M = M0 against two-sided H1: M 6= M0sign test statisti: Y = P I(Xi �M0)null distribution Y 2 Bin(n; 0:5)Rejet H0 if M0 falls outside (X(k); X(n�k+1))where k is suh that P(Y < k) = �2 , Y 2 Bin(n; 0:5)(X(k); X(n�k+1)) = nonparametri CI for Mn = 25 and k = 6 7 8 9 10 11 12100(1� �)% 99.6 98.6 95.6 89.2 77.0 57.6 31.0Trimmed meansMeasures of loation for the entral portion of the data�-trimmed mean �X� = sample mean withoutn�2 smallest and n�2 largest observationsEx 2: male heights �X0:4=180.36When summarizing data ompute severalmeasures of loation and ompare the results5



Nonparametri bootstrapIID sampling from the empirial distribution= sampling with replaement from x1; : : : ; xnsimulate many new samples of size nUsed to view the sampling distribution of an estimatelike trimmed mean, sample median, s4. Measures of dispersionSample variane s2 and sample range R = X(n) �X(1)are sensitive to outliersRobust measures of dispersioninterquartile range IQR = x0:75 � x0:25MAD = median of abs dev jXi � M̂ j, i = 1; : : : ; nThree estimates of � in N(�; �2): s, IQR1:35 , MAD0:675IQR = (�+ ���1(0:75))� (�+ ���1(0:25)) = 1:35�P( jX��j� � z) = 0:5 for z = ��1(0:75) = 0:675Boxplotbox enter = medianupper edge of the box = upper quartile (UQ)lower edge of the box = lower quartile (LQ)upper whisker end = fmax data point � UQ + 1.5 IQRglower whisker end = fmin data point � LQ { 1.5 IQRgdots = fdata � UQ + 1.5 IQRg and fdata � LQ { 1.5 IQRgConvenient to ompair di�erent samplesFig 10.14, p.374: daily SO2 onentration data6


