Some Quantities of Interest
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Figure 1: This figure graphs the survivor function for a hypothetical data set. The top line denotes the
survivor function for a data set with censored observations; the bottom line denotes the survivor function for
uncensored data.



Empirical Survivor Function
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Figure 2: This figure graphs the “empirical” survivor function for a hypothetical set of data. Note the stair-
step nature of the function. This occurs because observations are observed as failing at discrete times, hence,
the empirical survivor function is “flat” in between failures.



Censoring and Likelihood
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Usual Approaches to Modeling Duration Data

e Parametric Duration Models without TVCs are common.

e Concern (perhaps too much?) with “baseline hazard rates.”
e Eixtensive Use of Binary Link Models for Duration Data.

e With binary link models, time dependency is often ignored, thus
leading to an exponential equivalent.

e Single-spell models dominate.
e Multi-spell data are treated as if they are single-spell.

e Events are broadly defined (which makes estimation of a stan-
dard single-spell model easy).

e Unobserved heterogeneity is acknowledged, but often not dealt
with.



The logic of a parametric model is to define the time-dependency. It
may be increasing:

dh(t)
—= >0
a0
[t may be decreasing:
dh(t)
—= <0
i "
[t may be flat:
dh(t) 0
a

Or it could be increasing and then decreasing (nonmonotonic).

Popular choices include the:

e Weibull (under which the exponential is nested)
e Log-Normal

e Log-Logistic

e Gamma

e Gompertz

e Rayleigh

e ... and many other potential candidates.

— Bach of these are easy to implement in standard software packages
like Stata, Limdep, SAS, or S-Plus.
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Figure 3: This figure graphs typical functional forms for several common parametric distribution functions.



Densities for Two Encompassing Distribution Functions

The Generalized Gamma:
Ap(At)PE L exp[—(At)P

[(x) |

If Kk =1, the Weibull distribution is implied.

If K =p =1, the exponential distribution is implied.
If kK =0, the log-normal distribution is implied.

If p=1, the gamma distribution is implied.

The Generalized F*:

ft) = Ap(At)
B(Mj, MQ)KMl x (1 + K)-(M1-M2)’

If (M1, My) = (1, 1) the log-logistic is implied.

If (My, Ms) = (1, 00), the Weibull density is implied.
If (M, Ms) = (00, 00), the log-normal is implied.

If (My, My, 0) = (1,00, 1), the exponential is implied.
If (My) = (00), the gamma is implied.

Likelihoods defined in terms of the generalized F’ are very ill-behaved!



Why Not Just Estimate A Cox Model?

The Cox Model
hi(t) = ho(t) exp(@'x),

[llustration of the Proportional Hazard Property
hi(t)
ho(t)

(The ratio of two hazards is a fixed proportion across time.)

= exp(F'(xi — x;)),

Scalar Form of Cox Regression Model

hz(t) = exp(ﬁlxu + Boxgi + ...+ ﬁkxki)ho(t),

Re-expressed in terms of the log of the hazard ratios

hi(t)
log {ho(t)

} = (1x1; + Boxoi + . . . + Bry.

Note the absence of a constant term (i.e. no ().



Table 1: Example of Discrete-Time Event History Data

Case Event Time
[.LD. Occurrence Year Elapsed
1 0 1974 1

1 0 1975 2

1 0 1986 13

1 1 1987 14

5 1 1974 1

45 0 1974 1

45 0 1975 2

45 0 1992 19

45 0 1993 20

These data are a portion of a data set originally analyzed in Brace, Hall, and Langer
(1999). I thank Laura Langer for letting us use them.
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Discrete Models and Math

ft) =Pr(T =t;)
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Ait = Bo + Brxyi + Boxoi + ..+ BrT
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Logit

Ai
10g (E) = ﬁo + ﬁlfﬁu + ﬁzﬂ?zi +...+ ﬁkflf/ﬂ

/
A eﬁx

g

Probit
SN = By + Bz + Pozoi + . .+ By,

A = O(F'x).

Complementary Log-Log

10g[— 10g(1 — )\z)] = ﬁ() + 515612’ + 625622' —+ ...+ ﬁkfl?kz

A

Ai = 1 — exp[— exp(8'x)].
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The Exponential Equivalent of a Logit EH Model

o (2

where x; are two covariates of interest that have a mean of 0, and [

) = Bo + Bix1; + Boza,

is the constant term. The “baseline” hazard under this model would
be equivalent to

)\z' = ho(t) = exp(ﬁo),
which is a constant. The baseline hazard is thus an exponential
equivalent.
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Hazard Probability

27 ,
Cubic
A5
Natural Log
Linear
d 7
Exponential
.05
Quadratic
0 —]
[ \ \
0 50 100

Duration Time
Figure 4: This figure illustrates different ways that the duration time may be transformed to account for dura-

tion dependency in the discrete-time model. The lines in the graph represent a cubic transformation, natural
log transformation, time entered linearly, no time dependency (exponential), and a quadratic transformation.
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Baseline Hazard Functions
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Figure 5: This figure illustrates a cubic spline function, lowess, and natural log transformation of the baseline
hazard function from a model of restrictive abortion policy adoption.

15




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


