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/2 Individual and contextual effects

Formal setting of the interdisciplinary approach

¢ individual, subject, case
g group, context, family, ...
T time until event (death, recovering from stress, ...)

Event history approach: how can we explain differences in the hazard rate
function h(t) =p(T =tT >1t) ?

e predictable heterogeneity with covariates

sex, ...)
— shared contextual covariates z, (size of family, place of residence,
household income, ... )

e Shared unpredictable heterogeneity (random effect resulting from
K unobserved covariates)

— individual covariates z;, (education level, age when exposed to stress,

~
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ﬂsues \

e Correlation between individuals sharing a context, an environment

— What are we estimating? Need for robust standard errors of estimates

e Controlling the shared heterogeneity

— Multilevel models
Other issues: multiple events
e competitive events (death, recovering from stress)

e simultaneous study of correlated events (death of mother, death of child)
= multivariate models

N /
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/3 Models with clustered data \

In the presence of clusters, the estimates ﬁ concern the relationships at the
cluster level, rather than at the individual level

2 Groups Example

8 a
7 N a
6 A A

¥ =0.245x + 2.2563
R?=0.3244

childs

Ignoring the clusters, the observed discrepancy is at individual level

N /
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Gobust standard errors \

Lin and Wei (1989), Prentice et al. (1981), Therneau and Grambsch (2000)

Grouped Jackknife: variance of the ﬁ(g) obtained by leaving out one group
(cluster) g =1,...,G at a time.

Can be expressed as a “sandwich’ estimate of the variance
Vsdu; =VBV

with V' estimate of the variance matrix of ﬁ assuming independent
observations and B correction factor

(Available with Stata, SAS, S-Plus)

N /
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@obust standard error estimates, \
e do not affect the coefficient estimates
e affect their significance

Ignoring the dependence within cluster = under- or overestimates of the
standard errors (Kish and Frankel, 1974)

Cox model, return after emigration, Sart 1812-1846 (1143 obs, 5 years)

covariate hazard ratio sig. (indep) sig. (cluster)
CHILD_FHD .43 .027 .035
DEST_ARD 6.52 .000 .000
DEST_RUI 3.36 .002 .004
SINGLE 3.37 .013 .013

CHILD_FHD child of family head, DEST_ARD to Ardennes, DEST_RUI to
rural or industrial regions

For a full scale example, see for instance Beeking et al. (2002) .

N /
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/4 Modeling group heterogeneity \

Robust standard errors useful if we are interested in the population average
model (essentially the between cluster effects).

Do not help to describe the within cluster effects.
How can we control for the between cluster effects?

= multilevel models

N /

PAVIE toc intro robust mlevel conc 17/5/2004gr 9

ﬁl.l Principle of multilevel modeling \

Goldstein (1995), Courgeau and Baccaini (1998)

9

8 o A y=15.6-08x

Children

y=32+02x

Education
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Gome alternative linear models for G groups g=1,...,G

~

model err. stdev| # coef.
M1 | yig = a+bxig + uig o 241 average model
M2 | yig = ag + by Tig + Uig o1...0¢ | G(2+1)| independent
M3 | yig = ag + by Tig + Uig o 2G +1 seemingly indep.
M4 | yig = ag + brig + Uiy o G+2 dummies
M5 | yig = (a + Uag) + (b + Upg)Tig + Uig |  0a,0p,0 | 243 random effects
M6 | yig = (a + Uag) + bTig + Uig Cu,0 2+2 shared frailty

N
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ﬁ.z Event history analysis: hazard rates

T time until an event (death) occurs.

The distribution of T' is equivalently characterized by
e density: f(¢t) (If T is discrete, f(t) =p(T =1t))
e survival function: S(t) =p(T > t)

e hazard: h(t) = f(t|T > t)

N

~
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ﬂovariates and predictable heterogeneity \
Continuous proportional hazard model (parametric: exponential, Weibull,
Gompertz; semi-parametric Cox model):

h(t|x) = ho(t) exp(x'3)

Accelerated failure model (duration model: Weibull, log-logistic, log-normal,
L)
T(x) = Ty exp(x'fB)

Discrete hazard model: proportional hazard odd ratios:

h(tlx)  hol(t) ,
1-h(tx) 1 fho(t) exp(x’f)

N /
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ﬁl.3 Constant hazard rates by groups and population \
average
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he(t) = voh(t) with E(u) =1 =  E(hy(t)|t) = h(t)
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PAVIE toc intro robust mlevel conc 17/5/2004gr 14

/4.4 Shared Frailty (Continuous time) \

| h(tfxig) = v, ho(t) exp(x;,B) |

with v, random variable with E(v,) =1 and Var(y,) =0

Mainly for technical reasons, Gamma or log-normal distributions are usually
assumed

Gamma density v(r, \):
A
4 — A r—1_Av
F) = gy ()
E(v) =r/X and Var(v) = r/)\2.
Hence, we have E(v) =1 for r = X, and then Var(v) =60 =1/\.

Qvailable in Stata (Cox since ver 8), S-Plus, (SAS 7) J
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/Example \

Cox model, return after emigration, Sart 1812-1846 (1143 obs, 5 years)

without frailty with frailty
covariate hazard ratio sig. (indep) hazard ratio sig.
CHILD_FHD 43 .027 .38 .047
DEST_ARD 6.52 .000 9.78 .000
DEST_RUI 3.36 .002 5.76 .001
SINGLE 3.37 .013 4.54 .010
0 6.42 .000

2ALogLik = 12.95 (chi-2(1)).

CHILD_FHD child of family head, DEST_ARD to Ardennes, DEST _RUI to
rural or industrial regions

See Alter et al. (2001) for a full scale example.

N /
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ﬁox model for Return within 5 years after emigration, Sart 1812-1900, \
n = 5351
coefficient hazard ratio p-value in %
basic  frailty basic frailty basic robust frailty
Economic ratio 1.02 0.30 2.76 1.35 0.2 3.8 45.0
Man -0.28 -0.18 0.76 0.83 0.1 0.2 5.6
Single 0.40 0.52 1.49 1.68 1.2 1.2 0.3

Born in Ardennes 0.25 0.17 1.29 1.18 4.1 15.0 28.0
Age when Leaving 0.01 0.00 1.01 1.00 12.0 17.0 62.0

To Ardennes destination reference category

To rural -0.32 -0.60 0.73 0.55 5.7 14.0 0.2

To urban/indust. -0.07 -0.23 0.93 0.79 50.0 68.0 6.8

To other -1.25 -1.25 0.29 0.29 0.0 0.0 0.0

Head or spouse of parenthood reference category

Child of head 0.02 -0.25 1.02 0.78 89.0 90.0 19.0

Other parenthood 0.12 -0.27 1.13 0.76 54.0 56.0 26.0

No parenthood -0.50 -0.54 0.61 0.58 6.7 7.3 9.0

Standard deviation v/# of family effect 1.75 0.0
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ﬁl.s Discrete time: logistic regression \

Alternatively, we can use discrete time approach and use logistic regression.

Logistic models are special cases of Generalized Linear Models (GLM).
Hence, multilevel logistic regression is available whenever multilevel GLM is
implemented.

Barber et al. (2000), show how to estimate a model with several random
effects with the HLM (Bryk et al., 1996) and MLN (Goldstein et al., 1998)
softwares.

N /
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/5 Conclusion: What about data mining? I

e Interdisciplinary research: mix focuses, mix aggregation levels
= multi-level modeling
Cox model: Available tools for the shared frailty
Lack of operational tools for full random effect hazard models

= discrete time model (logistic)

e Other important issues
— Competitive events

— Multivariate models for analysing how different events are intertwined

N /
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that about data mining tools? \

e Mining frequent sequences, association between subsequences
What kind of sequence of demographic events is paired with a given
sequence of individual development stages?

e Induction trees:

— The response could be cluster of hazard functions, or durations

— Using the family or family type as a predictor, trees can show how the
effect of other factors may be conditioned by the family
See the related work by Breiman (2001) (survival trees)

N /
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