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Article type.  : Regular Article

Can Individuals’ Beliefs Help Us Understand Non-Adherenceto

Malaria Test Results? Evidence from Rural Kenya

Abstract

In malariasendemic countries about a quarter of test-negative individuals take
antimalarials (artemisinin-based combination therapies, ACTs). ACT overuse depletes
scarcesresources for subsidies and contributes to parasite resistance. As part of a
experiment in Kenya that provided subsidies for rapid diagnostic test and/or for ACT
conditionally on being positive, we study the association between beliefs on malaria
status (prieyand posterior the intervention), and the decisions to get tested and to
purchase-ACT. We find that prior beliefs do not explain the decision of getting tested
(conditional on the price) and non-adherence to a negative test. However, test-negative
individuals who purchase ACT report higher posterior beliefs than those who do not,
consistent. with a framework in which the formers revise beliefs upward, while the latters
do not.change or revise downward. We also do not find evidence that prior beliefs on
ACT effectiveness and trust in test results play any major role in explaining testing or
treatment behavior. Further research is needed to improve adherence to malaria-negative

test results.
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1. Intraduction

Making.deeisions under uncertainty with imperfect information requires agents to rely on
beliefs “about uncertain events in the present and future (Delavande, 2008, van der
Klaauw and)Wolpin, 2008, Attanasio and Kauffman 2009, Delavande and Rohwedder,
2011, Kezdi and Willis, 2011, Arcidiacono et al., 2012, Shapira 2013, Zafar, 2013,
McKenzie et al., 2013, de Paula et al. 2014, Delavande and Kohler, 2016). In the context
of decigions'related to health, where information asymmetry problems are acute (Arrow,
1963 and"Sloan, 2001), agents might rely on their own beliefs about the state of their
health;=as well as form expectations about the probabilities of recovery or imminent
complieations. These beliefs, especially when they diverge from the true probabilities,
can lead individuals to make choices that are not in their own self-interest. For example,
when individuals systematically underestimate future risks, they might allocate resources
and time“inefficiently and also adopt inefficient levels of risky behavior. In additian to
broaderiliterature in education (Attanasio and Kauffman 2009, Arcidiacono et al., 2012,
Zafar, 2013), financial and labor markets (van der Klaauw and Wolpin, 2008, Delavande
and Rohwedder, 2011, Kezdi and Willis, 2011, McKenzie et al., )2@8 literature on

the economics of health has described how beliefs could affect choices about prevention
and treatment in health settings. Most studies in this literature have focused on fertility
choices(Shapira 2013), contraceptive behavior and risky behavior in the context of HIV
(Delavande, 2008, de Paula et al. 2014, Delavande and Kohler, 2016), but there is no
hard evidence on the role that beliefs play in explaining individual decisions related to

other illness, such as malaria. Our study contributes to this literature by studying the
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association between beliefs on malaria status and health behavior for diagnostic testing
and treatment.

Each year, there are 215 million cases of malaria worldwide (WHO, 2015). Most of
individuals with febrile illnesses seek camethe informal health sector, buying the most
effective malaria drug (artemisinin-based combination therapies, ACTs), which is now
publicly-subsidized in many malaria-endemic countries, including Kenya. However, poor
targeting“ofACTs to those in need, remains a concern. In fact, non-malaria febrile
illnesses™are common, and individuals with malaria-like symptoms purchase ACTs over
the counter, without being diagnostically confirmed malaria positive. Even among those
tested, a guarter of individuals tested negative still take ACTs (Briggs et al. 2014, Cohen
et al. 2045)¢ In our setting, rural Western Kenya, malaria tesirgatively uncommon
with 43% of individuals reporting being malaria tested for their recent febrile illness
More than 70% of individuals with a recent fever reported taking ACT, nearly two thirds
of which was sourced from the retail sector: 84% of those tested positive reported taking
ACT; 60%of those untested and 34% of those tested negative also took ACT
(Prudhomme’O’Meara et al. 2018).

Understanding how people make their decisions in the context of testing and treatment
of malariais key to improve the appropriate use of ACTs. Specifically, knowing whether
and how beliefs might guide these choices remain open empirical questions. Research
examining the role of beliefs and malaria-related behavior has comprised primarily of
gualitative“studies examining drug purchases (Metta et al. 2014), and acceptability of
rapid diagnestic test or trust in test results (Comoe’ et al 2012, O’Neil et al. 2015), but we
still lack rigorous quantitative evidence on the relationship between beliefs and malaria-
related health behavior. Our study focuses on the role of beliefs in explaining individual
non-adherence to a negative test result for malaria, a well-documented behavior that has
not yet.been explained empirically. Improving adherence to test results would reduce the
wastefuluuse of publicly-funded ACTs and parasite resistance.

The“data on malaria beliefs and health behavior come from an expdrinmersl
Western Kenya that offered randomized price subsidies to febrile individuals in order to
get tested through a Rapid Diagnostic Test (RDT) for malaria by community health

workers (CHW) and/or to receive conditional price subsiftie retail-sector purchase of
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ACTs amongst those who test positive (Prudhon@rideara et al. 2016). By collecting

data before and after the intervention, we examine whétbeéndividual’s prior beliefs

about whether her fever is due to malaria are associated with the decision to get tested
and to purchase ACT. We observe how beliefs change over time, and how these changes
might differ. depending on positive or negative malaria test results. We also analyze how
the decisions are associated with posterior beliefs (one week after the intervention). We
always“eontrol in our analysis for other prior beliefs such as ACT effectiveness and trust

in a negative or positive test result.

We fingsthat prior beliefs about thetient’s illness are not associated with the choice
to be tested for malaria, while the price of RDT remains the major driver of testing
behavior. Furthermore, prior beliefs are not associated with ACT-purchasing decisions of
individuals who tested negative for malaria. However, prior beliefs explain the decision
to purchase ACT among those who did not get tested and those who tested positive. We
also findithat, amongst individuals who tested negative, posterior beliefs about whether
the fever was due to malaria are associated A@f-purchasing decisions for those who
purchased ACT compared to individuals who did not purchase ACT. We do not find
evidenee that the prior beliefs on ACT effectiveness and trust in a negative or positive
test result play any major role in explaining testing or treatment behavior.

The results indicate that in the context of healthcare for malaria in rural Kenya, prior
beliefs do"net explain the individdaldecision to be tested for malaria (conditional on the
price of RDT). Furthermore, prior beliefs do not explain non-adherence to a negative test
result. [Still, test-negative individuals revise their beliefs after purchasing an ACT. The
positive difference between posterior beliefs of having malaria for negative individuals
who purchased ACT relative to those who did not, is consistent with a conceptual
framewaork.in which test-negative individuals who purchase ACT revise their beliefs of
having_malaria upward, while those negatives who did not purchase ACT revise them
downward,or did not change them. This revision of beliefs after the choices of going for
testing and purchasing ACT drugs could be explained by the following recovery process:
the fever of those tested negative who purchased ACT might still have resolved by itself,

with them attributing their recovery to the ACT drug they took; instead, those tested
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negative who did not purchase ACT might have recovered either purclzasotber
non-ACT drug which cured the true origin of their fever, or without taking any actions.
Thus, while the recovery process of the former group reinforces their belief that the fever
they had one week before was malaria (upward revision), the recovery through the non-
ACT drug.or lack of actions of the latter group either reinforce their belief that did not

have malaria or did not change their beliefs (downward revision or no regvision

2. Background on Diagnostic Testing and Treatment for Malaria
In the last decades there has been a dramatic decline in the global malaria burden. Yet, in
2015, 215 million of cases and 438,000 deaths were attributed to malaria, and about 88%
of those_cases were concentrated in Sub-Saharan Africa (WHO, 2015). A unique
challenge facing malaria control in endemic countries, such as Kenya, is that the majority
of feversyare treated at retail drug stores. Fewer than 15% of potential malaria cases
receive ‘appropriate therapy, contributing to the global burden of disease and to the spread
of resistance to antimalarial drugs (Laxminarayan, 2003, WHO, 2012; Lin et al. 2010).
In_an"effort to increase utilization of ACTs, the remaining most effective antimalarials
the Global Fund introduced quality-assured ACT in the retail sattughly subsidized
prices to_eight pilot countries, including Kenya (Tougher et al. 2012). While higher
utilization"tied to Global Fund subsidies is widely seen as a public health success, it also
leads towidespread overuse of ACTs by patients with malaria-like symptoms who do not
have malaria. Such overuse of ACT not only depletes scarce public resources, it also
contributes to resistance to artemisinin, which is already emerging in parts of South East
Asia (Noedl et al. 2008, Phyo et al. 2012, Ashley et al. 2014).
In order/to test an alternative model of targeting conditional subsidies to those
individuals'who test positive for malayiBrudhommeD’Meara et al (2016) conductedca
field experiment in Kenya that offered randomized price subsidies. Our study of the role
of beliefs in explaining health behavior related to malaria is set within this context of

experimental subsidies for RDT testing and ACT.
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3. Methods, data and analysis

3.1. Setting and Study Participants

Our data was collected as part of a 2x2 factorial field experiment conducted in Bungoma
County. in western Kenya (Prudhomr@@Meara et al. 2016), where individuals were
randomized to receive subsidies for RDT and/or subsidies for purchase of, ACT
conditional.en _positive test results. Between July 2014 and June 2015, the study recruited
individuals™who had a malaria-like illness or history of symptoms in the last 24 hours,
and had™not yet received any testing, medicines or other treatment. Four hundred and
forty-four individuals were enrolled in the study, and 98% of the respondents (adult
patientss orsguardian if patient <18 year old) were interviewed at one-week follow-up.
Over 60% of febrile patients were female, and 62% were children less than 18 years old.
Therefore, the data about beliefs and expectations for the majority of our sample comes
from respondents who were parents or guardians of these children. 84% of respondents
are female with an average age of 37. Most completed primary education and are
engagediinifarming (Appendix 3 Table 1).

3.2. Data

Enumerators collected data on (prior) beliefs and subjective expectations, in addition to
demographic details, health history, household characteristics, and level of knowledge
about malaria. If the patient with malaria-like symptoms was a child (less than 18 years
of age)y“the, parent or guardian provided information on beliefs and expectations, and
about aections taken. We therefore distinguish between patient (the individual with
malaria-like symptoms) and respondent (the adult patient or the parent or guardian if the
patient.is a child less than 18 years old) in the reporting of results. Respondents were
asked to.describe their certainty about specific events by interacting directly with the
touchscreen application hosted on android touchscreen tabhets moved a “slider”

back andsforth to express more or less confidence in the probability of a specific event or
conditions@Appendix 1). Movement of the “slider” resulted in changes in the size of icons

on both sides of the slider to give a visual interpretation of their choice. The slider tool

1 The experiment randomized two levels of subsidy RDT for malaria (fully subsidized and free to the participant vs an
unsubsidized test for which the participant paid US$0.50) and two levels of ACT subsidy (current retail price
equivalent to no additional discount vs an additional discount of US$0.60 at the point of sale).
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allowed us to record beliefs data along a scale from 0% to 100% (Maffioli and Mohanan,
2018) Our data includes respondents’ assessments of the probability that the patient’s

illness is malarig expectations about ACT effectiveness in curing malaria, and malaria
test reliability under different scenarios of getting a positive and a negative test.

As part,of the experimental intervention, patients were randomly assigned to one of
four experimental conditions defined by two levels of RDT subsidies crossed with two
levels of“(conditional) ACT subsidies. One week after randomization, we collected
follow-up“data from respondents on beliefs and actions taken by, or for, the patient. In
addition to collecting (self-reported) data on whether the patient was tested, test results,
and drugsspurchased, we elicited assessments of (posterior) beliefs about the malaria-like
illness thatPmade them eligible for the study, trust in a positive or negative malaria test
result and ACT effectiveness. We were able to confirm respondent-reported testing
results against documentation of the test result in nearly 90% of casegréVieot able
to confirm ACT purchasing unless they used a study subsidy so that we can only rely on

respondentsreported data in this latter case.

3.3. Hypothesis Testing and Empirical Analysis

We conceptualize treatment-seeking as two sequential decisions: whether (i) to get tested
and (ii) to purchase ACT. First, individuals decide whether to get tested or not, and where
to get‘tested (at a health facility or at a CHW). The decision is entirely up to the
respondents, which could go to a health facility and receive a microscopy test, or to go to
a CHW"and receive a RDT. Second, individuals decide to purchase drugs (ACT versus
other treatment options), taking into account the new information about being malaria
negative or positive. If they choose to not get tested, they do not have access to the ACT

subsidies,. but they are still able to decide whether to purchase any drugs or not. The

2 The analysis assumes that respondents have a basic understanding about malaria being caused bythaticattion

be detected by a malaria test and treated with ACT. In our sample, 82% of respondents reportedridaonidl be

passed from one person to another and 79% of these respondents identified mosquitoes as the mode of transmission. In
addition, 85% of respondents identified ACTs as a medicine that can be used to treat malaria. This suggests that
respondents in our sample have a strong understanding of the biomedical basis of the disease.
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decision of purchasing ACT would be the entirely up to the respondents if they decide to
go to the informal sector to purchase a dug.

In the first part of our analysis, we examine the associatiomeen respondents’ prior

beliefs and individual behavior. We are interested in the role that prior belief of having
malaria_has ofi) individual testing behavior and (ii) ACT purchasing behavior. We thus
try to isolate the role of belief about having malaria, controlling for the general level of
trust'in“a“(negative or positive) test as well as a discrete measure of ACT effectfveness.
Ex-ante, it"is not obvious what the relationship is between the prior belief of having
malaria and the individual decision of going for testing. On the one hand, this association
between beliefs and testing behavior could be expressadiresr relationship. On the
other handy it could also be that those who feel certain about having (or not)having
malaria (close to 100% and 0% probability respectjvalg less likely to go for testing,
compared to those who are uncertain about their status (around the 50% cut-off). In this
latter case, an empirical model that allows for non-linearity could be more appropriate
While wetest both possibilities, we report findings from empirically testing a linear
relationships Vi confirm that the results do not change if we use an alternative non-linear
specification (Appendix 3 Table 2), which considers tertiles of the distribution to
distinguish between respondents who are more certain to have (first tertile) or not have
(third tertile) malaria, compared to those uncertain (second tertile).

We ‘hypothesize that individuals with a higher prior belief of having malaria are more
likely torgonfor testing (conditional on the price of RDT testing). We also estimate the
effect ofsthe price of the RDT test on testing behavior. Our basic model specification
(Model 1) for individual i in community c is a linear probability model (LPM) with

robust standard errors as follows:

31n our study, all participants could obtain an RDT (free or US$0.50, depending on the group) by repdinéng to
CHW, who._provided the conditional ACT voucher when applicable. RDT-negative participants or those not tested
could still access ACTs at the normal retail price. Participants could also choose to seek care at the néarest heal
facility where they would be treated according to normal patient protocols. Government facilities charged US$0.65 for
a microscopy test but ACTs are free (O Meara Prudhomme at al. 2016).

4 Trust in a alaria test and beliefs about ACT effectiveness might be important factors for individuals’ decision of

going for testing, in addition to the self-reported probability of having malaria. For example, these beliefsatteght m
more for individuals who are uncertain about their malaria status. Given our data limitation especially on ACT
effectiveness belief, we simply add them as independent variables in the main empirical models. Inaseppsate

(not shown) we also explore the interaction between belief of having malaria and ACT effectiveness, but we do not find
statistically significant results worthy to report. We also explore the interaction between belief ofrhalang and

trust in a negative or positive test result (not shown), and results are reported in footnotes 8 and 13.
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Yic=a+ BBic +VSic+6; + p.+ (1)
wherey;. is an indicator equal to 1 if the individuabtgested for malaria, regardless of
the source of the test (at CHW or at health facility) or the type of test (RDT or
microseopy)y and equal to O otherwise. In equation (1) our regressor of interest is the
individual=prior beliefas (self-reported) probability of having malaria, controlling for the
(self-repeorted)sprobability that a positive or a negative malaria test results is ¢Bygect
is a 3X1 vector of these prior beliefs). The basic specification also includes two
indicators, one for ACT subsidy levels and one for RDT sybsid
levels (8, isa 2X1 vector), enumeratorgt;) and community fixed effect&u,) (three
communities participated in the interventiog)).is a normally-distributed random error
term with mean of zero.
A second and a third specification (Model 2 and Model 3) include a vector of socio-
demographiec characteristi¢X;.) and an additional vector of prior beligi;.). Socio-
demographie controlgX;.) include gender, age, occupation and education level of the
respondent,, household size, an indicator for wealth, gender of the patient, and an
indicator for whether the respondent is the same as the patient. Additional beliefs
variableSZ;.) include: (i) a binary variable indicating that the respondent thought ACT
to be'more, effective than another common antimalarial drug, Sulfadoxine/Pyrimethamine
(Fansidar, SP); (ii) a variable indicating the severity of a malaria illness, constructed as
the meansprobability of being admitted to the hospital in 2 days, 5 days, or 2 weeks after
onset ©f Illness; and (iii) a variable indicating the illness progression over time
constructed as the difference between the reported probability of being admitted to the
hospital in 2 weeks versus 2 days in the same hypothetical scenario. Our preferred
specification’over all models is the following:
YVie=a+PBBjc+vVSic+6Xic +3{Zic +0; + pu. + & (2)

where variables are defined as abdve.

Insthe second part of the analysis, we test whether the prior belief of having msalaria

associated with the decision of buying ACT, separately for individuals tested (negative or

5In Table 3 in Appendix 3 we also show estimates for the following specification which adds an interaction term
between prior belief of having malaria and RDT/ACT discounts as follpws: a + BB;. + ¥Sic + 6Xic + {Z;. +
wBic * Sic + 9]’ + pe + & (4)
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positive) and those not tested, controlling for all observable characteristics that might
differentiate those who decided to go or not for testing. We empirically test the following
hypothesis for each of the three sub-samples:

a) Individuals who tested positive

If individuals believe the positive test result, they should update their beliefs of having
malaria,upward after testing. Then, especially those with a higher prior belief of having
malaria'should receive the confirmation from a positive malaria test that their illness was
malaria“and" revise their belief upward. Thus, we hypothesize a positive relationship
between prior belief of having malaria and ACT purchasing behavior among individuals
who testedwpositive. We test whether individuals tested positive who have higher prior
belief ofshaving malaria armore likely to buy ACT that those who have a lower prior
belief of having malaria.

b) Individuals who tested negative

If individuals believe the negative test result, they should update their beliefs of having
malariasdownward after testing. It is however ex-ante unclear whether individuals with a
higher prior‘belief of having malaria might revise their belief downward more or less
relative-to those with a lower prior belief, when they receive negative test results. We test
empirieally whether individuals who have higher prior belief of having malaria are
equally, more or less likely to buy ACT than those who have a lower prior beliefs.

c) Individuals not tested

Amonggindividuals who decided to not get tested, we assume that their prior beliefs
remain ‘unehanged since there is no new information from testing to update those priors.
Thus, we hypothesize that among individuals not tested, those with higher prior beliefs of
having ,malaria arenore likely to buy ACT.

In the.third part of the analysis, we examine the posterior belief of having malaria, and
how this.changed after individuals’ behavior. Understanding how beliefs are shaped by
actions.is'fundamental to learn about how to reinforce correct beliefs and thus improve
health behavior. If changes in behavior lead to correct changes in posterior beliefs, these
beliefs might then influence future individuals’ choices and treatment behavior. Given the
existing problem of tested negative individuals taking antimalarials, we are specifically

interested in learning about whether ACT purchasing behavior, after the choice of being
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tested and knowing the malaria status, is associated with the posterior belief of having
malaria. This could affect whether individuals decide to go for testing for future illnesses
and adhere to the test result.

Recall that individuals could have updated their beliefs at two points in time: one right
after testing, and one after ACT purchasing and depending on whether and how they
recovernafter taking the drug. Unfortunately, due to constraints in the implementation of
the study,"we were not able to collect information on updated belief of having malaria
immediately“after malaria testing. Thus, we do not observe updated beliefs at the first
point in time. Instead, we observe beliefs after both actiotesting and purchase of

ACT - arestaken, one week after the intervention (posterior bellaisthermore, due to
limitations of data collection, we only have information on posterior belief of having
malaria among individuals who were tested. Specifically, the analysis of associations
between ACT purchase and posterior beliefs focuses on those who tested negative -
sub-sample that is critical for our study of overconsumption of AGHnally, since we

lack dataron the timing of purchase of ACT relative to going for testing, and on the
patients’vhealth status one week after the intervention, we cannot determine how long
individuals waited to purchase ACT after the test and then how long their illness lasted.
Because  of all these data limitations, this last set of results should be interpreted as
suggestive compared to the other parts of the analysis. Appendix 2 Figure 1 pictures the
belief updating process and data limitations.

Consider“that the individual’s recovery (or lack thereof) from febrile illness after
consumption of ACT or other non-ACT drugs might influence their posterior beliefs.
Also consider that ACT primarily cures malaria, and does not help with fevers ofviral o
bacterial origin, and that the majority of respondents (67%) have knowledge 6f this.

Still, there.is some uncertainty about how individuals tested negative who purchased or

6 Amongdndividuals tested positive, it is unclear whether those individuals tested positive, which purchasedACT ha

a similarg;higher, or lower posterior belief of having malaria, than those who did not purchase ACT. In fact, both
groups are expected revise their beliefs upward (those who took ACT, get better and their recovery reinforce the belief
of having malaria; those who do not take ACT, should not get better and their not recovery also reinforce tife belief
having malaria). However, the difference in the upward revision of belief between those who purchased ACT and did
not purchase ACT, among people tested positive, is unclear.

" Unfortunately, we did not asked directly respondents about whether they believe that ACT can coatariariinesses. However,

we asked whether they believe ACT is more or less effective in curing malaria than other drugs, ahthé#&spondents reported

ACT to be more effective.

This article is protected by copyright. All rights reserved



did not purchase ACT recover after taking the drug, based on their true origin of fever. In
sub-Saharan Africa fever remains a common symptom of several illnesses, and diagnosis
remains a challenge, due to multiple causes of fevers and the lack available diagnostic
tests (Meze et al. 2018). Recent studies in Kenya and Tanzanialdmopstrated that

most of the febrile illnesses are due to influenzeegfiratory viruses (D’ Acremont et al.

2014, Chipwaza et al. 2015, O Meara Prudhomme et al 2015), bacteraemia, such as
brucellesis; leptospirosis, Q fever and rickettsiosis, or the origin still remain uncertain.
While bacterial infections are treated with antibiotics, other drugs can help curing the
commaon symptoms of viral infections, i.e. fever or cough or congestion. Because of the
severalsfactors influencing their recovery process, we describe here what we argue is the
most likely scenario happening in our context.

In our data, among tested negative individuals, 19% purchased ACT, while the rest
did not. Among those who did not purchase ACT, 38% purchased a non-ACT drug
(mostly. Panadol, fever-reducer, or Amoxyl, antibiotic), while 62% did not take any
action. Weargue that these individuals - tested negative individuals who did not purchase
ACT - are'more likely to either (i) get better because the non-ACT drug help curing the
true ongin of their fever or at least reduce it (38% of the cases), or (ii) potentially get
better.because their fever resolves by itself (62% of the cases), such as in a case of
common cold. Thus, because of their recovery with non-ACT drugs or without taking
any action reinforcing their belief that their fever one week before was not malaria, we
expect shese individuals to revise their beliefs downward. Instead, individuals tested
negativeswho purchased ACT could:

a) Recover after taking the drug: It is still possible, as in the case of a common cold, that
their fever resolves by itself in one-week time. Individuals tested negative who purchased
ACT might still attribute their recovery to the drug they took, i.e. ACT. Then, we expect
them to_revise their belief of having malaria upward, since the recovery through ACT
reinforces'their belief that their fever one-week before was actually malaria.

b) Get waerse after taking the drug: If the fever does not resolve by itself, the ltrests
remained untreated could worsen. Individuals tested negative who purchased ACT
should attribute lack of effectiveness of ACT to the fact that their fever one week before

was not malaria. Then, we expect them to revise their belief of having malaria downward.
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c) Do not get better/worse: Individuals tested negative who purchased ACT should not
revise their beliefs of having malaria.

For the same reasoning as above - because of the epidemiology of febrile illnesses which
are not malaria (Meze et al.2018)we argue that in our context individuals tested
negative.who purchased ACT are likely to get better in one-week window (scexario (

We then hypothesize that those individuals tested negative, which purchased AGT have
highér posterior belief of having malaria, than those who did not purchase ACT.

We test'these hypotheses empirically, exploring whether and in which direction the
respondents’ decision to purchase ACT is associated with the posterior belief about the
probabilitysthat the malaria-like symptoms they (or the patient) experienced one week
before was«due to malaria. Our specification is as follows:

Yic=a+ BBic +VSic + 6Xic +nAic + 0 + uc + & (3)
wherey,..is.a continuous posterior (self-reported) probability of having malaria. Our
regressor,of,interest is an indicator about whether the individual purchased4AQT

All other controls are the same as described above.

3. Results

3.1 Beliefs

Respondents demonstrated good understanding of concepts of probability and nested
probability. At baseline, respondents reported a mean (SD) probability of 73% (24%) that
the feverorillness of the patient was due to malaria (Table 1). Looking at the distribution
of the belief of having malaria (Appendix 2 Figure 2) it is also worthy to notice that, at
baseline, few individuals assign very low levels of probability to having malaria, while

most ofithesmass is around 50% and a good part is skewed toward 100%.

Table 1:;Elicited beliefs and constructed variables at baseline for 444 respondents

Mean SD p5 p25 p50 p75 p95

A. Beliefs

Prob having malaria 731 245 400 50.0 74.0 100.0 100.0
Prob having malaria in district 606 24.1 250 49.0 520 77.0 100.0
Prob having malaria in village 669 243 340 50.0 620 96.0 100.0
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Prob getting malaria in rainy season 83.2 17.8 50.0 72.0 88.0 100.0 100.0

Prob getting malaria in dry season 476 194 200 38.0 480 550 97.0
Prob - Admission to hospital in 2 days 38.3 232 0.0 25.0 39.0 50.0 84.0
Prob - Admission to hospital in 5 days 655 211 340 520 640 79.0 100.0
Prob - Admission to hospital in 2 weeks 921 129 66.0 885 99.0 100.0 100.0
Prob test.negative correct 64.1 345 0.0 440 68,5 995 100.0
Prob test,positive correct 714 327 0.0 51.0 855 100.0 100.0
B. Variablesforsanalysis

ACT more effective (binary 63.8 48.1 0.0 0.0 100.0 100.0 100.0
Prob - Admission to hospital (Severity) 653 152 40.7 553 650 742 933

Prob - Admission to hospital (Time progressio 53.7 243 100 39.0 53.0 685 100.0

Notes: Thisutable'presents moments of the distribution of beliefs (Panel A) and variables constructed for analyii (Famnel
beliefs arecollected from an adult patient or the guardian of child if the patient is ungearssld® A binary variable, therefore
reported simply as a proportion. Panelin&ludes the probability that the individual’s illness is malaria; the probability of getting
malaria in their district; the probability of getting malaria in village; the probability of gettaigria in rainy season; the probability
of getting malaria in dry season; the probability of being admitted to the hospitahirs 25ddays, or 2 weeks after onset of illness in
the hypothetical'case of an adult with malaria who did not take any medjdagoprobability that the malaria test was correct in the
hypothetical'seenario in which the respondent believes to have malaria, but the test shows sbe lttve malaria; the probability
that the malaria test was correct in the hypothetical scenario in which the respondent believes tomalahaydut the test shows
she does have malaria. Panel B includes a binary indicator for whether the respondent believes A@Esedfiective than another
common-antimalarial drug, Sulfadoxine/Pyrimethamine (Fansidar, SP); two additional variatiielsaded on questions about the
hypothetical case of an adult with malaria who did not take any medication: a variable indicategetity of a malaria iliness,
constructed.as,the.mean probability of being admitted to the hospital in 2 days, 5 @aysetis after onset of illness; and a variable
indicating the illness progression over time constructed as the difference between the reported probadiitity axfmitted to the

hospital in;2 weeks versus 2 days in the same hypothetical scenario.

Respondents also believed that the probability that a fever in their village was caused by
malariaris“slightly higher than in the whole district. Further, they correctly believed that
the probability of having malaria is higher in the rainy season than in the dry season, and
that the probability of being admitted to the hospital increases over time in the
hypothetical'case of an adult with malaria who does not take any drug. When asked about
their level,of confidence in a negative or a positive malaria test result, respondents
reported.a mean (SD) probability of trusting a positive result of 71% (33%) if they
thought themselves to be malaria negative, while they trusted a negative result less
(mean: 64%, SD: 35%) if they believed they had malaria.
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3.2 Uptake of malaria testing and ACT consumption

One week after being randomized to the intervention, 62% of respondents reported
having received a diagnostic test from any source (either CHW or health facility) (Figure
1). Still, 90% of those tested were tested by a CHW with a RDT. Among those tested,
38% were, found to be positive. Of those who tested positive, 75% reported taking an
ACT compared to 19% of those who tested negative, and 26% of those who were not
tested."The“number of inappropriate users, i.e. individuals that buy ACT when tested
negative,are less than what other studies re@oticq et al. 2015, Prudhomme O’Meara

2018).1 Still,» about one in five patients did not adhere to negative test results and
purchased’ACT when it was not necessary.

3.3. The association between prior beliefs and malaria testing uptake

Table 2_describes the association between prior belief of having malaria and getting
tested for_malaria, using a linear empirical specification. The estimates do not show
evidence of’'a statistically significant association between prior beliefs and uptake of
malariatesting. Across all model specifications, the assignment to RDT subsidy
conditien_is the only statistically significant predictor (p-value<0.01) of testing uptake:
individuals assigned to a RDT subsidy are about 23 percentage points more likely to go
for testing. This indicates that price, rather than prior beliefs, is the major driving force
behind'the decision to be tested, and we can infer a causal effect of price on the decision
due to ghe“randomized nature of the expering@nidhomme O’Meara et al, 2016). In
additionymnone of the other beliefs on ACT effectiveness and trust in a positive or
negative test result matter for the decision of going for te&fing.

Figure 1. _Malariatesting and ACT purchasing behavior at follow-up for 437 study patients

8 We find a similar, positive association between RDT subsidy and going for testing in an altexnmtitieal specification which

includes interaction terms between the prior belief of having malaria and trust in positive or négsttiresults. However, we find a

positive association between the prior belief of having malaria and going for testing. Yet, trobaweha higher prior belief of

having malaria and have higtprior trust in a positive test result (“Prob having malaria X Prob test positive is correct”) are less likely

to go for testingThis suggests that those who are surer about having malaria and have higher trust in agsbsitiselt might not

have much to learn from the test, and thus they are more likely to not go for testing, lwstdachot find any statistically significant

effect for the interaction term between the prior belief of having malaria and the prior trust in a negative test result.

9 The results remain similar if we look at children (under 5 years old, between 5 and 17 years old) or adults (18 years old and above) in
the sample (Appendix 3 Table 4).
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Sample
(437)

No malaria
test

37.8% (165)
| | | |

Malaria test
62.2% (272)

Positive
3814% (103)

Negative ACT No ACT
61.6% (165) 26.1% (43) 73.9% (122)

ACT No ACT ACT No ACT
74.8% (77) 25.2% (26) 18.9% (31) 81.1% (133)

Notes: The figure presents means (observations) for testing and ACT purchasing behavior aipfoiMualaria test” includes any
malaria test regardless of the source of the test (CHW or health facility) or the type of test (RDT or microscopy). Missing data on ACT

purchasing-behavior or test results explains why the number of observations in few sub groups does not always sum up perfectly.

The"absence o statistically significant association between prior belief of having
malaria and the decision of getting tested is also confirmed when we specify a non-linear
association, as shown by Table 2 in Appendix 3: neither individuals who have a very low
belief of having malaria (probability of having malaria in the first tertile) nor those who
strongly,believe they have malaria (probability of having malaria in the third tertile) are
more.or.less likely to go for testing than those who are uncertain about their status
(probability"of having malaria in the second tertile).

Table 2. Linear probability model estimates of the association between prior beliefs and
malariatesting behavior (linear relationship between beliefs and behavior)

Dependent Variable: Had Any Malaria Test
Model 1 Model 2 Model 3

1) 2 3)
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Prob having malaria -0.00511 0.0288 0.00813

(0.110) (0.113) (0.116)
RDT subsidy 0.238*** 0.232*** 0.230***
(0.0458) (0.0462) (0.0465)
ACT subsidy -0.0245 -0.0287 -0.0313
(0.0461) (0.0465) (0.0468)
Prob_test negative correct 0.0890 0.0800 0.0899
(0.0866) (0.0890) (0.0904)
Prob test positive correct -0.00445 -0.0240 -0.0353
(0.0855) (0.0905) (0.0926)
ACT more gffective (dummy) -0.000118
(0.0506)
Admission‘torhospital - Severity 0.166
(0.205)
Admission‘to hospital - Progression over time 0.0731
(0.130)
Enumeratorfixed effects Yes Yes Yes
Community,fixed effects Yes Yes Yes
Socig=demographic controls No Yes Yes
DepVar Mean 0.622 0.622 0.622
N 421 413 412

Notes: This table presents linear probability model estimates of the association between prior beliefs and malarehé&ssting
Socio-demographic controls include age, gender, education level, occupation, wealth (in the40Swestcentile of income
distribution) and"household size of respondent (patient and guardian if patient <18yeats),af patient, and a dummy equaltc
if respondent is«the same as the patient. Enumerators fixed effects include a dummy pértteaéenumerators. Communitie
fixed effects.include a dummy per each of the 3 communities. The variable "ACT mextveffis a binary indicator for whethne
the respondent believes ACTs are more effective than another common antimalarial drug, Sulfadioxate#éPyine (Fansidar
SP); The variable "Admission to hospital - Severity" is constructed as mean between probability of iéied &althe hospital in
2 days, 5 days, 2 weeks. The variable "Admission to hospital - Progression over time" is constrtitedifference betweer
probabilityrofibeing admitted to the hospital in 2 weeks and 2 days. Standard errors in parentheses. *p<0.1 ** p<0.05 *** p-

Table=3 in Appendix 3 confirms that even among people who did not receive a RDT
discount, the prior belief of having malaria does not play a role in explaining the decision
to go for testing (Model 3: coefficient 0.0146 and SE 0.193). Interacting the randomized

discounts for RDT (or ACT) with prior belief of having malaria further confirms that
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individuals with different prior beliefs do not react differently to subsidies for RDT (or
ACT).

3.4. The association between prior beliefs and ACT purchase

We next.examine the choice of purchasing ACT, conditional or not on getting tested for
malaria.and/learning about the test result. Table 3 shows that the prior belief about having
malaria‘is/associated with ACT purchasing behavior, but only for specifisasygiles of

the population. Among individuals tested positive, we find a statistically significant
positive association between the prior belief of having malaria and ACT purchasing
behavior. Specifically, a unit increase in the prior belief of having malaria is associated
with a 0¢¥507unit change in likelihood of ACT purchase among those with a positive test
result (Table 3, column 2). This corresponds to an increase of 12 percentage points in the
probability of purchasing ACT for a standard deviation (1SD = 0.245, Table 1) iacreas
in the prior belief that the illness is malaria. This positive association suggests that those
with a higher prior belief of having malaria revise their belief upward, after confirming
that they had malaria through the positive.t€sese individuals are then more likely to
purchase ACT, compared to those with a lower prior belief. We also find a similar
positiverassociation for individuals not tested (coefficients (SE) of 0.311 (0.172) and
0.395 (0.166) in columns 5 and 6, respectively). Again, this result suggests that those
who decided not to be tested, and thus did not get any novel information on their malaria
status, @aresmore likely to purchase ACT when their prior belief of having malaria is
higher. “ln=Contrast, testing a similar relationship for those individuals who tested
negative, we do not find associations that are statistically significant (column 3 and 4
show coefficients (SE) of -0.118 (0.161) and -0.0791 (0.177)). This might be consistent
with the fact that those tested negative with higher prior belief of having malaria might
not have. revised their belief downward enough after testing, compared with individuals
tested negative who already thought to have a low probability of having malaria to start
with (Seetion 3). Thus, their ACT purchasing decision after their downward revision of

beliefs immediately after testing (not observed) might not differ from the decision of

This article is protected by copyright. All rights reserved



those with a lower prior beliéf.It is also worthy to highlight that none of the other
beliefs on ACT effectiveness and trust in a positive or negative test result strongly matter
for the decision of purchasing ACT.

Table 3: Linear probability model estimates of the association between prior beliefsand ACT

Dependent Variable: Purchased ACT

purchasingibehavior, among per sons who weretested or not for malaria

10 Appendix 2 Figure 3 summarizes the mean belief of having malaria prior to the intervention by the debisiog of
tested, testing results, and ACT purchasing behavior. Red boxes highlight statistically significant associations (p-
value<0.1) between prior belief of having malaria and the ACT purchasing behavior.

11 Unfortunately, the sub-samples are not large enough to estimate similar results by age of the patient for malaria positive,

malaria negative and non-tested individuals.
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Malaria Positive Malaria Negative Not tested
Modell Model2 Modell Model2 Modell Model?2
1) (2) 3) (4) (5) (6)

Prob having malaria 0.498** 0.498* -0.118 -0.0791 0.311* 0.395**
(0.227)  (0.269)  (0.161) (0.177) (0.172) (0.166)

ACT subsidy 0.0921 0.0997 0.0477  0.0367 -0.101  -0.101
(0.0937) (0.105) (0.0618) (0.0664) (0.0721) (0.0698)

ACT mare effective (Dummy) -0.0171  0.0156 0.0316 0.0224 0.0266  -0.00576
(0.102) (0.113) (0.0653) (0.0737) (0.0818) (0.0789)

Prob test,negative correct 0.0818 0.0785 -0.0814 -0.0870 -0.113 -0.101
(0.144) (0.177) (0.126) (0.132) (0.141) (0.144)

Prob test positive correct -0.232* -0.153 0.0753 0.0708 0.0529 0.130
(0.125) (0.138) (0.143) (0.161) (0.151) (0.150)

Enumerator fixed effects Yes Yes Yes Yes Yes Yes
Community«fixed effects Yes Yes Yes Yes Yes Yes
Socie=demographic controls No Yes No Yes No Yes
Dep Var,Mean 0.748 0.748 0.189 0.189 0.261 0.261
N 99 97 159 154 158 157

Notes: Thistablerpresents linear probability model estimates of the association between prior beN€f§ pacthasing behavior. Socio-demograpt
controls include age, gender, education level, occupation, wealth (in the loWgseréentile of income distribution) and household size of respon
(patient and, guardian if patient <18years), gender of patient, and a dummy equal to Indeesothe same as the patient. Enumerators fixed ef
include a dummy per each of the 8 enumerators. Communities fixed effects include a dureaghpefrthe 3 communities. The variable "ACT mc
effective” is~a binary indicator for whether the respondent believes ACTs are more effective than amttmon antimalarial drug

Sulfadoxine/Pyrimethamine (Fansidar, SP). Standard errors in parentheses. *p<0.1 ** p<0.05 *** p<0.01.

3.5. The association between individual ACT purchasing behavior and posterior belief of

having malaria, conditional on malaria testing
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We start by describing the shifts in distribution of beliefs from baseline to follow up in
Figure 2, separately among those who tested pegfanel A) and who tested negative
(Panel B) for malaria. We notice that among individuals who tested positive (Figure 2,
Panel A), beliefs change in the one-week interval, seen as a large shift towards the right
(higher prebability of malaria). At baseline only 52% of individuals who subsequently
tested positive. expressed a probability of having malaria higher than 80%, while at
follow-up™88% expressed a probability greater than 80%. Among malaria-negative
individuals;“the distribution of reported beliefs about having malaria shifted leftwards
between baseline and follow-up (Figure 2, Panel B), with a smaller proportion reported a

high prebability (over 80%) of having malaria at follow-up compared to baseline.

Figure 2: Density of probability of believing having malaria by time, by malaria test result

PANEL A PANEL B
"“Malaria Positive (N1=102, N2=93) | | Malaria Negative (N1=162, N2=150) |

64

4 ’

Density

Prob Malaria

1. Baseline @ — —— 2. Follow-Up

Notes: This figure‘represents the density of the probability of believing having malaria, by malasigstsitive and negative) and

by time of data collection (baseline and follow-up).
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Table 4 reports estimates of the association between ACT purchasing behavior and
posterior belief of having malaria among individuals who were tested for malaria. The
decision to purchase ACT is associated with 37.4 percentage points higher posterior
belief of having had malaria (p<0.01) (Table 4, column 6). In particular, among people
who tested positive, the difference in the posterior belief between those who purchased
ACT and_ those who did net both of whom might have revised their belief of having
malaria“upward- is not statistically significant (Table 4, column 2, and Figure 3, Panel
A). Thisfinding could also be due to the fact that there might not be enough room for
belief revision after positive testing. In fact, individuals who tested positive, regardless of
whether they purchased ACT or not, reported very high probabilities of having had
malaria‘at follow-up (mean of 85% in both casgs).

On the other hand, malaria negative people who purchase ACT on average express a
19.9 percentage points higher posterior belief of having malaria (columns 4 in Table 4,
and Figure 3, Panel B) compared to those who did not buy ACT. This is consistent with
the hypethized scenario in which those individuals tested negative who purchase ACT
had their fever resolved by itself, attributing their recovery to the ACT drug they took,
while these tested negatives who did not purchase ACT, either purchased non-ACT drug
which petentially cured the true origin of their fever, or did not take any actions. While
the former group revised the belief of having malaria upward, the latter group revised
them downward or did not change beliefs. The difference in posterior belief of having
malarias'among those who purchase or not ACT is then positive and statistically
significant:Overall, this lack of adherence to malaria negative test results and its positive
association with the posterior belief of having malaria might have important implications
for treatment behavior of future ilinesses.

We do_ not find any evidence that the prior beliefs on ACT effectiveness and trust in a

positive or_negative test result explain the posterior belief that the illness was fidtaria.

2 Figure 4'in Appendix 2 summarizes the means of the belief of having malaria, among individuals tested for malaria,
after the intervention, by malaria status and ACT purchasing behavior. Red boxes highlight statistically significant
association between individual ACT purchasing behavior and posterior belief of having malaria.

13 We find similar results on the association between individual ACT purchasing behavior and posliefiof having malaria in an
alternative empirical specification which includes interaction terms between the prior belief of having amaldrigst in positive or
negative test results. We also find that those who have a higher prior belief of having malbaseahigher prior trust in a negative

test result (“Prob having malaria X Prob test negative is correct”) are less likely to purchase ACT only among tested positive
individuals. Instead, we do not find any statistically significant effect for the interaction termebetiae prior belief of having

malaria and the prior trust in a positive test result.
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Tabler4mizinear probability model estimates of the association between ACT purchasing

behaviorandsposterior beliefs, among personswho weretested for malaria

Dependent Variable: Posterior Probability [lInessWasMalaria

Malaria Positive Malaria Negative All tested
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
(1) (2) (3) (4) (5) (6)
Purchased ACT 0.0179 0.0495 0.217%** 0.199** 0.394*** 0.374%**
(0.0587) (0.0710) (0.0779) (0.0796) (0.0468) (0.0490)
Prob having malaria -0.0727 -0.0614 -0.118 -0.104 -0.0259 -0.0222
(0.136) (0.174) (0.133) (0.149) (0.112) (0.116)
Prob test negative correct 0.0370 0.0181 0.0404 0.0677 0.0685 0.0901
(0.0888) (0.108) (0.120) (0.129) (0.0827) (0.0857)
Prob test positive'correct 0.125 0.146 -0.0872 -0.131 -0.0300 -0.00434
(0.0946) (0.105) (0.112) (0.120) (0.0794) (0.0828)
ACT subsidy 0.0660 0.0340 0.0535 0.0460 0.0346 0.0235
(0.0575) (0.0627) (0.0527) (0.0573) (0.0452) (0.0473)
Enumerator fixed effects Yes Yes Yes Yes Yes Yes
Community fixed effects Yes Yes Yes Yes Yes Yes
Socio-demographic No Yes No Yes No Yes
controls
Dep Var Mean 0.850 0.850 0.356 0.356 0.538 0.538
Observations 90 88 147 143 240 234

14 Unfortunately, the sub-samples are not large enough to estimate similar results by age of the patient for malaria positive,

malaria negative and all tested individuals.

This article is protected by copyright. All rights reserved



Notes: This table presents linear probability model estimates of the association between ACT purchasing bepasteriantelief that illness
one week before was malaria, among persons who were tested for n&dai@demographic controls include age, gender, education |
occupation, wealth (in the lowest @@ercentile of income distribution) and household size of respondent (patient and gifapdiient

<18years), gender of patient, and a dummy equal to 1 if respondent is the sameasent. Enumerators fixed effects include a dummy
each of the 8 enumerators. Communities fixed effects include a dummy per each chtimawities. Standard errors in parentheses. *p<0.:

p<0.05 *** p<0.01.

Figure 3;, Box plot of probability of believing having malaria among tested individuals, by
ACT purehasing behavior and malaria test result
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PANEL A PANEL B
Malaria Positive (N1=102, N2=93) | | Malaria Negative (N1=161, N2=150) |

Prob Malaria

24
0 R LS & B — — -
Not Buy ACT Buy ACT Not Buy ACT Buy ACT
(N1=25, N2=19) (N1=77, N2=74) (N1=132, N2=123) (N1=29, N2=27)
B 1. Baseline 2. Follow-Up

Notes: This figure represents the probability of believing having malaria among tested indiviguwe@ purchasing behavior and
by malaria status (positive and negative). Missing data on ACT purchasing behavior or tesexphitis why the number of

observations.in few sub groups does not always sum up perfectly to the number of observations in Figure 3.

4. Discyssion

We studysthe relationship between beliefs about the illness being malaria and decisions
about malaria testing and treatment in rural Western Kenya, examining how these beliefs
change'with new information on malaria status from rapid diagnostic tests (RDT).

Our first finding that prior beliefs do not play an important role in explaining the
individual decision of getting tested (conditional on the price of RDT) or in explaining
non-adherence to a negative teist, significantly different from previous research
(Delavandey 2008, de Paula et al. 2014, Delavande and Kohler, 2016) in which beliefs
were found to be good predictors of individual behavior. The lack of relationship between
prior beliefs and behavior could be due to contextual factors that are specific to malaria
testing and treatment, as well as to our setting in KenyaRDkis a new technology

that was introduced in the parent study, and it is still becoming more widely available in
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rural areas of Kenya. It is possible that the decision to get tested might respond
differently to beliefs once the RDT is better known and trusted. In fact, we also note that
our measures of trust in test results do not explain testing decisions. Furthermore, in our
setting, the testing was conveniently done by a CHW in the village and we offer ACT
subsidies.to those tested positive. However, the findings might be different in other
contexts,where testing might be available primarily at health facilities.

We ralso argue that our second finding - individuals tested negative, which purchased
ACT have™a higher posterior belief of having malaria than those who did not purchase
ACT -icould be consistent with the hypothetical scenario in which individuals tested
negative who purchased ACT had their fever resolved by itself (upward revision of
beliefs),»while those tested negative who did not purchase ACT, either red¢beenuse
of non-ACThdrugs curing thee illness or did not take any actions (downward or no
revision _of beliefs). Still, due to the lack of data on the individual recovery process in
one-week time window, we are unable to confirm that this is the exact case in our study
setting#Qur results however underscore the importance of price mechanisms in policy
responses:to current challenges in malaria control, and they highlight the difficulties in
implementing information-based strategies that might aim to changing beliefs.

Finallys#our study highlights how in our setting of rural Western Kenya, still 18.9% of
people tested negative purchased ACT, even after an intervention aimed at improving
adherence to testing and treatment. This figure is lower than what other studies reported
in similaf“contexts (Briggs et al. 2014, Cohen et al. 2015, Prudhomme O’Meara et al.

2018), but-itsheds light on how non-adherence to negative test results remains a problem
which should be further addressed.

Our,findings are subject to several limitations. Ideally, we would want to isolate the
effect of _new information on beliefs. The follow up data collection was conducted one
week after_baseline to minimize recall biases and to collect data on beliefs soon after
decisionsirelated to testing and purchasing antimalarial drugs. Yet, factors other than the
individual” actions considered in the analysis might influence beliefs at the one-week
follow-up, thus limiting our ability to draw causal inferences. In addition, the key
competing explanation for high ex-post beliefs about malaria among individuals who

purchased ACT in spite of negative test resultsexspost rationalization: those
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individuals tested negative who purchased ACT reported a higher posterior belief of
having malaria than those who did not purchase ACT, at the time of follow-up data
collection to justify their choice of ACT purchasing at the eye of the enumerators. This
remains a competitive explanation that we are not able to rule out. Finally, we only
collected,beliefs data on the probability of having malaria for people who were tested.
Unfortunately, we cannot infer how the posterior beliefs of those who were tested
comparedto'those who decided not to get tested.

Our*findings and limitations point towards future research opportunities. Since the
prior belief of having malaria did not explathe individuals’ decision of testing, this
might be asgood opportunity for policy makers to use other factors such as the RDT price
to influence behavior. If then behavior is associated with correct posterior beliefs, these
beliefs might further drive appropriate behavior. More studies should analyze a longer-
term relationship between beliefs and health-behavior. Moreover, since the outcome of
the illness_after ACT purchasing behavior is associated with posterior beliefs among
tested-pegative individuals, this suggests that there might be scope for future policy
efforts to “increase individuals’ adherence to malaria test results, for example by
improving_confidence in malaria testing as well as improving ACT targeting. Finally,
findingsthat beliefs on malaria status do change over a very short time period in response
to different actions should encourage researchers to understand better how to reinforce
correct beliefs to improve health seeking behavior. Appropriate policies in the health
sector @depend on individuals recognizing the risks they face and making informed
decisions=based on their own expectations of the future. Further andimmbepth
research on how beliefs are shaped and how actions shape beliefs is imeertst, to
improve utilization of information from malaria testing and treatment, and to improve

adherence.to test results.

References

This article is protected by copyright. All rights reserved



Arcidiacono P, Hotz J, Kang S. 2012. Modeling college major choice using elicited
measures of expectations and counterfactuals. Journal of Econometrics 166: 3-16.

Arrow K. 1963. Uncertainty and the welfare economics of medical care. The American
Economic.Review 53: 941-973.

Ashley"EA;"Dhorda M, Fairhurst RM, Amaratunga C, Lim P, Suon S, et al., White NJ.
2014. 'Spread of artemisin resistance in plasmodium falciparum malaria. The New
England Journal of Medice371: 411423.

Attanasio OP, Kaufmann KM. 2009. Educational choices, subjective expectations, and
credit constraints. NBER Working Paper 15087.

Briggs MA, Kalolella A, Bruxvoort K, et al. 2014. Prevalence of malaria parasitemia and
purchase ofrartemisinin-based combination therapies (ACTs) among drug shop clients in
two regionsin Tanzania with ACT subsidies. PLoS One 9 (4): €94074.

Chipwaza B, Mhamphi GG, Ngatunga SD, Selemani M, Amuri M, Mugasa JP, et al.
Prevalence of bacterial febrile illnesses in children in Kilosa district, Tanzania. 2015.
PLoS Neglected Tropical Diseases 9:e0003750.

Cohen JwBupas P, Schaner S. 2015. Price subsidies, diagnostic tests, and targeting of
malaria treatment: evidence from a randomized controlled trial. American Economic
Review.105:,609-45.

Comoé, CCyOuattara AF, Raso G, Tanner M, Utzinger J, Koudou BG. 2012. Willingness

to use asrapid diagnostic test for malaria in a rural area of central Céte d'lvoire. BMC
Public Health 12: 1-9.

This article is protected by copyright. All rights reserved


https://urldefense.proofpoint.com/v2/url?u=http-3A__www.ncbi.nlm.nih.gov_pubmed_-3Fterm-3DComo-25C3-25A9-2520CC-255BAuthor-255D-26cauthor-3Dtrue-26cauthor-5Fuid-3D23249239&d=CwMF-g&c=imBPVzF25OnBgGmVOlcsiEgHoG1i6YHLR0Sj_gZ4adc&r=GCp8SCBv0muk4mfRzFCSsVa9s6B0fli5VJdcgl0czPE&m=qmWTs_lAqD6MSBSRvbBYDAGO5keT2miZZadbyj_4Ck0&s=XxBQUjh_IfVJeiqwAXTMHxsChU7wvWqYpc6TUK5kpjg&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.ncbi.nlm.nih.gov_pubmed_-3Fterm-3DOuattara-2520AF-255BAuthor-255D-26cauthor-3Dtrue-26cauthor-5Fuid-3D23249239&d=CwMF-g&c=imBPVzF25OnBgGmVOlcsiEgHoG1i6YHLR0Sj_gZ4adc&r=GCp8SCBv0muk4mfRzFCSsVa9s6B0fli5VJdcgl0czPE&m=qmWTs_lAqD6MSBSRvbBYDAGO5keT2miZZadbyj_4Ck0&s=_6sm4aQlsDxL37YZ_rVXPzw-gh-qgGmrG0x2a5LVhUg&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.ncbi.nlm.nih.gov_pubmed_-3Fterm-3DRaso-2520G-255BAuthor-255D-26cauthor-3Dtrue-26cauthor-5Fuid-3D23249239&d=CwMF-g&c=imBPVzF25OnBgGmVOlcsiEgHoG1i6YHLR0Sj_gZ4adc&r=GCp8SCBv0muk4mfRzFCSsVa9s6B0fli5VJdcgl0czPE&m=qmWTs_lAqD6MSBSRvbBYDAGO5keT2miZZadbyj_4Ck0&s=cgj9AWolZGlsgXH94CfScA-awdV3b8d8q20nrTwwI7c&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.ncbi.nlm.nih.gov_pubmed_-3Fterm-3DTanner-2520M-255BAuthor-255D-26cauthor-3Dtrue-26cauthor-5Fuid-3D23249239&d=CwMF-g&c=imBPVzF25OnBgGmVOlcsiEgHoG1i6YHLR0Sj_gZ4adc&r=GCp8SCBv0muk4mfRzFCSsVa9s6B0fli5VJdcgl0czPE&m=qmWTs_lAqD6MSBSRvbBYDAGO5keT2miZZadbyj_4Ck0&s=yJTCj5YJgyS0CwOS7qyBJplqGz8jm841LFhtp698ei4&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.ncbi.nlm.nih.gov_pubmed_-3Fterm-3DUtzinger-2520J-255BAuthor-255D-26cauthor-3Dtrue-26cauthor-5Fuid-3D23249239&d=CwMF-g&c=imBPVzF25OnBgGmVOlcsiEgHoG1i6YHLR0Sj_gZ4adc&r=GCp8SCBv0muk4mfRzFCSsVa9s6B0fli5VJdcgl0czPE&m=qmWTs_lAqD6MSBSRvbBYDAGO5keT2miZZadbyj_4Ck0&s=OZUPap5CtzLD2yVnqow_dgqIaEHeaR04KwSzxS_wkQ4&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.ncbi.nlm.nih.gov_pubmed_-3Fterm-3DKoudou-2520BG-255BAuthor-255D-26cauthor-3Dtrue-26cauthor-5Fuid-3D23249239&d=CwMF-g&c=imBPVzF25OnBgGmVOlcsiEgHoG1i6YHLR0Sj_gZ4adc&r=GCp8SCBv0muk4mfRzFCSsVa9s6B0fli5VJdcgl0czPE&m=qmWTs_lAqD6MSBSRvbBYDAGO5keT2miZZadbyj_4Ck0&s=Zexjq1TAa7nD6J3oGXmKtZMGFZsxzNal3Xf3gJWCCoM&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.ncbi.nlm.nih.gov_pubmed_23249239&d=CwMF-g&c=imBPVzF25OnBgGmVOlcsiEgHoG1i6YHLR0Sj_gZ4adc&r=GCp8SCBv0muk4mfRzFCSsVa9s6B0fli5VJdcgl0czPE&m=qmWTs_lAqD6MSBSRvbBYDAGO5keT2miZZadbyj_4Ck0&s=-xNAON-RpIoMtTQqxK0p01fJhpj5UnRj_Ff6oZhrmWo&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.ncbi.nlm.nih.gov_pubmed_23249239&d=CwMF-g&c=imBPVzF25OnBgGmVOlcsiEgHoG1i6YHLR0Sj_gZ4adc&r=GCp8SCBv0muk4mfRzFCSsVa9s6B0fli5VJdcgl0czPE&m=qmWTs_lAqD6MSBSRvbBYDAGO5keT2miZZadbyj_4Ck0&s=-xNAON-RpIoMtTQqxK0p01fJhpj5UnRj_Ff6oZhrmWo&e=

D'Acremont V, Kilowoko M, Kyungu E, Philipina S, Sangu W, Kahama-Maro J, et al.
2014. Beyond malaria e causes of fever in outpatient Tanzanian chilagnerErngland

(L

Delavande.A. 2008. Pill, patch or shot? Subjective expectations and birth control choice.
International Economic Review 49: 999-1042.

Delavande™A, Giné X, and McKenzie D. 2011. Measuring subjective expectations in
developing countries: a critical review and new evidence. Journal of Development

Economics®94: 151163.

Delavande A, Kohler HP. 2016. HIV/ AIDS-related expectations and risky sexual
behavior in Malawi. Review of Economic Studies 83: 118-164.

Delavande A’ Rohwedder S. 2011. Individuals’ uncertainty about future social security

benefitstand portfolio choice. Journal of Applied Econometrics 26: B28.

Kezdi.G; Willis R. 2009. Stock market expectations and portfolio choice of American

households. Working paper, mimeo.

Laxminarayan R. 2004. Act now or later? Economics of malaria resistance. The

Americandournal of Tropical Medicine and Hygiene 71: 187-95.

Lin J, Juliano JJ, Wongsrichanalai C. 2010. Drug-resistant malaria: The era of ACT.
Current.Infectious Disease Reports. 12:-1653.

Maffioli. EM, Mohanan M. 2018. Touching Beliefs: Using Touchscreen Technology to
Elicit Subjective Expectations in Survey Research. PLoS ONE, 2018, 13(11).

Maze MJ, Bassat Q, Feasey NA, Mandomando |, Musicha P, Crump JA (2018). The

epidemiology of febrile iliness in sub-Saharan Africa: implications for diagnosis and

This article is protected by copyright. All rights reserved



management. Clinical Microbiology and Infection 24: 808-814.

McKenzie D, Gibson J, Stillman S. 2013. A land of milk and honey with streets paved
with gold: Do emigrants have over-optimistic expectations about incomes abroad.

Journal'ef'Development Economics 102: 115/.

Metta E, Haisma H, Kessy F, Hutter |, Bailey A. 2014. We have become doctors for
ourselves: motives for malaria self-care among adults in southeastern Tanzania. Malaria
Journal'2: '249.

Noedl H,/Se Y, Socheat D, Fukuda MM. 2008. Evidence of artemisggistant malaria
in westerns=Cambodia. New England Journal of Medicine 359:-Z&PD.

O'Neillf'S, Gryseels ierickx S, Mwesigwa J, Okebe J, d'Alessandro U, Peeters
Grietens K. 2015. Foul wind, spirits and witchcraft: illness conceptions and health-

seeking behaviour for malaria in the Gambia. Malaria Journal 14: 1-10.

de Paula_Aj Shapira G, Todd P. 2014. How beliefs about HIV status affect risky
behaviors:evidence from Malawi. Journal of Applied Econometrics 29:9644

Phyo AP, Nkhoma S, Stepniewska K, Ashley EA, Nair S, McGready R, ler Moo C, Al-
Saai S| Dondorp AM, Lwin KM, Singhasivanon, P, Day NPJ, White NJ, Anderson TJC,
Nosten F2012. Emergence of artemisin-resistant malaria on the Western border of
Thailand=asdongitudinal study. The Lancet 37960-6.

PrudhommgsO’Meara W, Mohanan M, Laktabai J, Lesser A, Platt A, Maffioli E,
Turner EL, Menya D. 2016. Assessing the independent and combined effects of subsidies
for antimalarials and rapid diagnostic testing on fever management decisions in the retail
sector: results from a factorial randomised trialstriin western Kenya. BMJ Global Health

1(2), e000101.

This article is protected by copyright. All rights reserved


https://urldefense.proofpoint.com/v2/url?u=http-3A__www.ncbi.nlm.nih.gov_pubmed_-3Fterm-3DO-27Neill-2520S-255BAuthor-255D-26cauthor-3Dtrue-26cauthor-5Fuid-3D25908392&d=CwMF-g&c=imBPVzF25OnBgGmVOlcsiEgHoG1i6YHLR0Sj_gZ4adc&r=GCp8SCBv0muk4mfRzFCSsVa9s6B0fli5VJdcgl0czPE&m=qmWTs_lAqD6MSBSRvbBYDAGO5keT2miZZadbyj_4Ck0&s=PRqYNpqIgyTYwGLi-1L2zhc9e3t4Az4O9uwnRiLhu_w&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.ncbi.nlm.nih.gov_pubmed_-3Fterm-3DGryseels-2520C-255BAuthor-255D-26cauthor-3Dtrue-26cauthor-5Fuid-3D25908392&d=CwMF-g&c=imBPVzF25OnBgGmVOlcsiEgHoG1i6YHLR0Sj_gZ4adc&r=GCp8SCBv0muk4mfRzFCSsVa9s6B0fli5VJdcgl0czPE&m=qmWTs_lAqD6MSBSRvbBYDAGO5keT2miZZadbyj_4Ck0&s=wiBud-RvpeshywcbaFiADmK2mlmFPv42BG3Hd8Z02E8&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.ncbi.nlm.nih.gov_pubmed_-3Fterm-3DDierickx-2520S-255BAuthor-255D-26cauthor-3Dtrue-26cauthor-5Fuid-3D25908392&d=CwMF-g&c=imBPVzF25OnBgGmVOlcsiEgHoG1i6YHLR0Sj_gZ4adc&r=GCp8SCBv0muk4mfRzFCSsVa9s6B0fli5VJdcgl0czPE&m=qmWTs_lAqD6MSBSRvbBYDAGO5keT2miZZadbyj_4Ck0&s=PnfEfXK9y8PhRLPPqcluJzhgH9nPASGxgbXIe6Aa2xg&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.ncbi.nlm.nih.gov_pubmed_-3Fterm-3DMwesigwa-2520J-255BAuthor-255D-26cauthor-3Dtrue-26cauthor-5Fuid-3D25908392&d=CwMF-g&c=imBPVzF25OnBgGmVOlcsiEgHoG1i6YHLR0Sj_gZ4adc&r=GCp8SCBv0muk4mfRzFCSsVa9s6B0fli5VJdcgl0czPE&m=qmWTs_lAqD6MSBSRvbBYDAGO5keT2miZZadbyj_4Ck0&s=AHC9TAEPbZr9Am80Yo-H0CJyUMxEIMlc23Vv3HmzXsE&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.ncbi.nlm.nih.gov_pubmed_-3Fterm-3DOkebe-2520J-255BAuthor-255D-26cauthor-3Dtrue-26cauthor-5Fuid-3D25908392&d=CwMF-g&c=imBPVzF25OnBgGmVOlcsiEgHoG1i6YHLR0Sj_gZ4adc&r=GCp8SCBv0muk4mfRzFCSsVa9s6B0fli5VJdcgl0czPE&m=qmWTs_lAqD6MSBSRvbBYDAGO5keT2miZZadbyj_4Ck0&s=5Y3vCT8TtFQ96wWCVBvtb5LTF_XMnTDZsYUKFD3hYbk&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.ncbi.nlm.nih.gov_pubmed_-3Fterm-3Dd-27Alessandro-2520U-255BAuthor-255D-26cauthor-3Dtrue-26cauthor-5Fuid-3D25908392&d=CwMF-g&c=imBPVzF25OnBgGmVOlcsiEgHoG1i6YHLR0Sj_gZ4adc&r=GCp8SCBv0muk4mfRzFCSsVa9s6B0fli5VJdcgl0czPE&m=qmWTs_lAqD6MSBSRvbBYDAGO5keT2miZZadbyj_4Ck0&s=hHG970HZCBECiTCs24tMQb5Fs2RnZY2336VJPKETfZI&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.ncbi.nlm.nih.gov_pubmed_-3Fterm-3DPeeters-2520Grietens-2520K-255BAuthor-255D-26cauthor-3Dtrue-26cauthor-5Fuid-3D25908392&d=CwMF-g&c=imBPVzF25OnBgGmVOlcsiEgHoG1i6YHLR0Sj_gZ4adc&r=GCp8SCBv0muk4mfRzFCSsVa9s6B0fli5VJdcgl0czPE&m=qmWTs_lAqD6MSBSRvbBYDAGO5keT2miZZadbyj_4Ck0&s=K5eltALsL4JvdB7HyYpdib6rxlnObPO9kM84AjphUAI&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.ncbi.nlm.nih.gov_pubmed_-3Fterm-3DPeeters-2520Grietens-2520K-255BAuthor-255D-26cauthor-3Dtrue-26cauthor-5Fuid-3D25908392&d=CwMF-g&c=imBPVzF25OnBgGmVOlcsiEgHoG1i6YHLR0Sj_gZ4adc&r=GCp8SCBv0muk4mfRzFCSsVa9s6B0fli5VJdcgl0czPE&m=qmWTs_lAqD6MSBSRvbBYDAGO5keT2miZZadbyj_4Ck0&s=K5eltALsL4JvdB7HyYpdib6rxlnObPO9kM84AjphUAI&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.ncbi.nlm.nih.gov_pubmed_25908392&d=CwMF-g&c=imBPVzF25OnBgGmVOlcsiEgHoG1i6YHLR0Sj_gZ4adc&r=GCp8SCBv0muk4mfRzFCSsVa9s6B0fli5VJdcgl0czPE&m=qmWTs_lAqD6MSBSRvbBYDAGO5keT2miZZadbyj_4Ck0&s=JQudNOUgEKAiiCM-0Q33Q5gKKjSj2eyIrmjJz2wlgQY&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.ncbi.nlm.nih.gov_pubmed_25908392&d=CwMF-g&c=imBPVzF25OnBgGmVOlcsiEgHoG1i6YHLR0Sj_gZ4adc&r=GCp8SCBv0muk4mfRzFCSsVa9s6B0fli5VJdcgl0czPE&m=qmWTs_lAqD6MSBSRvbBYDAGO5keT2miZZadbyj_4Ck0&s=JQudNOUgEKAiiCM-0Q33Q5gKKjSj2eyIrmjJz2wlgQY&e=

Pruchomme O’Meara W, Menya D, Laktabai J, Platt A, Saran I, Maffioli E, et al. (2018)
Improving rational use of ACTs through diagnosis dependent subsidies: Evidence from a

cluster randomized controlled trial in western Kenya. PLoS Medicine 15(7): e1002607.

Prudhomme O'Meara W, Mott JA, Laktabai J, Wamburu K, Fields B, Armstrong J, et al.
Etiology,of pediatric fever in western Kenya: a case-control study of falciparum malaria,

respiratory“viruses, and streptococcal pharyngitis. 2015. American Journal of Tropica

Rl

Shapira:Gm»2013. How subjective beliefs about HIV infection affect life-cycle fertility:
evidence from rural Malawi. Policy Research Working paper WP S6443. World Bank.

Sloan FE. 2001 Arrow's Concept of the Health Care Consumer: A Forty-Year
Retrospective. Journal of Health Politics, Policy and Law 26.5, 899-911.

Tougher SyYe Y, Amuasi JH, Kourgueni IA, Thomson R, Goodman C, Mann AG, et al
2012.“Eftect of the Affordable Medicines Facility-malaria (AMFm) on the availability,
price,-and market share of quality-assured artemisinin-based combination therapies in
seven countries: a before-and-after analysis of outlet survey data. The Lancet 380: 1916-
26.

van dersKlaauw W, Wolpin K. 2008. Social security and the retirement and savings

behavior of low-income households. Journal of Econometrics 145: 21-42.

Watanabe N, Kaneko A, Yamar S, Leodoro H, Taleo G, Tanihata T, et al. 2014.
Determinants of the use of insecticide-treated bed nets on islands of pre- and post-malaria
eliminatien: an application of the health belief model in Vanuatu. Malaria Journal 20:

441.

World Health Organization WHO. World Malaria Report. 2012.

This article is protected by copyright. All rights reserved



World Health Organization WHO. World Malaria Report. 2015.

Zafar B. 2013. College major choice and the gender gap. Journal of Human Resources
48: 545-595

b

Author Manuscrip

This article is protected by copyright. All rights reserved



1
Malarla tost by ;:m
s b 1785 (1651
L}
Mugative AT Fu AT
ALEMN [1FF) 26.1% [43] FAN% (121

I_I'_'I

Mo ACT ACT Nao ALT
FERNG 2R IR 1R 1] AL % (13

rode_12708_f1.png

Author Manus

This article is protected by copyright. All rights reserved



Frot kalana
1. Basali  — —— 2. Follow-Up

rode_12708_f2.png

Author Manu

This article is protected by copyright. All rights reserved



N1=102, N2=B3) | | Maane Negatve [N1=161, N2-150 I

i | -—-
1- -
: i

- !

]

i

L

&
- & & —
Mt By AT B ACT Pl Blurg ACT Bhry AT
iN=RE W (RI=TT. KI= T} (=10, W= 149=38, AEP=2T}

B 1 Baceine B 2. Folow-Up

rode_12708_f3.png

Author Manu

This article is protected by copyright. All rights reserved



