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Life Data

The type of data considered in this webinar consists of lifetimes or

times to failure.

Typical applications include:
1. Estimating product reliability

2. Estimating survival times after medical treatments
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Why Special Procedures are Needed

¢ The distribution of life data is rarely Gaussian.

® Interest usually centers around percentiles of the data

distribution rather than the mean or standard deviation.

®  The data are often censored (subjects leave the study early, or

the study is halted before all experimental units fail).
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Statgraphics Life Data Procedures

Statgraphics includes the following procedures for analyzing life data:
Procedures with no explanatory factors

e Life tables (intervals or times)

* Distribution fitting for censored data

*  Weibull analysis

® Repairable systems (intervals or times)

Procedures with explanatory factors

®  Arrhenius plot

*  Cox proportional hazards

e Life data regression
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QOutline - Part 1

Example #1: estimation of survival function with censored data
Example H2: comparison of survival functions for grouped data

Example #3: analysis of repairable systems
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Example #1 - Distance to failure for 38
shock absorbers

Source: Statistical Methods for Reliability Data (Meeker and
Escobar)

B c\Program Files' Statgraphics' STATGRAPHICS Centurion XVIT\Data\absorbers.sgd =)= &=
Distance Censored Col 3 Col 4 Col 5
A G —
2 6950 1
3 1420 1
1 8790 1
5 9120 0
3 9660 1
7 9520 1
8 11310 1
4 4 Pk M| absorbers 4 B4 C 4
STATPOINT
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Censoring indicator

Statgraphics uses an indicator variable to represent the type of

censoring:

0 indicates that the value is not censored
+1 indicates a right censored value (could be larger)

-1 indicates a left censored value (could be smaller)
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Life Tables (Times)

Life Tables {Times) (3]
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Survival Function - Probability of surviving
until X

Estimated Survival Function
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Distribution Fitting (Censored Data)

Distribution Fitting {Censored Data) ==

Diztance Data:

Cenzored
\E\ |D istance

Censoring:

|Censored

[Select)
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Comparison of Alternative Distributions

Comparison of & Di:
LDisiribution Bsf. Parameters | Log Likelihood [KSD

W eibull 2 -404.991 00901357
N ormal 2 -406.4 0.090362%
Logistic 2 -408.408 0.103344
Laplace 2 -413.516 0.108477
Smallest Extreme Value 2 -409.469 0122783
Large st Extreme Value 2 405 653 0.128400
(Gamma 2 -404.245 0.128410
Loglogistic 2 -406.131 0131113
Lognormal 2 -405.125 0.155015
Birnbavm-Saunders 2 -404.725 01590939
Uniform 2 -400.338 0.159942
Loverse Caussian 2 -404.796 0.16054
Exponential 1 -427.009 0.320046
Pareto 1 -510.249 0.448162
The StatAdvisor

This table compares the goodness-of-fit when vatious distributions are fit to Distance. You can select other distributions using Pane

Options

According 1o the Kolmogorov-Smimov D statistic, the best fitting distribution is the Weibull distribution. To fit this distribution, press
the alternate mouse hutton and select Analysis Options

/

Goodness-of-Fit Test

Good of Fit Tests for Dist:
Kolmogorov-Smirnov Test
Laplace  |Logisfic MNormal Werbull
DPLUS 0.108477 00683565 |00760417 (00901357
DMINUS 0108138 (0103344 (00903629 0087023
D 0.108477 0103344 |00%03628 (00901357
P-Value 0762511 |0.811755 0915578 0917047

The StatAdvisor

This pane shows the results of tests run to determine whether Distance can be adequately modeled by various disttibwtions

P-walues less than 0.05 would indicate that Distance does not come from the selected distribution with 93% confidence
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Quantile Plot
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Critical Values (Percentiles)

Critical Values for Distance

Lower Tail Area f<=) |Laplace Logistic  |Normal | Weibuil
00t -1007.9 4743 [5131.13 | 646613
0.1 143132 14074.0 138618 | 136000
0s 250333 345444 |245709 | 246834
ng 357a13 350148 353799 |36089.3
0.9 510525 454414 [440106  [449396
The StatAdvisor

This pane caleulates critical values for the fitted distributions. It will caleulate the critical walues for wp to 5 lower tail ateas, which you
may specify by pressing the alternate mousge button and selecting Pane Options. For example, the output indicates that the value of the

fitted Laplace distribution below which you would find an area equal to 0.01 is -1007 98
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Weibull Distribution - defined by a shape
parameter and a scale parameter
Weibull Distribution
(X 0.00001)
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Weibull Analysis
Weibull Analysis (23]

| Distance Data:
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Analysis Options

Weibull Analysis Options

Lower Threshold
* Specify

e

" Estimate

Estimation Method
" Rank Reagression

(* taximum Likelihood

CL: 95.0 #

" Weibayes
Shape: [3.16047

Plotting Position
" Median Ranks

" Expected Ranks
" Kaplan-Meier
* Modified K.aplan-teier

0K

Cancel

il

Help
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cumulative percent

Weibull Plot

Weibull Plot

Est.: MLE

Shape: 3.16047
Scale: 27718.7
Threshold: 0.0
Failures: 11
Sample size: 38

144.8,56446.6]

Distance

100000
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Fitted Weibull Distribution

Fitted Weibull Distribution
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Hazard Function - Propensity to fail given
survival to X

Weibull Distribution

X 0.0001
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Example #2 - Days to cancer mortality
in rats

Source: The Statistical Analysis of Failure Time Data
(Kalbfleisch and Prentice)

ﬁ rats.sgl == ==
Group Days Censored Col 4
11 1 234 L]
15 1 246 [}
16 1 265 L]
17 1 304 L]
18 1 216 1
19 1 244 1
21 2 156 L]
22 2 163 L]
23 2 198 [}
[l € » Ml rats g BAC 4
STATPOINT
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Life Tables (Times)

Life Tables (Times)

Do Data:

Diays

Censored E |Da_l,ls
[Cenzored:]
|Eensored
[Group:)
|Gr0up

[~ Sort column names [Select:)

,Tl Cancel | Delete | Transform... Help
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Survival Functions

Estimated Survival Function
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Group Comparisons

Comparison of Groups
Froporfion
Growp  |Total |Faled |Withdrawn | Withdrawn
1 19 17 2 0.1053
2 2l 12 2 0.0952
Total (40 36 4 0.1000
Logrank test

Chi-square = 312271
P-value = 0.0772045

Wileoxon test
Chi-square = 2.65104

Povralue = 0.103475

The StatAdvisor

This table displays information regarding each group of data walues. It shows the total number of items tabulated, the numbet of items
which failed, the number withdravn or censored, and the proportion of censored items. Two tests have also been performed to determine
whether there is a statistically significant difference between the survival probabilities of the 2 groups. Since the smallest P-value is
greater than or equal to 0.05, there is not a statisticalty significant difference between the groups at the 85% confidence level

/

Weibull Analysis

Weibull Analysis

Days
Censored

[~ Sort column names

Data:

|Days

[Cenzoed:)

|Censored
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‘E\ |Group
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Help
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Weibull Plots

cumulative percent

Weibull Plot

Group
—— 1
—— 2
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Survival Functions

survival probability

Weibull Distribution

Days
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Density Functions
Weibull Distribution
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Test for Significant Differences

Postulate a loglinear model for the percentiles of the lifetime

distribution for group j:

F(tj) :(D(Iog(t)_ﬂj j
o

Let K, be a function of an indicator variable I] that takes the
value O for one group and 1 for the other group:

u; =+ Bl

STATPOINT
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Life Data Regression

Life Data Regression

Cenzored

[~ Sort column names

oK | Cancel |

Dependent ariable:

|Da_l,ls

[Cenzored:]

|Censored

Guantitative Factars:

Categorical Factors:

Group

[Select:)

|

Delete | Tranzform..

Help

/

Analysis Options

Type of Model
+ First Order
" Second Order

Distribution

" Expaonential
" Extreme value
" Logistic

" Loglogistic
" Lognormal
" Mommnal

+ wieibull

Life Data Regression Options

Confidence Level

950 o

ok
Cancel

Exclude...

Help

g

4/4/2012

16



-

Likelihood Ratio Test

Life Data Regression - Davs

Dependent vatiable: Days
Censoting: Censored

Factors:
Group

Humber of uncensored values: 36
Hutrber of tight-censored values: 4

Esii d Regression Model - Weihull

Standard | Lower 95.0% | Upper 85 0%

Farameter Esfimate | Error Conf Limif Conf Limit
CONSTANT | 558282 00420076 | 549855 56671
Group=1 0131956 00612686 |-0.25204 -0.0118717
SICNIA 0183325  |00330552  |0.143374 0.234560

Log likelihood = -193.352

Likelihood Ratio Tesis

[Factor [Chi-Sguare |Df [P-Falue |

[Croup 41272 [t [on4z |

Percentiles

Plot of Fitted Model
Weibull percentiles: 5%, 50%, 95%

4/4/2012

17



©

Example #3 - Repairable systems

Source: The Statistical Analysis of Series of Events (Cox and

Lewis)
ﬁ C:\DocDatal6Hold failures.sgd
Mircraft 1 | Kircraft 2 Rircraft 3 Rircraft 4

1 413 90 T
2 209 427 100 131
3 |25 485 160 179
a 219 522 6 208
5 312 622 107 110
6 (193 687 156 122
1 696 170 192
] 865 194 813
9 1312 550 812
10 1496 570 1228
1 1532 649 1287
12 1233 133

M A r b faiwes 4B T 00T n

Rircraft 5

1163
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Repairable Systems (Times)

Repairable Systems (Times)
Alrcraft 1 Failure times:
p Aierah 1 .
Aircraft 2
Aircraft 4
Aircraft 3
Alrcraft & !
Aircraft 4
Aircralt B !
Aircraft &
Aircraft 7
Aircraft B
Alrcraft & !
Aircraft 7
Aircraft 9 !
Aircraft 10 Aircraft 8
Aircraft 9
Aircraft 11
bt 2 i
Aircraft 13 Aioraft 12
Aircraft 13
[Ending at)
[Select:]
[™ Sort column names
oK Cancel | Delete ‘ Tiansform... Help
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Failure Plot

Failure Plot
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1000 1500
Time
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/

Analysis Options

Repairable Systems (Times) Options

Model
" Homogeneous Poisson process

% Stationary renewal process

" Maonhomogenous Paisson process

Interevent Distribution

" Binbaum-5 aunders
Cauchy
Exponential

Exponential 2-parameter)

Folded Marmal
Gamma

Gamma [3-parameter]

o in s isl s e e e

~
p
~
" Expanential Power
p
~
~
.

Generalized Gamma

Rate Model
-

@) e i e

Generalized Logistic
Half Normal

Irverse (aussian
Laplace

Largest Extreme Value
Logistic

Loglogistic

Loglogistic [3-parameter]

Lognormal

C IS TS TS TR B TS B

S

Cancel
Help

Lognormal [3-parameter)
Maxwell

Momal

Pareto

Pareto [2-parameter]
Raylzigh

Smallest Extreme Value
deibull

Weibull [3-parameter]
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Cumulative Failures Plot (Parametric)

Cumulative Failures Plot

3

Number of events

0 500 1000 1500 2000 2500
Time

Aircraft 1
Aircraft 2
Aircraft 3
Aircraft 4
Aircraft 5
Aircraft 6
Aircraft 7
Aircraft 8
Aircraft 9
Aircraft 10
Aircraft 11
Aircraft 12
Aircraft 13

/

Point Process Model

Point Process Model
MModel: stationary renevral process
Rate model 0.0107646

Mean cumilative events model: 0.0107646 %
Interevent distribution: Weibull

shape = 0.924402
soale = 895547

(Mean = 92 8074
f Rafe Jdean cum events Meam inferevent fime
1] 0.0107846 00 028074
500 0.010764a 538428 928974
1000 |0.0107646 107646 028974
1500 |0.0107646 161468 028074
2000 |0.0107646 21.5291 028974
4500 [0.0107846 269114 923974

Goodness-of-Fit Test
|KoImogorov-.S$m’mov D |P—vaIue |
|0.0519364 [0613734 |

20
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Cumulative Failures Plot (Nonparametric)

Number of events

Cumulative Failures Plot

Aircraft 1
Aircraft 2
Aircraft 3
Aircraft 4
Aircraft 5
Aircraft 6
Aircraft 7
Aircraft 8
Aircraft 9
Aircraft 10
Aircraft 11
Aircraft 12
Aircraft 13

/

Trend Test

Trend Test
Laglace Centroid Test
Test statistic | P-Value

Airoraft | 00561574 0571167
Adrerafl 2 333544 0025385
Airoraft 3 “1.4504 0138765
Adroraft 4 0740716 0453424
Aireraft 3 0965489 0334399
Airorafl 6 330647 00373513
Adtoraft 7 0544738 0583031
Airoraft & 0256405 0707365
Adrerafl 9 0144248 03853
AieraR 10 |0.689743 0490354
Adoraft 11 |-1.009Z 0312875
AdcraR 12 |L17291 1240831
Adoraft 13 |D.360383 0787708
COMEINED _|1.07474 0273628

The StatAdvisor

The ahove table displays a test for trend. The Laplace Centroid Test tests whether the event times are uniformiy distributed over the
sampling interval A small P-vahae indicates the presence of a trend. For example, since the P-vatue caloulated when comibining all of the
vatiables is greater than|or equal to 0.05, there is not a statistically significant trend at the 5.0% significance level

21
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Nonhomogeneous Poisson Process

Cumulative Failures Plot
Power function: 0.00409795"t1.1297

: Mean
1 —= Aircraft1
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Aircraft 13

Number of events

More Information

Go to www. statgraphics .com

Or send e-mail to info@statgraphics.com
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