A

Numerical Techniques

Al

for Maximization

Many of the procedures discussed in this volume require maximizing
the log likelihood or partial log likelihood function. For many models,
it is impossible to perform this maximization analytically, so, numerical
methods must be employed. In this appendix, we shall summarize some
techniques which can be used in both univariate and multivariate cases.
The reader is referred to a text on statistical computing, such as Thisted
(1988), for a more detailed discussion of these techniques.

Univakriate Methods

Suppose we wish to find the value x which maximizes a function f() of
a single variable. Under some mild regularity conditions, x maximizes
[ if the score equation f'(x) equals 0 and f"(x) < 0. We present
three numerical methods which attempt to find the maximum of ()
by solving the score equation. Some care must be taken when using
these routines because they do not ensure that the second derivative of
[ is negative at the solution we find.

The first technique is the bisection method. Here, the algorithm stans
with two initial values, x; and xy, which bracket the root of f(x) =
that is, f'(xp - f ’(xU) < 0. A new guess at the root is taken to be the
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midpoint of the interval (xy, xy), namely, xn = (xp + 29)/2. If f'(x)
and f'(xy) have the same sign, x; is replaced by xy, otherwise xy is
replaced by xx. In either case, the algorithm continues with the new
values of x; and 2y until the desired accuracy is achieved. At each step,
the length of the interval (xy — x1) is a measure of the largest possible
difference between our updated guess at the root of £/() and the actual
value of the root.

A second method, of use when one has good initial starting values
and a complicated second derivative of (), is the secant method or
regula falsi. Again, we start with two initial guesses at the root, x,
and x,. These guesses need not bracket the root. After i steps of the
algorithm, the new guess at the root of f'(x) is given by

Xper = 2 — )0 — 2D /L) — flla)). AD
Iterations continue until convergence. Typical stopping criteria are

[%+1 — x| <y |f el <y

or

1Gasy — 2/l <,

where ¥ is some small number.

The third method is the Newton—Raphson technique. Here, a single
initial guess, x,, of the root is made. After i steps of the algorithm, the
updated guess is given by

X1 = 2~ f'Ce)/ (). A2

Again, the iterative procedure continues until the desired level of ac-
curacy is met. Compared to the secant method, this technique has
the advantage of requiring a single starting value, and convergence is
quicker than the secant method when the starting values are good. Both
the secant and Newton—Raphson techniques may fail to converge when
the starting values are not close to the maximum.,

Suppose we have the following 10 uncensored observations from a
Weibull model with scale parameter A = 1 and shape parameter «, that
is, (D) = at® e ",

Data: 2.57,0.58,0.82,1.02,0.78,0.46,1.04,0.43,0.69, 1.37

To find the maximum likelihood estimator of «, we need to maximize
the log likelihood f(a) = InL(e) = nlna) + (e —~ DX In(tp — 47
Here, f(@) = n/a + Tln(t) — T ¢ In(tp, and f"(@) = —n/a® -
> lln(epF.
Applying the bisection method with @y = 15 and ay = 2 and

stopping the a.lgorlthm when |f'(a)| < 0.01, we have the following
values:
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Step a ay an flla) fllaw fllan)

15 2 175 1798 —2589 -—0.387
15 1.75 1.625 1798 —0.387 0.697
1.625 1.75 16875 0697 —0.387 0.154
16875 175 171875 0.154 —0387 —0.116
16875 171875 170313 0154 —0.116 0.019
170313 171875 171094 0019 —0.116 —0.049
170313 171094 170704 0019 —0.049 —0.015
170313 1.70704 1.70509 0019 —0.015 0.002

O~ AWV W N

So, after eight steps the algorithm stops with & = 1.705.
For the secant method, we shall start the algorithm with e, = 1 and
= 1.5. The results are in the following table:

Step a1 a  fla) fla) an e

1 1 15 7.065 1798 1671 0300
2 15 1671 1798 0300 1705 0.004

Here, using the same stopping rule |f'(a)| < 0.01, the algorithm stops
after two steps with & = 1.705.

For the Newton—Raphson procedure, we use an initial value of a, =
1.5. The results of the algorithm are in the following table,

i oa flay-) fe) o« Sfllap

1 15 1.798 —8947 1701 0.038
2 1701 0.038 —-8655 1705 2X107

Again, using the same stopping rule |f'(a)| < 0.01, the algorithm stops
after two steps with & = 1.705. Notice the first step of the Newton-
Raphson algorithm moves closer to the root than the secant method.

A.2 Multivariate Methods

We present three methods to maximize a function of more than one
variable. The first is the method of steepest ascent which requires only
the vector of first derivatives of the function. This method is robust
to the starting values used in the iterative scheme, but may require a
large number of steps to converge to the maximum. The second is the
multivariate extension of the Newton-Raphson method. This method,
which requires both the first and second derivatives of the function,
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converges quite rapidly when the starting values are close to the root,
but may not converge when the starting values are poorly chosen. The
third, called Marquardt’s (1963) method, is 2 compromise between these
two methods. It uses a blending constant which controls how closely
the algorithm resembles either the method of steepest ascent or the
Newton—Raphson method.

Some notation is needed before presenting the three methods. Let
f (X be a function of the p-dimensional vector x = (x;, ..., x,). Let
u(x) be the p-vector of first order partial derivatives of f(x), that is,

u@ = [, ..., 4,XI, (A3)

where

9™
u,(x)——a;,]—l,...,p.

Let H(x) be the p X p Hessian matrix of mixed second partial derivatives
of f(x), defined by

P

H®) = (H,x)), i,j=1,...,p where H/(x) = 9%,

Qa9

The method of steepest ascent starts with an initial guess, x,, of
the point which maximizes f(x). At any point, the gradient vector
u(x) points the direction of steepest ascent of the function f(X). The
algorithm moves along this direction by an amount 4 to a new estimate
of the maximum from the current estimate. The step size d is chosen to
maximize the function in this direction, that is, we pick d to maximize
JSIx: + dux,)). This requires maximizing a function of a single variable,
so that any of the techniques discussed earlier can be employed.

The updated guess at the point which maximizes f(x) is given by

Xp+1 =X + du(xk) (AS)

The second method is the Newton-Raphson method which, like the
method of steepest ascent, starts with an initial guess at the point which
maximizes f(x). After k steps of the algorithm, the updated estimate
of the point which maximizes f(x) is given by

Xpp1 =Xp — H(xk)_]u(xk)- QA.6)

The Newton-Raphson algorithm converges quite rapidly when the ini-
tial guess is not too far from the maximum. When the initial guess is
poor, the algorithm may move in the wrong direction or may take a step
in the correct direction, but overshoot the root. The value of the function
should be computed at each step to ensure that the algorithm is moving
in the correct direction. If f(x;) is smaller than f(X4+1), one option is
to cut the step size in half and try X,y = x; — H(X) 'u(x;)/2. This
procedure is used in SAS and BMDP in the Cox regression procedure.

The third method is Marquardt’s (1963) compromise between the
method of steepest ascent and the Newton—Raphson method. This
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method uses a constant, y, which blends the two methods together.
When ¢ is zero, the method reduces to the Newton—Raphson method,
and, as y — ®, the method approaches the method of steepest as-
cent. Again, the method starts with an initial guess, X,. Let S be the
pX p diagonal scaling matrix with diagonal element (|H,(x,)|"/%). The
updated estimate of the maximum is given by

Xptr1 = Xp — S.(S:H(x.)S, + ’YD_lsku(xk);

where 1 is the identity matrix. Typically, the algorithm is implemented
with a small value of vy for the first iteration. If f(x;) < f(x,), then,
we are having difficulty approaching the maximum and the value of
v is increased until f(x;) > f(X,). This procedure is iterated until
convergence is attained. For the final step of the algorithm, a “Newton—
Raphson” step with y = 0 is taken to ensure convergence.

In the multivariate maximization problem, there are several sugges-
tions for declaring convergence of these algorithms. These include stop-
ping when f(Xe+1) ~ f(Xe) < € (or [[fKert) — fEV/ f XD < €);
when Y u,(X1)? < € (or maxl|wXp+Dl, ..., [up&er)|] < © or
when Y (%e+1,,— % )? < € (or max{ 2411~ Xeal, - . ., [Xer1,p— 2p| < ©.

We shall fit a two-parameter Weibull model with survival function
S = exp(—Af*) to the ten observations in Example A.2. Here the
log likelihood function is given by

Ao =nlnd + nlna+(@—DY Ing—1Y 7.

The score vector u(A, a) is expressed by

ux(h,a)=—‘n——x‘
A a) n
u,\, @) = o —;+Zlnt,—)¢2t;"lnt,
and the Hessian matrix is
"’ni - ghnyg
HO\, a) = A

—THhng - - AT

To apply the method of steepest ascent, we must find the value of 4,
which maximizes I[(A; + ditialAe, arl), (ap + dptsaAg, D). This needs
to be done numerically and this example uses a Newton—Raphson al-
gorithm. Convergence of the algorithm is declared when the maximum
of Jup| and lu, | is less than 0.1. Starting with an initial guess of @ = 1
and A = 10/t = 1.024, which leads to a log likelihood of —9.757,
we have the following results:
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SIq) k ] A [. 7% LA @) U, Uy dy

0 1.024 1000 -9.757 0.001 7.035 0.098
1025 1693 —7491 0001 —1.80 0089
0865 1694 —7339 0.661 0.001 0.126
0865 1777 —7311 0.000 —0.363 0073
0839 1777 -7.307 0.121 0.000 0.128
0839 1792 -7306 0.000 —0.072 0.007

N O N =

Thus the method of steepest ascent yields maximum likelihood esti-
mates of‘ A = 0.839 and & = 1.792 after 5 iterations of the algorithm.

Applying the Newton~Raphson algorithm with the same starting val-
ues and convergence criterion yields :

Stepk A oy U, Uy Hy Hya Ha
0 1.024 1.000 0001 7035 —9537 -—13449 -1.270
1 0954 1530 —-0471 1684 —10987 -—8657 —334
2 0838 1.769 0.035 0.181 —14.223 ~-7.783 -—1.220
3 0832 1796 —-0001 0001 -14431 —7.750 = —4.539

’[’his method yields maximum likelihood estimates of A = 0.832 and
& = 1.796 after three iterations.
Using vy = 0.5 in Marquardt’s method yields

Stepk My o “ Uy Ha Hoa Hy,
0 1.024 1.000 0001 7.035 —9537 -—13449 -1.270
1 0993 1351 -—0.357 3.189 —1(_).136 —9534 -2565
2 0930 1585 —0.394 1295 -—11.557 —8424 -3599
3 0883 1701 -—-0.275 0523 -—12813 —8.049 -4.176
4 0858 1753 —0.162 0.218 —13591 —7891 —4453
5 0845 1777 —-0087 0094 —14013 —7817 —4.581

Here, the algorithm converges in five steps to estimates of A = 0.845
and & = 1.777.

B

Large-Sample
Tests Based on

Likelihood Theory

Many of the test procedures used in survival analysis are based on
the asymptotic properties of the likelihood or the partial likelihood.
These test procedures are based on either the maximized likelihood
itself (likelihood ratio tests), on the estimators standardized by use of
the information matrix (Wald tests), or on the first derivatives of the
log likelihood (score tests). In this appendix, we will review how these
tests are constructed. See Chapter 9 of Cox and Hinkley (1974) for a
more detailed reference.

Let Y denote the data and 8 = (8, ..., 0,) be the parameter vector.
Let I(0 : Y) denote either the likelihood or partial likelihood function.
The maximum likelihood estimator of @ is the function of the data
which maximizes the likelihood, that is, 8(Y) = @ is the value of 0
which maximizes (0 : Y) or, equivalently, maximizes log (0 : Y).

Assaciated with the likelihood function is the efficient score vector
U(e) = [1j(0), ..., U,(8) defined by

U = —,o%lnz(o 29 ®.1

In most regular cases, the maximum likelihood estimator is the solution
to the equation U(8) = 0. The efficient score vector has the property
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that its expected value is zero when the expectation is taken with
respect to the true value of 6.

A second key quantity in large-sample likelihood theory is the Fisher
information matrix defined by

i(8) = E,U(0)' V()] = B [—siv(o)]

={ E"[so,aoklnm Y)]} =1,..,p, k=1,...,p. (B2)

Computation of the expectation in (B.2) is very difficult in most appli-

cations of likelihood theory, so a consistent estimator of i is used. This

estimator is the observed information, I(8), whose (j, #)th element is

given by

8lnKo:Y)
86 180k ’

The first set of tests based on the likelihood are for the simple null

hypothesis, H, : 8 = 8,. The first test is the likelibood ratio test based
on the statistic

L,(0) = — ik=1,...,p. (B.3)

X = —2InL0,:Y)— ln L :Y) B.9)

This statistic has an asymptotic chi-squared distribution with p degrees
of freedom under the null hypothesis.

A second test, called the Wald test, is based on the large-sample
distribution of the maximum likelihood estimator. For large samples,
0 has a multivariate normal distribution with mean 6 and covariance
matrix 17(8) so the quadratic form (6 — 0,)i(8)(® — 8,) has a chi-
squared distribution with p degrees of freedom for large samples. Using
the observed information as an estimator of the Fisher information, the
Wald statistic is expressed as

XZW = (é - oo)l(é)(a - oo)' (B5)
which has a chi-squared distribution with p degrees of freedom for
large samples when H, is true.

The third test, called the score or Rao test, is based on the efficient
score statistics. When 8 = 0, the score vector U(0,,) has a large-sample
multivariate normal distribution with mean 0 and covariance matrix
1(0). This leads to a test statistic given by

Xt = U1 (0,)U°(0,).

As for the Wald test, the Fisher information is replaced in most applica-
tions by the observed information, so the test statistic is given by

X2 = UOI(0UH,). . ®6

Again, this statistic has an asymptotic chi-squared distribution with p
degrees of freedom when H, is true. The score test has an advantage in
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many applications in that the maximum likelihood estimates need not
be calculated.

Suppose we have a censored sample of size n from an exponential
population with hazard rate A. We wish to test the hypothesis that
A =11et(T,8),i=1,...,n, so that the likelihood, I(A;(T}, 8), i =

., ), is given by [[f.,A%e % = APe™» where D = Y[, &, is the
observed number of deaths and § = Y} 7., T; is the total time on test
(see Section 3.5). Thus,

InZ() = DlnA = AS, | B
d D |
UM = Iz = 3 -5, ®8)
and
W=-2 nin=2. ®.9)

Solving B.8 for A gives us the maximum likelihood estimator, A = D/S.
Using these statistics,

D 12 D~ S
i=(3-9)(5)- %5
& = (g_ )2. D _(D-sy
v s (D/$)? D
Xix = —2{(PIn1-1-9) — [DIn(D/S) — (D/S) - 5]}
= 2[S — D+ DIn(D/$)]
In this cdse, note that the Wald and Rao tests are identical. All three

. of these statistics have asymptotic chi-squared distributions with one

degree of freedom.

All three test statistics can be used to test composite hypotheses.
Suppose the parameter vector 0 is divided into two vectors  and ¢
of lengths p,, and p,, respectively. We would like to test the hypoth-
esis H, : ¢ = ¢,. Here ¢ is a nuisance parameter. Let ¢(§,) be the
maximum likelihood estimates of ¢ obtained by maximizing the likeli-
hood with respect to ¢, with ¢ fixed at 4,. That is, ¢(¢,) maximizes
In (¢, ¢) : Y] with respect to ¢. We also partition the information
matrix I into

I= ( Lv Tus ) (B.10)

Ly Ise
where I, is of dimension p; X py, Ipe is of dimension p; X p;, Iye
is p1 X pp, and I, = X4. Notice that a partitioned information matrix
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has an inverse which is also a partitioned matrix with

_ | Ao 44
11=(Iw 14'4’)’ B.11)
With these refinements, the three statistics for testing H, : ¢ = ¢, are
given by
Likelihood ratio test:
X = = 2Aln AW, d(¥) : V] ~ In I(d : T}, (B.12)
Wald test:
2 — 4 Yeg AN-100 — t
X = @ — $ W@, DI — ), (B.13)

and score test:

X3 = Uylwr,, W (w,, bW DU, d(b,)l. (B.14)

All three statistics have an asymptotic chi-squared distribution with p,
degrees of freedom when the null hypothesis is true.

Consider the problem of comparing two treatments, where the time to
event in each group has an exponential distribution. For population
one, we assume that the hazard rate is A whereas for population two,
we assume that the hazard rate is AB. We shall test H, : 8 = 1 treating
A as a nuisance parameter. The likelihood function is given by

L, B) : Dy, Dy, Sy, S;] = ARH2 B2 exp(—AS, — ABSY) (B.15)

where D, is the number of events and S; is the total time on test in the

ith sample, i = 1, 2. From (B.15),
InZl(B, )l = (D) + D) InA + D:InB — AS, — ABS;, (B.16)

(B, 1) = %mz(p, » = % —s, B.17)
UGB ) = %lnL(.B, =2 I D g, (B
2
LB M) = —3_1“8;(#‘2 - %, (B.19)
2
@y = -22IBD _DitD, (B.20)
and
2
Ip)‘ = _M = Sz. (B.21)

5158

Solving the system of equations Up(B,A) = 0, TA(B,A) = 0 yields the
global maximum likelihood estimators B = D, /(S; D) and A = D,/S,.
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Solving Tr(B, A) = 0, for B fixed at its value under H,, yields AB =1,
denoted by AQ), = (D, + DY/(S, + S2). Thus, we have from B.12 a
likelihood ratio test statistic of
X = —2[(Dy + DY IAQ)] — AAXS; + )]
- KD, + D)InlAl + D, In(B) — AS; — ABS)}.

B DS + 52)] [Dz(sl + 52)]
=2hin [s,(a ry] I K7 e 8

From B.19-B.21,
B, + D)
[D:AD: + D) — ABSY]

I”(B, A=

so, the Wald test is given‘by
A~ -1
B*D, + Dy }

=@-1 —
Xy =B -1 {(D;(Dl + D) — (ABSA
_ DXS,D, ~ ;D))
D,S¥Dy + D)

The score test is given by
— - 2 (Dl + DI)
Xs = D = M Ty — s
_ DS + ) — (D + DYSF

Dy(S; + 52 — (D + DS?

If, for example, D, = 10, D, = 12, § = 25, and S, = 27, then
X% = 0.0607, x3 = 0.0545 and x; = 0.0448, all nonsignificant when
compared to a chi-square with one degree of freedom.
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Solutions to Chapter 13

13.1

13.3

13.5

T = 148, V = 1075, Z = 14, p = 0.1539. No evidence of random

effect.

(2) Standard Cox model b = —1.035, SE (b) = 044, p = 0.0187.

(b) Gamma Frailty Model b = —1.305, SE (b) = 0528, p = 0.0133.
Estimate of 8 = 0.713, SE = 0.622, Wald p-value of test of 8 = 0 =
0.2517, likelihood ratic p-value = 0.1286.

() See 13.1. .

(b Adjusted SE = 0.3852, test statistic = —1.035/0.3852, p = 0072.
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Hazard Function
Breslow's Estimator, 283-287, 355,
361

Kalbfleisch and Prentice
Estimator, 286—287
with Time Dependent Covariates,
307-308
Estimation of Survival Function
Breslow’s Estimator, 283-287
Kalbfleisch and Prentice
Estimator, 286287
with Time Dependent Covariates,
307-308
Global Tests, 244
Likelihood Ratio Test, 246,
257-258, 261
Score Test, 255-258, 261
Wald Test, 255, 257-258, 261
Left Truncated Data, 312-314,
317-326
Local Tests, 253, 263—272
Likelihood Ratio Test, 263-265,
267, 269, 276
Score Test, 263-265, 271
wald Test, 263-271
Model Building, 276-283
Model Diagnostics
Andersen Plots, 364, 366370,
379-381
Arjas Plots, 354, 369-376,
379-381
Checking for Influential
Observations, 385-391
Checking for Outliers, See
Deviance Residuals
Checking Functional Form of a
Covariate, See Martingale
Residuals
Checking Overall Fit of the
Model, See Cox Snell Residuals
Checking Proportionality
Assumption, 261-262, 302-306,
354, 363381
Partial Likelihood
as 2 Profile Likelihood, 258-259
Derivation with Ties, 258-259
Brestow’s Likelihood, 259-261,
262
Discrete Likelihood, 260-263
Efron’s Likelihood, 260-263
Exact Likelihood, 263
without Ties, 253-258
Residuals
Cox-Snell Residuals, 353, 354358
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Deviance Residuals, 353, 381-385
Martingale Residuals, 353,
359-362, 382-384
Partial Residuals, 353, 386-387
Schoenfeld Residuals, See Partial
Residuals
Score Residuals, 353, 373-381,
386-390
Survival Synthesis, 314-325
Stratification, 308-312
Time Dependent Covariates,
297-307, 317-319

As an Adjustment for
Non-Proportional Hazards,
304-307

Model, 305
Partial Likelihood, 297, 307
Use in Checking Proportional

Hazards Assumption,
302-306 :
Proportional Odds Model, 59, 394,
403
Psychiatry, 15

Quantiles, 33-34
Q-Q Plot, See Accelerated Failure Time
Model

Relative Mortality, 177-179, 183-185
Relative Risk, 245, 261-262, 266-267,
275
Reliability Function, See Survival
Function
Renyi Tests, See Tests of Hypothesis
Right Censoring, 64-70, 7578
Generalized Type 1, 66-67
Progressive Type I, 65-66, 70
Progressive Type II, 69-70, 78-79
Random, 69-70, 77, 79
Type 1, 64-65, 76
Type II, 6769, 78-79
Right Truncation, 19, 64, 74-75,
149-151

Schoenfeld Residuals, See Partial
Residuals-
Score Residuals, 354, 373381,
" 386-391, 418-419
Score Tests
Definition, See Tests of Hypotheses
for Association, 427430

for Proportional Hazards Model, See
Proportional Hazards
Regression
Self Consistency, 103, 148
Serial Sacrifice Experiment, See
Progressive Censoring
Sexually Transmitted Diseases, 13
Standardized Residuals, 415
Standard Mortality Ratio, 183-184, 205
Stochastic Integration, 84-85
Sub-distribution Function, 53
Survival Function
Confidence Band for, 109117
Confidence Interval (Pointwise),
104-109
Continuous, 22-23, 27, 35
Discrete, 25-26, 30-31, 35-36
Mizxed, 36
Point Estimator
Double Censoring, 141-143,
146-148
Interval Censoring, 143-145, 146,
148
Left Censored Data, 140-141, 148
Left Truncation, 123-125
Right Censored Data, See Product
Limit Bstimator
Right Truncated Data, 149-150

Tarone and Ware Tests, See Tests of

Hypotheses

Tests for Order Alternatives, See Tests

of Hypotheses

Tests of Hypotheses

for Association, 427430
for the Additive Hazards Model, See
Additive Hazards Regression
for the Proportional Hazards Model,
See Proportional Hazards
Regression
K Sample Tests, 205-216
Fleming and Harrington Tests,
208-211, 213-216
Gehan's Wilcoxon Test, 208-211,
213-216, 219, 221, 224
Log Rank Test, 207-214, 218-219,
220, 224-225, 233, 235, 248,
250,360 -
Median Test, 234
Peto and Peto Wilcozon Test,
208-211, 214-216, 219
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Pointwise Comparisons, 234-237
Tarone and Ware Test, 208-211,
213-214, 219
Large Sample Inference
Likelihood Ratio Tests, 450-453
Score Tests, 450453
Wald Tests, 450-453
One Sample Tests, 202-205
Log Rank Test, 202-205
Harrington Fleming Test, 203
Wilcoxon Test, 205
Renyi Tests, 223-228
Stratified Tests, 219-223
Two Sample Tests
Based on the Additive Hazards
Regression Model, 347-348, 350
Cramer-Von Mises Test, 227-228,
232
Median Test, 231-233, 234-235
Weighted Difference in Kaplan
Meier Estimator Test, 228-230,
233-234
Trend Tests, 216-219, 262
Time Dependent Covariates, See
Proportional Hazards
Regression

Truncation

Left, See Left Truncation

Right, See Right Truncation
Type I Censoring, See Right Censoring
Type II Censoring, See Right Censoring

Uniform Kernel, See Kernel Smoothing
U.S. Life Table, 2324, 29-30, 178-181

Wald Tests
Definition, See Tests of Hypotheses
for Proportional Hazards
Model, See Proportional
Hazards Regression
Weaning of Newborns, 14-15
Weibull Distribution, 31, 33, 37-39,
4445, 58-59
Accelerated Failure Time Model, 47,
394-395
Estimation, 396401
Hazard Function, 28-29
Multiplicative Hazards Model, 48,
394
Survival Function, 22-23
Wilcoxon Tests, See Tests of
Hypotheses
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LIKELIHOOD, BAYESIAN
AND MCMC METHODS IN
QUANTITATIVE GENETICS

DANIEL SORENSEN and DANIEL GIANOLA

This book provides the foundations of likeli-
hood, Bayesian and MCMC methods in the con-
text of genetic analysis of quantitative traits.
Although a number of excellent texts in these areas
have become available in recent years, the basic
ideas and tools are typically described in a tech-
nically d ding style. Considerably more
detail is offered than I usual. Part I reviews prob-
ability and distribution theory. Parts I and IIl pre-
sent methods of inference and MCMC methods.
Part IV discusses several models that can be
applied in quantitative genetics, primarily from
a Bayesian perspective.
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ActivEpi

DAVID G. KLEINBAUM

ActivEpi is a complete multimedia presentation
of the material commonly found in an introduc-
tory epidemiology course on CD-ROM. ActivEpi
includes 15 lessons and over 50 hours of content.
1t can be used in a variety of teaching formats:
distance learning, self-paced learning, on-cam-
pus courses, and short courses. It uses: Video to
instill real-world motivation for learning and
applying epidemiologic concepts * Narrated
Expositions to teach the concepts using high-qual-
ity audio synchronized with text, pictures and ani-
mations * Quizzes to provide self-evaluation of
basic terms and concepts * Data Desk to provide
practice applying the methods learned to real data
+ Navigational Tools such as a dynamic table of
contents, index and glossary, to allow easy-to-use
methods for working through the content.
2002/CD-ROM/ISBN 0387142576 )

Statistical
Methods for
the Analysis
of Repeated

Measurements

STATISTICAL METHODS
FOR THE ANALYSIS OF
REPEATED MEASUREMENTS

CHARLES S. DAVIS

This book provides a comprehensive summary
of a wide variety of statistical methods for the anal-
ysis of repeated measurements. It is a useful ref-
erence for practitioners and a textbook for a
graduate-level course focused on methods for the
analysis of repeéated measurements. The book
includes a comprehensive coverage of classical
and recent methods for continuous and categor-
ical outcome variables; numerous homework
problems at the end of each chapter; and the exten-
sive use of real data sets in examples and home-
work problems.
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