> # STAT 105: confidence interval simulation  

> # Purpose:  understand what the confidence level means

> # 

> # population: normal(mu, sigma^2) 

> mu=10; sigma=2;  #

> n=36;  # sample size n=36

> # 95% CI margin = z(.025) sigma/sqrt(n)

> margin=1.96*sigma/sqrt(n); margin

[1] 0.6533333

> 

> # draw a random sample of n

> x=rnorm(n, mean=mu, sd=sigma) #

> stem(x)  # stem plot

  The decimal point is at the |

   4 | 4

   5 | 8

   6 | 034

   7 | 8

   8 | 006

   9 | 012458899

  10 | 001136

  11 | 144799

  12 | 1158

  13 | 46

> mean(x)  # sample mean

[1] 9.834134

> # 95% CI for mu is xbar +/- margin; 

> c(mean(x) - margin, mean(x) + margin)

[1]  9.18080 10.48747

> 

> # do it again, 

> x=rnorm(n, mean=mu, sd=sigma) #

> mean(x)  # sample mean

[1] 10.38808

> # 95% CI for mu is xbar +/- margin; 

> c(mean(x) - margin, mean(x) + margin)

[1]  9.734744 11.041410

> 

> # do it again, 

> x=rnorm(n, mean=mu, sd=sigma) #

> mean(x)  # sample mean

[1] 9.465013

> # 95% CI for mu is xbar +/- margin; 

> c(mean(x) - margin, mean(x) + margin)

[1]  8.81168 10.11835

> 

> # repeat the procedure K times, save the K sample means in xbar

> K=100; xbar = rep(0, K)

> for(i in 1:K) { x=rnorm(n, mean=mu, sd=sigma); xbar[i] = mean(x) }

> 

> # K 95% CI's for mu is xbar +/- margin; 

> cbind(xbar - margin, xbar + margin)

            [,1]      [,2]

  [1,]  8.775024 10.081691

  [2,]  9.441021 10.747688

  [3,] 10.087612 11.394279

  [4,]  9.104177 10.410844

  [5,]  9.089781 10.396447

  [6,]  9.191853 10.498520

  [7,]  9.657213 10.963879

  [8,]  9.231804 10.538471

  [9,]  9.474922 10.781588

 [10,]  9.529186 10.835853

 [11,]  9.774112 11.080779

 [12,]  8.738616 10.045283

 [13,]  9.645941 10.952607

 [14,]  9.491582 10.798249

 [15,]  9.552333 10.859000

 [16,]  8.774454 10.081120

 [17,]  9.355412 10.662079

 [18,]  9.440754 10.747421

 [19,]  8.922585 10.229251

 [20,]  9.321817 10.628484

 [21,]  9.279030 10.585696

 [22,]  8.925477 10.232143

 [23,]  9.192042 10.498709

 [24,]  9.976290 11.282956

 [25,]  9.464006 10.770672

 [26,]  9.402259 10.708926

 [27,]  9.922654 11.229320

 [28,]  8.961775 10.268441

 [29,]  9.304767 10.611433

 [30,]  8.885277 10.191944

 [31,]  9.079597 10.386264

 [32,]  8.678912  9.985579

 [33,]  9.414900 10.721566

 [34,]  9.790403 11.097070

 [35,]  9.979086 11.285753

 [36,]  9.301641 10.608308

 [37,]  8.875656 10.182322

 [38,]  9.023543 10.330209

 [39,]  9.246812 10.553478

 [40,]  9.304832 10.611499

 [41,]  9.345961 10.652628

 [42,]  9.940597 11.247263

 [43,]  8.886146 10.192812

 [44,]  9.539690 10.846356

 [45,]  8.824210 10.130877

 [46,]  9.321865 10.628532

 [47,]  9.896864 11.203531

 [48,]  9.197612 10.504279

 [49,]  8.737867 10.044534

 [50,]  9.222647 10.529314

 [51,]  9.161842 10.468509

 [52,]  9.463182 10.769849

 [53,]  9.286568 10.593234

 [54,]  9.024027 10.330693

 [55,]  9.372694 10.679360

 [56,]  9.680650 10.987317

 [57,]  9.047068 10.353735

 [58,]  9.822951 11.129618

 [59,]  9.118725 10.425391

 [60,]  9.146956 10.453623

 [61,]  8.839380 10.146047

 [62,]  9.509247 10.815914

 [63,]  8.535473  9.842140

 [64,]  8.953487 10.260153

 [65,]  9.134854 10.441520

 [66,]  9.393947 10.700614

 [67,]  9.677552 10.984219

 [68,]  9.818274 11.124941

 [69,]  9.564125 10.870792

 [70,]  8.968139 10.274806

 [71,]  9.933748 11.240415

 [72,]  9.158641 10.465307

 [73,]  9.133579 10.440246

 [74,]  9.189198 10.495864

 [75,]  8.671086  9.977753

 [76,]  9.076432 10.383098

 [77,]  9.556248 10.862914

 [78,]  9.058940 10.365607

 [79,]  9.816539 11.123206

 [80,]  9.237441 10.544108

 [81,]  9.839327 11.145993

 [82,]  9.589384 10.896050

 [83,]  9.217238 10.523905

 [84,]  8.865720 10.172387

 [85,]  9.134198 10.440865

 [86,]  9.706146 11.012813

 [87,]  9.423387 10.730054

 [88,]  9.228410 10.535077

 [89,]  9.141664 10.448331

 [90,]  9.819285 11.125952

 [91,]  8.775836 10.082502

 [92,]  9.270167 10.576833

 [93,]  9.728836 11.035503

 [94,]  9.618194 10.924860

 [95,]  8.756517 10.063184

 [96,]  8.742211 10.048877

 [97,]  8.943383 10.250050

 [98,]  9.556607 10.863274

 [99,]  9.363067 10.669733

[100,]  9.841494 11.148161

> 

> # plot the K CI's

> matplot(cbind(xbar - margin, xbar + margin), type="n")

> for(i in 1:K) lines(c(i,i),c(xbar[i] - margin, xbar[i] + margin))

> abline(h=mu)   # add a line

> 

> # see which CI contains mu

> xbar-margin < mu & mu < xbar + margin

  [1]  TRUE  TRUE FALSE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE

 [14]  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE

 [27]  TRUE  TRUE  TRUE  TRUE  TRUE FALSE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE

 [40]  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE

 [53]  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE FALSE  TRUE  TRUE

 [66]  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE FALSE  TRUE  TRUE  TRUE

 [79]  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE

 [92]  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE  TRUE

> # count the number of CI's containing mu, which is not exactly 100(1-alpha)

> sum(xbar-margin < mu & mu < xbar + margin)

[1] 96

> 

> # now examine the distribution of K sample means (xbar). 

> stem(xbar, scale=2)

  The decimal point is 1 digit(s) to the left of the |

   91 | 9

   92 | 

   93 | 2399

   94 | 0133389

   95 | 234488

   96 | 012288

   97 | 01334679999

   98 | 012455578899

   99 | 023456688

  100 | 0123567899

  101 | 2234689

  102 | 111247

  103 | 013368

  104 | 34777899

  105 | 5899

  106 | 33

  107 | 4

> hist(xbar, n=15)  #  approximately normal

