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Abstract

SURVEYLIFE describes and summarizes life histories of indivuals and cohorts. It documents transitions, episodes, and sequences of episodes (pathways). Information on life histories is usually limited to segments of life (observation windows). Using occurrence-exposure rates estimated from survey data and the multistate life-table methodology, SURVEYLIFE creates synthetic cohort biographies by combining biographic data on different but similar individuals. The biographic data are stored in a data structure with one record per respondent (person file). The package includes utilities that convert that so-called wide data format to a long data format with one record per transition or episode (episode file or event file). Most packages for estimating multistate models of life history data require episode or event files. The conversion utilities permit the researcher to apply specialised packages without the burden of preparing the data in the proper format. The paper illustrates SURVEYLIFE and several R packages for modeling life history data using two data sets: the subsample of the German Life History Survey (GLHS) used by Blossfeld and Rohwer (2002) in their book Techniques of event history modeling, and the Netherlands Family and Fertility Survey 1998 (NLOG98). The study of the GLHS data illustrates what multistate models add to event history modeling. A review of software for multistate modeling is included as an annex. 
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8 Introduction

SURVEYLIFE is a package for the exploratory analysis of individual transitions and sequences of transitions in the life course. It describes and summarizes life histories of individuals and cohorts. A life history is represented as a sequence of states and transitions between states (events) (see e.g Willekens, 2001). SURVEYLIFE counts events, measures exposure, records state and event sequences, and determines positions in life at successive ages. Among these descriptive measures, event counts and exposure times are inputs for statistical and demographic models of life histories. 
Exploratory data analysis helps the user develop a feeling for the data and a thorough knowledge of strengths and limitations. SURVEYLIFE helps the user develop that feeling and knowledge before embarking on the specification of statistical models and statistical inference. It displays biographic information and derives transition rates (occurrence-exposure rates). It creates synthetic biographies by combining biographic information from different but similar individuals. Synthetic biographies do not tell anything about individuals but tell a lot about groups of individuals with common attributes. The synthetic biography SURVEYLIFE generates is based entirely on empirical transition rates. To produce synthetic biographies, the multistate life table (MSLT) is used for cohorts and microsimulation for individuals. 
Observations on the life course generally cover segments of life and not the entire life course. For instance, subjects in a sample may be asked to report events between birth and survey date or events during a brief period (e.g. five years) prior to the survey. The information is recorded retrospectively. Subjects may also be followed for a number of years and information recorded prospectively. The segment is referred to as the observation window. SURVELIFE assumes that the selection of subjects in a population for which biographic information is collected are representative for all subjects with the same attributes. 
An important aspect of SURVEYLIFE is its data format. All data pertaining to a subject are stored in a single record. The data format is known as the wide format and the file structure as person file. It differs from another common format in which one record is associated with a transition or an episode. That data format is known as the long format and the file as an episode file (see further). SURVEYLIFE contains utilities to convert data in one format to data in another format. 
By way of illustration two datasets are used in this paper. They are the German Life History Survey (GLHS) (used by Blossfeld and Rohwer, 2002) and the Netherlands Family and Fertility Survey (NLOG98)
. When event histories are constructed from survey data, several inconsistencies in sequences and timing of events may be revealed. Sequences may be impossible and dates unrealistic. SURVEYLIFE does not deal with inconsistencies. They should be resolved by the user before running SURVEYLIFE. 
The structure of the paper is as follows. Section 2 lists the main features of SURVEYLIFE. The data format is presented in Section 3. Section 4 lists the standard output generated by the package. A distinction is made between individual information, summary information (key indicators of the survey data) and biographic information on the sample population. Output is stored in objects. Some objects are prepared for further processing while other objects are prepared for tabulation. Section 5 describes a utility that converts data in SURVEYLIFE format (wide format) to data in a long format. Section 6 reviews the estimation of transition rates (occurrence-exposure rates) and the multistate life table (MSLT). The MSLT goes beyond exploratory analysis. It is added to illustrate the use of transition rates. Section 7 concludes the paper. SURVEYLIFE is one of several packages for the study of life histories and is relatively limited in scope. Annex A positions SURVEYLIFE among the packages for multistate life history data analysis. Most packages are for panel data, i.e. observations in discrete time. SURVEYLIFE is for duration data, i.e. observations in continuous time; dates at transition are known precisely, not approximately.
SURVEYLIFE is programmed in R. The code is available at the NIDI website www.nidi.nl/software/surveylife. SURVEYLIFE was initially programmed in Fortran 77. The Fortran programme and the special-purpose libraries that were developed over the years are available on the website.   
2. Basic features of SURVEYLIFE
SURVEYLIFE adopts a multistate perspective on the life course. In that perspective, lifepaths are represented by sequences of states and transitions between states. The set of states a subject may occupy is the state space. Transitions are determined by the state space. Some transitions may not be feasible or may be omitted by the user. Therefore the user should first define the state space and the possible transitions, and create a transition matrix of logical values that contains that information. 
The package has the following features:

a. A major feature of SURVEYLIFE is its focus on sequences of states and transitions. The occurrence of a transition does not end the process, but takes the process to a new stage. The life history is approached as a multistage process or staging process. 

b. Time is a continuous variable. The waiting time to a transition and the sojourn time in a state are continuous variables. The unit of time may be day, week, month, year or any number of days. SURVEYLIFE accepts fractions of weeks, months or years. If the date at a transition is an integer value SURVEYLIFE assumes that the transition takes place at the beginning of the interval. Hence, if time is measured in complete weeks or months, the transition occurs at the beginning of the following week or month. If the user assumes that transitions occur in the middle of the interval, he/she should add half the length of the interval. Different representations of dates exist. They are discussed in Annex B.
c. The dependent variable is time to transition. The time to transition is determined by a transition rate which is estimated from data.

d. SURVEYLIFE uses a counting process formulation (see Fleming and Harrington, 1991; Andersen et al., 1993). Observations may be right censored, and delayed entry (left censoring, left truncation) is allowed. The theory of counting processes is not used explicitly, however. The demographic theory of the estimation of rates, which is consistent with the counting process theory, is used instead. Both theories lead to the same result (see further). In demographic theory, exposure is measured explicitly. 

e. Transition rates are estimated by explicitly relating numbers of events (counts) to exposure times. Subjects that are observed during a given period contribute to event count as well as to exposure time. SURVEYLIFE has a facility to determine the contribution of each subject during different periods of observation. The package enables the user to maintain a close link with the data and to get to know the data thoroughly. 

f. The estimation of transition rates follows the theory of competing risks. SURVEYLIFE assumes that the competing risks are locally independent, i.e. independent within the unit time interval considered (usually one year). 

g. SURVEYLIFE does not estimate regression models that predict transition rates from covariates. It does allow for a stratification of the population based on covariates: the population is stratified by covariate profile. 

h. SUVEYLIFE estimates multistate life tables from survey data.
3. SURVEYLIFE data format

Three data types are associated with life histories that are represented by sequences of states and transitions between states: status data, event data and episode data. Status data are common for repeated measurements such as panel surveys. For each measurement, the data show the time and the state occupied. If the states at two consecutive panel waves are different, a transition has occurred. No information is usually available on the precise time at transition. Event data show for each event or transition: the (exact) date, the origin state and the destination state. Episode data are closely related to event data. This data structure does not focus on events but on episodes between events. It shows for each episode: date at start of episode, date at end of episode (stop) and the reason for ending. A status (0-1) variable is used to denote whether the end of an episode is due to the transition of interest or an event unrelated to the process being studied (censoring). This data structure is referred to as the counting process data structure and is used by Jackson (2008) in his package msm for multistate modelling, Putter et al. (2007, p. 2416) in their package mstate, Meira-Machado et al. (2007a, p.24) in their package tdc.msm, and Allignol et al. (2008) in their package mvna. These packages are in R.
The description of life histories follows one of two data formats: a wide format that stores the data for a subject in one row (one-row-per-subject) and a long format that has in one row the data pertaining to a given transition or a given episode. Blossfeld and Rohwer (2002) consider episode data and a long format. In their terminology, the wide format is known as person file and the long format as episode file. Putter et al. (2007) consider episode data and a long format. A status variable indicates whether the end of an episode is due to a transition or censoring. In case of a transition, the origin and destination states are given. Jackson (2008) considers event data and a long format. For each event, the date is given and the destination state. Entry into observation and censoring are treated in the same way as events. The SURVEYLIFE data format is a wide format (person file). The number of records equals the sample size. Each record contains all life history data of an individual. 
The SURVEYLIFE data format is illustrated using a subsample of the German Life History Survey (GLHS) and the Netherlands Family and Fertility Survey (NLOG98). For a detailed description of these data, see Willekens (2008). In this section, I discuss in some detail the GLHS data and very briefly the NLOG98 data. 

a. GLHS
The subsample of the GLHS consists of 201 respondents and is used for training purposes by Blossfeld and Rohwer (2002) and Blossfeld et al. (2007). The data file is rrdat.1 and can be downloaded from the site: www.soziologie-blossfeld.de/eha/tda/index.html. 
Box 1 shows a selection of the GLHS survey data. The variable descriptions are given in Box 2. The dates of transitions are given in Century Month Code (CMC), which in this case are integer values (see Annex B). The episode file rrdat.1 has data on job episodes. It shows the date of entry into a job episode as well as the date of exit, both in CMC. In these data, it is assumed that entry occurs in the beginning of a month and exit at the end. Subject 1 is born at CMC 351 and enters the first job at CMC 555. That first job episode ends at survey date. Note that rrdat.1 has no explicit information on episodes without a job. That information is implicit and can be made explicit. For instance, at birth subject 1 enters a period without a job that ends when he enters the labour market. The sex (cov1) is male (code 1) and the birth cohort (cov2) is 1 (first birth cohort). The respondent enters the second episode, which is a job episode, at CMC 555. He leaves observation at CMC 982. The TDA package developed by Rohwer assumes that transitions occur at the beginning of the month while censoring occurs at the end of the month. SURVEYLIFE assumes censoring at the beginning of the month. Hence a one should be added to the month of censoring in TDA format to obtain the CMC at exit for SURVEYLIFE. Exit month 982 in TDA is exit month 983 in SURVEYLIFE. Subject 2, who is a female, enters observation at birth (CMC 357). The observation is censored at CMC 982 (end of month). She enters the first job at the beginning of month 593 (CMC) and leaves that job at the end of month 638. She starts a new job at the beginning of month 639. The second job episode ends at the end of month 672. The third job episode starts without interruption at the beginning of month 673 and is censored at survey date at the end of month 892. 
Box 1.  TDA input data file RRDAT.1: event file
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)
	(12)

	1
	1
	555
	982
	1
	982
	351
	555
	679
	34
	-1
	17

	2
	1
	593
	638
	2
	982
	357
	593
	762
	22
	46
	10

	2
	2
	639
	672
	2
	982
	357
	593
	762
	46
	46
	10

	2
	3
	673
	892
	2
	
	357
	593
	762
	46
	-1
	10

	
	
	
	
	
	
	
	
	
	
	
	


When multiple events occur during the same month, it is assumed that the events occur at the same time, i.e. at the beginning of the month. Subject 6 has several episodes with a job and episodes without a job. 

The SURVEYLIFE website www.nidi.nl/software/surveylife has a utility to convert rrdat.1into SURVEYLIFE format (glhs_to_surveylife.r). The R programme glhs_to_surveylife.r transfers the data in file rrdat.1 (episode file) into a SURVEYLIFE format (person file). The output file is survey_GLHS.dat. All data on one individual are stored in a single record. A record contains the following variables:

· ID: identification number of respondent. ID is a numeric value. The values do not need to sequential. 

· born: date of birth of respondent

· start: onset of observation

· end: end of observation

· Four covariates

· idim: number of domains of life (in this version 1) 

· For the domain of life being considered:

i. ns: the number of states occupied during the period of observation

ii. Path: sequence of states occupied during the observation window
. 

iii. Ev*: dates at transition

Box 2.  Variable description, GLHS

	Variable
	Name
	Description

	1

2

3

4

5

6

7

8

9

10
11

12
	ID

NOJ

TS

TF

SEX

TI

TB

T1

TM

PRES

PRESN

EDU
	Identification number

Serial number of the job episode

Starting time of the job episode

Ending time of the job episode

Sex (1 male; 2 female)

Date of interview (CMC)
Date of birth (CMC)

Date of entry into the labour market (CMC)
Date of marriage (CMC) [0 if not married]

Prestige score of current job, i.e. of job episode in current record of data file

Prestige score of the next job (if missing: -1)

Highest educational attainment before entry into labour market


In Box 3, dates are given in CMC and months are integer values (as in rrdat.1). Path is a character variable representing the sequence of states occupied during the period of observation. The number of states occupied during the observation window, and hence the number of characters in the path variable, is denoted by ns. The date of a transition is expressed in CMC. All variables except path are numeric.
Box 3.GLHS data:  SURVEYLIFE data format

[image: image1.emf]ID born start end cov1 cov2 cov3 cov4 idim ns Path Ev1 Ev2 Ev3 Ev4 Ev5 Ev6 Ev7

1 351 351 983 1 34 17 679 1 2 NJ 555 NA NA NA NA NA NA

2 357 357 983 2 46 10 762 1 5 NJJJN 593 639 673 893 NA NA NA

3 473 473 983 2 44 11 870 1 7 NJJJJJN 688 700 730 742 817 829 NA

4 604 604 983 2 55 13 872 1 3 NJN 872 927 NA NA NA NA NA

5 377 377 983 1 44 11 701 1 4 NJJJ 583 651 788 NA NA NA NA

6 492 492 983 1 56 11 781 1 8 NJNJNJNJ 691 717 728 754 771 847 859

7 476 476 983 2 32 9 748 1 6 NJJJJN 652 705 730 736 751 NA NA

8 609 609 983 1 27 11 881 1 4 NJJJ 838 844 892 NA NA NA NA

9 377 377 983 1 41 12 690 1 5 NJJJJ 591 602 634 643 NA NA NA

10 382 382 983 1 55 11 824 1 5 NJJNJ 580 701 843 862 NA NA NA


The GLHS data file survey_GLHS.dat is read using the following command:

survey <- read.table ("directory//survey_GLHS.dat")
where directory is the path to the directory containing survey_GLHS.dat. In the file produced by glhs_to_surveylife.r, the header is included and missing values are indicated by the special value NA. 
b. NLOG98

The NLOG98 data are derived from the original file distributed by Statistics Netherlands (SN). For a description of the method producing the life history data NLOG98 from the SN data file, see Matsuo and Willekens (2003). The data file NLOG98.dat is already in a SURVEYLIFE format. The file is produced by a special-purpose Fortran programme. The file data file and the programme can be downloaded from the SURVEYLIFE website. A selection of NLOG98 data is shown in Box 4. 

Box 4. NLOG98 data: SURVEYLIFE data format

[image: image2.emf]ID born start end c1 c2 c3 c4 dom ns Lifepath cmc1 cmc2 cmc3 cmc4 cmc5

1 597 597 1179 0 0 0 0 1 2 HC 1002

2 630 630 1184 0 0 0 0 1 3 HAC 966 1002

3 802 802 1181 0 0 0 0 1 3 HAC 1060 1153

4 787 787 1180 0 0 0 0 1 3 HAC 991 1159

5 577 577 1179 0 0 0 0 1 2 HA 876

6 734 734 1182 0 0 0 0 1 4 HCAC 979 981 1078

7 591 591 1181 0 0 0 0 1 6 HACACM 825 882 986 1003 1010

8 707 707 1180 0 0 0 0 1 4 HCMK 894 906 910

9 661 661 1179 0 0 0 0 1 6 HACACK 888 889 973 1059 1059

10 571 571 1179 0 0 0 0 1 3 HMK 816 828


The dates are in CMC. Since NLOG98 recorded the month of demographic events, the CMC are integer values and it is assumed that the events occur at the beginning of the month. Note that in this data set missing values are not indicated by the special value NA. Note also that covariates are missing in this data set. The data file is read using the following command:

survey <- read.table ("survey_OG98.dat",fill=TRUE,header=T)
Since the argument fill is TRUE, the special character NA for missing values is implicitly added in case the rows have unequal length (missing values).
4. Data processing and output
4.1 Data processing

SURVEYLIFE reads the data in SURVEYLIFE format and the user determines the data analysis by selecting the utilities that give the information requested by the user. The user may also select a subset of the data, e.g. observations of subjects with particular covariates. In case of time-varying covariates, particular episodes of the life course are selected. Most utilities are optional but some are mandatory; they must always be included in the data processing. ExtractSurvey is such a mandatory utility. It derives from the survey data frame the basic features of the multistate system being described by the data: (1) the number of observations (sample size), (2) the state space, (3) the dates at transition and (4) the states of origin and destination. The information is stored in global variables that are used extensively throughout SURVEYLIFE. In R, the values of global variables can be accessed outside the specific function in which the variable is created. Some global variables are created in the main programme, e.g. the variable namdata, which is the name of the data set. 

ExtractSurvey produces the following global variables:
1. nsample: sample size 

2. locpath: location (field) of character variable path in input file SURVEY.DAT. The character variable denotes the lifepath.
3. date_in_month_or_year: the programme tries to determine whether times at events are given in months (1) or years (2).

4. numstates: number of states in the state space 

5. namstates: labels for the states  (determined from the character variable path)

6. iagelow: lowest age in the (sample) population (estimated from CMCs)

7. iagehigh: highest age in the (sample) population (idem)

8. namage: labels for the single years of age from the lowest age (iagelow) to the highest age (iagehigh)

9. nage: number of age groups: iagehigh – iagelow + 1 
10. cmc: dates at transition (time unit and time scale are determined by the user in the SURVEYLIFE data file). The dates are taken from the input data file starting at column locpath+1. The character variable path is usually located in the 11th field (locpath = 11). 
11. ist: sequence of states occupied (determined from the character variable path). The maximum number of states considered by ExtractSurvey is 30. The utility stringf derives the ist object from the path variable. The object indicates states by number rather than by label. Hence the sequence of states that make up the observed segment of the life course is denoted by characters in the variable survey$path and by numbers in ist. The number indicates the position of the state in the state space. Pattern matching (grep command) is used to derive the number from the state space. 
ExtractSurvey uses other utilities that are part of SURVEYLIFE:

12. string_nb: removes blanks in the character variable string 
13. stringf: converts a character string (string) into a vector of characters (str_char). The number of characters in the string is the length of the vector.

14. StateSpace: uses survey$path to determine the number of states and the labels denoting the states

The utility Age_Trans obtains the ages at transition from the dates at transition cmc. It also determines the age at entry into observation and the age at exit. Similarly, Year_Trans determines the calendar years in which transitions are made and expresses the dates at transition in fractions of a year. The difference between two calendar years (real values) gives the length in years of the episode between two transitions. The results are stored in global variables:

· ages: for each respondent in the sample, ages at transition (Age_Trans). 

· ageentry: vector of ages at entry into observation (one element for each respondent in the sample) (Age_Trans). 

· agecens: vector of ages at censoring (one element for each respondent in the sample) (Age_Trans). 

· year_trans: for each respondent in the sample, calendar years at transition (Year_Trans). The calendar year is a real variable and may be converted into a date variable (see Annex B). 
· st_entry: state occupied by subject at entry into observation

· st_censoring: state occupied by subject at censoring (obtained directly from the SURVEYLIFE data file). 
Note that the frequency table of ages by year_trans gives for the different transitions the number of individuals experiencing the transition by age and calendar year. That information can be displayed in a Lexis diagram.
A particulary interesting utility is SamplePath. It produces sample paths for selected subjects. The IDs of the selected subjects are stored in the vector subjects. The vector may contain a few subjects but may also include all subjects under observation. SamplePath checks whether the IDs listed by the user are included in the data and removes IDs that are not recognized. For instance, the following commands display the employment careers of subjects with ID 1, 30 and 50 (GLHS data):
subjects <- c(1,30,50)

samplepaths <- SamplePath (subjects)

The employment careers are shown for subjects with ID 1 and 30. The third subject is omitted since the observation does not include a subject with ID 50. The results are stored in the table SamplePath_A.out. A description of the table is given below. 
The utility Overview provides summary information on the episodes and the transitions and stores the information in a table. Summary information on the episodes is produced by OverviewEpisodes: number of episodes, types of episodes and mean lengths of episodes. Summary information on the transitions is produced by OverviewTransitions:  possible transitions, number of transitions by origin and destination and means ages of transitions. A description of the table is given below. 

The utilities TAB_Occup and TAB_Trans produce detailed information and generate standard tables (TAB). TAB_Occup determines state occupancies by age and sojourn times in the different states by age. TAB_Trans determines transitions by age, state of origin and state of destination. In the tables that are produced, a row refers to a given age and state of origin, and different states of destination. TAB_Occup creates the following global variables:

· st_age_1: for each respondent in the sample the state occupied at each birthday. The array has three dimensions. The first dimension (row variable) indicates the respondent, the second (column variable) the age at birthday, and the third the state occupied at birthday. The third dimension (layer variable) has two elements: the exact age at birthday and the state occupied at birthday. 

· tstate: number of respondents by state occupied at birthday, by age 

· sjt_age_1: for each respondent in the sample the sojourn time in each state between birthdays. The array has three dimensions. The first dimension (row variable) indicates the respondent, the second the age at birthday, and the third the states. For instance, the NLOG98 indicates that respondent with ID3 lived alone on the 29th birthday and started cohabitation during that year. The time spent in the state ‘Alone’ is 0.25 years and the time spent in the state ‘Cohabitation’ is 0.75 years. To see that result, type sjt_age_1[3,20:30,].
· tsjt: the sojourn times in the different states by all respondents combined, by age. 
· state_occup: state occupancies: number of subjects in the different states at birthday, by age. It is a two-dimensional array with age as the row variable and state as the column variable. 

This global variable tsjt is printed in the output file tsjt.out. The table is described below. 
TAB_Trans determines transitions by age, state of origin and state of destination. It creates the following global variables:

· tabr: the global variable is an array with three dimensions: the first is age, the second is state occupied at birthday, at the third is a set of measures that pertain to persons of the indicated age in the indicated state at last birthday: number of subjects occupying that state at that birthday, sojourn time in that state between last and next birthday, the number leaving that state between the two birtdays and the destination. The variable is created to be printed in tabr.out. To display the information for age 20, use tabr[20,,]. The data structure tabr is the most important data structure produced by SURVEYLIFE. It is used for further data processing, e.g. for the calculation of multistate life tables. The transition-specific data matrix introduced by Impicciatore and Billari (2009) in the MAPLE package resembles tabr.
· censored_by_age: state occupancy at censoring. The information is used for microsimulation with censoring (see SimSurveylife.r).
The tabulations are described below. 
4.2 Standard tabulations
a. Selected individual lifepaths (sample paths)

The life history data on a subject in the sample is stored in one record. The user may extract data for a selection of individuals. In this section, I describe how data may be extracted for subjects that satisfy certain criteria and how lifepaths of the individuals selected may be displayed in a convenient format. The format is illustrated in Box 5 and Box 6.  Box 5 shows the employment history of respondent 6 in the GLHS. Dates are shown in Century Month Code. TS is the starting time in the state in Century Month Code. The starting time is also given in age (in years). Durat(ion) is the duration is a state, measured in months. OR is the origin state and DE the destination state. The person is born in CMC 492 and enters the labour market at CMC 691. The first job lasts 26 months to CMC 717. That job spell ends in a period without a job (unemployment or out of the labour force) of about a year (11 months). At the beginning of CMC 728 the respondent enters the second job spell. The survey takes place in CMC 983. The duration of observation, which starts at birth, is 491 months (=983 – 492). 

Box 6 shows the living arrangement for individual with ID 7 in the NLOG98. The individual is born in CMC 591. Observation starts at birth and is censored at time of survey at CMC 1181. The total duration of observation is 590 months. During the observation period, the individual experiences 5 events and occupies 6 states: living at the parental home, living alone (twice), cohabiting (twice) and married. The age at event is the age in years. The length of episodes between events is given in months (durations). The origin state is OR and the destination state is DE. For instance, the third event is a transition from cohabitation (3) to living alone (2). 

Suppose one wants to select information from the NLOG98 on individuals with given ID numbers. The ID numbers are stored in a vector. For instance

subjects <- c(1,6,19,236,254,296,362)
creates a vector, named subjects, that contains the ID numbers of the seven individuals to be selected and for which the lifepaths should be displayed. 

	Box 5 Life path of respondent with ID 6, GLHS

	[1] ID  6   CMC of birth  492

[1] Observation window: Start  492   End  983

[1] Total duration of observation 491 months

[1] Number of episodes  8                  

      Episode State TS    Age   Durat    OR    DE   

 [1,]     1       N   492     0   199     0     1

 [2,]     2       J   691 16.58    26     1     2

 [3,]     3       N   717 18.75    11     2     1

 [4,]     4       J   728 19.67    26     1     2

 [5,]     5       N   754 21.83    17     2     1

 [6,]     6       J   771 23.25    76     1     2

 [7,]     7       N   847 29.58    12     2     1

 [8,]     8       J   859 30.58   124     1     2

 [9,]     9    Cens   983 40.92    NA     2     0


	Box 6 Life path of respondent with ID 7, NLOG98

	[1] ID  7   CMC of birth  591

[1] Observation window: Start  591   End  1181

[1] Total duration of observation 590 months

[1] Number of episodes  6                  

     Episode State    TS   Age  Durat   OR    DE   

[1,]     1       H   591     0   234     0     1

[2,]     2       A   825  19.5    57     1     3

[3,]     3       C   882 24.25   104     3     2

[4,]     4       A   986 32.92    17     2     3

[5,]     5       C  1003 34.33     7     3     2

[6,]     6       M  1010 34.92   171     2     4

[7,]     7    Cens  1181 49.17    NA     4     0


The R function subset can be used to select life histories of individuals that meet particular criteria. The following command selects the life histories of individuals born in century month 802:

survey_selection <- subset(survey,born = = 802)

To select individuals born between CMC 802 and 810, use

survey_selection <- subset(survey,born >= 802 & born <= 810)

The vector survey_selection$ID contains the ID numbers of the subjects that satisfy the desired criteria and survey_selection$path contains the lifepaths of these individuals. 
The SURVEYLIFE utility SamplePath displays the lifepaths for subjects with given ID numbers. SamplePath (subjects) displays the life histories for individuals with IDs in the vector subjects and stores the results in the text file SamplePath_* where * represents a letter (A, B, C, …). Note that SURVEYLIFE displays the individual trajectories recorded during the observation window. 
The function SamplePath (survey_selection$ID) displays the lifepaths of subjects that satisfy given selection criteria. It is the list of IDs of subjects selected from the (sample) population. 
b. Summary information on survey
The utility Overview creates the text file with summary information on episodes and transitions. Two types of episodes are distinguished: open and closed. Open episodes can be left truncated and/or right censored. For a good discussion of the difference between censoring and truncation, see Klein and Moeschberger (1997). Four types of episodes are distinguished:

· Left truncated and right censored episodes (LROpen): the episode starts before  onset of observation and continues beyond the end of observation. The subject does not experience any transition during the period of observation.

· Left truncated episodes (LOpen): the episode starts before onset of observation and ends during the period of observation.

· Right censored episodes (ROpen): the episode starts during the period of observation and continues beyond the end of observation.

· Closed episodes (Closed): a closed episode starts and ends during the period of observation. 

Annex C shows the content of OverviewEpisodes.out for the GLHS and the NLOG98. It is interesting to compare the table with the table showing numbers of open and closed episodes in Blossfeld and Rohwer (2002). The GLHS has 580 closed episodes, 122 episodes of NOJOB and 458 job episodes. The total number of job episodes is 600. Note that Blossfeld and Rohwer restrict the analysis to job episodes, 600 in total. Episodes without a job are not considered at all in the event history models discussed by the authors. In the multistate analysis, job episodes and episodes out of a job are considered. At the start of the observation (at birth) all respondents are out of job. At survey, 59 are out of a job and 142 have a job. All the 201 respondents combined spend 40,762 months with a job and 59,208 months without a job. The rate of job entry is 458/40,762 = 0.0112. That rate is equal to the parameter of the exponential transition rate model without covariates, as expected (Blossfeld and Rohwer, 2002, p. 92). The rate calculated by dividing the number of transitions by the exposure time is an occurrence-exposure rate. It is an estimator of the transition rate of the population.
The table OverviewTransitions.out is also shown in Annex C.  
The output also shows the number of subjects by number of episodes during the period of observation. In the GLHS sample, 16 respondents experience a single episode. They start out without a job and stay in that state for the entire observation period. A total of 42 persons occupy 2 states (NOJOB and JOB). One respondent occupies 12 states during the observation window. 

In the NLOG98, a total of 439 women occupy the same state throughout the observation period. Since observation starts at birth and at that time all respondents live in the parental home, 439 respondents continue living at the parental home until survey date. Most respondents experience 3 transitions during the observation period. 
c. Tabulations of biographic information

The individual biographies are the input for a number of standard tabulations of transitions, sojourn times and pathways:

A. Input data for calculation of transition rates: tabr.out (created in utility TAB_Trans). The output is shown in Annex D.
The text file tabr.out contains the data needed for the calculation of the transition rates. The data consist of event counts and exposure times. For each state the table shows:
a. Number of subjects in that state at exact ages. For instance, in the GLHS, at exact age 15, 170 respondents are out of a job and 31 have a job. The total is 201 (sample size). In the NLOG98, at exact age 15, 5411 respondents are living at the parental home, 7 cohabit, 23 live alone, 8 are married without children and 1 already has a child. The total is 5450 (sample size).  Note that, if an individual makes a transition at his or her birthday, then the state occupied at the birthday is the destination state. This differs from the algorithm implemented in the Fortran programme. In that version, the state at birthday is the origin state. 
b. Total sojourn time all subjects included in the sample combined spend in a given state between two consecutive ages. For instance, in the GLHS the 201 respondents together spend 62.83 years out of job between the 20th and 21st birthday and 138.17 years with a job. In the NLOG98 the 5450 women in the sample spend 2755 years in the parental home between the 20th and 21st birthday, 498 years cohabiting, 1122 years living alone, 470 years married without children and 329 years with at least one child. The total is 5264 years. A total of 286 years of observation is missing due to censoring before or at age 20. The total of the period of observation and the period censored is 5450 years, which is the number of subjects in the sample. The same information, but arranged differently, is also shown in the output file tsjt.out (see Section B below). 

c. Direct transitions by state of origin and state of destination by age. For instance, 703 respondents indicate that they left the parental home at age 20; 189 to cohabit, 256 to live independently, 252 for marriage, and 6 has a first child while living at the parental home. An additional 80 are censored at age 20 while living at the parental home. Note that an individual, who makes a transition at his or her birthday, is allocated the new age. The Fortran version of SURVEYLIFE adopts the same practice. Note that a different result is obtained when the R function cut is applied. In R the default interval between a and b is defined as (a,b], which are the values of x that are larger than a and smaller or equal to b: {x | a < x ≤ b}. To close the interval on the left and open on the right, the following function should be used:


table(cut(ages,1:highest_age,include.lowest=TRUE,right=FALSE))

B. Sojourn times in different states, by age: tsjt.out (created in utility TAB_Occup). The table shows for all subjects included in the sample combined the time spent in a given state between two consecutive ages (see above A). The output file includes a second table showing sojourn times for a selection of ages. The time shown in the columns ‘censored’ is the number of years lost to observation due to censoring at ages below or at the age indicated. The output is shown in Annex E.
C. Pathways: Pathways.out (created in utility Pathways).
The table lists the different sample paths (pathways) experienced by the subjects included in the sample. The 5450 respondents included in the NLOG98 experience 129 different pathways towards the birth of the first child. The output is shown in Annex F. A total of 3391 women have at least one child and 1059 remain childless during the period of observation. Note that table tabr.out shows the number of women by living arrangement at time of birth of the first child. 
The pathways are ordered, the most prevalent pathway listed first. For each pathway recorded in the sample, the table shows the following information:

a. The number of respondents with the pathway indicated. For instance, 1512 respondents reported the HMK sequence and 523 respondents reported the HCMK sequence. 
b. The proportion of a pathway in the sample.

c. The cumulative proportion.

d. The mean age at interview of respondents with the pathway indicated.

e. The number of states (episodes) included in pathway. 

f. The pathway (character variable)

g. The mean ages at transition. For instance, the 1512 respondents with the HMK sequence married at age 21.48, on average, and had the first child at age 24.66, on average. 

5. Input data for statistical packages for multistate analysis
SURVEYLIFE includes utilities to convert the SURVEYLIFE data format (wide format) into a long format with one record of data for each transition or episode. The long format is often required by statistical packages for multistate analysis because it is considered to be more flexible for multistate modelling. The long format was proposed by Andersen and Gill (1982). Several of these packages are available in the CRAN library of the R language. In this section, I describe the preparation of input data for the following packages: survival by Therneau and Lumley, msm by Jackson, mvna by Allignol et al., mstate by Putter et al., the tdc.msm by Meiro-Machado et al. and the Epi package by Carstensen. The use of these packages are illustrated very briefly (for illustrative purposes only). 
5.1 The survival package
The package was developed for S by Therneau (1999) and ported to R by Lumley (2004, 2007). It considers right censoring and left truncation associated with delayed entry. It reads the data in the long format. It is a general package for survival analysis with an emphasis on the Cox model. The core object in the package is the function Surv that creates a survival object. For episodes that start at zero, the survival object contains the ending time of the episode and a status indicator, which indicates whether the episode ends in an event or is censored. It also shows the type of censoring. In case of counting process data, the survival object shows the starting time of an eposide, the ending time and has a status variable to denote the reason for ending (event or censoring). The survival object is the dependent (response) variable in survival models such as the Kaplan-Meier estimation (function survfit), the transition rate model (function survreg) and the Cox model (function coxph). SURVEYLIFE includes a utility that converts data in a SURVEYLIFE format in a long format that includes the necessary variables required by the survival object. The variables are time and status in case of episodes that start at 0, and Tstart, Tstop and status in case of episodes with delayed entry. Consider the GLHS.  The utility surveydat_Therneau creates a long format that includes the Tstart, Tstop and status variables. The output is the object survey_long. The object has one record for every transition (from NoJob to Job, from Job to NoJob, from Job to Job, from Job to censoring and from NoJob to censoring). Box 7 shows the  GLHS data in the format required by the survival package. Note that to create a survival object, surv uses three variables only: Tstart, Tstop and status. Tstart and Tstop may be replaced by a new variable time = Tstop – Tstart. 
	Box 7 GLHS data in format required by survival package (Therneau)

	   ID OR  DES Tstart Tstop status trans sex PRES EDU MARR born

1   1  N    J    351   555      1     2   1   34  17  679  351

2   1  J cens    555   983      0     2   1   34  17  679  351

3   2  N    J    357   593      1     2   2   46  10  762  357

4   2  J    J    593   639      1     1   2   46  10  762  357

5   2  J    J    639   673      1     1   2   46  10  762  357

6   2  J    N    673   893      1     3   2   46  10  762  357

7   2  N cens    893   983      0     1   2   46  10  762  357

8   3  N    J    473   688      1     2   2   44  11  870  473

9   3  J    J    688   700      1     1   2   44  11  870  473

10  3  J    J    700   730      1     1   2   44  11  870  473

11  3  J    J    730   742      1     1   2   44  11  870  473

12  3  J    J    742   817      1     1   2   44  11  870  473

13  3  J    N    817   829      1     3   2   44  11  870  473

14  3  N cens    829   983      0     1   2   44  11  870  473


Other packages use an input data structure that is the same or similar to that of the survival pacakage. They include the mstat package by Putter et al. (2007) and the tdc.msm package by Meira-Machado et al (2007a, 2007b, 2008) (see later). The mstat package requires, however, that for every observation that is censored, one record is included for every possible destination, For instance, if a job episode is censored, one record is included for the transition Job to Job and one for the transition Job to NoJob. In both these records the status variable is 0 indicating that the observation is censored. The surveydat_Therneau utility produces an object (survey_long2) that includes one record for each possible destination that is not reached because of censoring. Box 8 shows the GLHS data in the format required by mstate.
By way of illustration, we select the subset of job episodes analysed by Blossfeld and Rohwer (2002). Job episodes end in (i) another job, (ii) NoJob or (iii) censoring. The subset (object name J600a) consists of the 600 job episodes studied by Blossfeld and Rohwer. The survival object is 


Surv(J600a$time,J600s$status)

The exponential transition model (one of the models discussed by the authors) can be estimated in R using the survreg function

survreg (Surv(J600a$time, J600a$status) ~ sex, data=J600a, dist=”exponential”)

with sex the explanatory variable. The Kaplan-Meier estimator is given by


survfit (Surv(J600a$time, J600a$status) ~ sex, data=J600a)

Note that the survreg function does not support time-dependent covariates or multiple events per subject, which are two primary reasons to use (start, stop] data (Tstart and Tstop)
. The coxph function of the survival package can handle data that are left truncated and right censored. It can be used to fit any transition of a multistate model.

	Box 8 GLHS data in format required by mstate package (Putter et al.)

	   ID OR  DES Tstart Tstop status trans sex PRES EDU MARR born

1   1  N    J    351   555      1     2   1   34  17  679  351

2   1  J cens    555   983      0     3   1   34  17  679  351

3   1  J cens    555   983      0     1   1   34  17  679  351

4   2  N    J    357   593      1     2   2   46  10  762  357

5   2  J    J    593   639      1     1   2   46  10  762  357

6   2  J    J    639   673      1     1   2   46  10  762  357

7   2  J    N    673   893      1     3   2   46  10  762  357

8   2  N cens    893   983      0     2   2   46  10  762  357

9   3  N    J    473   688      1     2   2   44  11  870  473

10  3  J    J    688   700      1     1   2   44  11  870  473

11  3  J    J    700   730      1     1   2   44  11  870  473

12  3  J    J    730   742      1     1   2   44  11  870  473

13  3  J    J    742   817      1     1   2   44  11  870  473

14  3  J    N    817   829      1     3   2   44  11  870  473

15  3  N cens    829   983      0     2   2   44  11  870  473


The Cox proportional hazard model with one covariate (sex) is 

Cox1 <- coxph(Surv(Tstart,Tstop,status) ~ sex,data=J600a,method="breslow")

The result is 
             coef    exp(coef)     se(coef)         z          p

sex       0.53            1.70       0.0943    5.62     2e-08

Likelihood ratio test=30.8  on 1 df, p=2.83e-08  n= 600
When comparing this result with the output of TDA by Blossfeld and Rohwer or other packages, note that the original data (rrdat.1) includes job episodes that do not end when the respondent starts a new job episode. In the data used here, these episodes are forced to end at the onset of a new job episode. Details of the Cox model are produced using the coxph.object(Cox1) and coxph.detail(Cox1) functions. For instance, the cumulative baseline hazard is obtained by the expression basehaz(Cox1) and the hazard increments by coxph.detail(Cox1)$hazard.
5.2 The msm package
The package msm was developed by Jackson (2008). It fits multistate Markov and hidden Markov models in continuous time by maximum likelihood. A variety of observation schemes are supported. Processes may be observed at arbitrary times (panel data) or continuously. In the latter case, the exact times at transition are known. In continuous-time model the likelihood is calculated in terms of transition intensities. The transition intensities of the Markov model may depend on covariates. When data consist of observations at arbitrary times, the likelihood is calculated in terms of transition probabilities and transition intensities are determined using the method proposed by Kalbfleisch and Lawless (1985). Msm includes a microsimulation utility that simulates Markov processes with piecewise-constant intensities depending on time-depending covariates. A covariate is a step function which remains constant in between the individual’s observation times. Expected sojourn times in transient states are estimated using a simple algorithm: the inverse of the rate of exit from the state. The method used in msm is described in detail in Jackson (2007). 
The utility surveydat_msmdat produces a data file for the msm package. The conversion is time consuming. The long format is stored in the data frame survey_msm. To create input data for msm from data in the SURVEYLIFE format, use the utility surveydat_msmdat:
survey_msm <- surveydat_msmdat (survey)
The utility should be called after ExtractSurvey. It is independent of the other utilities.
In this section, results are shown for the GLHS and (more limited) for the NLOG98. Box 9 shows a selection of data from the GLHS in msm format, produced by surveydat_msmdat. The third column shows the CMC at transition. The CMC at entry into observation and the CMC at censoring are also included. The state at entry is the state indicated in the row for which firstobs is equal to 1. The state associated with the CMC at censoring is the state occupied at time of censoring. The fourth column shows the state occupied after the transition. The fifth to seventh columns show covariates. They are sex, completed education in years and CMC at marriage. The CMC at marriage is 0 for never-married persons. The five subjects shown are married. Consider subject with ID = 1. The respondent is male. He enters observation at time of birth at CMC 351 and occupies state 1 (NoJob) at that time. At CMC 555 he enters the labour market (transition to state 2 Job). The observation is censored at CMC 983. Subject 3 has several job episodes and leaves employment at CMC 829. 
By way of illustration, these GLHS data are used to create a table of transitions between the states NoJob and Job, using the msm utility statetable.msm:

transitions <- statetable.msm(state,ID, data=survey_msm)
	Box 9  GLHS data in msm format (selection)

	      ID cmc state firstobs sex EDU MARR

1      1 351     1        1   1  17  679

2      1 555     2        0   1  17  679

3      1 983     2        0   1  17  679

4      2 357     1        1   2  10  762

5      2 593     2        0   2  10  762

6      2 639     2        0   2  10  762

7      2 673     2        0   2  10  762

8      2 893     1        0   2  10  762

9      2 983     1        0   2  10  762

10     3 473     1        1   2  11  870

11     3 688     2        0   2  11  870

12     3 700     2        0   2  11  870

13     3 730     2        0   2  11  870

14     3 742     2        0   2  11  870

15     3 817     2        0   2  11  870

16     3 829     1        0   2  11  870

17     3 983     1        0   2  11  870


The transition table is shown in Box 10. The transitions are shown in the off-diagonal elements. During the period of observation, the 201 subjects in the sample experience a total of 323 transitions from NoJob to Job, 181 transitions from Job to NoJob. The diagonal elements show the sum of intra-state transitions and censored cases. A total of 59 subjects are out of a job at the time of censoring and 419 leave a job for another job or are interviewed while having a job (censoring). The SURVEYLIFE’s Overview utility shows that the 201 subjects experience 277 job changes and 142 have a job at time of interview. 
	Box 10 Transitions between states, GLHS (msm output)

	          To

from   1        2

   1   59     323

   2  181    419


The transition rates are estimated from the GLHS data using the msm package and the following msm command:

out.msm <- msm( state ~ cmc, subject=ID, data = survey_msm,qmatrix = twoway2.q, method="BFGS", use.deriv=TRUE, exacttimes=TRUE,

control = list (trace = 2, REPORT = 1 ) )

twoway2.q is an initial estimate of the intensity matrix. The starting values used are:

twoway2.q <- rbind(c(-0.0055,0.0055),c(0.008,-0.008))
Box 11 shows the results. The rate of transition from NoJob to Job is 0.005455 per month and the rate of transition from Job to NoJob is 0.004441 per month. The 95 percent confidence intervals are also shown. The table is produced by the qmatrix.msm(out.msm) function of the msm package. 
These rates may be compared with the rates produced by SURVEYLIFE. SURVEYLIFE obtains the transition rates by dividing the number of transitions by the person-years (for the data, see tabr.out). The (NoJob – Job) rate is 323/4934 = 0.06546 per year (since the sojourn time is given in years) and the (Job – NoJob) rate is 181/3397 = 0.05328 per year. These values, divided by 12, are the same as the estimates obtained by the msm package. It demonstrates that SURVEYLIFE and msm (method BFGS with exact transition times known) yield the same point estimates of the transition rates. SURVEYLIFE does not provide confidence intervals, however. 

	Box 11 Labour market transition rates, GLHS (msm output)

	                  State 1                                            State 2                        

State 1 -0.005455 (-0.006084,-0.004892)     0.005455 (0.004892,0.006084)   

State 2  0.004441 (0.003839,0.005137)       -0.004441 (-0.005137,-0.003839)

-2 * log-likelihood:  6335.366


Labour market attachment differs between males and females. The following command estimates the transition rates with one covariate:

out_sex.msm <- msm( state ~ cmc, subject=ID, data = survey_msm,qmatrix = twoway2.q, method="BFGS",use.deriv=TRUE,exacttimes=TRUE, covariates  = ~ sex, control = list (trace = 2, REPORT = 1 ) )
The transition rates for males are obtained using the command 

qmatrix.msm (out_sex.msm,covariates=list(sex=1))
and for females

qmatrix.msm (out_sex.msm,covariates=list(sex=2))
The transition rate from NoJob to Job is 0.00685 (0.0059, 0.0080) per month for males and 0.004428 (0.0038, 0.0052) for females. The rate for females is signficantly lower than the rate for males. The transition rate from Job to NoJob is 0.002523 (0.0020, 0.0032) per month for males and 0.008351 (0.0069, 0.0101). Compared to males, females have a significantly higher job exit rate. 
Now consider the NLOG98. Box 12 shows the transitions between the states living at parental home (1), cohabitation (2), living alone (3), married (4) and at least one child (5).  The diagonal shows the number of censored cases by state at time of censoring. The table may be compared to the flow table in overview.out. 

The estimated transition rates and their 95 percent confidence intervals are shown in Box 13. The point estimates are equal to those obtained by SURVEYLIFE, which divides the event count by the total exposure time. Note that SURVEYLIFE gives the rates per year, whereas msm gives the rates per month (time unit). 

This section demonstrates that the preparation of data for multistate modeling using msm is straigtforward provided the data are in SURVEYLIFE format. It also demonstrates the comparative advantages of msm and SURVEYLIFE. As a statistical package, msm provides confidence intervals of transition rates and other relevant statistical measures. SURVEYLIFE, which is designed for exploratory analysis, highlights the event counts and the exposures underlying the parameter estimates. 
	Box 12 Transitions between states, NLOG98 (msm output)

	                       to

from       1      2          3         4         5

   1     439 1273    1989   1690       59

   2         0   596      507   1461     256

   3         0 1483      644     461       82

   4         0     35      173     412     2994

   5         0      0           0         0     3391


	Box 13 Living arrangement transition rates, NLOG98 (msm output)

	From\To
H

C

A

M

K

H

-0.003665 

(-.003768,

-0.003565)

 0.0009311

(0.0008813,

 0.0009836)

 0.001455 (0.001392,

 0.00152)

 0.001236 (0.001178,

 0.001296)

 4.314e-05 (3.342e-05,
 5.568e-05)

C

 8.415e-07 (1.38e-09,

 0.0005131)

 -0.02004 

(-0.02089,

 -0.01922)

 0.004568 (0.004187,

 0.004983)

 0.01316 (0.0125,

 0.01385)

 0.002306 (0.00204,
 0.002607)

A

 1.097e-08 (6.031e-30,

 1.996e+13)

 0.01015 (0.009647,

 0.01068)

 -0.01387

(-0.01448,

 -0.01328)

 0.003156 (0.00288,

 0.003457)

 0.0005615 (0.0004522,
 0.0006971)

M

 6.933e-14
  (0,Inf)

 0.0002203 (0.0001582,

 0.0003067)

 0.001088 (0.0009374,

 0.001263)

 -0.02013 

(-0.02084,

 -0.01944)

 0.01882 (0.01816,
 0.01951)

K

0

0

0

0

0




5.3 The mvna package
The mvna package was developed by Allignol (2009) (see also Allignol et al., 2008)
. It generates Nelson-Aalen estimates of the cumulative hazard in multistate models from data that may be right censored and left truncated due to delayed entry into the study cohort. Individuals do not need to be observed over the same interval of time. The Nelson-Aalen estimator is a non-parametric estimator. It is an increasing right-continuous step function with increments dj/rj at observation time j, with dj the number of transitions at j and rj the number of individuals at risk just prior to j. For a discussion of the estimator in the context of multistate models, see Andersen and Keiding (2002) and Andersen et al. (1993). For a comparison with related estimators (Kaplan-Meier and Aalen-Johansen), see Borgan (1998). The package considers time-dependent covariates. 
The utility surveydat_mvnadat produces a data file for the mvna package. By way of illustration consider the GLHS data. The preparation of the data for the long mvna format, the intrastate moves (e.g. moves between jobs) and multiple moves during the same time period (month) must be removed. If two transitions occur in the same month the second transition is assumed to occur half a month after the first transition. 
The package mvna uses a data.frame of the form data.frame(id,from,to,time) or (id,from,to,entry,exit) with
id: subject id

from: the state from where the transition occurs

to: the state to which a transition occurs

time: time when a transition occurs

entry: entry time in a state

exit: exit time from a state
To create input data for mvna from data in the SURVEYLIFE format, use the utility surveydat_mvnadat:

dat_mvna <- surveydat_mvnadat (survey)

The utility surveydat_mvna should be called after ExtractSurvey. It is independent of the other utilities.
The utility produces two global variables: dat_mvna and tra_mvna. The latter is the transition matrix which shows which transitions are possible. The matrix is 

   To

From     N             J

   N    FALSE    TRUE

   J     TRUE      FALSE

Box 14 shows a selection of data from the GLHS in mvna format (dat_mvna). The two states are: nojob (N) and job (J). 
	Box 14 GLHS data in mvna format (selection)

	   id from   to entry exit

1   1    N    J     0  204

2   1    J cens   204  632

3   2    N    J     0  236

4   2    J    N   236  536

5   2    N cens   536  626

6   3    N    J     0  215

7   3    J    N   215  356

8   3    N cens   356  510

9   4    N    J     0  268

10  4    J    N   268  323

11  4    N cens   323  379


Th use of the mvna package is illustrated with GLHS data. The R code is given in the GLHS_mvna function. The data consist of dat_mvna and tra_mvna. Note that in the version mvna package used for this illustration, states should be denotes by numbers rather than characters. Hence the characters N and J must be converted to numbers. The result is the zz dataframe. The following expressions produce the conversion:
zz <- data.frame(dat_mvna)

zz$from[zz$from=="N"] <- 1

zz$from[zz$from=="J"] <- 2

zz$to[zz$to=="N"] <- 1

zz$to[zz$to=="J"] <- 2

The mvna package is called by the following expression (with zz the input data):

na <- mvna(zz,state.numbers=1:numstates,tra,cens.name="cens")
The Nelson-Aalen estimator of the cumulative hazard is shown in figure 14a. 
Form the cumulative hazard, cumulative rates at age interval may be derived using the predict utility included in the mvna package. From these, age-specific transition rates may be derived for further analysis, e.g. for the construction of multistate life tables. The age-specific rates are close to the occurrence-exposure rates. 

The output of mvna includes a listing of number of individuals at risk in each state just prior to a given transition (nrisk), the number of transitions at each event time (nev) and the number of censored cases at each censoring time (ncens). That information may be used to construct a table similar to the tabr.out table in SURVEYLIFE. GLHS_mvna includes expressions to produce that table. They are

am <-cbind(na$time,na$nrisk)  # number at risk

ab <- aperm(na$nev,c(3,1,2))  # number of transitions at each event time

hh <- cbind(am[,1],am[,2],ab[,1,2],na$ncens[,1],am[,3],ab[,2,1],na$ncens[,2])
The object hh shows the numbers at risk and the number of direct transitions. The table is similar to tabr.out. Box 14b shows past of the output. Note that the total number of months with at least one transition in 296, which is nrow(ab), 323 are from NoJob to Job and 181 from Job to NoJob. 
	Box 14a Cumulative hazard rates, GLHS, produced by mvna

	[image: image3.emf]


	Box 14b Subjects at risk and direct transitions, GLHS

	    Time AtRisk_N NJ Cens_N AtRisk_J JN cens_J

1      0      201  0      0        0  0      0

2    160      201  1      0        0  0      0

3    161      200  1      0        1  0      0

4    165      199  1      0        2  0      0

5    166      198  1      0        3  0      0

6    167      197  2      0        4  0      0

7    168      195  2      0        6  0      0

8    169      193  3      0        8  0      0

9    170      190  4      0       11  0      0

.

.

.

227  478       40  0      0       90  1      0

228  479       41  0      0       89  0      1

229  480       41  1      0       88  0      0

230  481       40  1      0       89  0      1

231  482       39  1      0       89  0      2

232  483       38  0      1       88  1      1

233  484       38  0      0       86  0      1


The cumulative hazard rate at single years of age from 0 to 58 is obtained by the predict function of the mvna package: predict (na,times=seq(0,700,by = 12)). Box 14c shows the Nelson-Aalen estimators of the age-specific transition rates, produced by the mvna package, and the occurrence-exposure rates by single years of age, produced by SURVEYLIFE, as expected (Borgan and Hoem, 1988, p. 888). The figure also shows the values of the occurrence-exposure rates smoothed by a cubic spline. 
	Box 14c Age-specific transition rates from NoJob to Job
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5.4 The mstate package
The package was developed by Putter et al. (2007). It estimates duration-specific transition rates of a multistate model using a Cox proportional hazard model for the transition rates. The method is decribed by Therneau and Grambsch (2000) and implemented in the coxph utility of the survival package. It considers right censoring and left truncation associated with delayed entry. It considers transition-specific covariates and produces cumulative baseline hazards and regression coefficients (risk ratios). Note that in the application presented by Putter et al. (2007) the baseline hazards of all transitions are proportional (see Putter et al., 2007, p. 2418). Hence the hazard rates for the different transitions are proportional. It is equivalent to grouping the transitions and using the occurrence of an intermediate transition as a time-dependent covariate. The mstate package includes a utility to predict the oucome of a (disease) process for persons with particular (disease) histories. The prediction is in terms of conditional probabities of some future events, given an event history and possibly a set of values for prognostic variables of the subject being considered. The prediction probabilities are special cases of the Aalen-Johansen estimator. 
1. The package mstate includes a utility (msprep) to convert a person file (one-row-per-subject format or wide format) to an episode file (long format). The file contains one record of data per episode. In the wide format, a record includes a subject identification number and for each of the possible transitions: the time at transition and in indicator variable which is 1 if the transition occurs and 0 otherwise. The indicator variable is generally referred to as status variable. It indicates whether a transition did occur or not before the end of observation. Covariates may be added. In the long format (episode file), a record includes a subject identification number, the starting time and stopping time of the episode, a status variable to denote whether the episode ended in a transition (1) or not (0), the origin state and the destination state. The long format generated by mstate contains several records describing transitions (into episodes) that did not occur (indicator variable 0). Box 15 shows the long format for the sample data included in the mstate tutorial (Putter et al., 2007). The data are from the European Group for Blood and Marrow Transplantation (EBMT) and cover 2279 patients with acute lymphoid leukemia and with bone marrow transplantation. Three states are considered following three events: Transplantation (Tx), Platelet recovery (PR) and Relapse or Death (RelDeath). The three transitions, denoted by the variable trans, are:

2. 1 → 2

Tx → PR

3. 1 → 3

Tx → RelDeath

4. 2 → 3

PR → RelDeath

Consider subject 2. He receives transplantation at time 0, experiences a relapse after 35 days and dies at day 360 (i.e. 325 days after relapse). Subject 1 experienced only one transition, from Tx to PR (1 → 2). He remained 721 days at risk of relapse or death, but the observation was censored at day 744 before the occurrence of these events.
	Box 15 Example of data in mstate format

	id

from

to

trans

transname

Tstart

Tstop

time

status

patid

prtime

1

1

2

1

1

->

2

0

23

23

1

16000151

23

1

1

3

2

1

->

3

0

23

23

0

16000151

23

1

2

3

3

2

->

3

23

744

721

0

16000151

23

2

1

2

1

1

->

2

0

35

35

1

16000181

35

2

1

3

2

1

->

3

0

35

35

0

16000181

35

2

2

3

3

2

->

3

35

360

325

1

16000181

35

3

1

2

1

1

->

2

0

26

26

1

16000421

26

3

1

3

2

1

->

3

0

26

26

0

16000421

26

3

2

3

3

2

->

3

26

135

109

1

16000421

26

4

1

2

1

1

->

2

0

22

22

1

16000671

22

4

1

3

2

1

->

3

0

22

22

0

16000671

22

4

2

3

3

2

->

3

22

995

973

0

16000671

22




The possible transitions are numbered and specified by the user in a transition matrix. The transition matrix is 
	
	Destination

	Origin
	Tx
	PR
	RelDeath

	Tx
	NA
	1
	2

	PR
	NA
	NA
	3

	RelDeath
	NA
	NA
	NA


Transition 1 is the transition from Tx to PR, transition 2 is from Tx to RelDeath and transition 3 is from PR to RelDeath. The following expressions illustrate how the transition matrix is prepared.
	tmat <- matrix(NA,3,3)

tmat[1,2:3] <- 1:2

tmat[2,3] <- 3 

ntrans <- sum(apply(!is.na(tmat),1,sum)) # number of transitions

namstates <- c("Tx","PR","RelDeath")

dimnames(tmat) <- list(Origin=namstates,Destination=namstates)

tmat


During the estimation process only the relevant records are selected. The status variable indicates whether the transition occurred or not, in which case the episode is censored. For instance, for estimation of the transition rate from state 1 to state 2, only the records corresponding to the 1→2 transition, with variable trans equal to 1, are selected and used in the Cox regression. Note that for each respondent, all transitions are listed, irrespective of whether the transition occurred. When the transition occurred, the variable trans is equal to one, otherwise the value is zero. 
In mstate, the mesprep utility is called by the following expression (using the ebmt data):

msbmt <- msprep(ebmt,tmat, time=c("dumtime","prtime","rfstime"),

    status=c("dumstat","prstat","rfsstat"),  keep=covs)

The numbers of transitions are shown using the function events(msbmt,tmat), where msbmt is the object with the data in the long format and tmat is the transition matrix. 

SURVEYLIFE includes a utility (surveydat_Therneau) to convert the SURVEYLIFE (wide) format to a long format. It does not produce the format shown in Box 15 but a slightly different format, but one that is adequate for the estimation of transition rates. The long format is shown in Box 8. Tstart is the start of an episode (in century months) that starts in state OR and ends in state DES at time Tstop. If the observation is censored, it is indicated and Tstop is the time at censoring. The status variable denotes whether an episode ends in a transition (1) or censoring (0). Trans is the line number of the transition. In the GLHS data, three transitions are considered: (1) Job to Job, (2) NoJob to Job and (3) Job to NoJob. The possible transitions are shown in the matrix tmat:
               From\To    NoJob Job

NoJob    NA   2

Job             3   1
The covariates are sex, prestige of a job, years of education and date at marriage (CMC).

The long format produced by surveydat_Therneau needs to be adjusted a little for use by the mstate package. Let mm be the object produced by the comversion utility:

mm <- surveydat_Therneau(survey)

First, the inta-state transitions must be removed. The transition J → J is transition 1. The subset of transitions J → N and N →J is obtained by the following expression:

msdata <- subset(mm,mm$trans==2 | mm$trans==3)

Second, numeric variables msdata$from and msdata$to must be added to denote the origin and the destination states. They are derived fromt the type of transition (trans). 
To illustrate the use of mstate using the input data msdata and the transition matrix tmat, I used the events function of mstate:

events (msdata,tmat) 

The function produces a flow table. 

The Kaplan-Meier estimator of the second transition (trans = 2; N → J) is obtained using the expressions:

aa <- subset(msdata,msdata$trans==2)

KM <- survfit (Surv(Tstart,Tstop,status)~sex,data=aa,conf.type="plain")
The Cox model is obtained using the the coxph function of the survival package. A particular useful feature of mstate is the estimation of conditional probabilities of some future event given an (event) history and a set of prognostic factors (Putter et al., 2007, pp. 2421ff). Thes prediction probabilities are estimated for a subject with given set of covariates (including life history of, in Putter et al., application, medical history). 
5.5 The tdc.msm package
The tdc.msm package was developed by by Meira-Machado et al (2007a, 2007b, 2008). It uses the method introduced by Therneau and Grambsch (2000) to estimate multistate survival data and implemented in the coxph utility of the survival package. The sample data used in the package is the Stanford Heart Transplant Data. These data are used by Kalbfleisch and Prentice (2002) and several other researchers
. For each individual, an indicator of its final vital status (censored or not), the survival times (time to transplant, time to death) from the entry of the patient in the study (in days), and a vector of covariates including age at acceptance (age), year of acceptance (year), previous surgery (surgery: coded as 1 = yes; 0 = no), and transplant (variable treat, coded as 1 = yes; 0 = no) were recorded. The covariate transplant is the only time-dependent covariate, while the other covariates included are fixed. Box 16 shows a selection of these data to illustrate the format. Subject 25 has a heart transplant 25 days after enrollment. The observation is censored 1800 days after enrollment. Patient 28 received a new heart 71 days after enrollment and dies the following day. The data representation is easily derived from the data format used in the survival package. 
Multistate models are estimated using a different data structure, but still a counting process data structure. Individuals without a transplant contribute two lines of data (one for each of the transitions leaving state 1) whereas individuals with a transplant contribute three lines of data (one for each transition). The data structure is shown in Box 17. Transition 1 denotes the mortality transition without transplantation, transition 2 transplantation and transition 3 the mortality transition after transplantation. The variable event denotes whether the event time is observed or censored. The Cox model can be estimated using the survival library or the tdc.msm library. 

	Box 16 Example of data in tdc.msm format

	id

start

stop

event

treat

age

year

surgery

25

0

25

0

0

33.22

1.57426

0

25

25

1800

0

1

33.22

1.57426

0

26

0

1401

0

0

30.54

1.58248

0

27

0

263

1

0

8.79

1.59069

0

28

0

71

0

0

54.02

1.68378

0

28

71

72

1

1

54.02

1.68378

0




	Box 17
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5.6 The Epi package
The Epi package is developed by Carstensen (2007, 2009) for epidemiological and demographic analysis in the Lexis diagram. The first version was released in 2005. A particular feature of follow-up data in epidemiology and demography is that they are presented in multiple time scales. Common time scales are calendar time and age or age and duration in the current state. The package can also handle three time scales. The core object in the package is the Lexis object. It is created by the Lexis function. A Lexis object is a data frame that allows the multiple time dimensions of follow-up to be managed. Entry time into a state (or exit time from a state) is given in multiple time scales. The exit time (entry time) is given in one time scale and the location in the other time scales are calculated, since the follow-up time is the same on all time scales. In addition to entry time and exit time the exit status is given. 
The Lexis object is created from data on entry, exit and event, using the following expression:

Lcoh1 <- Lexis( id = survey$ID,

               entry = list( CalTime=Tstart ),

               exit  = list( CalTime=Tstop, Age=Tstop-Tbirth ),

               exit.status = event1, data=data1)

where Tstart is the date of entry into a state or the starting date of an episode. Tstop is the date of exit from a state or the end of en episode. Age is the age at exit from a state or end of an episode. The exit.status indicates the reason for exit from the state.
The Lexis function creates a minimal Lexis object with only those variables required to define the follow-up history in each row. Additional variables can be merged into the Lexis object using the merge method for Lexis objects (default) in combination with the data argument. In the above expression, the data1 object is merged into the Lexis object. 
Consider the GLHS. The original dates are given in CMC. It is more convenient to express calendar time and age in years (real variables). The SURVEYLIFE utility Year_Trans(survey) converts the dates in CMC to dates in years:
yeartrans <- Year_Trans(survey)  
The object that result is yeartrans. In yeartrans four variables are selected to create a Lexis object: date of birth, date of entry into the state considered (which is date of birth or date of a transition that marks the beginning of an episode), the date of censoring and the date of the transition that marks the end of an episode. In the GLHS consider the first episode, i.e. between birth and labour market entry or first job. The date of labour market entry is year_trans$tr1. The following expressions select the four variables from the year_trans object and create a Lexis object:
  bt <- year_trans$born

  endt <- year_trans$censored

  en1 <- year_trans$entry

  ex1 <- vector(mode="numeric",length=nsample)

  event1 <- vector(mode="numeric",length=nsample)

  for (i in 1:nsample)

    {if (is.na(year_trans$tr1[i])) {ex1[i] <- year_trans$censored[i]; event1[i] <- 0} else

      {ex1[i] <- year_trans$tr1[i]; event1[i] <- 1}}

  Lcoh1 <- Lexis( id = survey$ID,

               entry = list( CalTime=en1 ),

               exit  = list( CalTime=ex1, Age=ex1-bt ),

               exit.status = event1)
Note that event1 is 1 if the respondent entered the labour market before the survey date and 0 oherwise. In the GLHS data that come with Blossfeld and Rohwer (2002), all respondents entered the labour market. Box 18 shows the Lexis object for the first transition (labour market entry) and the second transition (exit from first job) for the first 6 respondents. CalTime is the start of the episode, Age the age at the start, lex.dur the duration of the episode, lex.Cst the status at the start of the episode, lex.Xst the state at the end (event = 1; censoring = 0) and lex.id the ID of the respondent. 
	Box 18 Lexis objects for entry and exit first job

	Episode before first job

CalTime

Age

lex.dur

lex.Cst

lex.Xst

lex.id

1

1929.25

0.00

17.00

0

1

1

2

1929.75

0.00

19.67

0

1

2

3

1939.42

0.00

17.92

0

1

3

4

1950.33

0.00

22.33

0

1

4

5

1931.42

0.00

17.17

0

1

5

6

1941.00

0.00

16.58

0

1

6

First job episode

CalTime

Age

lex.dur

lex.Cst

lex.Xst

lex.id

1

1946.25

17.00

35.67

0

0

1

2

1949.42

19.67

3.83

0

1

2

3

1957.33

17.92

1.00

0

1

3

4

1972.67

22.33

4.58

0

1

4

5

1948.58

17.17

5.67

0

1

5

6

1957.58

16.58

2.17

0

1

6




The Lexis.diagram function is used to plot the Lexis object in a Lexis diagram. Box 19 shows the ages and dates of labour market entry. Note that the employment data are for three birth cohorts: 1929-31, 1939-41 and 1949-51.
	Box 19 Ages and dates of labour market entry
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Box 20 shows for 5 subjects the lifelines with the transitions marked. Subject with ID 46 is born in 1951, enters the labour market in 1972 at age 21, leaves the first job in 1975 at age 24 and gets a new job in 1979 at age 28. 
	Box 20 Employment careers for a selection of respondents
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A particularly useful utility in Epi is splitLexis. It divides each row of a Lexis object into disjoint follow-up intervals according to break points supplied by the user. Consider the first job episodes (entry = Tstart = date of labour market entry; exit = Tstop = dat at end of first job; exit.status = reason for ending first job [event or censoring]). Let Lcoh5 denote the Lexis object. To following functions divide the job episodes in intervals of 5 years:
Lcoh_tr1_p <- splitLexis(Lcoh5, breaks=seq(PerLow,PerHigh,5), time.scale="CalTime" )

Lcoh_tr1_ap <- splitLexis(Lcoh_tr1_p, breaks=seq(AgeLow,AgeHigh,5), time.scale="Age" ) 
where p refers to period and ap to age-period. The ages and the calendar times at the beginning of the intervals are obtained by the following expressions:

Lcoh_tr1_ap$AGE <- timeBand(Lcoh_tr1_ap,"Age","left")

Lcoh_tr1_ap$PER <- timeBand(Lcoh_tr1_ap,"CalTime","left")
The number of transitions (end of first job episodes) in each age-period interval is given by
nevents <- tapply (status(Lcoh_tr1_ap,"exit")==1, 
list(Lcoh_tr1_ap$AGE,Lcoh_tr1_ap$PER),sum)

and the exposure time by

ndur <- round(365.25 * tapply (dur(Lcoh_tr1_ap),list(Lcoh_tr1_ap$AGE,Lcoh_tr1_ap$PER),sum),2)

The occurrence-exposure rates are obtained by dividing the number of transitions by the duration of exposure. The Epi package includes utilities for age-period-cohort analysis of the time series of age-specific rates. 

Box 21 shows the transitions, exposure times and the transition rates by age and period.

	Box 21 Job exits and exposure times by age and period

	[image: image8.emf]Exposures

Calendar time

Age

1940 1945 1950 1955 1960 1965 1970 1975 1980 1985

10

15

20

25

30

35

40

45

50

2404 3591 487 517 334 365 0 0 0

426 35185 13392 23802 7792 29006 9496 0 0

0 791 51622 12205 26693 3469 35277 5752 0

0 0 547 27272 7639 13057 852 18353 2587

0 0 0 487 18019 4413 3987 91 3074

0 0 0 0 487 14001 2891 3530 60

0 0 0 0 0 487 9313 2343 1339

0 0 0 0 0 0 273 8400 2282



	[image: image9.emf]Events

Calendar time

Age

1940 1945 1950 1955 1960 1965 1970 1975 1980 1985

10

15

20

25

30

35

40

45

50

1 0 0 1 0 0

0 19 3 17 6 10 10

0 20 4 17 4 25 4

1 11 0 6 1 9 2

0 6 0 2 0 1

0 3 0 0 0

0 2 0 0

0 0 0



	[image: image10.emf]Occurrence-exposure rates (*1000) (per month)

Calendar time

Age

1940 1945 1950 1955 1960 1965 1970 1975 1980 1985

10

15

20

25

30

35

40

45

50

0.416 0 0 1.933 0 0

0 0.54 0.224 0.714 0.77 0.345 1.053

0 0.387 0.328 0.637 1.153 0.709 0.695

1.825 0.403 0 0.459 1.173 0.49 0.773

0 0.333 0 0.502 0 0.325

0 0.214 0 0 0

0 0.215 0 0

0 0 0




6.  Transition rates and the multistate life table (MSLT)
Utility Rates estimates transition rates as the ratio of event counts and exposure time. These transition rates are occurrence-exposure rates (see e.g. Andersen and Keiding, 2002, p. 100). Rates are estimates by single years of age. The input for the rates is the object tabr, created by the utility TAB_Trans.  Object tabr is also printed as output file tabr.out. Note that the utilities ExtractSurvey, Age_Trans and TAB_Occup must be called before TAB_Trans is called. 

In SURVEYLIFE, two types of rates are distinguished: age-cohort (ac) rates and period-cohort (pc) rates. Age-cohort rates are for life-tables and period-cohort rates for projections. The parameter pc_ac determines the selection. If –c_ac = 1, period-cohort rates are estimated; if it is 2, age-cohort rates are estimated. The rates by age, destination and origin are stored in the global variable Mac (M for rates and ac for age-cohort) and in the output table Rates.out. The rates Mpc (M for rates and pc for period-cohort) are not yet implemented.
The utility MSLT calculates the multistate life table from the transition rates. Currently, only the age-cohort transition rates are implemented (pc_ac = 2). First it calculates the one-year transition probabilities by age, destination and origin (P). The estimation of transition probabilities for a given age interval from transition rates during that interval requires an assumption about the distribution of the transition rate during the interval. A common assumption is that the transition rate is constant within an interval and varies between intervals. It is the assumption of piecewise-constant transition rates. Another common assumption (at least in demography) is that events are uniformly distributed during the interval. In case of constant transition rates, the the probability of remaining in the state of origin (survival probability) is an exponential function. In case of uniform distribution of events, the survival function is linear. The parameter exp_lin defines the model. If exp_lin = 1, then the model used is the exponential model. If exp_lin is not equal to one, the linear model is used. The argument ageprint is a vector that contains the ages for which the results should be shown. 
MSLT produces a cohort biography, which is the expected life history of members of a cohort. A cohort is a defined at a reference age. If the reference age is 0, the cohort is the birth cohort. A cohort may also be a group of people celebrating their 20th birthday. It that case, the reference age is 20. Th user should provide the number of cohort members in each state at the reference age. The cohort size at the reference age is the radix. In multistate life tables, the radix is a vector. The radix is represented by the local variable radix. The cohort size is sum(radix). At the reference age, the cohort may be concentrated in one state or may be distributed over different states. The local vector iradix indicates the non-empty states. In the GLHS data, the reference age is zero and at birth all cohort members are out of a job (NoJob). In the NLOG98 data, the reference age is zero and at that age, cohort members are concentrated in a single state: living at the parental home. 
The cohort biography shows for each age the distribution of cohort members between the states of the state space. The distribution depends on the distribution at the reference age (i.e. the radix) and the transition probabilites. The biography is represented by the three-dimensional array l. An element l[ix,id,io] of l denotes the number of subjects, among the cohort that started at the reference age in state io, that occupies state id at exact age ix.  The discrete-time transitions between states id and id2 between ages ix and ix+1, experienced by members of the subcohort that started in state io, is given by the variable trans[ix,id2,id,io]. It is the number of subjects in io at ix and in id at ix+1. The number of discrete-time transitions, for all ages combined, is Ttrans. Box 15 shows the total number of transitions by origin state and destination state, experienced by a birth cohort of 1000 subjects, provided the cohort experiences the transition rates of the NLOG98 sample. All cohort members are living with their parents at time of birth. Box 22 also shows the mean age at transition. 

The state occupancies are shown in Box 23. It is obtained by the StackGraph command. The discrete-time transitions and the state occupancies are stored in the output table history.out.

	Box 22 Discrete-time transitions by birth cohort that experiences transition rates of NLOG98 sample

	A. Number of transitions

	           origin

destination   H   C   A   M K

          H   0   0   0   0 0

          C 247   0 306   9 0

          A 372 120   0  48 0

          M 319 301 112   0 0

          K  61 106  37 613 0

	B. Mean age at transition

	           origin

destination     H     C     A     M   K

          H  0.00  0.00  0.00  0.00 NaN

          C 21.62  0.00 27.00 28.20 NaN

          A 20.21 29.87  0.00 33.95 NaN

          M 21.81 27.55 25.57  0.00 NaN

          K 21.40 28.37 26.75 27.50   0


	Box 23 State occupancies of synthetic birth cohort, based on NLOG98 transition rates
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MSLT also produces estimates of sojourn times in the different states. For a discussion, see Rogers (1975), Schoen (1988) and Willekens (2007) among others. The sojourn time is the expected duration in a state for the entire cohort or for cohort members that satisfy particular conditions, i.e have given attributes. One attribute is the state occupied at the reference age. The expected number of years spent in each state between two ages x and x+1 depends on the reference age and the state occupied at that age. The sojourn time beyond age x for subjects that do reach age x is the life expectancy at x. In SURVEYLIFE the life expectancy is given in the output table life_expectancy.out. Consider the NLOG98 data. Since the reference age is 0, the state occupied at that age is H (living at parental home). Note that in life_expectancy.out the life expectancy at age x does not depend on the state occupied at x; it depends only on the state occupied at reference age. Box 24 shows the life expectancies for selected ages. The table is an extract of life_expectancy.out. 
	Box 24 Life expectancy beyond age x by state, based on NLOG98

	 age     H    C    A    M     K Total

  0  21.19 2.89 3.99 3.98 21.96    54

  20  1.81 2.78 3.62 3.89 21.90    34

  25  0.31 1.99 2.58 2.95 21.18    29

  30  0.10 1.17 1.92 1.84 18.97    24

  40  0.03 0.50 1.13 0.91 11.43    14

  50  0.01 0.14 0.34 0.25  3.27     4


MSLT generates global variables, in addition to standard output tables. The global variables are:
· l
State occupancies: number of cohort members by age and state

· P
Discrete-time transition probabilities by age, state of origin and state of destination

· Lin
Expected sojourn time in each state during an age interval from x to x+1, by age x, state at reference age and state at age x (extimated using linear model). These results are used for the estimation of life expectancies. 
· Lex
Expected sojourn time in each state during an age interval from x to x+1, by age x, state at reference age and state at age x (extimated using exponential model)

· e0
Life expectancy at reference age, by state (2 decimal places)
7. Conclusion

The exploratory analysis of life histories does not yet receive much attention. It deserves attention, however, as an introduction to statistical modelling and hypothesis testing. Life histories are sequences of states and transition between states. Recently software became available to estimate transition rates from observations that are left truncated and right censored. The underlying statistical theory is the theory of counting processes. In this paper, transition rate are obtained by dividing event counts (numbers of transitions / occurrences) during a given period by exposure time. These occurrence-exposure rates are maximum likelihood estimators of the transition rates (for a discussion within the context of the statistical inference of transition rates, see Andersen and Keiding, 2002, p. 100 and Meira-Machado et al., 2008, p.6). This demographic method is consistent with the theory of counting processes. If the time at transition (time-to-event) is independent of censoring mechanisms and the sample population is sufficiently large, both the demographic rates and the Nelson-Aalen estimator, which is based on the theory of counting processes, produce good estimates of the expected number of events (Borgan and Hoem, 1988, p. 888).
SURVEYLIFE is designed to aid the exploratory analysis of life history data. It extracts individual life histories from a database, produces summary indicators that characterise states and transitions, and documents the process of estimating occurrence-exposure rates. A particularly interesting feature of SURVEYLIFE is the calculation of event counts and exposure times for different intervals. That information is very helpful for comprehending the results of the statistical estimation of model parameters. For instance, SURVEYLIFE may be used to make explicit the contribution of each episode of life of a subject in a sample to the likelihood function. It distinguishes closed and open episodes, an important distinction in the maximum likelihood estimation of multistate models. SURVEYLIFE consists of utilities or functions to be called by the user. The list of utilities is given in Annex C. 

SURVEYLIFE imports data in a given format, the SURVEYLIFE format. The data structure contains one record per subject (person file; wide format). Several packages require a different data structure, e.g. one record for each episode (long format) or one record for each transition (event file). SURVEYLIFE includes utilities to covert data in the SURVEYLIFE format to a long format. Different packages in CRAN for the analysis of transition data with time-varying covariates and multistate analysis need slightly different input data structures. SURVEYLIFE includes conversion utilities for five packages in existence today: survival, msm, mvna, mstate and tdc.msm. 
SURVEYLIFE estimates transition rates. The transition rates are input to the multistate life table (MSLT). The MSLT generates a number of useful measures: discrete-time transition probabilities, state probabilities, expected state occupancies (number of cohort members by age and state occupied at that age), expected sojourn times (exposure times), expected sojourn times in each state by age. In SURVEYLIFE, these measures are estimated by state occupied at the reference age. 
Annex A positions SURVEYLIFE in the broader context of computer programmes for life history data analysis. It reviews several packages. What is lacking in these packages is an exploratory data analysis aimed at developing a feel for the data and data limitations. For instance, how many episodes and what type of episodes does each individual in a sample contribute to the function that expresses the likelihood of the data given a specific model? How many open and closed episodes exist in the data? How many respondents experience multiple events during a unit time interval? What event sequences are common and how are they affected by changes in the observation window? How can transition rates that are produced by maximum likelihood estimation, given a statistical model, be obtained from the data by dividing numbers of events by exposure time (occurrence-exposure rates)? What does resampling in the context of bootstrapping mean in terms of events and exposures? SURVEYLIFE is designed to deal with these questions. It offers different ways of displaying life histories and shows every step in the process of deriving transition rates from the data. It has utilities that convert the SURVEYLIFE data structure into data structures required by some of the packages listed above. 
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Annex A
Software for life history data analysis

The purpose of this annex is to position SURVEYLIFE in the broader context of life history data analysis. Numerous packages exist for the analysis of life history data. General purpose statistics packages such as STATA, SAS, SPSS, BMDP, S-Plus and R include procedures to analyse life history data. Goldstein and Harrell (2005) list and briefly review several of these packages. In addition a considerable number of specialized packages exist. One that influenced the development of SURVEYLIFE more than any other package is TDA (Transition Data Analysis) by Blossfeld and Rohwer (2002) see http://web.uni-bamberg.de/sowi/soziologie-i/eha/. Recently Blossfeld et al. (2007) published a book on event history analysis with Stata. Resources for the book are available from the author’s website at http://www.uni-bamberg.de/sowi/soziologie-i/eha/. TDA is a good starting point for the analysis of transition data. Transitions are denoted by state of origin and state of destination. TDA considers single episodes, however, and subjects enter observation at the start of the episode. The episodes considered by Blossfeld and Rohwer (2002) are employment episodes. Periods between jobs are not considered. In multistate analysis, the periods between jobs are as important as the job episodes. 
This annex focuses on packages for multistate modelling of life histories. What distinguishes multistate models from more conventional event history models (survival models, duration models) is that subjects move back and forth between states. A subject may enter a state any time during the observation period and may leave any time. Left censoring and truncation is as important as right censoring and truncation (for a good review on the concepts, see Klein and Moeschberger, 1997). In the presence of left censoring and truncation, the concept of risk set (with subjects entering the risk set at time 0), predominant in conventional survival analysis, becomes less useful and the concept “duration of exposure” becomes critical. The concept is central in demography and the statistical theory of counting processes. Not all packages that allow left censoring/truncation and right censoring/truncation use this theory. Some formulate the multistate transition model as a Cox proportional hazard model with time-varying covariates (time-dependent Cox model). The estimated transition rates are proportional. 
The survival package, developed in S by Therneau and ported to R by Lumley adopts a counting-process perspective as presented by Fleming and Harrington (1991) (see Therneau, 1999, p. 17; Lumley, 2004; 2007, p. 40).  In most packages for survival analysis, a subject enters the risk set at time 0 and has a single survival time value that ends with an event or censoring. Andersen and Gill (1982) reformulated this representation as a counting process with multiple periods of observation. Each period (episode, interval) of observation is characterised by a starting time (start) and ending time (stop) and the reason for ending (event or censoring). If data on each period of observation are stored in a separate record, the long format emerges. One utility in the survival package performs functions similar to SURVEYLIFE: pyears. The function computes the person-years of follow-up contributed by a cohort of subjects, stratified into subgroups. It also computes event counts and numbers of subjects in each cell of the output table. The results of pyears are normally used as input to further calculations. 
A rapidly growing number of packages exist for the estimation of multistate models. Two categories may be distinguished. The first is a set of packages that estimate transition rates from longitudinal data (follow-up or panel data). The second is a set of packages that use of transition rates in multistate life tables and projections. Packages in the latter category generally include a module to estimate transition rates, but their focus is not on statistical inference. The two categories of packages are considered next.
a. Statistical inference

The number of packages for the estimation of multistate models is increasing rapidly. Many adopt the counting process perspective. The packages listed here are in R. Recently (February 2009), Allignol and Latouche from the Freiburg Center for Data Analysis and Modelling uploaded an R Cran Task View on Survival Analysis that gives a comprehensive overview of R packages for the analysis of time-to-event data and that includes multistate models (http://cran.r-project.org/web/views/Survival.html). Allignol (2009) presents the mvna package that computes the Nelson-Aalen estimator of the cumulative transition rates for multistate models. Wangler et al. (2006) present the package changeLOS that implements the Aalen-Johansen estimator for multistate models with nonparametric transition rates
. 
The msm package developed by Jackson (2007, 2008) estimates multistate Markov and hidden Markov models in continuous time. Continuous-time Markov models are governed by transition intensities, contrary to discrete-time Markov models that are governed by transition probabilities. The package derives transition intensities from transition probabilities estimated from pairs of observations collected at arbitrary observation times. It does not derive the transition intensities from event counts and exposure, since exposure times are missing (discrete-time observation). The method does not follow a counting process perspective (see the likelihood function in Jackson, 2007, p. 8). The package supports a variety of observation schemes. By default msm estimates the transition intensities from information on state occupancies at different points in time (discrete time; panel data). The transitions are assumed to take place at unknown occasions in between observation times (panel waves). The package uses the maximum likelihood method developed by Kalbfleish and Lawless (1985) for the analysis of panel data. Since subjects are observed at discrete points in time, the contribution to likelihood of pairs of observations given the continuous-time model is the transition probability. The estimation method implies a particular relation between transition intensities (model parameters) and transition probabilities. In msm, it is assumed that the transition intensities are piecewise constant (constant during observation interval). The method used is closely related to the inverse method proposed by Singer and Spilerman (1976). The package msm also accommodates knowledge of the exact times at transition (exacttimes = TRUE). 
An estimation method, based on the same paper by Kablfleisch and Prentice (1985), is used by the IMaCH (Interpolated Markov Chains) package, developed by Brouard and Lièvre at the Institut Nationale de Démographie (INED) in Paris. IMaCH is written in C. It is freely available at http://euroreves.ined.fr/imach/. IMaCH is designed for the analysis of panel data: multiple waves of data and different interval length between survey waves. It is based on the theory for the estimation of Markov models from panel data, developed by Kalbfleish and Lawless (1985) and the application of that theory by Wolf (1986) and Laditka and Wolf (1998). IMaCH is a maximum likelihood computer programme that uses interpolation of Markov chains. The method is described by Lièvre et al. (2003). IMaCh uses multinomial logistic regression for estimating annual age-specific transition probabilities from discrete-time transitions over arbitrary time intervals. Note that IMaCH is developed for panel data, for measurements in discrete time. The sojourn time in different states are estimated directly from these transition probabilities and not from the transition rates, which is the more common method. IMaCH is designed for estimating health expectancies and is regularly used for that purpose. Note that the variances of health expectancies and other life-table measures are derived from the variance of the transition probabilies. For a list of publications that use IMaCH the reader is referred to the list of references on health expectancy, maintained by the REVES network and accessible at www.revesbiblio.eu/ (search for imach) and via the main site www.reves.net/
In the theory of counting processes, transition intensities may vary freely in time. The transitions between states are are described by the exact times of the transitions. The transition intensity at the occurrence of a transition is one over the number of individuals at risk of that transition at that time. The measures to be estimated are the integrated intensities (integrated over time) and the estimator s are known as the Nelson-Aalen estimators (Andersen et al., 1993; Andersen and Keiding, 2002). The estimators of transition probabilities based on the Nelson-Aalen estimators are known as Aalen-Johansen estimators. The R package changelos (Wangler et al., 2006) implements the Aalen-Johansen estimator for multistate models. The mstate package developed by Putter at al. (2007) and the tdc.msm package developed by Meira-Machado (2007, 2008) implement the same maximum likelihood method. 
b. Multistate life tables and multistate projections

Several packages generate multistate life tables and projections from transition rates or transition probabilities. In this section I focus on life-table and projection methods and not so much on statistical inference. Variances of the demographic indicators that are generated as part of the multistate life table or the projection are generally obtained by bootstrapping methods. 
i. Multistate life tables
A brief overview of packages that produce multistate life tables (MSLTs) is given by Palloni (2001). The packages include older packages that produce MSLTs from transition rates based on vital statistics and census data. They include SPA (Spatial Population Analysis) by Willekens and Rogers (1978) and LIFEINDEC by Willekens (1979). The SPA programme was extended by Rogers (1995) into the SPACE programme (not to be confused with the SPACE programme developed by Cai et al., 2008). Schoen (1988) developed the IDLT and IFLT programmes for the multistate life table. These derive MSLTs from event counts and exposures, generally approximated by mid-period populations. These programmes are in Fortran 77 and the code is included in the publications. The SPACE programme was distributed on diskette by Rogers (1995). LIFEHIST is a package, also in Fortran (initially Fortran 77 and currently Fortran 90) developed by Rajulton (1992, 2001). The package implements the Markov and the semi-Markov model. Tiemeyer and Ulmer (1991) developed a MSLT programme in C++. Zeng Yi (1990, 1991) developed FAMY, a multistate life table programme for family dynamics, initially in Fortran and later ported to C and C++. More recently, and in cooperation with Zenglian Wang, he developed the projection package PROFAMY for household forecasting (see Zeng Yi et al, 1997, and http://www.profamy.com/). 

LXPT_2, developed by Weden (2005) at the University of Wisconsin, implements the multistate life table in Stata. It calculates multistate life tables from age-specific transition probabilities. For the first version see Weden (2003). The procedure was recently applied by Diehr et al. (2007a, 2007b), using data from the US Cardiovascular Health Study, to determine the number of sick persons in a cohort to estimate health needs. 

Recently, Cai et al. (2008) presented the SPACE package (Stochastic Population Analysis for Complex Events), written in SAS. It requires SAS to run. The aim of SPACE is to derive consistent interval estimates of life-table indicators from complex sample surveys. SPACE uses panel data and allows at most one event between two successive observations. It uses a multinomial logistic regression model to estimate transition probabilities from the data. Transition probabilities are age-specific. A distinc feature of SPACE is its use of microsimulation as the primary means of computation of MSLT functions. The age-specific transition probabilities are input to a discrete-time microsimulation and the output is a large collection of individual life histories. The MSLT summary measures, such as life expectancy and expected sojourn times in different states are derived from these simulated individual life histories. A bootstrap method designed for complex surveys is used for variance estimation. The authors view the bootstrap method as ‘a suitable all-purpose estimator for MSLT functions.’ (Cai et a;., 2008, p. 16). SPACE is the first package for multistate modelling that combines microsimulation (to tabulate individual life histories) and the bootstrap method (to obtain consistent variance estimates from complex survey samples). The authors recognize that the assumption of at most one transition between two successive observations is a controversial one. The assumption is associated with the microsimulation in discrete time. Continuous-time microsimulation, which is implemented in LifePaths, MicMac and a few other microsimulation models resolves that problem. Continuous-time microsimulation, which draws random numbers from waiting time distributions derived from transition intensities, uses the theory of competing risks to determine numbers and sequences of events between successive observations (Beyersmann et al., 2009; Willekens, 2009). The problem of embeddability and identification of the underlying Markov process for observed transition probabilities between successive observations remains, however. One method to get around the problem is the Markov panel regression techniques suggested by Land et al. (1994). 
ii. Multistate projections

A number of software packages exist for demographic projection, but few for multistate projection. The first packages were developed in the 1970s at the International Institute for Applied Systems Analysis (IIASA) in Laxenburg, Austria, under the leadership of Andrei Rogers. The work was carried further at the Netherlands Interdisciplinary Demographic Institute (NIDI) in The Hague. That resulted in MUDEA by Willekens (Willekens and Drewe, 1984; Willekens, 1995), FAMY by Zeng Yi (1991) and LIPRO by Van Imhoff and Keilman (1992). At IIASA, Scherbov et al. (1986) developed DIALOG. What these packages have in common is their focus on projection method and little attention to the statistical techniques for estimating transition rates from sample data or incomplete and/or defective data. Statistics was introduced later with the advent of event history models, pioneered by Tuma and Hannan (1984). Their vision that ‘models should attempt to fit reality and not be dictated by the observation plan used to collect data’ (Tuma and Hannan, 1984, p. xiii), which led them to continuous-time (Markov) models, is as important today as when the book was written more than 20 years ago. 
LIPRO was originally developed for multistate household projection but has been designed as a general-purpose multistate projection model. It is user-friendly and has been applied in several countries of Europe.  The most recent version is version 4.0, developed by van Imhoff (2005). Although LIPRO was developed for multistate population projections, it contains a multistate life table module. Most programmes developed in the 1990s or earlier implemented the so-called linear model for estimating multistate life tables. LIPRO implemented both the linear and the exponential model. 

c. Integration

Lynch and Brown (2005) use a Bayesian perspective on MSLTs and develop a Gibbs sampler for multistate life tables (GSMLT v.90). Using a Bayesian perspective, the software generates distributions (interval estimates) of multistate life table quantities for a specified covariate profile. The software consists of two programmes. MSTATEHAZARD.C is for multivariate (2 states in the current version) hazard model estimation and MSTATETABLES.C is for multistate life table construction. The second programme uses the output from MSTATEHAZARD.C. By applying multistate life table calculations to samples of the distribution of the hazard model parameters, a series of life tables arise. 

Annex B
Dates of events

Dates may be expressed in different ways. This section reviews common practices. The purpose is to demonstrate that the representation of dates is a convention and is not a real issue since representations may be converted into one another. The most common representation of dates is the character representations (day/month/year) and (month/day/year). Dates are also expressed in number of days, weeks or months since a reference date. For instance, in R dates are represented as the number of days since 1st January 1970, with negative values for earlier dates (R reference manual, Version 2.6.1 (2007-11-26), p. 91). They are printed following the rules of the current Gregorian calendar. Although the date should be an integer, this is not enforced in the internal representation. To convert a date given as a character string into number of days since the reference date (1st January 1970) consider 9 October 2008. The as.Date function converts character data to dates.


Mydate <- as.Date (“2008-10-09”)


Refdate <- as.Date (“1970-01-01”)


days <- Mydate – Refdate

The number of days between 1st January 1970 and 9th October 2008 is 14161. 

In the R library, three packages have functions to convert dates: survival, date and chron. The survivial and date packages are developed by Therneau in S and ported to R by Lumley. Chron was developed by James in S and ported to R by Hornik. To convert a number to a date, the as.date function of the survival library may be used. It converts a character form to a Julian date with reference date 1st January 1960. 

as.date (0) is 1st January 1960

as.date (1827) is 1st January 1965

as.date ("8/31/56") is 31st August 1956

as.date ("August 31, 1956") is 31st August 1956

The survival function mdby.date returns the number of days since 1st January 1960. For instance to convert 31st August 1956 to number of days since 1st January 1960:


mdy.date (8,31,1956)  which gives 31Aug56
The number of days since the reference day is


mdy.date(3, 10, 53)-mdy.date(1,1,60) = -2488

The survival function date.mmddyy convert a Julian date to a character string. For instance date.mmddyy(as.date(10)) returns “1/11/60” and date.mmddyy(mdy.date (8,31,1956)) returns “8/31/56”. The number of days between 10th May 1971 and 9th October 2008 is mdy.date(10,9,2008)-mdy.date(5,10,1971), which gives 13667 days. 
If the time to event is expressed in years, the fractions of a year may be converted into a date. First we convert a date (day, month, year) into a real number that denotes a date in years since a reference year and a fraction of a year. The conversion of a real number into a date is considered next. 

In event history analysis, the reference date is often 1st January 1900. Suppose an event occurs on May 4, 1988. The number of days since the reference date is

mdy.date(5,4,1988)-mdy.date(1,1,1900) = 32265.
Authors use different methods to convert the number of days to years. Some take a year to be 365.25 days (e.g. Kalbfleisch and Prentice, 2002). The Framingham Heart Study (FHS), which is a longitudinal study that started in 1948-50 and is widely used in epidemiology, expresses the dates of the exams in number of days since 1st January 1960. An event that occurs on 30th January 1960 occurs at 29 days (1+29). The date can be negative. For instance, an event that occurred on 3rd December 1959 occurred at day –29 (December 31 is day –1 and December 3 is day – 29). The FHS follows the convention adopted in the SAS package. In SAS dates are stored internally as the number of days from 1st January1960. Hence a person born on 1st January 1960 the value is 0 and for a person born on 11 July 1955, the value is -1635 and for a person born on 12 November 1962, it is 1046. These figures can be converted into exact number of years since the beginning of the 20th century:

 
EY = 1960 + DATE/365.25

where DATE is the date of the event in days since 1st January 1960 and EY is the date of the event in exact years (Mamun, 2003). For instance, if the DATE of an event is –460, the event occurs in 1958 and more specifically at 1958.741.

Mamun (2003) uses a different method to determine the exact number of years since the reference date, which he takes to be 1st January 1900: 
EY = YEAR + (MONTH-1)/12 + (DAY-1)/(30.437*12)

For instance, 4th May, 1988 is 88.3415 years since the beginning of the 20th century:


88 + (5-1)/12 + (4-1)/(30.437*12) = 88.34154702

The date in exact years may be converted back in year, month and day of occurrence, using the following formula:

   YEAR     = TRUNC(EY)

   MONTH = TRUNC[(EY – YEAR)*12] +  1 

   DAY       = TRUNC[(EY – YEAR – (MONTH-1)/12)*30.437*12]  + 1

For instance, 88.3415470 is 

   YEAR     =   TRUNC[88.3415470] = 88

   MONTH = TRUNC[(88.3415470-88)*12] + 1 = 5 (MAY)

   DAY       =  ROUND[(88.34154702-88 – (5-1)/12)*30.437*12] + 1 = 4

The conversion is not always perfect because it does not account for the different numbers of days in a month and the changing number of days in the month of February. Table B.1 illustrates the method.

Suppose an event that occurs during a year, occurs at the fraction 0.4832. If the reference date is 1st January, the event occurs at


MONTH
= TRUNC[0.4832 * 12] + 1 = 6 (June)


DAY

= ROUND[(0.4832 – (6-1)/12)*30.437*12] + 1 = 25

Hence the event occurs on the 25th June. Note that, using the equations, 0.5 years results in 1st July as it should be. This method is particulary useful in simulations with random draws between 0 and 1 and occurrences uniformly distributed during the year. 
Dates are often expressed in months since a reference date. For instance, the Century Month Code (CMC), used is several studies in demography and health, represents the date as the number of months since 1st January 1900 (see e.g. Blossfeld and Rohwer, 2002). The approach is adopted in the Demographic and Health Surveys and several other surveys. The dates in exact years may be converted into dates in CMC:


DATECMC = (EY – 1900) * 12

Note that numeric DATECMC is not an integer value but a real value. Consider May 4, 1988. The date in CMC is 88.34154702 * 12 = 1060.098564. The month is CMC 1060 and the day is ROUND[0.098564 * 30.437] + 1 = 4.

The CMC measures the months elapsed since 1st January 1900. For instance, CMC 555 is March 1946 and CMC 1100 is August 1991. The CMC is generally an integer number but may be a real number. If the date is known precisely (day, month and year), the CMC is a real number. If the date is known approximately (month), the CMC is an integer number. If CMC is an integer, the transition is assumed to take place at the beginning of the month. If the CMC is an integer value (e.g. if dates are measured in months as in many demographic surveys), SURVEYLIFE assumes that the onset of observation, censoring, and the events occur at the beginning of the month. That is important since surveys may assume that events occur at the beginning of the month, but that censoring occurs at the end of the month (e.g. the GLHS data distributed by Blossfeld and Rohwer [2002] and Blossfeld et a. [2007]). 

From the Century Month Codes, the years of the transitions can be obtained. The year is 1900 + CMC/12. The result is a real value, which is often used as such. In several applications, the real number is converted into year and month. For instance, a transition that occurs at CMC 1100 occurs in the year 1900+trunc(CMC/12) = 1991, where trunc means truncation. The month is (CMC-trunc(CMC/12))*12 or, equivalently, CMC-12*trunc(CMC/12). In SURVEYLIFE, the years are calculated from the dates in Century Month Code in the R function Year_Trans. The ages at transitions may also be derived from the Century Month Codes. That is done in the SURVEYLIFE function Age_Trans. 

In the MAPLE package for the estimation of age profiles from survey data, Impicciatore and Billari (2009) express dates of events in years and derive the datas from data on year and month of event. The conversion formula used (in the dataset utility) is:


Date_year <- YEAR – 1900 + [MONTH-0.5]/12

	Table B.1

Conversion of dates in exact years and vice versa



	Exact

Re-estimated
Year
Month
Day
Years
Year
Month
Day
Difference
88
5
4
88.34155
88
5
4
0
80
1
1
80.00000
80
1
1
0
80
12
31
80.99880
80
12
31
0
16
3
2
16.16940
16
3
1
1
13
9
19
13.71595
13
9
19
0
27
12
23
27.97690
27
12
23
0
47
7
28
47.57392
47
7
27
1
13
11
8
13.85250
13
11
8
0
17
8
29
17.65999
17
8
29
0
23
3
27
23.23785
23
3
27
0
21
6
11
21.44405
21
6
11
0
26
2
9
26.10524
26
2
8
1
20
8
22
20.64083
20
8
21
1
15
7
9
15.52190
15
7
9
0
14
2
22
14.14083
14
2
21
1
14
9
16
14.70774
14
9
16
0
14
12
4
14.92488
14
12
3
1
19
5
16
19.37440
19
5
15
1
48
6
29
48.49333
48
6
28
1
11
12
27
11.98785
11
12
26
1
9
10
4
9.75821
9
10
4
0
13
10
19
13.79928
13
10
19
0
25
9
29
25.74333
25
9
29
0
26
6
5
26.42762
26
6
5
0
10
12
2
10.9194046
10
12
1
1



Annex C
List of SURVEYLIFE functions

	procedure
	task

	stringf
	Converts a character string into a vector of characters

	String_nb
	Removes blanks in string

	StateSpace
	Uses SURVEY.DAT to determine number of states and state names

	ExtractSurvey
	Extract from SURVEY.DAT: state space (number of states, names of states), sample size, OR and DES for each transition, and dates at transition

	SamplePath
	Sample paths for selected subjects

	Overview
	Overview of episodes and transitions

	OverviewEpisodes
	Overview of episodes (open, closed, etc)

	OverviewTransitions
	

	Age_Trans
	Determines ages at transition

	YearTrans
	Determines calendar dates at transition

	TAB_Occup
	Determines state occupancies at exact ages and sojourn times between ages

	TAB_Trans
	Determines transitions by age, origin and destination

	Pathways
	Determines number of different pathways

	Rates
	Calculates occurrence-exposure rates

	MSLT1
	Calculates multistate life table

	MeanAge
	Calculates mean ages at transition

	
	

	Surveydat_survival
	Converts SURVEY.DAT  to input file for urvival package

	surveydat_msmdat
	Converts SURVEY.DAT  to input file for msm package

	Surveydat_mvnadat
	Converts SURVEY.DAT  to input file for mvna package

	
	

	GLHS_Surveydat
	Converts RRDAT.DAT (rrdat.1) of Blossfeld and Rohwer (2002) to SURVEY.DAT  which has SURVEYLIFE format

	Trajectory_sim
	Accepts an intensity matrix M and simulate nsample (100) lifepaths, using msm. Saves results in SURVEY.DAT and run msm to estimate transition rates (should be same as input)

	
	

	Survey_msm
	Illustrates use of msm package

	GLHS_mvna
	Illustrates use of mvna package, using GLHS data

	Putter_GLHS
	Illustrates use of mstate using GLHS data

	Survival_GLHS
	Illustrates use of survival package using GLHS data






























































� I like to thank Beata Nowok and Mieke Reuser for comments on an earlier draft.


� Applications of SURVEYLIFE to other datasets are considered in Willekens (2008). They are the National Family Health Survey of India 1998-99 (NFHS 2) and the Bangladesh Demographic and Health Survey 1996-97 (BDHS9697).


� In the literature, a distinction is made between sequences of events and sequences of states. For a discussion, see Billari (2001). 


� See � HYPERLINK "http://markmail.org/message/frxpkboi7fssfhel" ��http://markmail.org/message/frxpkboi7fssfhel�, � HYPERLINK "http://markmail.org/message/frxpkboi7fssfhel#query:survreg%20start%20stop+page:1+mid:7syhraj2i2eafbwh+state:results" ��http://markmail.org/message/frxpkboi7fssfhel#query:survreg%20start%20stop+page:1+mid:7syhraj2i2eafbwh+state:results� and “multistate” entries in the markmail server � HYPERLINK "http://r-project.markmail.org/" ��http://r-project.markmail.org/� for searching mailing lists archives related to the R programming language. 


� I like to thank Arthur Allignol, University of Frieburg, for his help in applying mvna to GLHS and OG98 data. 


� For a description of the data, see e.g. � HYPERLINK "http://lib.stat.cmu.edu/datasets/stanford" ��http://lib.stat.cmu.edu/datasets/stanford�


� For an introduction to the estimation of non-parametric transition rates, using the Nelson-Aalen and the Aalen-Johanson estimators, see Andersen and Keiding (2002, pp. 101ff). 
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