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Abstract

Background

Accurately measuring abortion incidence poses many challenges. The list experiment is a
method designed to increase the reporting of sensitive or stigmatized behaviors in surveys,
but has only recently been applied to the measurement of abortion. To further test the utility
of the list experiment for measuring abortion incidence, we conducted list experiments in
two countries, over two time periods.

Materials and methods

The list experiment is an indirect method of measuring sensitive experiences that protects
respondent confidentiality by hiding individual responses to a binary sensitive item (i.e.,
abortion) by combining this response with answers to other non-sensitive binary control
items. Respondents report the number of list items that apply to them, not which ones. We
conducted a list experiment to measure cumulative lifetime incidence of abortion in Malawi,
and separately to measure cumulative five-yearincidence of abortion in Senegal, among
cisgender women of reproductive age.

Results

Among 810 eligible respondents in Malawi, list experiment results estimated a cumulative
lifetime incidence of abortion of 0.9% (95%CI: 0.0, 7.6). Among 1016 eligible respondents in
Senegal, list experiment estimates indicated a cumulative five-year incidence of abortion of
2.8% (95%Cl: 0.0, 10.4) which, while lower than anticipated, is seven times the proportion
estimated from a direct question on abortion (0.4%).
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Conclusions

Two test applications of the list experiment to measure abortion experiences in Malawi and
Senegal likely underestimated abortion incidence. Future efforts should include context-
specific formative qualitative research for the development and selection of list items, enu-
merator training, and method delivery to assess if and how these changes can improve
method performance.

Introduction

Accurate epidemiological surveillance of abortion (induced termination of pregnancy) is cru-
cial for developing informed and responsive family planning programs, policies, and interven-
tions [1]. However, abortion is highly stigmatized in many settings, complicating reliable
measurement of its occurrence [1-4].

Methodologies commonly used to estimate abortion incidence have widely acknowledged
limitations [3,5-8]. Direct measurement methods, whereby respondents are asked directly
about their abortion experience(s), may result in underreporting due to social desirability bias
and privacy concerns [2,3]. Underreporting is likely magnified in contexts where abortion is
legally restricted [3,5,7,9], due to fears for personal safety and desires to avoid legal or social
repercussions. Indirect methods for measuring abortion, such as the Abortion Incidence Com-
plications Methods (AICM), the Anonymous Third Party Reporting (ATPR) method, and the
Network Scale-Up Method (NSUM) [10-12], rely on sources of information other than the
individual who had the abortion, and until recently, the AICM may have excluded abortions
that took place outside of the formal health-care system, such as self-managed abortions
[6,13]. Further, these methods require large and costly data collection efforts [10-12]. Despite
these limitations, these indirect methods in some cases could be the only available sources for
country-level estimates in settings where abortion is restricted.

In response to these limitations, researchers have recently applied an indirect method
known as the list experiment to estimate abortion incidence. The list experiment method asks
a respondent to identify how many items on a list of health events the individual has personally
experienced. Respondents do not disclose which events they have experienced, only how
many. Respondents are randomized to respond to either a list of non-sensitive control items
only or the same control list plus the sensitive item under study (i.e., abortion). By relying
directly on individuals’ reports (as opposed to clinicians or confidantes), the list experiment
may be better positioned than other indirect methods to capture all abortion experiences,
including those that the respondent has not disclosed to confidantes, and that take place in a
clinic setting or are self-managed.

Beginning in 2015, the list experiment method has begun to be used to measure abortion
incidence [14-17], with mixed results. List experiments to measure abortion in Iran, Liberia,
Pakistan, the United States, and Texas [14,16-20], showed promising results for reducing under-
reporting, while list experiments from India, Tanzania, Turkey and Vietnam have failed or
shown inconclusive results [21-24]. Thus, additional empirical data on the performance of the
abortion list experiment in various contexts, including its strengths and limitations, are needed.

To further test the utility of the list experiment for measuring abortion incidence over various
time frames and in new contexts, we applied the methodology in two countries where abortion is
legally restricted and abortion data are limited: Malawi and Senegal. In both countries, abortion is
prohibited by law except to save the pregnant person’s life; in practice, it is rare for anyone to
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meet the legal requirements for abortion [25,26]. Recent abortion estimates in each country are
from indirect methods-in Malawi, the estimated abortion rate is 38 abortions per 1,000 reproduc-
tive aged women per year (2015) [27]; in Senegal, the estimated abortion rate is 17 abortions per
1,000 reproductive aged women per year (2012) [28]. These likely underreport the true incidence
of abortion in each country, as the indirect method utilized to generate these estimates relied on
third party recall and assumptions about care-seeking from healthcare professionals [28]. Given
lower than expected abortion incidence estimates in each country, we set out to test the perfor-
mance of a newer, indirect method of abortion measurement-the list experiment-to explore its
ability to reduce underreporting of abortion in these restrictive contexts.

Materials and methods
Ethical approval

The study in Malawi was approved by the institutional review boards at Ohio State University
IRB and the Malawi College of Medicine. The study in Senegal was reviewed and approved by
the Comité National d’Ethique pour la Recherche en Santé based in Dakar, Senegal. Partici-
pants provided verbal informed consent.

Study participants

In Malawi, we utilized data from the third wave of Umoyo wa Thanzi (UTHA), a community-
based two-stage stratified cluster cohort study of reproductive-aged cisgender women (ages
15-49) in rural Lilongwe, Malawi (conducted October 2016—-April 2017). In Senegal, we uti-
lized data from a stratified, probability proportional to size sampled household survey of cis-
gender women (ages 15-44) in four regions of the country: Dakar, Diourbel, Louga and
Ziguinchor (conducted in September-October 2017). More details of sampling for both sur-
veys are reported elsewhere [29].

As the primary aims of both studies were to provide descriptive statistics in relation to fam-
ily planning outcomes, sample size was not estimated to achieve a stated power for any given
statistical test. Toward the goal of estimating abortion incidence with some precision, a sample
size of 1000 individuals was estimated necessary to reach approximately 85 individuals with a
history of induced abortion in the past five years (based on the lowest abortion incidence esti-
mate from both sites). This sample size would allow for a population-level estimate of induced
abortion with a margin of error of 10% [28].

Survey design and administration

Trained enumerators conducted survey interviews face-to-face in Chichewa in Malawi, and in
French and Wolof in Senegal (cisgender men and cisgender women enumerators in Malawi; cis-
gender women enumerators only in Senegal). Survey data were entered electronically on tablets.
Survey instruments included questions on socio-demographic characteristics, reproductive
history (including abortion), list experiment questions (Figs 1 and 2), and contraceptive use.
For the primary outcome, to measure the proportion of the population that had ever had an
abortion (Malawi), or that had had an abortion in the past five years (Senegal): we utilized a
double list experiment, a variant of the standard list experiment in which two lists are used,
rather than one. For the two control lists, the research team selected control items utilizing
country-specific Demographic and Health Survey (DHS) data. To minimize variance, control
items were selected to be (1) negatively correlated within a list (to avoid ceiling or floor effects,
whereby a respondent has experienced either all or none of the events on a list, respectively, as
this would invalidate confidentiality); and (2) positively correlated across lists, so a respondent
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Lilongwe, Malawi

Consent to participate in study

Randomized to receive List Set 1 or List Set 2

v v

List Set 1: Malawi List Set 2: Malawi
Here is a list of things that some people have done. Please listen to Here is a list of things that some people have done. Please listen to
them and then tell me HOW MANY you have experienced. Do not them and then tell me HOW MANY you have experienced. Do not
tell me which ones, just tell me how many. tell me which ones. just tell me how many.
List A — Control List A — Treatment
* You have had a vaccine in your life . * You have had a vaccine in your life .
* You have donated blood in your life. * You have donated blood in your life.
* You have had malaria in the last 12 months. * You have intentionally terminated a pregnancy.
Now, how MANY of these are true for you? None, one. two, or all? * You have had malaria in the last 12 months.

Now, how MANY of these are true for you? None, one, two, or all?
List B — Treatment

* You have visited a health center in your life. List B — Control

* You have had tuberculosis test in the last 12 months. * You have visited a health center in your life.

* You have intentionally terminated a pregnancy. * You have had tuberculosis test in the last 12 months.

* You have had bed bugs. * You have had bed bugs.

Now, how MANY of these are true for you? None, one, two, or all? Now, how MANY of these are true for you? None, one, two, or all?

Fig 1. Diagram indicating participant randomization to one of two list experiment sets, as well as the full text of the list experiment questions. List
experiment sets presented below for the Lilongwe, Malawi survey.

https://doi.org/10.1371/journal.pone.0247201.9001

who has experienced a control item on one list is likely to have experienced a control item on
the second list [30].

The sensitive item, abortion, was randomized on a 1:1 basis to appear on either the first or
second control list. In this way, each participant received both lists: half of the sample received
the first list with control items only, and the second list with control items plus abortion, while
the other half of the sample received the first list with abortion added, and the second list with
control items only (Figs 1 and 2).

At the time of survey administration, enumerators first administered a practice list to each
respondent that asked about foods eaten in the past week to ensure respondent comprehension
of the list experiment method. After insuring participant comprehension of the format, the
enumerator then read the two main lists separately to the respondent, and asked the respon-
dent to report the number of experiences that applied to them for each list [30].

Analysis

For both countries, we estimated the cumulative incidence of abortion over the specified time
period (lifetime or past 5 years). For both list sets, we calculated the average number of items
reported for the control and treatment version of each list. Next, we subtracted the mean num-
ber of items reported for the control list from the mean number of items reported for the treat-
ment list, separately for List A and List B. We then averaged these two difference-in-means
calculations to provide a more precise estimate of the population proportion that has had an
abortion [14,30].
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Dakar, Diourbel, Louga and Ziguinchor, Senegal

Consent to participate in study

Randomized to receive List Set 1 or List Set 2

List Set 1: Senegal
Here is a list of things that some people have done. Please listen to
them and then tell me HOW MANY you have experienced IN THE
PAST FIVE YEARS ONLY. Do not tell me which ones. just tell me
how many.

List A — Control

* [ have been to a health clinic.

* I have had an X-ray in a city hospital.

* I know a woman who breastfed her baby.

Now, how MANY of these are true for you? None, one. two, or all?

List B — Treatment

* I know someone who received prenatal care for a pregnancy.

* [ have used an ambulance to reach the city hospital.

* I have had an abortion.

* I have heard people talk about methods of contraception.

Now, how MANY of these are true for you? None, one, two, or all?

List Set 2: Senegal
Here is a list of things that some people have done. Please listen to
them and then tell me HOW MANY you have experienced IN THE
PAST FIVE YEARS ONLY. Do not tell me which ones. just tell me
how many.

List A — Treatment

* ] have been to a health clinic.

* ] have had an X-ray in a city hospital.

* I have had an abortion.

* ] know a woman who breastfed her baby.

Now, how MANY of these are true for you? None, one, two, or all?

List B — Control

* ] know someone who received prenatal care for a pregnancy.

* ] have used an ambulance to reach the city hospital.

* ] have heard people talk about methods of contraception.

Now, how MANY of these are true for you? None, one, two, or all?

Fig 2. Diagram indicating participant randomization to one of two list experiment sets, as well as the full text of the list experiment questions. List

experiment sets presented below for the Senegal survey.

https://doi.org/10.1371/journal.pone.0247201.9002

Two identifying assumptions underlie this estimator: 1) the inclusion of the sensitive item
does not affect respondents’” answers to the control items (no design effect), and 2) respondents
answer the sensitive item truthfully (no liars) [31]. To evaluate these assumptions, we tested
for a design effect. A design effect exists if the number of control items that an individual
reports depends on whether or not the list includes the sensitive item (abortion)-i.e., if partici-
pants were so concerned about the presence of abortion on the list, they would falsely report a
lower number of control item experiences to make especially clear that they have not had an
abortion. To assess for a design effect, we calculated the difference between the lists with and
without abortion in the proportions of participants with at least X positive responses [30]. Neg-
ative differences suggest the potential presence of a design effect [31]. We then conducted a
likelihood ratio test using the R ‘list’ package to formally identify or reject the presence of a
design effect [32]. Sensitivity analyses explored whether list estimates varied by enumerator
gender. Data management and analyses were conducted in Stata 15 and R, and estimates were
weighted based on sampling design.

Results
Study participants

We included 810 respondents in analyses for Malawi, and 1016 respondents in Senegal
(Table 1). Per the double list experiment format, each of these respondents received one list
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Table 1. Selected sociodemographic characteristics of a probability sample of participants in a household survey of cisgender women of reproductive age in
Lilongwe, Malawi (n = 810), and Dakar, Diourbel, Louga and Ziguinchor regions in Senegal (n = 1,016).

Malawi (N = 810)

Senegal (N = 1,016)

% % % %
N Unweighted Weighted N Unweighted Weighted

Age (years)

Less than 18 9 1 1

18-20 65 8 8 71 7 6

21-25 218 28 28 236 23 23

26-30 155 20 20 196 19 20

31-35 177 23 23 222 22 21

36-44 152 20 20 291 29 30

Greater than 44 3 0.4 0.4 -- - --

Missing 31 -- - 0 - --
Education

None 59 7 7 327 32 21

Primary 530 66 66 302 30 34

Secondary 213 27 27 290 29 30

Post-secondary -- -- - 97 10 15

Missing 8 - -- 0 -- -
Relationship status

Single, never married 31 4 4 188 19 24

Unmarried, living with partner -- -- -- 6 1 1

Married, living with partner 625 76 76 544 54 52

Married, not living with partner 48 6 6 216 21 15

Divorced/separated 88 11 11 50 5 6

Widowed 13 2 2 12 1 2

Missing 5 -- -- 0 -- --
Religion

Muslim 5 0.7 0.7 982 97 96

Christian 612 88 88 34 3

Other 81 12 12 0

Missing 112 -- -- -- --

https://doi.org/10.1371/journal.pone.0247201.t001

with the sensitive item (abortion) included, and one list without the sensitive item. We
excluded any respondents outside of the eligible age range, or who did not provide responses
to both treatment and control lists (n = 53 in Malawi, n = 0 in Senegal). Consistent with gen-
eral population characteristics in both sites, most participants were between the ages of 21 and

35 years, and over half had attended primary school or less.

List experiment estimates

List experiment results from Malawi yielded an estimate of the lifetime cumulative incidence
of abortion of 0.9% (95% CI: 0.0%, 7.6%; Table 2). In Senegal, list experiment results estimated
a cumulative five-year incidence of abortion of 2.8% (95% CI: 0.0%-10.4%; Table 2).

In response to a direct question about lifetime experience of abortion, 4 (0.4%) respondents

in Senegal responded affirmatively. For comparison, the five-year weighted list experiment
estimate (2.8%) is seven times the magnitude of the abortion estimate obtained from the direct
question. In Malawi, the survey did not ask about abortion directly.
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Table 2. List experiment estimates of the percentage of cisgender women of reproductive age who have had an abortion in their lifetime (Lilongwe, Malawi) and in

the past five years (Senegal).

List A estimate List B estimate Average of Lists A & B 95% CI
Malawi (n = 810)
Unweighted 0.7% 1.6% 1.2% 0-7%
Weighted -0.3% 2.0% 0.9% 0-8%
Senegal (n = 1016)
Unweighted 13.4% 6.1% 9.7% 4-15%
Weighted 4.5% 1.0% 2.8% 0-10%

Results from list experiment estimators, by each list (A and B), as well as combined; 95% confidence intervals are calculated using linear mixed models that account for

clustering.

https://doi.org/10.1371/journal.pone.0247201.t1002

Sensitivity analyses

Despite a number of negative differences between items reported on treatment and control
lists (S1 and S2 Tables), the likelihood ratio test rejected the presence of a design effect for all
lists (Malawi: List A: p = 0.75, List B: p = 0.76; Senegal: List A: p = 0.37, List B: p = 0.99). How-
ever, the difference in ceiling effects (respondents reporting that all list items were true for
them) for List A in both Malawi and Senegal may warrant attention. In Malawi, 14% of respon-
dents to the control version of List A reported ALL items being true for them, versus only 0.8%
of those who received the treatment version; similarly in Senegal, 16% of respondents to the
control version of List A reported all items being true for them, versus only 3% who received
the treatment version of List A. The results of the design effect test suggest that we do not have
sufficient evidence to rule out chance as a cause for this, but the difference could reflect that
some respondents may have altered responses based on the presence of the sensitive item on
the list. We found no difference in abortion incidence estimates when stratified by enumerator
gender in Malawi (in Senegal, all enumerators were cisgender women).

Discussion

Using a recently introduced methodology for measuring abortion-the list experiment-we esti-
mated that 0.9% of reproductive age women in Malawi had ever had an abortion, and that
2.8% of reproductive age women in Senegal had an abortion in the past five years. However,
given knowledge of family planning and fertility statistics in both countries, these list experi-
ment results are likely underestimates of the true incidence of abortion [27,28]. Indeed, based
on prior AICM estimates of induced abortion in Malawi and Senegal and United Nations esti-
mates of the population of women of reproductive age in each country for 2016, we would
expect that at least 3.0% of Malawian women per year would have had an abortion, and 1.7%
of Senegalese women per year, or 8.5% over five years [27,28,33]. This five-year figure for Sene-
gal is closer to the unweighted list experiment estimate of 9.7% from respondents in Senegal.
While the list experiment in estimate in Senegal reduced underreporting of abortion as com-
pared to a direct question, it nonetheless may still have resulted in substantial underreporting.
There are a number of possible explanations for these lower than hypothesized weighted esti-
mates, falling into three general categories listed here in order of greatest likelihood: (1) design
issues with the list experiment, (2) pervasive sensitivity bias preventing honest disclosure of
abortion, and (3) chance.

The most important step in designing a list experiment is selecting appropriate individual
list items. Ideally, an investigator would select control list items that are reasonably related to
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the sensitive item, to minimize the sensitive item “jumping out” from the others, and poten-
tially causing respondents to alter their responses as a result (a design effect) [30]. However,
given the social sensitivity around nearly all sexual and reproductive health services in the set-
tings under study, it was difficult to identify related health experiences comparable to abortion
that were not themselves also sensitive or stigmatized. This led us to select control items from
a broader range of health experiences, including some more widely experienced in the popula-
tion than ideal [30], which may have altered respondents’ decisions to report experiences
truthfully (evidenced by discrepancies in ceiling effects across treatment versus control lists).

It is also plausible that respondents were not familiar with individual list items, and thus
could not answer accurately. For instance, the concept of an “x-ray” may have been foreign to
some participants. While enumerators encouraged all respondents to ask clarifying questions, it
is possible that some did not. Cognitive interviews conducted in the United States found that
individual list item comprehension is challenging for list experiments measuring abortion [18];
the same may have been true in Malawi and Senegal. Survey enumerators in Malawi reported
that participants often experienced challenges in responding to the list items correctly, with
some participants answering “yes” or “no” after each item was read, despite practice questions
and repeating the question. It may even be possible that some interpreted the word “abortion”
differently. With the increasing availability of abortion medications, coupled with estimates that
21% of abortions in Senegal are self-managed [28], it may be that people do not view self-man-
aged medication abortion as “abortion”. Perhaps, medication abortion is viewed as a form of
menstrual regulation or by another different name if it occurs outside of the healthcare system
[34]. If this were true, respondents may not have counted these experiences in their tallies.

Compounding these issues, it is possible that respondents had poor comprehension of the
unique list experiment format. The question requires respondents to keep a mental tally of health
experiences over a specified period. In study samples with low numeracy, this could impact the
accuracy of data collected, thereby biasing the estimates. Future surveys could include measures
of numeracy to explore if and how list experiment responses vary with numeracy. It may also be
possible that participants do not perceive the list format as anonymous; intentional statements
from enumerators in question scripts could address this in future surveys.

Beyond possible design issues with the lists themselves, these abortion estimates may be low
due to the same sensitivity bias that results in underreporting in direct questions of abortion:
people fear stigmatization or legal repercussions for disclosing an abortion experience, and
thus do not report it [25,29,35]. A 2018 report found that 38% of the female prison population
in Senegal is imprisoned for alleged abortion or infanticide [36]; with such powerful legal
repercussions, it is plausible that respondents did not feel comfortable disclosing abortion
even via an indirect format. A recent review of list experiment results highlighted fear of legal
repercussions as an important driver of underreporting in survey research [37]. While we
found no evidence for systematic bias in the number of non-sensitive items reported (the
design effect test), it could be that respondents accurately represented the number of non-sen-
sitive items experienced but simply did not add abortion to their tally of experiences. Even in
less legally punitive settings, it is well established that people have reservations about reporting
abortion experiences [1,2]. Thus, it seems reasonable to assume that these same concerns
could have contributed to the lower than anticipated list experiment estimates. If this is true,
the list experiment failed to prevent underreporting of abortion in these two settings.

Alternatively, although unlikely, it is possible that our assumption that the true incidence of
abortion is much higher than these estimates is incorrect, or that it is due to chance alone in
the samples selected. Perhaps the stigma and legal repercussions act as a deterrent, and people
are not inducing abortions as frequently in Malawi and Senegal as in similar contexts else-
where. Indeed, data on the occurrence of infanticide in Senegal suggests that many people are
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not able to obtain abortions [29,38]. However, we do not think this is likely given data on
high-levels of treatment for abortion complications [39-41].

It is also possible that, by chance, the particular characteristics of our study samples differ
from the national population in ways that could explain part of the discrepancy between the
estimates we present and national estimates. For instance, in our Malawi study, the sample pri-
marily consisted of married women with relatively good access to contraceptive services at a
local community hospital. Given the predominantly rural nature of the sample, it is possible
that unwanted birth was viewed more often as a socially safer choice than clandestine abortion.
With a more diverse sample, we might have found a higher estimate of abortion incidence.

Future studies that seek to utilize the list experiment methodology should consider these
limitations. Possible solutions for future studies include, first and foremost, a recommendation
to conduct formative qualitative research in each context to understand the appropriate way to
ask about experiences with abortion in the words that individuals would use to describe it. Fur-
ther, this qualitative research should elicit input on the proposed non-sensitive list items-spe-
cifically, to identify items that do not stand out so clearly as unrelated to sexual and
reproductive health, and that model negative within-list correlation, and positive between-list
correlation. Additionally, rigorous training of enumerators to ensure they understand the pur-
pose of the list format, with key strategies for how to explain the format to participants, is cru-
cial. Positioning the list questions at the start of a survey, particularly when these questions are
embedded within a larger survey, may mitigate question fatigue that can lead to data quality
and completeness issues. Finally, researchers may want to consider potentially disclosing to
participants the objective of the list experiment and explicitly highlighting the protection of
confidentiality that this format affords.

Given the paucity of data on abortion incidence and the well-documented challenges of
obtaining unbiased data on this essential reproductive health event, the development of inno-
vative measurement tools and methods is of vital importance. The results presented here pro-
vide important data points on the performance of a recently introduced method of measuring
abortion: the list experiment. Despite some success in reducing underreporting as compared
to a direct question, findings highlight limitations of the method and suggest potential process
modifications that could increase the accuracy and utility of the method. After implementing
the proposed process changes, further testing of the list experiment method with rigorous
comparisons to other indirect measurement tools is warranted to evaluate if and when contin-
ued use of the list experiment for measurement of abortion is warranted.
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