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Although the reproductive calendar is the primary tool for measuring
contraceptive dynamics in low-income settings, the reliability of calendar data
has seldombeen evaluated, primarily due to the lack of longitudinal panel data.
In this research, we evaluated the reproductive calendar using data from the
Performance Monitoring for Action Project. We used population-based longi-
tudinal data fromnine settings in seven countries: Burkina Faso, Nigeria (Kano
andLagos States), Democratic Republic of Congo (Kinshasa andKongoCentral
Provinces), Kenya, Uganda, Cote d’Ivoire, and India. To evaluate reliability, we
compared the baseline cross-sectional report of contraceptive use (overall and
by contraceptive method), nonuse, or pregnancy with the retrospective repro-
ductive calendar entry for the corresponding month, measured at follow-up.
We use multivariable regressions to identify characteristics associated with re-
liability or reporting. Overall, we find that the reliability of the calendar is in
the “moderate/substantial” range for nearly all geographies and tests (Kappa
statistics between . and .). Measures of the complexity of the calendar
(number of contraceptive use episodes, using the long-acting method at base-
line) are associated with reliability. We also find that women who were using
contraception without their partners/husband’s knowledge (i.e., covertly) were
less likely to report reliably in several countries.
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 Characteristics Associated with Reliability in Reporting of Contraceptive Use

BACKGROUND

Although the reproductive calendar is the primary tool for measuring contraceptive dy-
namics in low- and middle-income settings, the validity and reliability of calendar data are
largely unknown, primarily due to data limitations. A tool to collect a woman’s recent preg-
nancy and contraceptive history, the reproductive calendar is a grid in which pregnancies,
pregnancy outcomes (including births and pregnancy terminations), and contraceptive use
(including method type and reason for discontinuation) are recorded for each calendar
month over a two- to five-year period preceding the survey.Many large-scale surveys, like the
Demographic andHealth Surveys (DHS) and theNational Survey of Family Growth (NSFG),
have included reproductive calendars in their survey instruments for decades.

Data from the reproductive calendar are routinely used to calculate key family planning
measures that inform policies worldwide. The reproductive calendar is used to calculate con-
traceptive discontinuation rates by method and reason (Ali, Cleland, and Shah 2012), as well
as contraceptive switching and contraceptive failure rates (Polis et al. 2016), all of which are
considered fundamental measures of a country’s family planning program. Method discon-
tinuation and switching, for example, are among the 18 coremeasures identified by FP2020 to
evaluate countries’ progress toward family planning goals and tomeasure the extent to which
individuals’ family planning needs are met (FP2020 2021). The importance of the reproduc-
tive calendar is widely acknowledged; Bradley et al. (2015) state that “Information collected
in DHS calendars form the primary data source for the study of contraceptive use dynam-
ics, particularly rates of contraceptive discontinuation, failure, and switching, in low- and
middle-income countries” (pg. 21).

Despite the widespread reliance on the reproductive calendar to create these key family
planning indicators, the validity and reliability of calendar data are largely unknown. Al-
though the calendar has been implemented in more than 37 countries since 1990, yielding
more than 200 total calendars (Bradley et al. 2015), few studies have examined the data qual-
ity of the calendar—and the ones that did have important limitations.

Among the few studies that have evaluated calendar data quality, most have used cross-
sectional data (herein referred to as the “cross-sectional approach”) (Bradley et al 2015; Becker
and Diop-Sidibé 2003; Curtis and Blanc 1997; Becker and Sosa 1992; Westoff, Goldman, and
Moreno, 1990; Goldman, Moreno, and Westoff 1989). For example, several studies evaluated
calendar quality by calculating modern contraceptive prevalence rates (mCPRs) for each
year available in the calendar and comparing calendar-based mCPRs to cross-sectional
noncalendar-based mCPR estimates from DHS (Bradley et al. 2015; Strickler et al. 1997).
Cross-sectional data have also been used to identify the extent of age heaping (Becker and
Diop-Sidibe 2003), or for the population-level estimates described above, to compare the
calendar with another mode for capturing contraceptive dynamics (Goldman, Moreno,
Westoff 1989). Although these approaches provide useful information about calendar data
quality at the population level, they do not permit the identification of individuals for
whom the calendar is unreliable; and it is difficult to improve calendar data quality without
knowing which women report unreliable calendar information. To measure the reliability of
the calendar data, one would need longitudinal data for the same women, with a period of
overlap in the calendar: as stated in Bradley et al. (2015) “An ideal way to assess the reliability
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of retrospectively collected data would be to interview the same women multiple times”
(pg. 21).

To date, there have been only three studies with the longitudinal design and calendar
data necessary to achieve this objective (Callahan and Becker 2012; Strickler et al. 1997;
Tumlinson and Curtis 2021), using data from only three countries: Kenya, Bangladesh, and
Morocco. Of these studies, only one used nationally representative data; the Bangladesh study
only included data for rural residents (Amin et al. 2010), and the Kenya study was among
urban residents. All three studies involved populations with relatively high contraceptive use
and low fertility compared to most countries in sub-Saharan Africa (SSA): the contraceptive
prevalence rate was 44 percent in Morocco, 70 percent in Bangladesh, and 57 percent in
Kenya (Callahan and Becker 2012; Strickler et al. 1997; Tumlinson and Curtis 2021). Only
Tumlinson and Curtis (2021) used longitudinal calendar data from a country in SSA, many
of which have among the highest fertility rates and lowest rates of contraceptive use in the
world (United Nations 2020).

The three studies that have used longitudinal data to evaluate the reliability of calendar
data generally agree on some features of the calendar: (1) the reliability of the calendar falls
within the “moderate to substantial agreement” category (Kappa statistics between 0.41 and
0.80), and (2) women with more complex reproductive histories are less reliable in report-
ing their calendar information (Callahan and Becker 2012; Strickler et al. 1997; Tumlinson
and Curtis 2021). However, there is also substantial disagreement and notable gaps in this re-
search. First, there is variation in reliability across settings, with Kappa’s ranging from 0.56 to
0.79 across countries and ways of testing reliability (Callahan and Becker 2012; Strickler et al.
1997; Tumlinson and Curtis 2021). Second, the characteristics associated with reliability are
not consistent across studies: measures like age are not consistently associated with reliability
across studies, and other measures, like household wealth and urban/rural residence, were
not tested in all studies. Third, although all three studies hypothesize that the use of long-
acting reversible methods (LARCs) is associated with greater reliability, this was only found
in one (Tumlinson and Curtis 2021), potentially due to small sample sizes of LARC users in
the other two studies.

The limitations of previous research are well-documented. Bradley et al. (2015) note that
“Few studies to date have examined the quality of the contraceptive information collected
in DHS calendars” (pg. 21), and that more has been done to examine quality at the popula-
tion level instead of the level of the individual woman. Similarly, Callahan and Becker (2012)
state that “The reliability of thesemethods for capturing accurate contraceptive histories over
time…remains largely unknown” (pg. 3). Although the previous three studieswere conducted
in settings with varying sociodemographic and family planning characteristics, only one took
place in SSA; the reliability of calendar data is otherwise unknown for these populations.

These three studies also included a limited range of factors that influence reliability.
Previous studies have focused on demographic characteristics (e.g., age, education, and
household income) and calendar complexity (such as the number of use episodes, parity,
and method type). While these factors are indeed important influences on reliability, the
underlying assumption in selecting these measures is that reliability is primarily influ-
enced by the ability to remember the timing and order of reproductive events. But this
misses another important potential influence on calendar reliability: women’s willingness to
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 Characteristics Associated with Reliability in Reporting of Contraceptive Use

self-report reproductive events. Reporting contraceptive use, for example, may be sensitive
in some contexts, and sensitive questions are often subjected to relatively larger biases
in response and may, therefore, be less reliable (Bignami-VanAssche 2003; Knodel and
Piampiti 1977). Therefore, there is a need to include measures that capture women’s will-
ingness to report contraceptive use in assessments of calendar reliability. We hypothesize
that reliability is influenced both by the woman’s ability to remember events (captured by
demographic characteristics and calendar complexity), and her willingness to report various
reproductive behaviors, which is influenced by factors like social norms and communication
about contraceptive use with a husband or partner.

In this research, we used rarely available longitudinal panel data to evaluate the reliability
of the reproductive calendar. In doing so, we addressed the prominent limitations of previous
studies: we used these longitudinal panel data with the overlap in the reproductive calendar
for the same women, which permitted the individual-level analysis that has been lacking. We
expand the evidence base on how characteristics of women may affect their ability to retro-
spectively remember and report reproductive events, and examine whether calendar relia-
bility is influenced by a woman’s willingness to self-report reproductive behavior by testing
whether sensitive contraceptive behaviors or norms around family planning are associated
with reliability in reporting.We used recent data from seven countries that vary substantially
in sociodemographic, fertility, and family planning profiles: Kenya, Burkina Faso, Nigeria,
the Democratic Republic of Congo (DRC), Uganda, India, and Cote d’Ivoire.

METHODS

Data

For this study, we used data from the Performance Monitoring for Action Project (PMA).
PMA started in 2013, with the goal of collecting representative data on key family planning
indicators in Africa and Asia. To date, PMA has operated in 11 countries, collecting represen-
tative data at the national and/or subnational level. PMA uses a multistage stratified cluster
design to draw a probability sample of households and females of childbearing age.

For data collection, PMA employs Resident Enumerators (REs), or women who live
within or nearby the enumeration areas (EAs) where data are collected. Analysis suggests
that this approach yields better data quality than interviewers who are not from the study
area (Anglewicz et al. 2019; Safi 2019). Each RE is assigned to an EA of approximately
200 households. Data collection begins withmapping and listing of all households and health
facilities in the EA, after which approximately 35 households are randomly selected. For se-
lected households, the RE first administers a household survey that measures household as-
sets, followed by a survey to all women aged 15–49 within the household that captures family
planning-related behaviors. Data are collected on smartphones using Open Data Kit (ODK)
as the program for data collection.After the interview is completed, theRE submits the data to
a cloud server; these data are aggregated and downloaded by the PMAdatamanagement team
for regular checks of data quality. Survey instruments are available on the PMA website (at
https://www.pmadata.org/data/survey-methodology) andmore information about the PMA
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study design, data quality, data collection approach, and data use can be found in Zimmer-
man et al. (2017).

In its most recent iteration, starting in 2019, PMA shifted study designs from a repeated
cross-sectional design to a longitudinal panel design. PMA collects representative longi-
tudinal panel data in the seven countries listed above; PMA is nationally representative in
Kenya, Burkina Faso, Niger, Uganda, and Cote d’Ivoire; and collects representative data at
the subnational level in India (Rajasthan), Nigeria (Kano and Lagos states only), and DRC
(Kinshasa and Kongo Central provinces only).1 The countries included in our study vary in
key family planning and fertility characteristics: the mCPR ranges from 8.1 percent to 44.2
percent, and long-acting contraceptive method prevalence ranges from 2.6 percent to 31.0
percent (PMA 2022). This variation is valuable because the reliability of the reproductive
calendar could largely be a product of the contraceptive method mix and fertility profile.
Previous research has shown that the reliability of reproductive calendar data is a function of
the number of contraceptives used, the type of method used, and the number of pregnancies
(Callahan and Becker 2012; Strickler et al. 1997; Tumlinson and Curtis 2021). Therefore, it is
critical to have variation in fertility levels, contraceptive methods mix, and other family plan-
ning characteristics to adequately capture a range of aspects associated with the reliability of
the reproductive calendar, and how these characteristics vary by setting.

For this analysis, we use data from the baseline (Phase 1) and follow-up (Phase 2) sur-
vey from nine settings in seven countries, which were collected between November 2019
and January 2021. The analytical sample in this study includes all women in both the Phase
1 (P1) and Phase 2 (P2) panels (e.g., women who were relocated and interviewed) for the nine
geographies.2 PMA has experienced exceptionally low attrition, obtaining over 70 percent of
the baseline sample in all geographies (Appendix Table 3).

Measures and Analytic Methods

For this analysis, wemeasured reliability by comparing twodifferent approaches tomeasuring
contraceptive use, from (1) the main survey, which we call the “cross-sectional measure” and
(2) the reproductive calendar, which provides a retrospective measure. For the former, PMA
measures current contraceptive use by asking women if they or their partners are currently
doing anything to delay or avoid getting pregnant, followed by a probe about coital-specific
and traditional contraceptive method use, phrased as “Just to check, are you or your partner
doing any of the following to avoid pregnancy: deliberately avoiding sex on certain days, using
a condom, using withdrawal or using emergency contraception?” Following these questions,
women are asked “Whichmethod ormethods are you using?,” with all contraceptivemethods
listed as options. Women can list more than one current method; in the case of multiple

1 PMA also collects nationally representative data in Niger, but the second phase of these data was not available at the time of
analysis, so we limited our study to the remaining seven countries.

2 Two ODK programming errors resulted in specific samples of women not being required to submit a contraceptive calendar
at the end of the survey. First, REs interviewing panel women who reported never having used contraception and who did
not have an intervening pregnancy between P1 and P2 were not required to submit a contraceptive calendar—this error was
present for all countries. Second, REs interviewing panel womenwhowere using family planning at the time of the P2 survey,
who started within the calendar period, and who had no pregnancies during the calendar period were also not required to
submit a contraceptive calendar—this error was present only for Kenya, Nigeria, DRC, and Burkina Faso. Therefore, these
women were excluded from the present study. Exclusions range from 2 percent of the panel sample in Rajasthan to 13 percent
of the panel sample in Nigeria Kano. We consider these biases in the interpretation of our results.
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 Characteristics Associated with Reliability in Reporting of Contraceptive Use

methods, PMA uses the most effective method. Women are also asked if they are currently
pregnant. These questions are used for the P1 cross-sectional current reproductive status, in
which women are categorized as nonusers, pregnant, or users of a specific method.

PMA’s method for completing the reproductive calendar is like that of the DHS and
NSFG. Due to the complexity of the calendar information, REs used a paper aid for data col-
lection. The paper aid includes up to 36 boxes (each box representing one month of time, so
up to three years) divided into three sections (each representing 12 months of time) in which
to record information about the woman’s experiences with pregnancy and contraceptive use.
The calendar includes two columns, the first captures pregnancies, live births, pregnancy
terminations (miscarriages or abortions), and contraceptive use (by method type), and
the second captures contraceptive discontinuation by reason. The RE starts by recording
information about pregnancies, terminations, and births, which serve as “anchors” for the
subsequent recording of contraceptive use and discontinuation. After this information has
been added to the calendar paper aid, the RE reviews for coherence and probes for more
information if necessary, and then transfers the information from the paper aid to the ODK
phone survey. After completing the interview, the REs took pictures of the paper and pencil
calendar, so that the datamanagement teams could compare the picture with the data entered
in the phone. In doing so, we found veryminimal errors between the paper form and the data.

Between these two approaches, we believe that the cross-sectional measure is likely more
accurate than the retrospective measure from the contraceptive calendar. Unlike the retro-
spective calendar approach, the cross-sectional measure does not require remembering con-
traceptive behaviors from the past and is likely to be more accurate as a result (Tsui et al.
2021).

To evaluate the reliability of women in their reporting of their reproductive status, we
compared the two measures above: the report of contraceptive use or pregnancy from the
P1 survey with the status reported for the same month from the woman’s P2 retrospective
reproductive calendar. We used two different approaches to compare these measures. First,
we examined the concordance of women in reporting a three-category measure: nonuse,
pregnancy/pregnancy outcomes, and contraceptive use. The total percent agreement repre-
sents the diagonals of the 3×3 cross tabulation of these categories divided by the total sample
size. This category of concordance is herein referred to as “3×3 concordance.” Prior calen-
dar evaluations (Strickler et al. 1997; Tumlinson and Curtis 2021) have used this approach
to compare the reliability of cross-sectional reporting with retrospective calendar report-
ing. Second, we examined the concordance of women in reporting a 10-category measure,
which includes nonuse, pregnancy/pregnancy outcomes, and specific contraceptive method
use (male/female sterilization, intrauterine device (IUD), implant, injectable, pill, condom,
other modern, and traditional). The total percent agreement represents the diagonals of the
10×10 cross tabulation of these categories divided by the total sample. This category of con-
cordance is herein referred to as “10×10 concordance.” This category of concordance adds
a level of nuance to the 3×3 method; in this measure, the level of agreement also requires
women to be consistent in the reporting of their specific method, which is not captured in
the 3×3.

Next, we examined the percent agreement and Kappa statistics for the two measures of
concordance outlined above, the 3×3 and the 10×10. We focus on the row totals, that is,

Studies in Family Planning () March 

 17284465, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/sifp.12226, W

iley O
nline L

ibrary on [31/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Anglewicz et al. 

the percent of women who reported each status in their P2 retrospective calendar for the P1
surveymonth out of the total number ofwomenwho reported that status in the P1 survey. The
total percent agreement was calculated as the total number of women who were concordant
across the categories out of the total number of women. Kappa statistics were also computed
as a means to evaluate how likely the concordance departs from chance (Landis and Koch
1977).

In addition to the analysis of agreement in the exact month, we also examined agreement
within a +/– two-month period. The results, in Appendix Table 2, show that the percentage
of agreement increases when the time period is expanded. But the change in agreement varies
across countries, with the smallest overall increase in agreement was in Rajasthan (where the
reliability was already high) and greatest in Kano (a setting with relatively lower reliability
in terms of the Kappa statistic). After expanding the reporting period by +/– two months,
there is still a percentage that does not agree, which suggests that there are events that are
misreported as opposed to just inaccuracies in timing.

Third, we conductedmultivariable logistic regression to determine whichmeasures were
associated with reliability. The outcome variable, whether a woman was concordant in her
reporting, comes from the 10×10 table, in which she was considered concordant if she con-
sistently reported one of the 10 following statuses for the P1 survey month in both surveys:
nonuse; pregnancy/birth outcome; male/female sterilization, IUD, implant, injectable, pill,
condom, other modern, and traditional.

In our multivariable regression analysis, we included P1 sociodemographic covariates:
age of the woman (15–24 years; 25–34 years; 35 years or older); parity (0 births, 1–2 births,
3–4 births, 5+ births); wealth quintile; the highest level of schooling (none/primary; sec-
ondary or higher); and residence (urban/rural). Like previous studies, we examined how re-
liability varied by the complexity of the P2 calendar using three measures: the number of
pregnancies reported in the P2 calendar (none, 1 pregnancy, 2+ pregnancies); the number of
contraceptive use episodes reported in the P2 calendar (none, 1 episode, 2+ episodes); and
a binary variable for if a long-acting method was reported at P1 (no method reported/short-
acting method at P1; long-acting method reported at P1).

We also explored the factors that might influence women’s willingness to report con-
traceptive use, focusing on three: covert contraceptive use, and two measures of contracep-
tive use norms. For covert use, in each survey wave, women who reported currently us-
ing a female-controlled method (i.e., any method except for male condom, withdrawal, or
male sterilization) were asked if their partner knew about the use. Women who were using a
female-controlled method and who responded that their partners did not know about their
use were classified as covert users; all other users were classified as overt users. To exam-
ine whether covert use of contraception was associated with the reliability of reporting, we
added a binary measure of covert use at either P1 and/or P2 to the multivariable regression
models described above. Women were only included in this analysis if they had a value for
this measure in either wave; therefore, this analysis is limited to women who were using a
female-controlled method in either P1 or P2. The two measures of contraceptive use norms
are (1) the P1 EA-level average prevalence of contraceptive use, and (2) the P1 EA-level aver-
age level of agreement with the statement that “Family planning is for married women only.”
We expect that higher levels of contraceptive use in the community represent a favorable
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 Characteristics Associated with Reliability in Reporting of Contraceptive Use

environment for contraceptive use and will be associated with greater reliability; while a
higher percentage of community agreement with the statement that family planning is only
for married women represents a more restrictive environment and will be associated with
less reliability. We conduct separate multivariable regressions for each of these three mea-
sures and include all demographic and calendar complexity measures as well. Because the
two norm measures are captured at the community (EA) level, we use multilevel regression
models.

PMA weights all data to account for study design and nonresponse, and attrition for the
longitudinal panel data. In all analyses, we used design-based logistic regressions to adjust
for design effects (DEFF>1) due to the multistage stratified cluster design. PMA has consis-
tently obtained a response rate of greater than 70 percent in all settings. We also compared
characteristics between women who were interviewed in both P1 and P2, and those lost to
follow-up. As expected, the lost to follow-up were younger, better educated, and have fewer
children (shown inAppendix Table 3). To address the differential loss to follow-up, we created
inverse probability weights by first identifying sociodemographic characteristics associated
with the likelihood of reinterview in P2 (at p<0.05), then calculated the predicted values of
these measures, and finally created weights that were the inverse of the predicted values.3 For
our regression results, we show odds ratios and 95 percent confidence intervals; results that
are statistically significant at p<0.05 are in bold font.

RESULTS

This study benefits from data across a range of settings that vary in sociodemographic char-
acteristics and contraceptive use patterns. As shown in Table 1, while age distributions were
generally similar across sites, there was more variation in parity, with at least one-third of
women nulliparous in Nigeria-Lagos and DRC Kinshasa, while in Nigeria-Kano, 41 percent
of women had given birth to 5+ children. Similarly, the highest schooling level attained var-
ied across sites; most women in Nigeria-Lagos and DRC Kinshasa had at least a secondary
education (88 percent and 92 percent, respectively). On the other hand, close to two-thirds
of women in Nigeria-Kano, Burkina Faso, and Cote d’Ivoire had no formal education or only
primary education (64 percent, 76 percent, and 64 percent, respectively). Most of the popula-
tion lived in rural residences in Kenya, Nigeria-Kano, Burkina Faso, Uganda, and Rajasthan,
but most of the population had urban residences in Cote d’Ivoire, and the samples were en-
tirely urban in Nigeria-Lagos and DRC-Kinshasa.

Regarding contraceptive use patterns, P1 reproductive status differed considerably across
sites in terms of contraceptive prevalence and method mix. Contraceptive use was lowest

3 We also conducted two additional analyses. First, to examine whether the total percent agreement was a function of the
distribution of nonuse andFPuse,we examined the total percent agreement betweenP1 current use andP2 calendar reporting
among two subsamples of users. We compared the P1 current use status to the P2 calendar status of women who reported
using male/female sterilization, implant, IUD, injectables, pills, condoms, other modern methods, or traditional methods
at P1, which we herein name the “8×10 table.” Second, to further explore the concordance of short-acting method user
specifically, we also examined the percent agreement in reporting of short-acting users only. We compared the P1 current
use status to the P2 calendar status of women who reported using injectables, pills, condoms, other modern methods, or
traditional methods at P1. We call this type of agreement “5×10 agreement.” Results of these analyses (not shown) did not
change the substantive interpretation of our findings.
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Anglewicz et al. 

in Nigeria-Kano, where only 9 percent of the sample reporting current use; use was highest
in Kenya (51 percent) and Rajasthan (45 percent). Injectables and implants were the most
popular methods in Kenya, Burkina Faso, and Uganda. Traditional methods were the most
reported in Nigeria-Lagos, DRC, and Cote d’Ivoire. Female sterilization was the most com-
monly reported method in Rajasthan. At least 50 percent of women reported no pregnancies
in their P2 retrospective calendar; yet, the number reporting at least one pregnancy in their
P2 calendar ranged from 20 percent in Rajasthan to 49 percent in Nigeria-Kano. The number
of use episodes was highest in Kenya, where 63 percent reported at least one use episode, and
lowest in Nigeria-Kano, where 89 percent of women reported no use episodes.

Table 2 shows the results of the 3×3 concordance analysis, which is the total agree-
ment with the three-categorymeasure of nonuse, pregnancy, and contraceptive use.We show
the percentage of agreement for each category, along with the total percentage of agree-
ment and the Kappa statistic. Overall, we find that agreement was similar across countries,
ranging from 78 percent in Uganda, Cote d’Ivoire, and DRC Kongo to 90 percent in Ra-
jasthan. Kappa statistics showed slightly more variation, ranging from 0.60 in Cote d’Ivoire
to 0.81 in Rajasthan; though all fell in the “moderate/substantial” agreement category (i.e.,
Kappa statistics between 0.41 and 0.80), except for Rajasthan, which would be considered to
have “excellent reliability” (Landis and Koch 1977). When we examine this by specific status
(nonuse, pregnancy, and contraceptive use), we find more variation: across most sites, the
percent agreement was generally higher for nonuse (81.3–90.4 percent) and pregnancy (75.7–
95.2 percent) but lowest for FP use (60.9–91.6 percent), except for Rajasthan, where all three
statuses had 90–92 percent agreement.

Once we disaggregate the contraceptive use into specific method types (Table 3), we gen-
erally find lower percentages of agreement and lowerKappa statistics. The total percent agree-
ment decreased in all countries from those shown in Table 2, ranging from 73 percent in DRC
Kongo to 86 percent in Rajasthan. This pattern was similar for Kappa statistics, which ranged
from 0.57 in Cote d’Ivoire to 0.80 in Rajasthan. Across sites, the percent agreement was typi-
cally the highest for long-acting methods (female/male sterilization, implant, and IUD), less
so for short-acting methods, such as injectable and pill, and lowest for coital-specific meth-
ods like the male condom. The percent agreement of traditional method use was typically
between pill/condom and injectable in reliability.

We show results from two additional and related analyses in the online Appendix
(Table 1). When we examined the total percent agreement only among women who reported
currently using at P1, the percent agreement of their specific method was lower at all sites
than the full sample of women (either 3×3 or 10×10), and more across-country variation
is evident: just over half of women in Cote d’Ivoire and Nigeria-Kano were consistent in
their method reporting, compared to 61 percent of women inNigeria-Lagos andDRC-Kongo
Central. Rajasthan had the highest percentage, at 84 percent of agreement among users. We
further examined the reliability of reporting among women using short-acting methods (in-
jectable, pill, condom, other modern, and traditional) at P1. Among women who reported P1
current use of any of these short-acting methods, total agreement decreased across all sites
compared to other tests of agreement. Around 50 percent of women in Nigeria-Kano, DRC
Kongo Central, Uganda, and Cote d’Ivoire reliably reported their short-acting methods, and
the highest was 75 percent of women in DRC Kinshasa who reported these methods reliably.
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 Characteristics Associated with Reliability in Reporting of Contraceptive Use

TABLE  Percent agreement and kappa statistics for concordance in reporting of reproductive
status in the same reference month (the × Concordance Analysis), – Performance
Monitoring for Action data from nine geographies
Kenya % Agreement/Kappa Unweighted n

Nonuse 81.3 2,961
Pregnancy outcome 93.1 360
FP use 83.7 3,266
Total % agreement 82.5
Kappa statistic 0.69
Unweighted n= 6,587
Nigeria-Lagos % Agreement/Kappa Unweighted n

Nonuse 86.3 553
Pregnancy outcome 86.7 56
FP use 73.9 428
Total % agreement 81.6
Kappa statistic 0.66
Unweighted n= 1,037
Nigeria-Kano % Agreement/Kappa Unweighted n

Nonuse 90.4 637
Pregnancy outcome 75.7 110
FP use 60.9 117
Total % agreement 85.2
Kappa statistic 0.65
Unweighted n= 864
DRC-Kinshasa % Agreement/Kappa Unweighted n

Nonuse 87.0 876
Pregnancy outcome 95.2 113
FP use 84.5 823
Total % agreement 86.7
Kappa statistic 0.77
Unweighted n= 1,812
DRC-Kongo Central % Agreement/Kappa Unweighted n

Nonuse 83.4 632
Pregnancy outcome 80.7 133
FP use 71.8 606
Total % agreement 78.2
Kappa statistic 0.63
Unweighted n= 1,371
Burkina Faso % Agreement/Kappa Unweighted n

Nonuse 85.5 2,626
Pregnancy outcome 94.4 413
FP use 77.0 1,859
Total % agreement 82.7
Kappa statistic 0.70
Unweighted n= 4,898
Uganda % Agreement/Kappa Unweighted n

Nonuse 82.2 1,611
Pregnancy outcome 87.2 288
FP use 70.2 1,063
Total % agreement 78.4
Kappa statistic 0.62
Unweighted n= 2,962
Cote d’Ivoire % Agreement/Kappa Unweighted n

Nonuse 82.4 1,763
Pregnancy outcome 81.5 284
FP use 69.8 862
Total % agreement 78.3
Kappa statistic 0.60
Unweighted n= 2,907

(Continued on next page)
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Anglewicz et al. 

TABLE  (Continued)
Kenya % Agreement/Kappa Unweighted n

Rajasthan % Agreement/Kappa Unweighted n

Nonuse 89.7 1,879
Pregnancy outcome 91.5 201
FP use 91.6 2,355
Total % agreement 89.5
Kappa statistic 0.81
Unweighted n= 4,435

NOTE: Agreement is defined as the weighted percent of women who reported the respective reproductive status at the P1 survey and also
reported the same status in P2 calendar for the same month of P1 survey.

The results of ourmultivariable analysis are shown inTable 4, which includes sociodemo-
graphic and calendar complexity measures that are associated with reliability. Several results
are consistent across geographies: across all sites except Nigeria-Kano, women who reported
using a long-actingmethod at P1 had greater odds of being reliable in their report thanwomen
not using long-acting methods in P1. In all sites except Nigeria-Kano and Rajasthan, women
with more use episodes had lower odds of concordant reporting. Across most sites, higher
parity had a negative relationship with concordance (except Nigeria-Lagos, DRC-Kinshasa,
and Uganda).

Other results were consistent in a subset of geographies. In DRC-Kongo, Cote d’Ivoire,
and Rajasthan, older age was associated with higher odds of being concordant. In another
three sites, Nigeria-Kano, DRC-Kongo, and Burkina Faso, higher education was associated
with lower concordance. Also, having more pregnancies in the P2 calendar was associated
with lower odds of concordance in Kenya, Nigeria-Kano, and Burkina Faso. Finally, we
see that the relationship with wealth varies across settings: increased wealth was associated
with higher concordance in Nigeria-Kano and DRC Kongo but lower concordance in Cote
d’Ivoire.

Finally, in Table 5, we see the results for the association between calendar reliability and
covert use, and the two measures of contraceptive use norms: (1) the EA-level average preva-
lence of contraceptive use, and (2) the EA-level average level of agreement with the statement
that “Family planning is for married women only.” We find that reporting of covert use at ei-
ther P1 or P2was associatedwith lower odds of reporting use reliably in six of the eight settings
where we tested this relationship (at p<0.10): Kenya, Nigeria-Lagos, DRC-Kinshasa, DRC-
Kongo Central, Cote d’Ivoire, and India-Rajasthan (this was not tested in Nigeria-Kano due
to the small number of female-controlled method users). The EA-level average prevalence
of contraceptive use was associated with reliability in only two settings, Nigeria-Lagos and
Nigeria-Kano, but the association was in opposite directions: in Lagos, there was a positive
relationship between the prevalence of contraceptive use and reliability, while the relationship
was negative in Kano. Finally, we found only one statistically significant association between
reliability and the EA-level average agreement that family planning is for married women
only, where a higher percentage of agreement was associated with lower odds of reliable re-
porting.
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Anglewicz et al. 

TABLE  Adjusted odds ratios and confidence intervals for the effects of covert use and
EA-level community norms on reliable reporting in the reproductive calendar for nine
geographic regions, – Performance Monitoring for Action data
Setting and covariates Adjusted Odds Ratios % Confidence Intervals

Kenya
Reported covert use at P1 or P2 . . .
EA-level CPR 0.96 0.48 1.92
EA-level % agree that family planning is for
married women only

. . .

Nigeria-Lagos
Reported covert use at P1 or P2 . . .
EA-level CPR . . .
EA-level % agree that family planning is for
married women only

0.73 0.37 1.47

Nigeria-Kano
Reported covert use at P1 or P2 N/A N/A N/A
EA-level CPR . . .
EA-level % agree that family planning is for
married women only

1.74 0.61 4.95

DRC-Kinshasa
Reported covert use at P1 or P2 . . .
EA-level CPR 0.24 0.03 1.80
EA-level % agree that family planning is for
married women only

1.11 0.38 3.24

DRC-Kongo Central
Reported covert use at P1 or P2 . . .
EA-level CPR 0.46 0.12 1.79
EA-level % agree that family planning is for
married women only

1.04 0.52 2.08

Burkina Faso
Reported covert use at P1 or P2 0.64 0.35 1.16
EA-level CPR 1.68 0.66 4.31
EA-level % agree that family planning is for
married women only

0.83 0.42 1.63

Uganda
Reported covert use at P1 or P2 0.39 0.13 1.22
EA-level CPR 0.39 0.08 1.89
EA-level % agree that family planning is for
married women only

1.07 0.35 3.27

Cote d’Ivoire
Reported covert use at P1 or P2 . . .
EA-level CPR 0.70 0.22 2.17
EA-level % agree that family planning is for
married women only

1.03 0.49 2.15

India-Rajasthan
Reported covert use at P1 or P2 . . .
EA-level CPR 0.17 0.01 2.06
EA-level % agree that family planning is for
married women only

0.83 0.28 2.50

NOTE: Models also control for age, parity, wealth, education, residence (where available), pregnancies in P2 calendar, use episodes in the P2
calendar, and using a long-acting method in P1. Boldfaced odds ratios and CIs are significant at p<0.10. Nigeria-Kano was excluded from the
analysis of covert use due to small sample size, at n<100. The survey question that defines covert use (“does your partner know you are using?”)
were asked of any woman who reported the use of any method except male condom, withdrawal, or male sterilization. The binary measure of
covert use included in the model is 1=woman reported covert use at either P1 or P2, 0= woman never reported covert use. Therefore, this
sample is limited to users at P1 or P2 of nonmale-controlled methods.

DISCUSSION

In this research, we used longitudinal panel data from nine geographies in seven countries to
evaluate the reliability of the reproductive calendar. These geographies capture considerable
variation in family planning characteristics, with a range ofmCPR among all women from 7.6
percent to 48.5 percent and varying method mixes. To begin, we compared reports of con-
traceptive use, nonuse, and pregnancy from two separate datasets for the same women for
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 Characteristics Associated with Reliability in Reporting of Contraceptive Use

the same month. We evaluated the extent of agreement for three broad categories (nonuse,
pregnancy, and contraceptive use) and 10 more-specific categories (nonuse, pregnancy, and
contraceptive use for each specificmethod).We then identified characteristics associatedwith
greater reliability in reporting these items, including both sociodemographic characteristics,
measures of calendar complexity, and measures of the willingness of women to report con-
traceptive use.

Overall, across both the broader (3×3) and more specific approaches (10×10), we find
that reliability generally falls within the “moderate to substantial agreement” category, with
some results (Rajasthan) in the category of “excellent” reliability (Landis and Koch 1977). As
expected, the reliability is generally higher for the broader approach, but the differences in
Kappa statistics are not substantial between these approaches and fall between 0.00 and 0.02
for all geographies. Also, as expected, the extent of agreement increases with an expanded
reporting period of +/– two months (Appendix Table 2), but there are still some remaining
discrepancies with this buffer period, which suggests that there may be some items that are
not reported at all on one calendar, as opposed to just inaccuracies in the reported timing of
events.

Looking at results across geographies, reliability is not strongly associated with absolute
levels of contraceptive use. For example, the Kappa statistics are about the same between
Kenya, which has the second highest mCPR, and Nigeria-Kano, which has the lowest. Sim-
ilarly, although Cote d’Ivoire and DRC-Kinshasa have about the same level of nonuse, the
Kappa score is much lower for the latter (0.58 compared to 0.77).

However, reliability is associated with long-acting method use. When we limit our anal-
ysis to users, and to users of short-acting methods, the reliability declines from the analysis
of all women.We find the lowest levels of agreement among women using short-acting mod-
ern and traditional methods. Only DRC-Kinshasa has a relatively high agreement among
women using short-acting methods (at 75 percent), and most other locations have less than
60 percent agreement among these women. This suggests that the extent to which the calen-
dar provides accurate data is influenced by themethodmix, and the reliability of the calendar
may improve in the future with increased use of long-acting methods.

Looking at individual-level characteristics, we find that there is an inverse relationship
between the number of overall reproductive events reported in the calendar and the reliabil-
ity of calendar reports: three other measures that are associated with less reliability in most
countries include higher parity, a greater number of use episodes in the calendar, and not
using a long-acting method at P1. In short, the more complex the calendar is, the less likely
it is to be reliable. In contrast, sociodemographic measures are either not significantly asso-
ciated with reliability, or not associated in most countries, which previous studies assessing
the validity or reliability of survey reports have also found, including studies assessing the
contraceptive calendar (e.g., Blanc et al. 2021; Callahan and Becker 2012; Carter et al. 2021;
Strickler et al. 1997).

We find that reliability is associated with some of the measures that capture the woman’s
willingness to report contraceptive use as well. In six of the geographies where this was tested,
we find that womenwho had not disclosed their contraceptive use to their husbands were less
likely to be reliable in their reports than women whose husbands were aware of their contra-
ceptive use. It is perhaps not surprising that women who did not report contraceptive use to
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their husbandsmay also not consistently report this to an interviewer, which suggests that the
tendency to reliably report contraceptive use may depend not only on the respondent’s abil-
ity to remember their use patterns but also their willingness to report contraceptive use. We
do not find consistent evidence for the other measures in this category, the EA-level average
contraceptive use or the EA-level average percentage of women who believe family planning
is only for married women; as these measures are only significantly associated with reliabil-
ity in one or two settings. Nonetheless, the more consistent relationship between reliability
and covert use suggests that reliability is partly influenced by women’s willingness to report
contraceptive use, and this influence should be further considered and explored.

Although we include a broader range of geographies in this analysis, some of our re-
sults are consistent with previous research. In the three previous studies, from urban Kenya,
rural Bangladesh, and Morocco, Kappa statistics ranged from 0.56 to 0.79 across countries
and the approaches to test reliability; these studies also generally found that women with
more complex reproductive histories were less likely to reliably report contraceptive use
(Callahan and Becker 2012; Strickler et al. 1997; Tumlinson and Curtis 2021). Unlike these
earlier studies, however, we show the value of women’s willingness to report contraceptive
use, most prominently captured by covert use, as a significant predictor of reliability, and we
show that reliability varies considerably across contexts in SSA.

As with other studies on this topic, an important limitation is that we cannot measure
the validity of these reports, since we do not have a measure of the actual underlying status
(pregnancy, contraceptive use, or nonuse). Although we believe that the cross-sectional re-
ports of contraceptive use and pregnancy are more accurate than the retrospective calendar
reports overall (reinforced by related analysis in Tsui et al. 2021), we have no way of knowing
which reports are accurate, even when concordant. Other limitations include the inadver-
tent omission of two populations in our data collection: panel women who reported never
having used family planning and who did not have an intervening pregnancy between P1
and P2, and panel women who were using family planning at the time of the P2 survey, who
started within the calendar period, and who had no pregnancies during the calendar period
(the latter occurred only in Kenya, Nigeria, DRC, and Burkina Faso). These omissions were
only for a relatively small percentage of women in all countries, but these women may be
systematically different in reliability than those included in our analysis.

Although we find that the overall quality of the contraceptive calendar data ranges from
moderate to excellent, caution is necessary for some analyses of calendar data. As described
above, calendar complexity (higher parity, more use of contraceptive episodes, and use of
short-acting methods) is associated with lower reliability, which has important implications
for analyses of contraceptive dynamics and change, such as contraceptive discontinuation
and switching, as such behaviors are less likely to be measured accurately in the calendar.

What can be done to improve the reliability of reports of contraceptive use overall and
the calendar in particular? Based on this research, we offer several observations. First, we
emphasize the importance of paper aid. Given the complexity of the calendar, it would be
impossible to effectively view the completed calendar on the mobile phone used for data col-
lection, so the paper aid is used to view the full reproductive calendar for coherence before
it is entered on the phone. While there is the potential for data entry error of the paper aid,
PMA took pictures of the aid after data collection to (1) compare with the entered data after
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data collection (and we found minimal data entry errors), and (2) provide the potential for
correcting the data if necessary. An experiment in which REs were randomly assigned to use
the paper aid compared with no aid would be necessary to identify the effect of the aid on
calendar reliability. Second, because prior research has suggested that the reliability of calen-
dar data decreases with larger recall periods (Bradley et al. 2015), PMA chose to implement a
two-to-three-year calendar; and it is very likely that data quality would be worse with a five-
year calendar instead (as DHS and other surveys do). Third, PMA devoted a considerable
amount of time training REs in the calendar data collection, including extensive pilot test-
ing of the approach prior to data collection, and video instructions that REs could keep on
their phones for future reference. Fourth, previous analysis of PMA data has demonstrated
the value of the RE approach, which suggests that REs yield better quality data than using
interviewers who are not from the study sites (Anglewicz et al. 2019; Safi 2019). Based on this
analysis, it is reasonable to expect that the impact of social desirability bias might be greater
with “outsider” interviewers. Finally, because we find that the use of long-acting methods is
associated with greater reliability, the increase in these methods in recent years (Tsui et al.
2017) suggests that calendar data will be more reliable over time, although one would also
want to consider the fertility rate and extent of method switching when using the calendar
approach.

Finally, we revisit the tradeoffs between study designs. The longitudinal panel approach
allows a comparison of reports for the same women over time, which permits one to identify
characteristics associated with reporting patterns; as well as the opportunity prospectively
measure contraceptive use. In contrast, a cross-sectional design only allows a population-
level comparison but is less costly than a longitudinal panel. If evaluating the reliability of the
calendar data is a goal of the study, the longitudinal approach is preferable.

This research was primarily focused on measuring the reliability of the contraceptive
calendar and the factors associated with consistent reports. We, therefore, contribute to the
discussion of how to best measure reproductive histories in surveys, but more discussion is
needed. Critical questions remain such as: do misreports of contraceptive use cause signifi-
cant errors in keymeasures like contraceptive discontinuation rates, or are these errorsminor
and tolerable?
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