A Summary of Statistical Models Considered in CPH 931 (Fall 2009)
	Model
	Description
	Interpretations

	Repeated Measures Analysis of Variance (Lecture 1)
	Yij = µj + αi + εij
Continuous dependent variable; a single categorical independent variable (treatment); parameters µj, σ2α, σ2ε estimated via sample means and sums of squares; balanced data assumed (exactly one measurement per subject per treatment); special case of linear mixed model with x1,ij through xm,ij taken as dummy variables

	Yij : observation for subject i on treatment j

µj : mean for treatment j (unknown but not random)

αi : random effect for subject i (assumed normally distributed)

εij : error term (assumed normally distributed)

σ2α : variance of random effects
σ2ε : variance of error terms

	Linear Mixed Model (Lecture 2)
	Yij = β0 + β1 x1,ij + … + βm xm, ij + αi + εij
Continuous dependent variable; any mix of categorical and continuous independent variables; parameters β0, β1, …,  βm , σ2α, σ2ε estimated via maximum likelihood or restricted maximum likelihood; balanced data unnecessary (can have a different number of measurements for each subject)

	Yij : observation j on subject i

β1 : change in mean response associated with one-unit increase in x1,ij (assumed common to all subjects, unknown but not random)
αi : random effect for subject i (assumed normally distributed)

εij : error term (assumed normally distributed)

σ2α : variance of random effects
σ2ε : variance of error terms

β0 + αi : intercept for subject i
β0 : average intercept



	Linear Regression

(Lectures  3 and 4)
	Yi = β0 + β1 x1,i + … + βm xm, i + εi
Continuous dependent variable; any mix of categorical and continuous independent variables; parameters β0, β1, …,  βm , σ2ε estimated via ordinary least squares (default); some other estimation methods include weighted least squares (heteroscedasticity), M estimation (nonnormal errors or outliers), ridge regression (collinearity), and multiple imputation (missing data); special case of linear mixed model with one observation on each subject and σ2α equal to zero


	Yi : observation on subject i
β1 : change in mean response associated with one-unit increase in x1,i (assumed common to all subjects, unknown but not random)
εi : error term (usually assumed normally distributed)

σ2ε : variance of error terms (usually assumed homoscedastic)
β0 : intercept (assumed common to all subjects)

	Nonparametric
Regression (Lecture 4)
	Yi = m(xi) + εi
Continuous dependent variable;  a single continuous independent variable; m estimated by LOESS smoothing (default); some other estimation methods (less sophisticated) include kernel smoothing and moving average
	Yi : observation on subject i
m : a smooth function, not necessarily linear
εi : error term (usually assumed normally distributed)

σ2ε : variance of error terms (usually assumed homoscedastic)



	Polytomous regression
(Lecture 5)
	log[p1|x / p0|x] = α + β1 x1 + … + βk xk
log[p2|x / p0|x] = α* + β1* x1 + … + βk* xk
Categorical dependent variable (nominal or ordinal); any mix of categorical and continuous independent variables; parameters α, β1, etc. estimated by maximum likelihood; commonly called generalized logit model

	pj|x : conditional probability that dependent variable equals  j  
β1 : logarithm of multiplicative factor by which   p1|x / p0|x  changes when  x1  is increased by one unit

β1*: logarithm of multiplicative factor by which   p2|x / p0|x  changes when  x1  is increased by one unit

	Ordinal logistic regression (Lecture 5)
	log[ O2|x ] = α + β1 x1 + … + βk xk
log[ O12|x ] = α* + β1 x1 + … + βk xk
Categorical dependent variable (ordinal); any mix of categorical and continuous independent variables; parameters α, β1, etc. estimated by maximum likelihood; commonly called proportional odds model


	O2|x : conditional odds that dependent variable equals 2
O12|x : conditional odds that dependent variable equals 1 or 2

β1:  logarithm of multiplicative factor by which  O2|x  and  O12|x   change when  x1  is increased by one unit

	Generalized linear model
(Lecture 6)
	g(µx) = α + β1 x1 + … + βk xk
Different types of dependent variables are possible; any mix of categorical and continuous independent variables; parameters α, β1, etc. estimated by maximum likelihood; common special cases are linear regression for a continuous dependent variable [g(µx) = µx  and   Y  is normal], logistic regression for a dichotomous dependent variable [g(µx) = logit(µx)  and  Y is binomial with one trial], Poisson regression for a count dependent variable [g(µx) = log(µx)  and  Y  is Poisson], and negative binomial regression for a count dependent variable [g(µx) = log(µx)  and  Y  is negative binomial]
	g : increasing function called “link”
µx : conditional expectation of dependent variable

β1:  additive change in g(µx) associated with one-unit increase in x1

	Proportional hazards model

(Lecture 7)
	log[h(t)] = α(t) + β1 x1 + … + βk xk

Time-to-event dependent variable; any mix of categorical and continuous independent variables that do not change with time; parameters β1, etc. estimated by maximum likelihood; right censoring accommodated; often called Cox model
	h(t) : hazard function

α(t) : logarithm of baseline hazard

β1 : logarithm of multiplicative factor by which hazard changes when x1 increases by one unit, does not depend on t

	Extended proportional hazards model  with time-dependent covariates (Lecture 7)
	log[h(t)] = α(t) + β1 x1(t) + … + βk xk(t)
Time-to-event dependent variable; any mix of categorical and continuous independent variables that may change with time; parameters β1, etc. estimated by maximum likelihood; right censoring accommodated
	h(t) : hazard function
α(t) : logarithm of baseline hazard

β1 : logarithm of multiplicative factor by which hazard changes when x1(t) increases by one unit, does not depend on t

	Extended proportional hazards model with interactions between time and covariates
(Lecture 7)
	log[h(t)] = α(t) + β1 x1 + … + βk xk 

     + γ1 x1 log t + … + γk xk log t
Time-to-event dependent variable; any mix of categorical and continuous independent variables that do not change with time; parameters β1, etc. estimated by maximum likelihood; right censoring accommodated
	h(t) : hazard function 
α(t) : logarithm of baseline hazard

β1 + γ1 log t : logarithm of multiplicative factor by which hazard changes when  x1  increases by one unit, depends on  t  unless  γ1  happens to equal zero

	Weibull model (Lecture 8)
	log[Ti] = β0 + β1 x1,i + … + βm xm, i + σWi
Time-to-event dependent variable; any mix of categorical and continuous independent variables that do not change with time; parameters β1, etc. estimated by maximum likelihood; right censoring accommodated; hazard ratios do not depend on t; survival function possesses accelerated failure time property
	Ti : observation on subject i (if not censored)
σ : scale parameter

Wi​ : error term (Weibull distribution)

β1 : additive change in expected log survival time associated with one-unit increase in  x1,i

	log logistic model 

(Lecture 8)
	log[Ti] = β0 + β1 x1,i + … + βm xm, i + σWi
Time-to-event dependent variable; any mix of categorical and continuous independent variables that do not change with time; parameters β1, etc. estimated by maximum likelihood; right censoring accommodated; odds ratios do not depend on t; survival function possesses accelerated failure time property
	Ti : observation on subject i (if not censored)

σ : scale parameter

Wi​ : error term (log logistic distribution)

β1 : additive change in expected log survival time associated with one-unit increase in  x1,i


