
Why parametric models?

• Complements nonparametric techniques.

• Parametric models can be described concisely with

just a few parameters, instead of having to report

an entire curve.

• It is possible to use a parametric model to extrap-

olate (in time) to the lower or upper tail of a dis-

tribution.

• Parametric models provide smooth estimates of failure-

time distributions. In practice it is often useful

to compare various parametric and nonparametric

analyses of a data set.
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PARAMETRIC LIFETIME ANALYSIS IN MINITAB
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DATA OPTIONS

RIGHT CENSORING:

Yi δi
Observed Cens. status

time 1: Lifetime
0: Censoring

ARBITRARY CENSORING:

Start variable End variable
Ai Bi

1.7 1.7 Exact lifetime 1.7
2.0 * Right censoring at time 2.0,

i.e. lifetime is > 2.0
* 0.5 Left censoring at time 0.5,

i.e. lifetime is < 0.5
1.0 1.5 Interval censoring:

Lifetime between 1.0 and 1.5
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LIKELIHOOD CONTRIBUTION

Obs. type Start variable End variable Likelihood contribution
Ai Bi

Exact lifetime 1.7 1.7 f(1.7; θ)
Right cens. 2.0 * 1− F (2.0; θ)
Left cens. * 0.5 F (0.5; θ)
Interval cens. 1.0 1.5 F (1.5; θ)− F (1.0; θ)
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LIKELIHOOD FOR MODEL f(t; θ) = (1/θ)e−t/θ

L(θ) = (
1

θ
e−1.7/θ) · (e−2.0/θ) · (1− e−0.5/θ) · (e−1.0/θ

− e−1.5/θ)

0

0.0005

0.001

0.0015

0.002

1 2 3 4

theta

Maximum likelihood estimate: θ̂ = 1.725
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ARBITRARY CENSORED DATA: MINITAB OUTPUT
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EXAMPLE: RIGHT CENSORED DATA
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LIKELIHOOD FUNCTION FOR MODEL f(t; θ) = (1/θ)e−t/θ
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LOG-LIKELIHOOD FUNCTION
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Maximum likelihood estimate: θ̂ = 4.6
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LOG-LIKELIHOOD FUNCTION
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Nonparametric and parametric survival plots
for data from exponential example

, ,
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RIGHT CENSORED DATA
EXPONENTIAL AND WEIBULL MODELS

Row C1 C2
1 0,35 1

2 0,50 0

3 0,75 0

4 1,00 1

5 1,30 1

6 1,80 1
7 3,00 0

8 3,15 0

9 4,85 0

10 5,50 1

11 5,50 0

12 6,25 0

Variable: C1

Censoring Information

Count

Uncensored value 5

Right censored value 7
Censoring value: C2 = 0

Estimation Method: Maximum Likelihood Distribution: Exponential

Parameter Estimates

Standard 95,0% Normal CI

Parameter Estimate Error Lower Upper
Shape 1,00000

Scale 6,790 3,037 2,826 16,313

Log-Likelihood = -14,577
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WEIBULL MODEL

Variable: C1

Censoring Information

Count

Uncensored value 5

Right censored value 7

Censoring value: C2 = 0

Estimation Method: Maximum Likelihood Distribution: Weibull

Parameter Estimates

Standard 95,0% Normal CI

Parameter Estimate Error Lower Upper

Shape 0,9780 0,3694 0,4665 2,0504

Scale

6,880 3,517 2,526 18,740

Log-Likelihood = -14,576
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PROFILE LOG LIKELIHOOD FOR SHAPE
PARAMETER α IN WEIBULL DISTRIBUTION

–15.6

–15.4

–15.2

–15

–14.8

–14.6

0.6 0.8 1 1.2 1.4

a

79



80



81



Shock absorber data

Y = kilometers to failure, F = failure mode (0 is cen-
soring)
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Shock absorber data

Estimation Method: Maximum Likelihood Distribution: Lognormal

Parameter Estimates

Standard 95,0% Normal CI
Parameter Estimate Error Lower Upper

Location 10,1448 0,144175 9,86219 10,4273

Scale 0,530068

0,112683 0,349447 0,804047

Log-Likelihood = -124,609

Goodness-of-Fit Anderson-Darling (adjusted) = 34,651

Characteristics of Distribution

Standard 95,0% Normal CI

Estimate Error Lower Upper

Mean(MTTF) 29297,5 5455,91 20338,3 42203,2

Standard Deviation 16687,1 6787,01 7519,35 37032,5

Median 25457,6 3670,36 19190,9 33770,7

First Quartile(Q1) 17805,2 2062,96 14188,1 22344,4

Third Quartile(Q3) 36399,0 7252,61 24631,2 53789,0
Interquartile Range(IQR) 18593,8 6115,60 9758,96 35426,9
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Shock absorber data
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Shock absorber data
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Shock absorber data

87



Shock absorber data
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Shock absorber data:

Results for loglogistic (left), lognormal (middle), Weibull

(right)
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Pike (1966) cancer data for rats

Row Y D

1 143 1

2 164 1

3 188 1

4 188 1

5 190 1

6 192 1

7 206 1

8 209 1

9 213 1

10 216 1

11 220 1

12 227 1

13 230 1

14 234 1

15 246 1

16 265 1

17 304 1

18 216 0

19 244 0
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Pike (1966) cancer data for rats:

3-parameter Weibull
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Pike (1966) cancer data for rats

3-parameter Weibull
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Pike 3-parameter Weibull: Profile log likelihood for γ

γ θ̂(γ) α̂(γ) l̃(γ)
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