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Introduction

Survival analysis:

method for analyzing timing of events;

data analytic approach to estimate the time until 

an event occurs.

Historically, survival time refers to the time 

that an individual “survives” over some period 

until the event of death occurs.

Event is also named failure.



Areas of application

Survival analysis is used as a tool in many 

different settings:

proving or disproving the value of medical 

treatments for diseases;

evaluating reliability of technical equipment;

monitoring social phenomena like divorce and 

unemployment.



Examples

Time from…

marriage to divorce;

birth to cancer diagnosis;

entry to a study to relapse.



Censoring

The survival time is not known exactly! This 

may occur due to the following reasons:

a person does not experience the event before 

the study ends;

a person is lost to follow-up during the study 

period;

a person withdraws from the study because of 

some other reason.



Right Censored



Left censored



Outcome variable

Time until an event occurs

T = survival time (T>0)

T is a random variable

t = specific value of interest for T

Ask whether T > t if we are interested in the 

question whether an individual survives 

longer than t .



Survivor function

S(t)=P(T>t)

Probability that 

random variable T 

exceeds specified 

time t

Fundamental to 

survival analysis



Survivor function



Hazard function

Often called: Conditional failure rate

h(t) has no upper bounds

Depends on whether time is measured in 

days, weeks, months, or years, etc. (Example 

next page)



Example: Hazard function

Assume having a huge follow-up study on heart

attacks:

600 heart attacks (events) per year;

50 events per month;

11.5 events per week;

0.0011 events per minute.

h(t) = rate of events occurring per time unit



Relation between S(t) and h(t)

If T continuous:



Example: Relationship



Types of hazard functions



Goals (of survival analysis)

to estimate and interpret survivor and/or 

hazard function;

to compare survivors and/or hazard 

functions;

to assess the relationship of explanatory 

variables to survival times -> we need 

mathematical modelling (Cox model).



Computer layout



Notation & terminology



Manual analysis layout



Manual analysis layout




















