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Introduction
The majority of analyses of contraceptive behavior for program evaluation purposes have focused on current use of contraception as measured by the contraceptive prevalence rate
 (CPR).  The CPR has many advantages as an indicator of contraceptive practice; it is simple to calculate, the data required are relatively easy to collect, and it is easy to interpret.  However, current contraceptive use is the consequence of a sequence of decisions including contraceptive adoption, method choice, contraceptive continuation, contraceptive switching, and contraceptive failure.  In the early stages of family planning programs when prevalence is low and efforts are focused on encouraging couples to use contraception for the first time, indicators such as the CPR and information on new acceptors may be the most appropriate for evaluation purposes.  According to a recent United Nations study, the percentage of couples using a method of contraception is now estimated to exceed 40 percent in all regions of the world except Africa (United Nations, 1996).   Even in sub-Saharan Africa, where contraceptive use is somewhat less established, Botswana, Kenya, South Africa, and Zimbabwe have reached a CPR of over 30 percent.  As contraceptive use becomes more established and prevalence increases to relatively high levels, the CPR alone is no longer sufficient for evaluating these different aspects of program success (Jejeebhoy, 1991).

The level of ever-use is generally somewhat higher than the level of current use.  For example, in Morocco 66 percent of married women have ever used a contraceptive method but only 42 percent are currently using, while in Zambia 49 percent of married women have used a method but only 15 percent are current users (Curtis and Neitzel, 1996).  The disparity between current use and ever-use is a crude indicator of continuity of use and the large difference between the two measures in some populations indicates that continuity of use is an important issue.  Indeed, Jain (1989) demonstrates that prevalence is much more sensitive to continuation rates than it is to acceptance rates.   In addition, as desired family sizes fall throughout the developing world, in the absence of induced abortion contraceptive effectiveness becomes an increasingly important determinant of fertility (Bongaarts and Rodríguez, 1991).  In this context, good information on contraceptive continuation, switching, and failure are of increasing relevance in family planning program evaluation.

One of the reasons that analyses of continuity of contraceptive use are less common in program evaluation than analyses of contraceptive prevalence is that the analysis of contraceptive use dynamics requires longitudinal data which, until recently, have not been collected in the routine population-based surveys typically used to collect prevalence data.  Following two experimental surveys in Peru and the Dominican Republic, the Demographic and Health Surveys (DHS) program introduced a calendar approach to collect the longitudinal data required for the analysis of contraceptive use dynamics.  The calendar collects retrospective monthly contraceptive histories for the five calendar years preceding the survey and is implemented routinely in DHS surveys in countries that have reached relatively high contraceptive prevalence (approximately 40 percent).  The calendar has now been used in 24 DHS surveys in sub-Saharan Africa, Asia, Near East, North Africa, and Latin America/Caribbean.  The purpose of this chapter is to provide an overview of this important new source of data on contraceptive behavior and of the types of information on contraceptive use dynamics that can be obtained from it for family planning program evaluation purposes.  

Contraceptive Use Dynamics and Program Evaluation
From the perspective of family planning program evaluation, information on contraceptive continuation can be used as a measure of both service utilization and family planning practice (Bertrand, Magnani, and Knowles, 1994).  According to Bertrand, Magnani and Knowles  Contraceptive continuation rates provide a useful summary measure of the overall effectiveness of program services in enabling clients to sustain contraceptive use.  The indicator has also been proposed as a measure of the effectiveness of service follow-up services.  Contraceptive continuation rates can be defined in a number of ways with each definition measuring a different aspect of contraceptive continuation.  The all-method continuation rate recommended by Bertrand, Magnani and Knowles (1994)  measures the probability that an acceptor will still be using any contraceptive method after a specified period of time (usually 12 months).  This definition allows for method-switching, which may be an appropriate response if women experience problems with their first method, and provides an overall measure of the length of time that women maintain continuous use of contraception.

Another commonly used definition of the continuation rate is the first-segment discontinuation rate which measures the probability that a woman is still using the same method after a specified period of time. This approach does not allow for method switching but does provide method-specific continuation rates which may highlight methods that users have particular problems with.  The complement of the first-segment continuation rate - the first segment discontinuation rate - can also be broken down by reason for discontinuation which provides information on the problems that lead to discontinuation of each method.  The first-segment continuation rates can be considered in conjunction with information on post-discontinuation behavior, particularly the rate of switching immediately to another method, to obtain further insights into the discontinuation and switching behavior behind the all-method continuation rate.

In addition to indicators related to contraceptive continuation, contraceptive failure rates are of particular interest as a measure of contraceptive practice.  Contraceptive failure leads directly to an unwanted pregnancy which in turn may result in either an unwanted birth or an induced abortion.  Information on contraceptive effectiveness has also been used to evaluate the cost effectiveness of different methods (Trussell et al., 1995).  Three different definitions of contraceptive failure are typically used in the literature (Trussell and Kost, 1987, Jejeebhoy, 1991, Curtis and Hammerslough, 1995).  The method (or theoretical) failure rate measures the failure rate of the method under conditions of perfect use and is mostly of clinical interest.  The use-failure rate includes both failures of the method itself and failures due to incorrect or inconsistent use.  This failure rate represents the failure rate of the method in practice and is usually the one of most interest to family planning programs
.  The third definition is the extended use-failure rate which also includes unwanted pregnancies that occur after the method has been discontinued.  This measures the total amount of unwanted pregnancy that can be attributed to a particular method but from a program perspective the distinction between unwanted pregnancies that occurred while the method was being used and those that occurred after discontinuation of the method for some other reason is usually an important one.  An alternative approach would be to examine the use-failure rate in conjunction with information on unwanted pregnancy following discontinuation of a particular method to distinguish between the two types of unwanted pregnancy.

The continuation and failure rates described above are duration-specific rates, i.e. they measure the rate of continuation or failure at a given period of time following adoption.  Since both contraceptive discontinuation and failure typically decline as the duration of use increases, duration-specific rates are generally preferred as indicators of continuity of contraceptive use among individual users.   Cross-sectional, average definitions of continuation and failure rates are also used to estimate the impact of contraceptive continuation and failure on fertility rates at the population level (e.g. Bongaarts and Rodríguez, 1991; Laing, 1985).  These failure and continuation rates measure the percentage of users who continue or fail during a particular calendar period.

Under the framework proposed by Bertrand, Magnani and Knowles (1994),  both the contraceptive continuation rate and the contraceptive failure rate measure contraceptive practice, an effect of the program.  Therefore, population-based data are required for these indicators.  Contraceptive continuation rates to measure service utilization can be calculated from clinic follow-up studies too but because it is usually very difficult and expensive to collect good quality longitudinal clinic-based data, population-based data are often a more viable source.

The DHS Calendar
The DHS calendar consists of a matrix of rows and columns (Appendix A).  Each row represents a particular month with the first row usually representing January of the fifth calendar year before the survey (e.g. January 1986 for surveys conducted in 1991 etc.)  The columns are used to record different types of information for each month.  In DHS-II surveys there were typically eight columns included in the calendar but this was reduced to four in most DHS-III surveys to reduce the interview burden associated with the calendar. The first two columns are most relevant for the analysis of contraceptive use dynamics.  The first column is used to record information on periods of contraceptive use, non-use, and pregnancies, while the reason for discontinuation of each episode of contraceptive use is recorded in the second column in the row corresponding to the last month of continuous use of each method.  Based on this information, episodes of contraceptive use can be identified and linked to the reason for discontinuation.

Interviewers complete the calendar at various points during the individual interview.  At the end of the birth history section of the questionnaire, interviewers are instructed to enter all the births recorded in the birth history in the appropriate row in column 1 of the calendar.  They then enter eight months of pregnancy before each live birth.  The next stage is to probe for any non-live births that occurred in the remaining months.  These are then entered in the calendar along with the number of months of pregnancy preceding each non-live birth
.  Columns 1 and 2 are completed in the contraceptive section of the questionnaire when interviewers probe for all periods of contraceptive use using the live and non-live births already recorded as reference points.  Interviewers are allowed to record only one code in each box in the calendar and by the end of the contraceptive section of the questionnaire, every row in Column 1 should contain a code (Appendix A).

An important feature of the calendar is the unstructured nature of the probing required by the interviewer to obtain the information on periods of contraceptive use between births which is in contrast to the highly structured nature of the rest of the DHS questionnaire.  Some suggested prompts are given in the questionnaire (Macro International Inc., 1995) but the interviewer has quite a lot of flexibility in how she obtains the information.

The DHS calendar is very similar in principle to the cross-sectional calendar proposed by Laing (1985).   Both collect monthly information on contraceptive use and pregnancy for a fixed period prior to the survey but there are differences in the details of how the information is recorded and the type of information collected.  The DHS calendar records different types of information in separate columns and allows only one code in each row, while the calendar used by Laing (1985) uses only one column and allows multiple codes to record different types of information.  The information collected in the calendars also varies.  For example, The calendar used by Laing recorded the reason for non-use in each month in which the respondent was not using a method of contraception and was not pregnant or amenorrheic while the DHS calendar records the reason for discontinuation of every episode of contraceptive use.  Although Laing developed the calendar approach to calculate cross-sectional continuation and failure rates it could equally be used to calculate duration-specific continuation and failure rates.  Similarly, the DHS calendar data can be used to calculate both cross-sectional and duration-specific rates.

Advantages of the calendar
Traditionally, clinic follow-up studies have been one of the main sources of data on contraceptive continuation and failure (Jejeebhoy, 1991, Trussell and Kost, 1987).  The main problem with this source of data is that the population of clinic users is typically not representative of the population, and high loss to follow-up rates can further bias the sample.  In addition, these studies do not provide information on the continuity of use or failure experience of couples who obtained their method from a different source.  This can be a significant problem for methods such as pills or condoms which may be obtained from pharmacies and other non-clinic outlets.  Information is also missing on methods not provided by the clinic, such as periodic abstinence or withdrawal.  While clinical follow-up studies, if well conducted, are a useful source of data for evaluating specific clinics or for clinical evaluation of methods, they are not appropriate for evaluation of program effect on contraceptive behavior because of these selectivity problems.  The DHS calendar provides data from a population-based sample so includes the experience of women who obtained their method from all sources and includes information on traditional methods.  The representativeness of the calendar data is a very important advantage over clinic-based studies.

Population-based prospective studies provide an alternative to the calendar approach for collecting contraceptive histories.  The prospective record system used in the Matlab project in Bangladesh is an example of a population-based prospective study which has been used to study contraceptive discontinuation and failure (Bairagi and Rahman, 1996; Akbar, Phillips, and Koenig, 1991).  Prospective designs such as the one used in Matlab have advantages in terms of data quality because the data are not subject to recall errors.  However, they tend to be prohibitively expensive for widespread implementation.  Smaller scale panel surveys offer a cheaper alternative to the continuous record system implemented in Matlab but the representativeness of panel surveys relies on maintaining a high response rate in each wave of the panel which tends to make them more expensive and difficult to implement than cross-sectional surveys (Duncan and Kalton, 1987).  In addition, the representativeness of the panel may be compromised by the process of repeated interviews.  This type of observation bias is another source of concern in panel surveys (Duncan and Kalton, 1987).  The calendar approach avoids these problems because the longitudinal data are collected in a single-round cross-sectional survey.  The data are, therefore, cheaper to obtain than data from a prospective design,  are not affected by loss to follow-up or observational biases, and can be collected relatively easily  in routine cross-sectional surveys.

In phase I of the DHS program, a more traditional question structure was used to collect information on up to two episodes of contraceptive use in each birth interval in the five years preceding the survey (Institute for Resource Development, 1987).  These data have been used to conduct some of the first comparative studies on contraceptive discontinuation and failure (Moreno and Goldman, 1991; Moreno, 1993; Ali and Cleland, 1995).  However, results from two experimental studies in Peru and the Dominican Republic that compared this data collection approach with the calendar approach demonstrated that the calendar provided superior data on past contraceptive use (Goldman, Moreno, and Westoff, 1989; Westoff, Goldman, and Moreno, 1990) .  This improvement may due to the graphical structure of the calendar which helps interviewers to see potential inconsistencies, such as episodes of contraceptive use continuing into pregnancies, and enables them to reconcile the dates of episodes of contraceptive use with the dates of other events recorded in the calendar. In addition, the calendar collects information on all episodes of contraceptive use in birth intervals in the last five years which improves the completeness of recording of past use.

Many other characteristics of women are collected in the DHS survey.  These can be matched with the data in the calendar which enables a wide range of differentials in contraceptive continuation and failure to be investigated.  In addition, the standardized format of the calendar means that measures of contraceptive use dynamics can be compared across populations relatively easily.  This tends to be difficult to do with the results of individual studies because typically there are slight variations in the data collection and analysis methodologies which complicate comparisons with other studies.

Data quality
The most significant drawback to the calendar data is that the contraceptive history information is collected retrospectively and is therefore subject to recall errors.  Although the experimental studies cited above show that the calendar data provide superior quality data to more traditional retrospective data collection techniques for contraceptive histories, the potential for substantial recall errors remains especially given the detailed nature of the information collected on what may not be very memorable events for the respondent.  Omission of short episodes of contraceptive use is likely, especially further back in the calendar, and heaping of durations of use is also expected.  Clearly, the extent of these data quality problems has significant implications for the utility of the calendar data.

One useful evaluation of calendar data was undertaken recently by Strickler et al. (1997) who used data from the 1995 Morocco Panel Survey to evaluate the reliability of the contraceptive history data collected in the calendar.  The Morocco Panel Survey provides a unique opportunity to study reliability because the sample for the survey consisted of a subsample of respondents from the 1992 Morocco DHS-II survey.  Both surveys included a 5-year calendar which overlap for the period 1990-92.  Therefore, individual responses from the 1992 and 1995 calendars can be compared for this overlapping period.  Strickler et al. (1997) found that reporting of contraceptive behavior at the aggregate level was fairly reliable but that there was considerable unreliability in individual level responses, particularly for complex histories.   The reported reason for discontinuation was the least reliable information collected.  Aggregate estimates of contraceptive prevalence were fairly robust to the reporting errors but estimates of failure, switching, and discontinuation rates were more sensitive to the errors present in the data.  Differences in these measures were particularly pronounced among women under 25.  These findings suggest that there are problems obtaining accurate responses from individual women in Morocco but the errors in individual reports appear to be random rather than systematic.

The quality of the calendar data is likely to vary across countries depending on the level of education of respondents and the general quality of date reporting in the society.  In many countries it is possible to compare current status estimates of contraceptive prevalence from an earlier survey with the corresponding estimate of prevalence obtained retrospectively from the calendar.  This provides a useful test for omission of episodes of use in the calendar.  Table 1 presents estimates of contraceptive prevalence obtained from the calendar and from an earlier survey for corresponding time periods for six DHS surveys.  Generally the estimates of prevalence obtained retrospectively from the calendar are in very close agreement with the corresponding current status estimates obtained from the earlier survey.  With the exception of Peru, the prevalence estimated from the calendar is slightly below the current status estimate but the differences are small and both estimates are subject to sampling error.  Agreement is also generally very good for individual methods.  These results suggest that the data collected in the calendar are of high quality and produce robust estimates of contraceptive prevalence.    However, on a cautionary note, the findings of Strickler et al. (1997) suggest that estimates of contraceptive continuation and failure rates are likely to be less robust than estimates of prevalence.

Table 1.
Percentage of currently married women using contraception at the time of an earlier survey from current status data and from calendar data for the corresponding point in time.

Method
Bangladesh, 1991 1

Colombia, 1990

Egypt, 1988-89

Indonesia, 1991

Peru, 1986

Zimbabwe 1888-89



1993-94 calendar (age 10-47)
1991 CPS 

(age 10-49)
1995 calendar (age 15-44)
1990 DHS (age 15-44)
1992 calendar (age 15-45)
1988-89 DHS 

(age 15-45)
1994 calendar (age 15-46)
1991 DHS (age 15-46)
1991-92 calendar (age 15-44)
1986 DHS (age 15-44)
1994 calendar (age 15-43)
1988-89 DHS 

(age 15-43)

Pill
15.0
13.9
16.6
15.4
14.7
15.8
14.7
15.4
6.9
7.1
31.8
33.5

IUD
2.0
1.8
11.1
13.4
17.8
16.5
11.2
13.6
9.0
8.0
0.8
1.1

Injectable
2.2
2.6
1.4
2.4
0.3
0.1
10.9
12.3
1.7
1.5
0.6
0.3

Vaginal methods
0.0
0.0
1.4
1.8
0.3
0.4
0.0
0.0
1.3
1.0
0.0
0.0

Condom
2.1
2.1
2.2
2.8
1.9
2.5
0.7
0.8
1.9
0.7
1.0
1.2

Female sterilization
8.2
9.1
20.5
19.9
0.9
1.3
2.6
2.6
5.9
5.8
1.0
1.8

Male sterilization
1.2
1.2
0.3
0.5
0.0
0.0
0.5
0.6
0.1
0.0
0.2
0.3

Periodic abstinence
4.2
4.7
6.3
5.8
0.7
0.6
1.1
1.1
20.4
19.0
0.3
0.3

Withdrawal
1.5
2.0
4.7
4.8
0.5
0.5
0.7
0.7
3.1
3.9
4.5
5.2

Other
0.8
2.0
2.0
0.6
1.3
1.3
3.9
4.1
1.7
1.5
1.4
1.5

Total
37.2
39.9
66.6
67.5
38.4
39.0
46.3
51.3
52.0
48.4
41.5
45.2

1 Source: Mitra and Al-Sabir (1996).  

Pronounced heaping of durations of use in the calendar on preferred durations such as 6 or 12 months would indicate poor reporting of durations.  Table 2 presents indices of heaping of the durations of use for the same six DHS surveys.  The indices are based on all episodes of use of modern methods, periodic abstinence, and withdrawal that began in the period 3-62 months before the survey.  An index of one indicates no heaping while an index greater than one indicates heaping.   In general, the indices suggest relatively little heaping of durations of use in the calendar.  The largest amounts of heaping are found in Bangladesh and Indonesia but even in these two surveys both indices are below two.  This level of heaping is much less than is typically observed in the reporting of infant deaths around 12 months of age (Curtis, 1995) providing further evidence that the quality of reporting in the calendar is relatively good.

Table 2.
Indices of heaping at 6 and 12 months for durations of use reported in the calendar, selected DHS surveys.


Duration


Country and year
6 months
12 months

Bangladesh. 1993/94
1.53
1.95

Colombia, 1995
1.26
0.99

Egypt, 1992
1.23
1.37

Indonesia, 1994
1.76
1.84

Peru, 1991/92
1.19
1.11

Zimbabwe, 1994
1.06
1.05

Note:  The indices of heaping are calculated as 4Nx/(Nx-2+Nx-1+Nx+1+Nx+2) where Nx is the number of episodes of use of x months duration reported in the calendar.

One data quality issue that is of particular concern in calendar data is the omission of pregnancies that result in induced abortions which the respondent may wish to conceal.  Such omission will particularly affect estimates of contraceptive failure rates if pregnancies resulting from contraceptive failure are aborted.  Studies based on surveys conducted in the United States suggest that abortion reporting is very incomplete (Jones and Forrest, 1992a).  Attempts have been made to correct failure rates for underreporting of induced abortions (Grady, Hayward, and Yagi, 1986; Jones and Forrest, 1992b).  Such corrections rely heavily on the assumptions made, but the effect is substantial.  Reliable external estimates of induced abortion are rarely available to permit similar adjustments in DHS surveys so omission of contraceptive failures that result in induced abortions remains a potentially serious source of bias in calendar data.

Analysis Issues
There are several issues that need to be considered when analyzing calendar data on contraceptive use dynamics. First, the unit of analysis is usually an episode of contraceptive use.  For all-method continuation rates an episode of contraceptive use is usually defined as a period of continuous use of any contraceptive method, not necessarily of the same method.  For first-segment continuation rates an episode of use is usually defined as a period of continuous use of a specific contraceptive method.  A switch to another method would initiate a new episode of use.  To illustrate the difference between these two definitions, consider a woman who used the pill for 20 months and then switched immediately to the condom for three months before discontinuing all contraceptive use.  For all-method continuation rates this woman would contribute one episode of use of duration 23 months.  For first-segment discontinuation rates she would contribute two episodes of use; one episode of pill used of duration 20 months and one episode of condom use of duration three months.  Lots of information can be obtained from the calendar for each episode of use, e.g. method used, start date, duration in months, method used in the month before the episode, method used in the month after the episode, reason for discontinuation etc.  The variables that will be required from the calendar for each episode will vary depending on the analysis in question. 

In the standard DHS data files the calendar data are stored as alphanumeric strings with one string representing each column of the calendar.  The first step of the analysis is rearranging this information into episodes of use and creating all the relevant variables associated with each episode.  For those with some programming skills, this data manipulation can be achieved using any program language (e.g. C, Fortran etc.)  or with a statistical package that includes string or array handling facilities (e.g. ISSA, SAS etc.).  The advantage of this approach is that it gives the analyst a lot of flexibility in how they define episodes of use and in the variables they create for each episode.  Alternatively, those who do not wish to write their own program can use an existing program to do the data manipulation.  For example, a program to create a data file of episodes of contraceptive use from DHS rectangular data files is available as part of the DHS Further Analysis Plan on Contraceptive Use Dynamics (Curtis and Hammerslough, 1995).    Using existing programs simplifies the data processing required to analyze the calendar but the analyst has very little flexibility in the definition of episodes of use or in the variables created for each episode.

In analyses of contraceptive use dynamics, particularly analyses of contraceptive failure, the three months immediately before the survey are usually excluded from the analysis.  This is done to allow for underreporting of first trimester pregnancies which may not be recognized at the time of the survey.  Some of these unrecognized early pregnancies will be the result of contraceptive failure so contraceptive failure rates would be biased downwards by the omission of these pregnancies.

Censoring is another important issue in the analysis of calendar data on contraceptive use dynamics.  Right-censoring of episodes of use occurs if the episode is still in progress at the end of the observation period (usually the survey date minus three months).  The full duration of the episode is, therefore, unknown; we simply know that it is as least the number of months observed at the end of the period.  Right censoring is handled using event-history methods. The simplest form of event history analysis is the life table and life table methods have become the standard approach used to calculate continuation rates and failure rates (Potter, 1966). Continuation and failure rates for different subgroups of the population can be obtained by constructing separate life tables for each subgroup and presenting the usual life table continuation and failure rates.  This approach is sufficient for simple, descriptive analyses but for more complete analyses of the determinants of contraceptive continuation, switching, or failure multivariate event history methods, such as proportional hazards models, discrete-time hazards models, or piecewise-constant hazards models,  are appropriate.  A full discussion of event history methods and their application in family planning program evaluation can be found in the chapter by Choe and Steele in this volume.  For further details on life table methods including their application to the analysis of contraceptive continuation and failure see Namboodiri and Suchindran (1987).

Left-censoring also occurs in calendar data when episodes of contraceptive use begin before the start of the calendar but continue into it.  Again, the full duration of the episode is unknown but in this situation information on the beginning of the episode is missing rather than information on the end of the episode.  In DHS-II surveys, information was collected on the start date for all episodes of use in progress at the start of the calendar.   The duration of the episode at the start of the analysis period can then be calculated
.  In this situation the episode is referred to as left-truncated rather than left-censored and will contribute exposure to the life table calculations from its duration at the start of the analysis period onwards.  For example, if the calendar (and analysis period)  begins in January 1991 and an episode of use began in November 1990 the episode would contribute exposure from month three onwards in the life table calculations.  In theory, it is straightforward to include left-truncated episodes by constructing increment-decrement life tables that allow observations to enter the life table at durations other than zero.  In practice, however, many standard software packages for life table and event history analysis do not allow non-zero entry times.  In DHS-III surveys the questions used to obtain the information on the start date for episodes of use in progress at the beginning of the calendar were dropped because they were found to confuse respondents and to yield poor-quality data.  Therefore, in DHS-III surveys the episodes of use that begin before the start of the calendar are genuinely left-censored.  The simplest way to handle left-censoring is to exclude left-censored episodes from the analysis, i.e. restrict the sample to episodes of use that begin in the analysis period.  This approach wastes some information and results in increased sampling errors, especially for continuation rates at long durations of use, but does not bias the results.

Analysts are often interested in different types of discontinuation e.g. discontinuation for different reasons or different types of method discontinuation (switching, abandonment of use, failure).  There are two ways of incorporating different types of discontinuation into standard life-table or event history analyses.  The first is to use a multiple decrement  approach.  In this approach all types of event are examined simultaneously.  The second approach is the associated single decrement approach in which each type of event is analyzed separately.  In the associated single decrement approach discontinuations other than the type of interest are treated as censored observations. 

The distinction between these two types of rates is quite subtle and it is sometimes difficult to decide which is the appropriate one to use.  The rates obtained from the multiple decrement approach, known as net rates, represent the observed rates in the population and are appropriate for descriptive purposes.  In the multiple decrement approach the individual is simultaneously at risk of each of the different types of discontinuation.  Therefore, the net discontinuation rates depend on each other.  If the risk of one type of discontinuation changes for some reason the net discontinuation rates for the other types of discontinuation will also be affected even if there is no change in the underlying risk of that type of discontinuation.  This feature of multiple decrement rates makes them unsuitable for comparative or trend analyses where interest is in variation in the underlying risks of different types of discontinuation.
For these purposes the associated single decrement approach is generally preferred because the rates calculated (know as gross rates) represent the underlying rates of each type of discontinuation and are unaffected by the rates of other types of discontinuation.

The analysis of contraceptive failure is a good example of a situation in which the analyst is interested in one particular type of discontinuation.  Contraceptive failure rates are usually calculated using the associated single decrement approach because interest is often in comparing the risk of failure across methods or subgroups of the population.  However, Bertrand, Magnani and Knowles (1994) propose the multiple decrement failure rate as an indicator of contraceptive failure for program evaluation.  The multiple decrement failure rate represents the observed percentage of women who experience a contraceptive failure within a given period of time following initiation of a method and is, therefore, a more direct measure of the level of unwanted pregnancy resulting from contraceptive failure in a population.  The choice between net and gross failure rates will depend on the primary purpose of the analysis.

Another feature of the calendar data that is important in analysis is that individual women may contribute more than one episode of use to the sample.  Individual characteristics and preferences of women are likely to affect their contraceptive behavior so the outcomes of episodes of use contributed by the same women are likely to be correlated.  In addition, DHS surveys use a cluster sample design and women who live in the same cluster are likely to be more alike than women who live in different clusters.  In particular, service data are typically collected at the cluster level and all women in a particular cluster will share the service environment described by the cluster-level service data.  These features of the calendar data result in a hierarchical structure with episodes of use (level 1) nested within individual women (level 2) nested within clusters (level 3).  Multilevel analysis techniques are appropriate for the analysis of hierarchical data such as these and have been used recently to study the determinants of contraceptive discontinuation (Steele, Diamond, and Wang, 1996).  Multilevel techniques are a relatively recent innovation and there are still some unresolved statistical issues particularly in the estimation of non-linear multilevel models such as multilevel event history models (Rodríguez and Goldman, 1995).  However, multilevel models should be considered for in-depth analyses of the determinants of contraceptive discontinuation and failure, particularly if the analysis includes cluster-level service variables.  Multilevel models are discussed in more detail by Guilkey and Diamond in this volume.

For program evaluation purposes, analysts will often be interested in the role of service factors on contraceptive use dynamics.  Relevant data may be available from DHS service availability surveys
 and there is often a lot of interest in the role of the source from which the woman obtained her method on continuation and failure rates.  Although service factors are of obvious program interest it is often difficult to include them in a meaningful way in analyses of DHS calendar data.  The problem arises because the calendar data are collected retrospectively and refer to episodes of use that began during the five years preceding the survey.  However, service data, when available, refer to the time of the survey.  The service environment may have changed during the five-year period covered by the calendar so the service environment described at the time of the survey may not be relevant to episodes of use that began four or five years previously.  In some countries in which repeated DHS surveys have been undertaken, recent surveys have been conducted in the same clusters, or at least some of the same clusters, as earlier surveys.  When this sample design is used the cluster-level service availability data from the earlier survey can be matched with the individual-level calendar data from the later survey to enable appropriate analysis of service factors on contraceptive use dynamics.  However, to date few surveys that include a calendar have implemented this design.

Analyses of contraceptive discontinuation and failure by source of supply face similar problems.  In DHS surveys, source of supply is collected only for the current method and refers to where the woman obtained the method the last time.  This information is not relevant for earlier episodes of use in the calendar or for any discontinued episodes.  Source of supply is likely to vary over episodes of use and may even vary within an episode of use particularly for methods such as pills and condoms which require frequent resupplies.  In order to analyze contraceptive continuation and failure rates by source of supply, source histories would have to be collected in the calendar alongside the contraceptive history.  The quality of data on contraceptive sources that could be obtained retrospectively is open to question and the DHS program has not pursued this approach.  However, the current Indonesia Family Life Survey includes a contraceptive history calendar and is experimenting with including source data in the calendar.  The questionnaire is still in the pretest phase and it will be interesting to see how this approach works in the field.

Temporal problems can also arise for some characteristics of the woman that are collected at the time of the survey but may have changed during the last five years.  Characteristics that are very likely to have changed should be adjusted to refer to the start of each episode of use.  This is relatively easy to do for variables such as age, parity, and fertility intentions because dates of births and information on the planning status of recent births are collected in the DHS.  However, such adjustments are not possible for all variables that may change over time.  If the characteristic of interest is unlikely to have changed for most women during the last five years (e.g. education) the value measured at the time of the survey can be used.  However, variables that change frequently and cannot be adjusted to refer to the time the episode of use began should not be included in the analysis.

Example: Continuation and Failure in Six Countries.

In this section selected indicators of contraceptive continuation and failure are presented for six countries in order to illustrate one use of calendar data in program evaluation.  Figure 1 illustrates all-method and first-segment12-month continuation rates.  The continuation rates are based on episodes of use of modern methods (pill, IUD, injectables, vaginal methods, condoms, male and female sterilization, and implants), periodic abstinence, and withdrawal that began in the period 3-62 months before each survey.  As described above, for all-method continuation rates an episode of use is defined as continuous use of any contraceptive method while for first-segment rates an episode of contraceptive use is defined as continuous use of a specific method.
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The all-method 12-month continuation rate ranges from 65 percent in Bangladesh and Peru to 84 percent in Zimbabwe.  First-method continuation rates are lower, reflecting the impact of method switching on all-method continuation rates, and range from 50 percent in Colombia to 80 percent in Zimbabwe.  The difference between the first-method and all-method continuation rates is very low in Zimbabwe suggesting relatively little method switching in that population.

Table 3.  Method-specific 12-month discontinuation rates, selected DHS surveys.


Method






Country and year
Pill
IUD
Injectables
Condom
Periodic abstinence
Withdrawal

Bangladesh. 1993/94
45.3
37.6
57.8
72.5
45.2
55.2

Colombia, 1995
52.9
19.2
67.7
65.4
54.2
62.7

Egypt, 1992
42.3
12.7
55.8
49.0
39.5
-

Indonesia, 1994
34.0
15.5
29.3
52.0
33.2
36.3

Peru, 1991/92
56.3
12.2
67.6
65.9
48.7
57.4

Zimbabwe, 1994
15.7
-
16.2
45.0
-
29.6

Note: A dash (-) indicates that the rate has been suppressed because there are fewer than 125 episodes of use from which to construct the life table.

Table 3 presents method-specific 12-month discontinuation rates (first-segment rates) for each of the six countries.   In general, the 12-month discontinuation rates are relatively high for all methods except the IUD.  The highest discontinuation rates are observed for condom and injectables but  the 12-month discontinuation rates for the pill, periodic abstinence and withdrawal also frequently exceed 40 percent.  The discontinuation rate of the IUD is much lower and is under 20 percent in all countries except Bangladesh.
 Discontinuation rates are lowest in Zimbabwe for all methods for which data are available, but are particularly low for the pill and injectables.  In contrast, discontinuation rates tend to be relatively high in Colombia and Peru, although IUD and condom discontinuation rates are highest in Bangladesh.

The method-specific discontinuation rates presented in Table 3 suggest high levels of discontinuation, and therefore presumably dissatisfaction, with all methods except the IUD in most of the populations studied.  However, in order to understand the program implications of these high discontinuation rates it is necessary to look in more detail at the behavior of users after discontinuation.  Tables 4-7 present 12-month rates of switching, failure, and abandonment of use for each of the populations.  In this analysis, the status after discontinuation is based on the users contraceptive status in the month immediately after discontinuation of the specific method and the stated reason for discontinuation.  If the woman reported that she stopped using because she became pregnant she is recorded as having experienced a contraceptive failure.  If she is using another method in the month immediately after discontinuation she is considered to have switched methods.  She is considered to have abandoned use if she is not using a method in the month following discontinuation or is pregnant (excluding contraceptive failures).  Abandonments are further classified by whether the woman appeared to still be in need of contraception based on her stated reason for discontinuation.  Those who discontinued for the following reasons are considered not to be in need of family planning: Infrequent sex/husband away, wanted to become pregnant, difficult to get pregnant/menopause, marital dissolution/separation.  Users who abandon use for any other reason are considered to still need family planning.  Since the analysis focuses on comparing rates across the six populations and across methods, single decrement life table rates (gross rates) are presented.

Table 4.  Method-specific 12-month gross method-switching rates, selected DHS surveys.


Method






Country and year
Pill
IUD
Injectables
Condom
Periodic abstinence
With-drawal

Bangladesh. 1993/94
19.0
22.8
33.0
45.9
19.2
26.2

Colombia, 1995
25.2
10.5
44.9
43.3
26.2
35.5

Egypt, 1992
11.1
4.0
32.5
28.7
12.7
-

Indonesia, 1994
10.2
9.2
16.4
29.9
12.9
16.5

Peru, 1991/92
32.2
7.1
46.4
44.3
11.6
29.5

Zimbabwe, 1994
2.4
-
7.6
14.5
-
11.3

Note: A dash (-) indicates that the rate has been suppressed because there are fewer than 125 episodes of use from which to construct the life table.

The patterns observed in the 12-month switching rates largely follow the patterns seen in the discontinuation rates (Table 4).  Switching rates are generally high for both injectables and condoms suggesting that much of the discontinuation of these methods is a switch to another method.  In contrast, switching rates are low for the IUD, except in Bangladesh.  As expected, switching rates are low in Zimbabwe, especially for the pill and injectables.  The 12-month switching rate for the pill is particularly high in Peru at 32 percent.

Table 5.  Method-specific 12-month gross failure rates, selected DHS surveys.


Method






Country and year
Pill
IUD
Injectables
Condom
Periodic abstinence
With-drawal

Bangladesh. 1993/94
2.3
0.4
1.6
11.1
10.9
13.0

Colombia, 1995
9.4
3.5
9.3
9.0
23.7
22.5

Egypt, 1992
11.2
1.6
5.6
5.5
22.1
-

Indonesia, 1994
5.1
2.0
1.8
7.9
14.1
13.4

Peru, 1991/92
6.0
1.2
6.0
15.0
30.9
27.0

Zimbabwe, 1994
2.4
-
1.5
6.0
-
10.9

Note: A dash (-) indicates that the rate has been suppressed because there are fewer than 125 episodes of use from which to construct the life table.

Failure rates are of particular interest because they result directly in an unwanted pregnancy.   The 12-month failure rate is lowest for the IUD in all of the populations with data available and is highest for the two traditional methods.  The failure rates of the pill ranges from 2 percent in Bangladesh and Zimbabwe to 11 percent in Egypt.  The failure rate for injectables tends to be similar or slightly lower than that of the pill.  Failure rates tend to be relatively low in Bangladesh (except for the condom) and in Zimbabwe.  These differences across countries may reflect differences in the quality of use but, given the self-reported definition of failure used here, they  may also reflect differences in the reporting of contraceptive failures.  Failure rates of traditional methods are relatively high in Peru, particularly for periodic abstinence.  This finding is of particular interest given the widespread use of periodic abstinence in Peru and suggests that periodic abstinence failures are likely to be a significant cause of unwanted and mistimed pregnancies there.

Table 6.  Method-specific gross 12-month rates of abandoning use while in need of family planninga, selected DHS surveys.


Method






Country and year
Pill
IUD
Injectables
Condom
Periodic abstinence
With-drawal

Bangladesh, 1993/94
20.7
16.2
30.4
20.5
6.7
10.5

Colombia, 1995
15.7
4.5
20.0
10.7
3.1
6.0

Egypt, 1992
15.9
4.7
18.5
9.4
2.9
- b

Indonesia, 1994
9.8
3.9
7.8
12.9
2.6
4.1

Peru, 1991/92
19.1
3.4
28.1
12.1
2.8
5.6

Zimbabwe, 1994
6.3
-
4.6
9.7
-
3.6

a  Users are considered to be in need of family planning if they discontinued for one of the following reasons: husband disapproved, wanted a more effective method, side effects, health concerns, cost, availability, inconvenient to use, fatalistic, other, dont know, missing.

b A dash (-) indicates that the rate has been suppressed because there are fewer than 125 episodes of use from which to construct the life table.

Table 6 presents 12-month rates of abandoning use while in need of family planning.  The women who abandon use while apparently in need of contraception are an important group from a program perspective because their discontinuation exposes them to the risk of an unwanted or mistimed pregnancy and suggests that the family planning program is not providing them with appropriate services to meet their needs.  On a cautionary note, the definition of need used here is based on the stated reason for discontinuation which has some limitations.  Strickler et al. (1997) found that the reason for discontinuation was less reliably reported than other information in the calendar and it is likely that many women have more than one reason for discontinuing use.  Those who abandon use rather than switching methods may be less motivated to contracept and may have other reasons, such as low coital frequency or desire for another pregnancy, for discontinuing use.  Nevertheless, it is useful to make a distinction between those whose reason for discontinuation clearly suggest that they no longer need contraception and those who abandon use for other reasons.

The rates of abandoning use while apparently in need of contraception are relatively high for pills, condoms, and injectables.  The rates are particularly high in Bangladesh for all methods and in Peru for pills and injectables.  In general, the 12-month rate of abandoning use while in need is lower than the 12-month switching rate presented in Table 4 which indicates that more women who discontinue because of some problem with the method switch to another method than discontinue use altogether.  However, for pills the rate of switching methods is often similar to or higher than the rate of abandoning use so it appears that many pill users have difficulty finding another method when they experience problems.  In Colombia and Peru the switching 

rates for the pill are substantially higher than the rates of abandoning use but the rates of abandoning use remain relatively high at over 15 percent.

Table 7.  Method-specific 12-month gross rates of abandoning use because no longer need family planninga, selected DHS surveys.


Method






Country and year
Pill
IUD
Injectables
Condom
Periodic abstinence
With-drawal

Bangladesh. 1993/94
12.8
3.2
8.0
27.9
18.4
22.1

Colombia, 1995
17.5
2.1
19.0
24.8
16.0
20.7

Egypt, 1992
13.1
3.0
14.7
16.4
8.4
- b

Indonesia, 1994
14.2
1.2
6.6
14.6
8.3
8.1

Peru, 1991/92
15.2
1.0
10.1
18.0
13.5
12.4

Zimbabwe, 1994
5.5
-
3.5
24.2
-
7.6

a  Users are considered to no longer need contraception if they discontinued for one of the following reasons: Infrequent sex/husband away, wanted to become pregnant, difficult to get pregnant/menopause, marital dissolution/separation.

b A dash (-) indicates that the rate has been suppressed because there are fewer than 125 episodes of use from which to construct the life table.

The IUD is usually promoted as a long term contraceptive method so the low 12-month rates of abandoning use for reasons associated with reduced need observed for the IUD are expected (Table 7).  In contrast, the rate of abandoning condom use due to reduced need is relatively high, particularly in Bangladesh, Colombia, and Zimbabwe.  This finding suggests that the condom may often be used as a short-term method during a temporary period of need.  In Zimbabwe the rate of abandoning use of pills and injectables is very low.  Injectables are promoted as a long term method in Zimbabwe which may partially explain their low rate of abandonment for these reasons.  In addition, pills are typically initiated early in the post-partum period in Zimbabwe (Sambisa and Curtis, 1997) and, given their preference for long birth intervals, Zimbabwean women, are therefore unlikely to discontinue use to become pregnant again within a year.

To summarize, the examples presented here suggest that discontinuation rates of specific methods are high in many populations.  There appears to be widespread dissatisfaction with most of the methods currently available so providing contraceptive options that enable women to switch methods until they find a suitable one is essential.  Users seem to have the most problems maintaining long term use of injectables and condoms and it is important to be aware of these continuation problems when promoting these methods or counselling clients.  Contraceptive failure is a particular problem for users of traditional methods, as expected.  The high rates of switching suggest that many users who discontinue use do switch to an alternative method but rates of abandoning use for method-related reasons are also relatively high, particularly for pills, injectables, and condoms.  This group of users is of particular program interest.  Although not presented here, data collected in the calendar can easily be used to study the behavior of this group after abandonment to provide further insights into how to meet their needs. 

In the example presented here Zimbabwe stands out as experiencing very low rates of discontinuation, particularly for pills and injectables.  This finding may suggest high levels of user satisfaction with these methods which is in contrast to the findings in the other populations, particularly for injectables.  However, it is possible that the low switching rates reflect a lack of other contraceptive options or that discontinuations are reported differently there.  Further discussion of contraceptive discontinuation in Zimbabwe can be found in Sambisa (1996).

Discussion
This chapter has reviewed the use of calendar data to study contraceptive use dynamics.  As contraceptive use becomes established in populations, the dynamics of contraceptive use become increasingly relevant in program evaluation.  The calendar approach provides a means of collecting the longitudinal data required to study contraceptive use dynamics that can be readily implemented in routine cross-sectional surveys.  The discussion in this chapter has focused on the DHS calendar because many countries conduct DHS surveys as part of their routine data collection activities.  However, calendars are also used to collect contraceptive histories in other surveys including the National Surveys of Family Growth in the United States and in the current Indonesia Family Life Survey.  The exact format of the calendar varies across these surveys but the general principle remains the same.

The calendar has many advantages over alternative instruments for collecting contraceptive histories but data quality remains an important issue.  At the aggregate level, reporting appears to be very good in the calendar and there is no evidence of substantial heaping of durations or of systematic omission of episodes of use, even in the early period of the calendar.  However, at the individual level reporting appears to be less reliable and this may affect the stability of estimates of contraceptive discontinuation and failure.  The effect of under-reporting of induced abortions on discontinuation and particularly failure rates also remains an area of concern.

This chapter has focused on the use of the calendar to study contraceptive continuation and effectiveness and presented some basic indicators of these behaviors to illustrate one potential use of the data in family planning program evaluation.  However, the calendar data can be used in many other ways; for example to study post-partum contraceptive behavior and overlap of contraceptive use with amenorrhea, abstinence, and breastfeeding (Becker and Ahmed, 1994; Curtis, 1996; Sambisa and Curtis, 1997).  Such analyses are likely to be of particular interest for post-partum family planning programs.  In addition, analyses of the role of service factors on contraceptive continuation and failure are likely to be very useful.  At present, few countries have collected the data needed for these analyses.  The lack of suitable service data that can be linked with the calendar remains a significant obstacle to fully exploiting the analytic potential of the calendar data for evaluation.  However, suitable data are likely to become increasingly available as more countries undertake repeat surveys in the same sample clusters as earlier surveys.

To conclude, the calendar data have enormous potential to inform family planning programs on contraceptive continuation, effectiveness, and post-partum contraceptive behavior.  As the data become more established and their analytic potential is realized the calendar will become a indispensable data collection tool for family planning program evaluation.

Notes
�. The CPR is defined as the percentage of currently married women of reproductive age (usually 15-49) who are currently using a contraceptive method.  


�. Steiner et al.  (1996) recommend using the terms perfect-use pregnancy rate and typical-use pregnancy rate rather than method and use failure rates.


�.Usually no distinction is made between induced abortions, spontaneous abortions, and stillbirths.  One exception is in the calendar implemented in the 1993 DHS in Turkey in which this distinction was made and information on the provider of induced abortions was added in column 2.


�.The information on the start date for episodes in progress at the start of the calendar was collected only for the particular method being used at the start of the calendar.  Therefore, the duration of use at the start of the calendar refers only to the duration of use of that method.  This information can be used for the calculation of first-segment continuation rates but not for all-method continuation rates.


�. For further discussion of DHS service availability surveys see the chapter by Wilkinson in this volume.
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Appendix A: A Sample from the DHS Calendar 
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