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Abstract

Objective: This review discusses how biometricians would probably compute or estimate

expected waiting times, if they had the data.

Methods: Our framework is a time-inhomogeneous Markov multistate model, where all

transition hazards are allowed to be time-varying. We assume that the cumulative

transition hazards are given. That is, they are either known, as in a simulation, determined

by expert guesses, or obtained via some method of statistical estimation. Our basic tool is

product integration, which transforms the transition hazards into the matrix of transition

probabilities. Product integration enjoys a rich mathematical theory, which has successfully

been used to study probabilistic and statistical aspects of multistate models. Our emphasis

will be on practical implementation of product integration, which allows us to numerically

approximate the transition probabilities. Average state occupation times and other

quantities of interest may then be derived from the transition probabilities.

Author's Affiliation

Jan Beyersmann - Universität Ulm, Germany [Email] 
 Hein Putter - Universiteit Leiden, Netherlands [Email]

Other articles by the same author/authors in

Demographic Research

» Software for multistate analysis 

Volume 31 - Article 14

Most recent similar articles in Demographic Research

» Multistate event history analysis with frailty 

Volume 30 - Article 58    | Keywords: event history analysis, multistate models

» The role of education in the intersection of partnership transitions and motherhood in

Europe and the United States 

Volume 39 - Article 27    | Keywords: multistate models

https://www.demographic-research.org/volumes/articles_by_subject.htm#128
https://www.demographic-research.org/volumes/articles_by_subject.htm#236
https://dx.doi.org/10.4054/DemRes.2014.30.62
https://www.demographic-research.org/authors/4549.htm
mailto:jan.beyersmann@uni-ulm.de
https://www.demographic-research.org/authors/4550.htm
mailto:H.Putter@lumc.nl
https://www.demographic-research.org/volumes/vol31/14/default.htm
https://www.demographic-research.org/volumes/vol30/58/default.htm
https://www.demographic-research.org/volumes/articles_by_subject.htm#128
https://www.demographic-research.org/volumes/articles_by_subject.htm#236
https://www.demographic-research.org/volumes/vol39/27/default.htm
https://www.demographic-research.org/volumes/articles_by_subject.htm#236


2018/12/9 A note on computing average state occupation times (Volume 30 - Article 62 | Pages 1681–1696)

https://www.demographic-research.org/volumes/vol30/62/default.htm 3/5

» Mixed marriages between immigrants and natives in Spain: The gendered effect of

marriage market constraints 

Volume 39 - Article 1    | Keywords: event history analysis

» The formation of ethnically mixed partnerships in Estonia: A stalling trend from a two-

sided perspective 

Volume 38 - Article 38    | Keywords: event history analysis

» Interdisciplinary Research on Healthy Aging: Introduction 

Volume 38 - Article 10    | Keywords: multistate models

Articles

»Current Volume

»Older Volumes

»Volume 30

»Editor's Choice

»Replicable Articles

»by Author

»by Subject

»Search

 

Citations

Cited References: 33

»View the references of this article

 

Download to Citation Manager

»RIS format

»BibTeX format

 

Similar Articles

PubMed

»Articles by Jan Beyersmann

https://www.demographic-research.org/volumes/vol39/1/default.htm
https://www.demographic-research.org/volumes/articles_by_subject.htm#128
https://www.demographic-research.org/volumes/vol38/38/default.htm
https://www.demographic-research.org/volumes/articles_by_subject.htm#128
https://www.demographic-research.org/volumes/vol38/10/default.htm
https://www.demographic-research.org/volumes/articles_by_subject.htm#236
https://www.demographic-research.org/volumes/vol39/default.htm
https://www.demographic-research.org/volumes/default.htm
https://www.demographic-research.org/volumes/vol30/default.htm
https://www.demographic-research.org/volumes/editors_choice.htm
https://www.demographic-research.org/volumes/replicable_articles.htm
https://www.demographic-research.org/volumes/articles_by_author.htm
https://www.demographic-research.org/volumes/articles_by_subject.htm
https://www.demographic-research.org/search.htm
https://www.demographic-research.org/volumes/vol30/62/references.htm
https://www.demographic-research.org/cgi-bin/refman.plx?aid=2192&cm=4
https://www.demographic-research.org/cgi-bin/refman.plx?aid=2192&cm=3
https://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=pubmed&term=Jan%20Beyersmann&dispmax=50


2018/12/9 A note on computing average state occupation times (Volume 30 - Article 62 | Pages 1681–1696)

https://www.demographic-research.org/volumes/vol30/62/default.htm 4/5

»Articles by Hein Putter

 

Google Scholar

»Articles by Jan Beyersmann

»Articles by Hein Putter

 

Jump to Article

Volume Page

Volume Article ID

© 1999–2018 Max Planck Society

Articles

Current Volume

Older Volumes

Editor's Choice

Replicable Articles

by Author

by Subject

Search

Special Collections

About Special Collections

All Special Collections

for Authors

General Information

Submission Guidelines

Peer Review and Publication

Copyright Information

Review Process

Submit a Paper

Submit a Letter

My Author Account

for Readers

Get Email Alerts

How to cite DR

About the Journal

Purpose

From the Publisher and Editor

https://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=pubmed&term=Hein%20Putter&dispmax=50
https://scholar.google.com/scholar?q=%22author%3AJan+Beyersmann%22
https://scholar.google.com/scholar?q=%22author%3AHein+Putter%22
https://www.mpg.de/
https://www.demographic-research.org/volumes/articles.htm
https://www.demographic-research.org/volumes/vol39/default.htm
https://www.demographic-research.org/volumes/default.htm
https://www.demographic-research.org/volumes/editors_choice.htm
https://www.demographic-research.org/volumes/replicable_articles.htm
https://www.demographic-research.org/volumes/articles_by_author.htm
https://www.demographic-research.org/volumes/articles_by_subject.htm
https://www.demographic-research.org/search.htm
https://www.demographic-research.org/special/default.htm
https://www.demographic-research.org/special/specialcollections.htm
https://www.demographic-research.org/special/all.htm
https://www.demographic-research.org/info/information_for_authors.htm
https://www.demographic-research.org/info/general_information.htm
https://www.demographic-research.org/info/guidelines.htm
https://www.demographic-research.org/info/peerreview.htm
https://www.demographic-research.org/info/copyright.htm
https://www.demographic-research.org/info/review_process.htm
https://www.demographic-research.org/submitting/default.htm
https://www.demographic-research.org/submitting/letter.htm
https://www.demographic-research.org/author/default.htm
https://www.demographic-research.org/info/information_for_readers.htm
https://www.demographic-research.org/alerts/default.htm
https://www.demographic-research.org/info/how_to_cite_demographic_research.htm
https://www.demographic-research.org/info/default.htm
https://www.demographic-research.org/info/statement_of_purpose.htm
https://www.demographic-research.org/info/publishers_statement.htm


2018/12/9 A note on computing average state occupation times (Volume 30 - Article 62 | Pages 1681–1696)

https://www.demographic-research.org/volumes/vol30/62/default.htm 5/5

Who's Who

Our Reviewers

Contact Us

Copyright & Legal

Privacy Policy

https://www.demographic-research.org/info/whos_who.htm
https://www.demographic-research.org/info/reviewer_acknowledgments.htm
https://www.demographic-research.org/contact/default.htm
https://www.demographic-research.org/info/imprint.htm
https://www.demographic-research.org/info/privacy_policy.htm

